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ABSTRACT

Objective: Our aim was to investigate the formation of Staphylococcus (S.) epidermidis biofilm on hydrophobic acrylic lenses and whether
the inhibition of the formed biofilm is possible with probiotic Lactobacillus (L.) rhamnosus 312 and parabiotic prepared from it.

Materials and Methods: The probiotic bacteria L. rhamnosus 312 and intercellular adhesion (ICA) gene-positive tested bacteria S.
epidermidis KA15.8 were used in the study from stock. To obtain the parabiotic the cultures were developed in De Man Rogosa and Sharpe
(MRS) broth for 48 hours and autoclaved at 121°C for 15 minutes. Biofilms on hydrophobic acrylic intraocular lenses and the antibiofilm
effects of parabiotic and probiotic L. rhamnosus were evaluated. Scanning electron microscopy photos of biofilms produced on intraocular
lenses (IOLs) were taken.

Results: Probiotic L. rhamnosus 312 and the parabiotic test showed antibacterial activity on test bacteria, ICA positive S. epidermidis KA15.8.
However, the probiotic L. rhamnosus 312 zone diameter was found to be wider. After the biofilm was formed, the addition of parabiotic
inhibited the biofilm formed by S. epidermis KA15.8 by 58.29%. The number of S. epidermidis KA15.8 in the biofilm also decreased.
Conclusion: Parabiotic and probiotic L. rhamnosus 312 was found effective for its antibiofilm effect. However, further studies with different
concentrations are needed.

Keywords: Probiotic, parabiotic, ophthalmology, cataract, intraocular lens, biofilm

(4, 6). The adhesion of bacteria and biofilm formation on IOL
materials has been reported by investigators (4, 5, 7, 8).

INTRODUCTION

Staphylococcus (S.) epidermidis constitute the main flora of

the ocular surface and eyelids together with Corynebacterium ~ Biofilm is a defense mechanism developed by

species and Propionibacterium acnes. Also, S. epidermidis
is the most common bacteria that causes postoperative
endophthalmitis. Biofilm formation ability on abiotic surfaces
contribute to the virulence of S. epidermidis (1-5). It is mostly
accepted that S. epidermidis enters the intraocular area during
and/or after ocular surgeries and causes endophthalmitis (3).
Postoperative endophthalmitis is a devastating complication
of intraocular lens (IOL) implantation after cataract
surgeries. Researchers have reported the incidence rates of
postoperative endophthalmitis as 0.08-0.11% after surgery

microorganisms to avoid the bactericidal effect of an
antimicrobial agent or to protect themselves against
improper environmental conditions and the host’s defense.
The self-secreted extracellular polymeric substance (EPS)
constitutes a protective environment. The formation of
biofilm by ocular bacteria on intraocular lenses, contact
lenses, suture material, valve implants, socket implants,
orbital implants, and scleral buckles have been reported
(9). It has been shown in studies that S. epidermidis with the
intercellular adhesion (ICA) A gene adheres to intraocular

Corresponding Author: Merih Kivang E-mail: mkivanc@eskisehiredu.tr
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lenses (10,11). According to the production of polysaccharide
intercellular adhesion (PIA) molecules encoded by the ICA locus,
biofilm formation ability may exist, especially in ICA A gene, ICA
B gene, ICA C gene, and ICA D gene-positive strains (12-14).

Biofilm-producing bacteria are resistant to antibiotics. Studies
on the search for new compounds to inhibit biofilms are
increasing day by day. For this purpose, probiotics, postbiotics,
and/or parabiotics have started to gain importance in recent
years. Postbiotics and paraprobiotics are the terms that have
begun to be used to identify non-vivid microorganisms or non-
bacterial extracts that benefit the host by providing bioactivity
(15). In vitro and in vivo studies have shown that some
postbiotics and paraprobiotics exhibit bioactivities such as
anti-inflammatory, anti-proliferative, antioxidant, antimicrobial
and immunomodulatory (15,16).

In this study, it was aimed to investigate the formation of S.
epidermidis biofilm on hydrophobic acrylic lenses and whether
the inhibition of the formed biofilm is possible with probiotic
Lactobacillus (L.) rhamnosus 312 and parabiotic prepared from it.

MATERIALS AND METHODS

Bacteria

The probiotic bacteria L. rhamnosus 312 and tested bacteria
S. epidermidis KA15.8 used in the study were obtained from
Eskisehir Technical University Faculty of Science, Microbiology
Department. L. rhamnosus 312 is a probiotic bacteria of human
origin. S. epidermidis KA15.8 is a methicillin-resistant pathogen
isolated from the ocular surface and has the ICA gene (8). L.
rhamnosus 312 and S. epidermidis KA15.8 were removed from
stock. L. rhamnosus 312 was seeded in De Man Rogosa and
Sharpe (MRS) broth (Merck, 110661) and S. epidermidis KA 15.8in
brain-heart infusion (BHI) broth (Merck, 1104930500). The MRS
broth tubes were incubated at 37 °C for 48 hours under 5% CO,
conditions. BHI broth tubes were incubated at 37 °C for 24 hours.
A line culture was incubated on MRS agar (Merck, 110660) and
BHI agar (Merck, 1038700500) separately from the liquid media
for purity control under appropriate conditions. After incubation,
the purity of the cultures were checked morphologically and
microscopically by Gram staining and then used in the studies.

Determination of the Antibacterial Effect of L. rhamnosus
312 Live (probiotic) and Autoclaved Cultures (parabiotic) of
the Cultures

The antibacterial activity of L. rhamnosus 312 was determined
by the well method. The S. epidermidis culture was transferred
into sterile Mueller Hinton (MH) agar (Merck, 1038720500) at
106 cfu/mL and mixed well. It was then transferred to a sterile
petri dish. After the agar was solidified, a 0.8 mm diameter
well was opened using a sterile cork borer. Then, 80 pL of the
cultures that had been developed in MRS broth for 48 hours
and autoclaved at 121°C for 15 minutes and live bacterial
culture in MRS broth were transferred to the well and incubated
at 37°C for 24 hours. Zone diameters formed at the end of the
incubation period were measured and evaluated. Petri dishes
containing pathogenic bacteria were used as control.

Kivanc et al.
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Determination of Antibiofilm Activity of Probiotic and
Parabiotic L. rhamnosus 312 Culture on Intraocular Lenses
The experiment was carried out in two ways. In the first group,
48-hours cultures containing 10 cfu/mL L. rhamnosus 312
were used directly. In the other group, 48-hour cultures of L.
rhamnosus 312, whose cell density was adjusted to 10" cfu/
mL, were used after autoclaving (paraprobiotic) for 15 minutes
at 121°C. Two separate experimental sets were set up for each
group, one before biofilm formation and one after biofilm
formation. S. epidermidis was inoculated in BHI broth and
incubated at 37°C for 24 hours.

Intraocular acrylic lenses were taken out of their packages,
placed in the falcon containing phosphate-buffered saline
(PBS), and incubated at 37 °C for 15 minutes. Then, an acrylic
lens was placed in each well in a 12-well ELISA petri dish.
Next, 200 pL of medium was added to the lenses to be used
as a control. In order to determine the biofilm of S. epidermidis
KA15.8, 25 uL of S. epidermidis KA15.8 culture was transferred
onto the lenses and 975 pL of tryptic soy broth (TSB) (Merck,
1054590500) containing 2% glucose was added. To determine
the biofilm formed by L. rhamnosus 312 live cells, 25 pL of L.
rhamnosus 312 culture was added to the lenses, and 975 pL
of TSB containing 2% glucose was added. To determine the
antibiofilm activity of L. rhamnosus 312, 25 pL of S. epidermidis
KA15.8 culture was added to the lenses, and 475 uL of TSB
containing 2% glucose was added to 500 uL of L. rhamnosus
312 culture. Then the prepared petri dishes were incubated at
37°Cfor 24 hours. All tests were prepared in triplicate. The same
procedures were repeated with the autoclave L. rhamnosus 312.

Determination of Biofilm

In order to determine the biofilm, the lenses were carefully
washed with PBS, and the bacteria in planktonic form were
removed and then transferred to Eppendorf tubes. Next, 200
pL of 96% methanol was added to them, kept for 10 minutes,
and washed with sterile PBS, and 100 pL of crystal violet was
transferred to each Eppendorf tube and kept for 5 minutes.
After washing them with sterile PBS, they were placed on 12
plates and 1000 pL of 33% glacial acetic acid was transferred
onto them to release the cells. Then, 200 uL was transferred to
96 plates and a reading was made in the spectrophotometer
at 570 nm.

Determination of the Count of Bacteria in Biofilm

The same set of experiments set up for biofilm was prepared.
In order to determine the biofilm, the lenses were carefully
washed with sterile PBS, and the bacteria in planktonic form
were removed, and then transferred to falcons containing 1 mL
of sterile PBS. To separate the cells from the biofilm matrix, they
were vortexed for 1.5 seconds and sonicated for 15 minutes.
Then, bacteria counts were done by using the drop plate
method. Lactic acid bacteria were incubated at 37°C for 48
hours in an environment containing 5% CO,, and pathogens
were incubated at 37°C for 24 hours. Bacteria counts were
done after incubation. All studies were examined in triplicated.
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Scanning Electron Microscope (SEM)

Bacterial adhesion was examined by SEM with some
modifications according to Okajima et al. (17).The S. epidermidis
isolate was incubated in TSB containing 0.25% glucose for 24
hours at 37°C. After incubation, I0OLs were carefully removed
and washed 3 times with PBS. The IOL was fixed with 2.5%
(wt/vol) glutaraldehyde in 0.1 M phosphate buffer (pH 7.4)
by keeping it for 2 hours at room temperature. It was then
washed 3 times for 15 minutes in 0.1 M sodium cacodylate.
After this process, the lenses were rinsed with distilled water
and dehydration was performed with alcohol series (50%, 70%,
80% and 95%). After 7 minutes in each batch, they were kept
in two pure alcohols for 15 minutes. Drying was carried out in
a Critical Point Dryer immediately after the alcohol series. They
were then covered with gold and examined in SEM.

RESULTS

Probiotic L. rhamnosus 312 and the parabiotic test showed
antibacterial activity on the tested bacteria, ICA-positive S.
epidermidis KA15.8. However, the probiotic L. rhamnosus 312
zone diameter was found to be wider. Zone diameters of
probiotic L. rhamnosus 312 and parabiotic were measured as
13 mm and 11 mm, respectively. Both probiotic L. rhamnosus
312 and S. epidermidis KA15.8 formed a biofilm on the acrylic
lens (Figure 1). The addition of probiotic bacteria before biofilm
formation inhibited the biofilm formation of S. epidermidis
KA15.8 by 57.55%. The viable bacteria count in the biofilm also
supported this finding. The number of S. epidermidis KA15.8
in the biofilm decreased from 7.00 Log 10/mL to 5.22 Log 10/
mL. In the case of autoclaved probiotic bacteria/parabiotic
addition, biofilm formation decreased by 59.61%. Due to
bacterial numbers, the number of S. epidermidis bacteria
decreased from 7.10 Log 10/mL to 3.45 Log 10/mL (Figure 1).
After biofilm formation, the addition of probiotic L. rhamnosus

BL.rhamnosus 312
S. epidermidis KA15.8

0,25 1 L rhamnosus 312+5. epidermidis KA15.8
B Parabiotic+ S. epidermidis KA15.8

0,2 } }
E 0,15 -
=
=
-~
w
8 o1 ]

0,05 - ‘ i

0
Probiotic Parabiotic
A B C D

Figure 1. Antibiofilm activity of probiotic L. rhamnosus 312
and parabiotic.

A: Addition of the probiotic before biofilm formation; B: Addition of
the probiotic after biofilm formation; C: Addition of the parabiotic
before biofilm formation; D: Addition of parabiotic after biofilm
formation.
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312 inhibited the biofilm formation of S. epidermis KA15.8 by
55.3%. Due to S. epidermis KA15.8 numbers in the biofilm, it
decreased from 8.40 Log 10/mL to 6.16 Log 10/mL. After the
biofilm was formed, the addition of parabiotic inhibited the
biofilm formed by S. epidermis KA15.8 by 58.29%. The number
of S. epidermidis KA15.8 in the biofilm also decreased from 8.20
Log 10/mL to Log 4.65 Log 10/mL (Figure 2). SEM images also
confirm the findings (Figure 3).

®L.rhamnosus 312
S. epidermidis KA15.8
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10 1
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Figure 2. Bacteria counts in the biofilm.

A: The number of bacteria in the biofilm formed as a result of
the addition of the probiotic before the biofilm formation; B: The
number of bacteria in the biofilm when the probiotic is added after
the biofilm has formed; C: The number of S. epidermis in the biofilm
formed as a result of the addition of the parabiotic before the
biofilm is formed; D: The number of S. epidermis with the addition
of parabiotic after biofilm formation.

Figure 3. The effect of probiotic L. rhamnosus 312 and
parabiotic on S. epidermidis 15.8 biofilm.

A: Probiotic applied before biofilm formation; B: Probiotic applied
after biofilm formation; C: Parabiotic applied before biofilm
formation; D: Parabiotic applied after biofilm formation.
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DISCUSSION

The term paraprobiotics are used to refer to non-living or
inactivated strains of probiotics, in their intact or fragmented
form (18). However, there is no complete consensus on these
definitions. It usually includes probiotic-derived metabolites
or cell wall-derived materials without living microorganisms or
cell structures (18). The preparations of L. rhamnosus 312, both
alive and non-living, both prevented the biofilm formation of
S. epidermidis and inhibited the formed biofilm on the acrylic
lens.

Mohamed et al. reported that cell-free filtrates of Lactobacillus
and Bifidobacterium inhibited the growth of S. epidermidis isolates
originating from the conjunctiva (19). Researchers reported
that probiotics could be alternative antimicrobials against
pathogenic Staphylococcus spp. associated with conjunctivitis.
Their findings support our results. It has been reported that
the antimicrobial effect is associated with metabolic products
of probiotic bacteria, such as bacteriocin, bacteriocin-like
substances, hydrogen peroxide, acetic acid, and substances
such as diacetyl, and lactic acid (20). Negi et al. found that the
antimicrobial activity of cell-free supernatants of Lactobacillus
spp. was dependent on the presence of an antimicrobial protein
(21). Mazoteras et al. (22) reported that biofilm on IOLs can be
found many years after uncomplicated cataract surgeries. Kivanc
et al. (23) and Okajima et al. (17) reported that S. epidermidis
formed a strong biofilm on acrylic lenses, as in our findings.
El-Ganiny et al. (24) reported that, contrary to our findings,
S. epidermis isolates, isolated from soft lenses formed weak
biofilms. The fact that bacteria in biofilms are more resistant to
antiseptics, antibiotics, and host defenses causes problems in
their inhibition. Physiological heterogeneity, complex structure,
high flow expression, and the relative anaerobicity in the deeper
layers of the biofilm may be responsible for this high resistance.
Studies for the prevention and inhibition of biofilm formation
have intensified in recent years. One of the leading methods is
probiotic lactic acid bacteria.

Studies on the application of postbiotics and parabiotics to
foods are increasing day by day. There are also some studies
in the field of health. Mantziari et al. presented a data about
the usage of post-probiotics against pathogens that cause
pediatric infectious diseases. However, a study on lenses were
not encountered in the literature review (25). According to our
knowledge, this study is the first study on the inhibition of S.
epidermidis biofilm in acrylic lenses by probiotic lactic acid
bacteria and parabiotic biofilm. A product has been prepared
and patented for the use of the supernatant of Lactobacillus
paracasei in the treatment of conjunctivitis, especially vernal
keratoconjunctivitis (VKC) (26). There are some studies on the
inhibition of biofilm in soft lenses and the antibiofilm activity of
some disinfectants, herbs, and solutions (24, 27, 28). Kilvington
and Lonnen evaluated the ability of contact lens solutions to
remove the biofilm formed on silicone hydrogel lenses. Results
have been reported to be unsatisfactory when the scrubbing
and rinsing steps of the lenses are skipped (29).

Kivanc et al.
Antibiofilm Effects of Parabiotics on IOL Biofilm

In recent years, it has been shown that as an alternative to the
antimicrobial and antibiofilm activities of probiotic bacteria,
cell-free filtrates or substrates with inhibited cells also show
antimicrobial and antibiofilm activities. Postbiotics include
products of microbial action such as the fermentation of
carbohydrates, vitamins, various peptides, and the synthesis
of enzymes. Even some structural components of bacteria,
such as teichoic acid, are considered postbiotics. It has been
reported that postprobiotics have different functions such as
immunomodulators, antioxidants, and antimicrobials (16, 30).
From this perspective, postbiotics/parabiotics prepared from
lactic acid bacteria contain many metabolites used as raw
concentrate (extract) or semi-purified form (18).

In conclusion, the parabiotic of L. rhamnosus 312 was found
effective for its antibiofilm effect. However, further studies are
needed on this subject. Putatively, higher antibiofilm activity
can be achieved with a concentration adjustment. In particular,
the parabiotic product can have many advantages. L. rhamnosus
312 is a promising isolate considering that paraprobiotics and
postbiotics have significant potential for the development of
biotechnological products.
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ABSTRACT

Objective: As an aggressive type of brain cancer, glioblastoma remains obscure with its short survival time and unclear molecular
architecture. Single nucleotide polymorphisms (SNPs), such as those located in the regions of the caspase-9 gene (CASP9), have been
reported to be associated with genetic susceptibility to glioblastoma. There is no exact result on the effect of CASP9 SNP rs1052576 on
glioblastoma and its biomarker candidacy for the Turkish population. Investigating the polymorphism of the exon 5 (+32 G/A) region of
the CASP9 in glioblastoma patients in the Turkish population was the aim of this study.

Materials and Methods: Real-time polymerase chain reaction (RT-PCR) method on blood samples of glioblastoma patients (n=33) and
healthy controls (n=35) were used to analyze CASP9 SNP rs1052576. Statistical data were obtained using SPSS v.23 software.

Results: For CASP9rs1052576, no evidence was found of its role in glioblastoma (p=0.594).

Conclusion: This study was designed to determine the association between glioblastoma and CASP9 SNP rs1052576 within the Turkish
population. Our results indicated that CASP9 SNP rs1052576 is not related to glioblastoma in Turkish patients. To clarify these results,
further studies with a larger sample size are needed.

Keywords: Caspase-9, glioblastoma, polymorphism, rs1052576

disease, and intrinsic deregulation in apoptotic cell death
are seen in this multifactorial disease (7).

INTRODUCTION

As an aggressive type of adult primary brain tumor,

glioblastoma is known for its poor survival rate (average
survival of only 8 months) (1). It constitutes about 14.0 % of
all primary (2) and at least 60 % of all brain tumors in adults
(3). Necrosis, hypercellularity, microvascular proliferation,
and nuclear atypia are some histological features of
glioblastoma (4). Diverse genetic factors and epigenetic
alterations are responsible for the development and
progression of glioblastoma (5, 6). Decreased apoptosis,
one of the reasons for the aggressive characteristics of the

In human cancers such as glioblastoma, evasion of
apoptosis is accepted as a hallmark (8). Cell proliferation
and cell death homeostasis is maintained by apoptotic
mechanisms (7). There are two identified apoptotic
pathways, namely: Extrinsic (triggered through membrane
death receptors) and intrinsic (activated by cellular
stresses) also called the mitochondrial pathway (9). A
defect in apoptosis underpins the tumorigenesis and
malignant progression of glioblastoma (10). Because of
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their crucial roles in apoptosis, caspases are at the center of
studies on carcinogenesis. Caspase-9, as a member of this
conserved cysteine-aspartic proteases family, takes place in
the regulation of intrinsic apoptosis as an initiator, and it is
indispensable for efficient apoptosis. Activation of caspase-9
results in the induction of apoptotic cell death by cleavage of
effector caspases. Cellular damage can also cause a response
by triggering intrinsic apoptosis and tumor growth can be
suppressed by caspase-9. However, as a consequence of the
evasion of apoptosis, caspase-9 can be inhibited by some
tumors. The apoptotic potential of caspase-9 is regulated
by processes such as interference with its binding to the
apoptosome. Further, some inactivating mutations and
certain polymorphisms can affect the abundance or activity of
caspases (11). Polymorphisms in genes regulating apoptosis
can determine the efficiency of apoptosis (8). Not only at the
gene level, but also at the single nucleotide polymorphism
(SNP) level, alterations of caspase-9 gene (CASP9) have been
associated with human cancers (11). The human CASP9, which
encodes an apoptosis-related cysteine protease, caspase-9,
is located on chromosome 1 region p36.2 (12). In databases,
a few candidate CASP9 SNPs have been listed (13). Some of
these SNPs as potential biomarkers are found in the promoter
(e.g. rs4645978, rs4645981) or exon sequence of CASP9 (e.g.
rs1052576).

Susceptibility to various cancers, including lung cancer,
colorectal cancer, liver cancer, and prostate cancer, can
occur through CASP9 polymorphisms, such as the ones
aforementioned, influencing caspase-9 expression (14).
Among the CASP9 polymorphisms, there are only a few studies
that have examined whether the CASP9 exon 5 (+32 G/A) SNP
rs1052576 is a predisposing factor to human diseases or not
(15). As a consequence of this exonic polymorphism at codon
221, glutamine amino acid is converted to arginine (Q221R). As
a result of this substitution, a conformational change occurs
in the caspase-9 molecule, and the apoptotic mechanism is
influenced through modification of the binding of caspase-9
to Apaf-1 (16). Based on all this information, the role of CASP9
SNP rs1052576 in glioblastoma was investigated in this study,
which was performed in the Turkish population.

MATERIALS AND METHODS

Study Population and Clinical Procedures

Inthisstudy, 68individuals were analyzed (including 35 controls
and 33 glioblastoma cases). All participants were selected and
recruited from Yeditepe University Neurosurgery Department
(Istanbul, Turkiye) after detailed clinical examinations and
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whole blood samples were taken. This study was performed
per tenets of the Declaration of Helsinki. Ethical approval was
obtained for this study from the Yeditepe University Medical
Faculty Ethics Committee (Date: 24.10.2018 and No: 916). Data
about the clinical and demographic characteristics of the
study groups were registered before the experimental phase
of the study. Also, all individuals signed an informed consent
form.

CASP9 SNP rs1052576 Genotyping

Following ethical procedures, EDTA tubes were used to collect
blood samplesfromallindividuals. AniPrep Purification device
(Invitrogen, Life Technologies, Carlsbad, California, USA), 350
uL of peripheral blood, and an Invitrogen iPrep PureLink gDNA
blood isolation kit (Invitrogen, Life Technologies, Carlsbad,
California, USA) were used in the DNA extraction procedure.
NanoDrop 2000 (Thermo Scientific, Waltham, Massachusetts,
USA) was chosen to measure the genomic DNA purity and
its concentration. The dilution concentration of the DNA
samples was 100 ng/pL. Genotyping for CASP9 SNP rs1052576
was performed by an Applied Biosystems 7500 Fast Real-Time
polymerase chain reaction (RT-PCR) device. The components
of the PCR master-mix were 1 pl DNA template, 0.25 pL
TagMan Genotyping Assay, 5 L TagMan Genotyping Master
Mix (TagMan Reagents, Applied Biosystems, Foster City, CA,
USA), and 3.75 pL DNase free water. The holding stage at
95°C for 10 min, the denaturation stage at 92°C for 15 sec
(40 cycles), and the binding/elongation stage at 60°C for 1
min were the conditions of the PCR using sequence-specific
primers (Table 1).

Statistical Analyses

Obtained data were analyzed using SPSS 23 program (SPSS Inc.,
Chicago, IL, USA). Student'’s t-test was conducted to compare
the significance of the differences between groups. Chi-square
and Fisher’s exact tests were used to determine the difference
in the existence of target polymorphism in the patient and
control groups. Statistical significance was assessed by at least
p<0.05.

RESULTS

Table 2 shows the demographic characteristics of the study
participants. Of the 68 individuals, 33 were patients (72.30%
male, 27.70% female) with a mean age of 48.69+18.34 years
and 35 individuals were healthy controls (62.90% male, 37.10%
female) with a mean age of 42.75+11.70 years . The mean age
(p=0.108) and gender (p=0.386) of the study populations were
not significantly different.

Table 1. The polymorphism and experimental details

Gene, chromosome location, base
change, SNP

Genotyping method

Primers

CASP9, 1p36.21

Ex5 +32G > A, rs1052576 PCR

5'-GGCTTTGCTGGAGCTGGCCC-3' (sense)
5'-AGTACCCAATGCCTGCCCAGGG-3' (antisense)




Experimed 2022; 12(3): 108-12

Billur et al.
Glioblastoma and Ex5 +32 G>A (rs1052576) Polymorphism

Table 2. Demographic data of the study subjects

Characteristic Patient (n=33) Control (n=35) p-value
Male / Female Male / Female
Gender (%) 72.3/27.7 62.9/37.1 0.386
(n=24) / (n=9) (n=22) / (n=13)
Age (year) (mean = SD) 48.69 + 18.34 42.75+11.70 0.108
n: Number of the sample, SD: Standard deviation
Table 3. Distribution of CASP9 SNP rs1052576 genotypes and alleles in cases and controls
Case Control
Polymorphism (n=33) (n=35)
rs1052576 n (%) n (%) p-value Odds Ratio 95%-Cl%
Exon 5 +32
Genotypes
GG 11(33.3) 16 (45.7) 0.493 1.3714 0.5559 -3.3835
GA 18 (54.5) 14 (40.0) 0.471 0.7333 0.3150-1.7072
AA 4(12.2) 5(14.3) 0.817 1.1786 0.2912 - 4.7706
Alleles G 40 (60.6) 46 (65.71) 0.803 1.0843 0.5735 -2.0501
A 26 (39.4) 24 (34.29) 0.709 0.8703 0.4191 - 1.8074

n= Number of the sample, CI: Confidence interval

Table 3 summarizes the information on genotype and allele
frequencies for CASP9 SNP rs1052576 in the study groups.
According to the information in Table 3, it is seen that there is
no statistical significance in the CASP9 SNP rs1052576 genotype
frequencies between groups (p>0.05). Out of 33 glioblastoma
patients, the frequencies of the GG:GA:AA genotypes were
11:18:4. Out of 35 healthy individuals, the frequencies of
GG:GA:AA genotypes were 16:14:5. While the frequency
of CASP9 rs1052576 G-allele was 60.60% in those with
glioblastoma, it was 65.71% in the control group. In 39.40% of
patients and 34.29% of healthy individuals, the mutant A allele
was present. The CASP9 ancestral G allele and mutant A allele
were not associated with glioblastoma (p=0.803 and p=0.709,
respectively) (Table 3).

DISCUSSION

Itisknown howimportantapoptotic mechanismsarein diseases
with genetically complex architecture such as glioblastoma.
Examining molecules such as caspase-9, which has a key role in
the regulation of intrinsic pathways, is important in elucidating
the molecular mechanism of the disease. Though SNPs are not
considered to be the only causative factors of glioblastoma,
they are important genetic factors in disease susceptibility
because of their impact on gene regulation and its products.

Hence, this study was initiated to analyze the place of CASP9
SNP rs1052576 in glioblastoma.

This target SNP at codon 221 in exon 5 of the CASP9 causes
the substitution of glutamine by arginine (Q221R) (15).
Some studies have suggested that this Q221R variant might
influence carcinogenesis due to conformational changes in
caspase-9. The conformational changes lead to alterations in
the binding affinity of caspase-9 for Apaf-1 (14, 16). Despite
previous studies reporting a significant relationship of this
SNP with several human diseases (15), in our Turkish cohort of
glioblastoma patients, a genetic link between the CASP9 SNP
rs1052576 and glioblastoma has not been detected.

In the literature, there are studies examining CASP9
polymorphisms and their impact on cancer development
and progression in different cancer types, including multiple
myeloma (17), and non-Hodgkin’s lymphoma (18). These
studies showed that CASP9 SNP rs1052576 decreased
susceptibility to the diseases. Furthermore, three different
comprehensive meta-analyses have shown that the A allele
of rs1052576 is protective against cancer (16, 19, 20). The
impact of CASP9 polymorphisms (rs4645978, rs1052576,
and rs4645981) on cancer susceptibility has been shown via
investigations performed by Xu et al. They have reported that
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carriers of the A allele of rs1052576 in the Asian subgroup
have less risk for cancer (14). Mutations in the CASP9 have
been analyzed by Yan et al. in Chinese, American, Russian and
Caucasian populations. According to the results of this study,
while the A allele is protective against the risk of cancer in the
Chinese and American populations, no relationship was found
between this allele and disease susceptibility in the Russian
and Caucasian populations, as in our study population (20).
The association of rs1052576 with primary brain tumors has
been investigated by another study in the Turkish population.
Their results showed that the A allele of the Q221R variant
decreased the risk for glioma development. In addition, they
showed a protective role of CASP9 SNP rs1052576 GG genotype
against gliomas (21). However, Ozdogan et al. did not report
the number of glioblastoma cases within the glioma group.
In this respect, this study differs from our research. Although
the same population and the same disease were studied, the
clearest explanation for the different results may be that we
examined only glioblastoma patients. Our study reveals more
detailed information about whether the SNP is a distinctive
genetic factor or not in glioblastoma, a high-grade glioma, in
the Turkish population.

Though the link of rs1052576 polymorphism with cancer
susceptibility has been documented in these studies, no
significant relationship has been found between the CASP9
SNP rs1052576 and glioblastoma in our study. This controversy
with our results might depend on factors like population and
ethnic differences.

Consequently, the present study ascertains that CASP9 SNP
rs1052576 is not associated with glioblastoma susceptibility in
the Turkish population. However, our study is one of the few
studies examining the CASP9 SNP rs1052576 and glioblastoma
susceptibility. The results need to be validated in other
independent cohorts, with larger sample sizes.

CONCLUSION

As described earlier, CASP9 SNP rs1052576 has not been found
to be related to glioblastoma. Briefly, these results do not
support the role of the CASP9rs1052576 variant in susceptibility
to glioblastoma disease in the Turkish population.
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ABSTRACT

Objectives: The aim of this study was to determine the effects of whey proteins on methotrexate (MTX)-induced brain and small intestine
damage.

Materials and Methods: 30 Sprague Dawley rats (200-300 g) were divided into four groups: Control, control + whey, MTX, and MTX+whey.
MTX was administered at 20 mg/kg (single dose) intraperitoneally to the MTX group rats, and 2 mg/kg of whey protein were administered
by oral gavage for 10 days to the whey groups. Lipid peroxidation, glutathione, and nitric oxide (NO) levels, as well as glutathione-S-
transferase and superoxide dismutase activities were measured in the brain and small intestine. SDS-polyacrylamide gel electrophoresis
of the brain and intestine tissues were also carried out.

Results: While MTX treatment caused oxidative damage in the brain and small intestine, whey protein administration ameliorated MTX-
induced oxidative stress. MTX administration did not change the brain’s NO level, while an increase in intestinal NO level was detected.
Conclusion: MTX induced oxidative stress in the brain and small intestine changed the protein metabolism in these tissues regardless
of reduced food intake. Consecutive 10-day administration of whey proteins has shown its therapeutic effect on MTX-induced brain and
small intestine oxidative damage.

Keywords: Methotrexate, whey protein, brain, small intestine, nitric oxide, oxidative stress

INTRODUCTION

(2). MTX causes gastrointestinal toxicity, including nausea,
diarrhea, and signs of decreased nutrient absorption,
while also inducing enteritis. The inhibition of DHFR is the
first step in the process of MTX-induced gastrointestinal

As a folate anti-metabolite, methotrexate (MTX) is used to
treat some malignancies and immunological disorders (1).
It inhibits the mammalian dihydrofolate reductase (DHFR)
enzyme, which is required to generate tetrahydrofolate
(THF) from folic acid and synthesizes purines and

damage and is related to DNA synthesis. The mucosa’s
barrier function against intravascular pathogens is

pyrimidines for the progression of the cell cycle. The
mechanism of action against the DHFR enzyme appears to
be the same in both bacterial and mammalian cells, despite
the different drug susceptibility between bacterial strains

therefore impaired, leading to bacterial translocation and
inflammation. Oxidative damage has also been detected
in human intestinal cells during MTX treatment (3, 4).
Miyazono and Horie (5) revealed oxidative damage to
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contribute the neutrophil infiltration into inflammatory areas in
the intestine and also contribute to increased transendothelial
and transepithelial permeability. Disturbances at any stage of
digestion might promote dysregulation in various digestive
and non-digestive diseases (3). MTX also increases the oxidative
stress by raising the concentration of reactive oxygen species
(ROS) generation, and resulting in neurotoxicity (6). A high
dose of MTX has been shown to cause acute, subacute, and
chronic neurotoxicity. Acute toxicity often causes temporary
impairment. Subacute and chronic toxicity are linked to
alterations in the brain that may result in coma and death.
Furthermore, MTX interferes with the biochemical activities
of folate, homocysteine, adenosine, S-adenosylmethionine/
S-adenosylhomocysteine, and biopterin, resulting in
biochemical alterations related to neurological symptoms (7).
MTX inhibits the NADP malic enzyme and NAD (P)-dependent
dehydrogenases, thus it appears to reduce NADPH availability
in cells by inhibiting the enzymes for the pentose phosphate
pathway. As a result of failure of the antioxidant defense system,
cells may become more vulnerable to MTX-induced oxidative
damage. In addition, glutathione-S-transferase (GST), a family
of phase-Il detoxification enzymes, has been shown to catalyze
the binding of glutathione (GSH) to a variety of electrophilic
compounds, including MTX, and preventing these drugs from
reaching their intended cellular targets (8). Since GSH is used
to detoxify MTX and is unable to show an antioxidant effect, it
may not prevent the increase of lipid peroxidation.

Various antioxidants, plant extracts, and nutrients are currently
being researched for reducing or eliminating the damage
caused by MTX treatment. For example, melatonin (4), retinol
(9), garlic extract (10), and sodium tungstate (5) have been
demonstrated to protect against MTX-induced injuries. This
study was concentrated on the possible antioxidant properties
of whey proteins regarding MTX-induced brain and small
intestine damage. Whey proteins form about 20% of all milk
proteins and can be produced after the precipitation of casein
at 20 °C and a pH of 4.6. Whey proteins are mostly composed
of globular proteins such as lactoferrin, b-lactoglobulin,
albumin, immunoglobulins, a-lactalbumin, lactoperoxidase,
protease peptones, and bioactive peptides (11). Valin, leucine,
and isoleucine (branched-chain amino acids) are abundant in
the whey fraction that contribute to muscle growth, and the
protective role of whey protein concentrate (WPC) on the
intestinal barrier has also been shown (12). In vitro, bovine
whey products and hydrolysates exhibit antioxidant activity
by chelating metals; reducing lipid peroxidation; decreasing
ferric ions; scavenging radicals, hydroxyls, and superoxides;
and neutralizing synthetic radicals. Whey proteins have been
shown to possess a protective role against cellular oxidation
and an antioxidant effect by increasing antioxidant enzymes
such as glutathione peroxidase, superoxide dismutase (SOD),
and catalase (in lung fibroblasts, hepatocytes, and endothelial
cells) (11, 13). As a result, the present study examined the
potential antioxidant mechanism of whey proteins against
MTX-induced brain and small intestine damage.
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MATERIALS AND METHODS

Experimental Design and Animal Testing

The Marmara University School of Medicine Animal Care
and Use Committee approved the study (Protocol Number:
55.2021.mar). Sprague-Dawley (male) rats weighing between
200-300 g were housed in standard conditions and fed with a
regular diet. The rats were separated into four different groups:
control (C), whey-treated control (C+W), methotrexate (MTX),
and whey-treated methotrexate (MTX+W) groups. The dose
of MTX was decided based on the study by Aykac et al. (14).
MTX injections (in physiological saline, 20 mg/kg, single dose)
were continued over the next 10 days using either the saline
(MTX group, n = 8), or whey protein (2 g/kg, oral gavage, MTX +
W group, n = 8). Other rats received either the saline (C group, n
= 6) or whey protein (2 g/kg, oral gavage C+W group, n = 8) for
10 days after receiving a single injection of saline. The rats were
decapitated under ether anesthesia on day 10, and brain and
small intestine tissue samples were taken.

Whey Protein

Lyophilization was used to preserve the whey protein beverage
(Tazelen) that had been purchased from Kaanlar Food Industry
and Trade, Turkiye. The relevant groups received 2 g/kg (oral
gavage) of the lyophilized whey protein beverage dissolved
in tap water. The whey protein dosage was chosen based on
Shimizu et al. study (15).

Biochemical Analysis

10% small intestine and brain tissue homogenates in
physiological saline were prepared using a glass homogenizer.
The cooling process during homogenization was done by
immersing a glass homogenizer into a beaker containing ice.
Tissue homogenates were then centrifuged at 3000xg for 10
minutes. The supernatant samples were used for biochemical
analysis. Malondialdehyde (MDA) levels were used as a marker
of lipid peroxidation (16), SOD activity (17), GST activity (18),
nitric oxide (NO) levels (19), and GSH levels (20) were also
determined.

SDS-Polyacrylamide Gel Electrophoresis

The basic concept of Laemmli SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) was used to examine small
intestine tissue and brain in terms of electrophoresis (21). The
BIO-RAD mini protean precast Il dual slab gel apparatus was
used for SDS-PAGE (BIO-RAD, USA). For protein electrophoresis,
mini PAGE gels (Any kD precast polyacrylamide gel, 8.6 6.7 cm
(W L), Catalog Number: 4569033, BIO-RAD, USA) were used.

Statistical Analyses

Graphpad Prism 6.0 was used to perform the statistical
analyses (GraphPad Software, San Diego, CA, USA). The results
were provided in terms of means and standard deviations
(SD). To compare the groups, ANOVA (post hoc Tukey test)
was performed, with p < 0.05 being considered significant.
Statistical power analysis was performed on the small intestine
and brain NO levels using Faul et al’s (22) method.
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RESULTS

Brain

MTX administration significantly increased MDA levels and
significantly decreased the levels of GSH, SOD and GST
activities compared to the control group (p < 0.05). NO levels
did not significantly change in the MTX group compared
to the control group (p > 0.05; Figure 1). Whey protein
administration to the MTX group significantly decreased
MDA levels and significantly increased GSH levels, SOD
levels and GST activity (p < 0.05). Brain NO levels did not
significantly alter with the whey protein administration to
the MTX group (p > 0.05). Upon administering whey proteins
to the control group, no significant change occurred in
MDA or GSH levels, nor in SOD and GST activity (p > 0.05);
moreover, brain NO levels did decrease significantly (p <
0.05; Figure 1). When considering specific effect size, level,
and sampling methods, the power analysis of the brain
NO levels was found to be 0.84, which indicates an 84%
possibility of disproving the null hypothesis.

Small Intestine

MTX administration significantly increased MDA and NO
levels and significantly decreased GSH, SOD levels and GST
activity compared to the control groups (p < 0.05; Figure 2).
Whey protein administration to the MTX group decreased

nmol MDA/g tissue
mg GSH/ g tissue

U SOD/g tissue
8 & 3 8
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MDA and NO levels and significantly increased GSH levels,
SOD levels and GST activity (p < 0.05). Upon administering
the whey proteins to the control group, significant decreases
in MDA and NO levels and significant increases in GSH levels
and SOD activity occurred (p < 0.05), while no significant
change occurred in GST levels (p > 0.05; Figure 2). Given a
specific effect size, level, and sample size, the power analysis
of the small intestine NO levels was found to be 0.86,
which indicates an 86% possibility of disproving the null
hypothesis.

SDS Polyacrylamide Gel Electrophoresis

Electrophoretic models of brain and small intestine tissue
belonging to all groups were shown in Figure 3 and Figure
4. Some differences in the densities of the brain and small
intestine protein bands were detected in the electrophoretic
examination. MTX administration decreased some protein
bands of brain tissue detected between 50 kDa and 37 kDa,
while whey protein administration to the MTX group increased
these decreased bands. The majority of small intestine
proteins were located at about 14, 30, 66 and 70 kDa during
the administration. MTX administration decreased the density
of 14 kDa and 30 kDa protein bands, while whey protein
administration was able to increase these bands. Whey protein
administration to the control group also increased the small
intestine 30 kDa protein.

U GST/ g tissue
o H=d o s o
2 8 8 § 8

pmoel NO/g tissue

Figure 1. Biochemical analysis of brain tissue.

C: Control group, C+whey: Whey-administered control group, MTX: Methotrexate-administered group, MTX+whey: Methotrexate and whey
protein -administered group, MDA: Malondialdehyde, GSH: Glutathione, SOD: Superoxide dismutase, GST: Glutathione-S-transferase, NO:Nitric
oxide, *p<0.05 compared to the control group, *p<0.05 compared to the MTX group, *p<0.05 compared to the C+whey group (n= 8).
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Figure 2. Biochemical analysis of small intestine tissue.

*p<0.05 compared to the C+whey group (n=8).

C: Control group, C+whey: Whey-administered control group, MTX: Methotrexate-administered group, MTX+whey:
Methotrexate and whey protein -administered group, MDA: Malondialdehyde, GSH: Glutathione, SOD: Superoxide dismutase;
GST: Glutathione-S-transferase, NO: Nitric oxide, *p<0.05 compared to the control group, *p<0.05 compared to the MTX group,
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Figure 3. SDS- polyacrylamide gel electrophoresis of brain
tissue.

St: Standard, C: Control group, C+W: Whey protein-administered
control group, MTX: Methotrexate-administered group, MTX+W:
Methotrexate and whey protein-administered group.

DISCUSSION

The gut-brain pathway is a network that links the central
nervous system with the gastrointestinal tract and is made up

24

St C C+W MTX MTX+W

Figure 4. SDS- polyacrylamide gel electrophoresis of small
intestine tissue.

St: Standard, C: Control group, C+W: Whey protein-administered
control group, MTX: Methotrexate-administered group, MTX+W:
Methotrexate and whey protein-administered group.

of a half billion neurons that innervate the gut and immune
cells in gastrointestinal circulation (23). Any damage to
the brain or small intestine might disrupt this connection
and affect tissues. MTX treatment can also affect intestinal
microbiota growth at physiologic concentrations (24).
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Oxidative stress is one of the most important pathogenic
processes for neurological disorders such as Parkinson’s
and Alzheimer’s, as well as acute conditions like stroke and
brain trauma. Meanwhile, brain lesions of different etiologies
change gut characteristics and microbiota (2). These new
concepts may lead the way to novel treatment methods for
a variety of neurological diseases. This study has shown that
MTX increased the oxidative stress in both the brain and the
small intestine, as well as it lowers the activity of antioxidant
enzymes. GST has been found to catalyze the conjugation
of GSH to some electrophilic anticancer drugs, preventing
drugs from reaching their cellular targets. One reason for
this to use as an antioxidant is to reduce the increased lipid
peroxidation due to the application of MTX, while another
reason may be that GSH binds to MTX at which point it gets
consumed; namely, GSH begins a detoxification reaction.
MTX did not affect the brain NO levels, whereas the small
intestine NO level was increased. The effects of MTX on the
SDS/PAGE profiles of the brain and small intestinal tissues
were reproducible. Whey protein administration, however,
reduced oxidative stress, improved antioxidant defenses, and
restored the disappeared protein bands in the brain and small
intestinal tissues of rats that had been given MTX. The whey
protein administration to the MTX group did not alter the
brain NO levels either, although it lowered NO levels in the
small intestine. Whey protein administration to the control
group reduced NO levels in both brain and small intestine.

NO is a key signaling molecule that plays critical functions in
the neuronal and intestinal tissues, as well as in inflammatory
responses. Modifications to the biomolecules caused by
oxidative stress may affect their physiological function and
have serious repercussions for an organism (25). Furthermore,
oxidative stress may result in the uncoupling of the endothelial
nitric oxide synthase (eNOS), reducing NO synthesis/
bioavailability and increasing NO-dependent oxidative stress.
As aresult, the prooxidative and antioxidative states of cells and
tissues significantly influence NO production and bioactivity
(25). Although NO is necessary for healthy gastrointestinal
function, some evidence exists that an excessive amount of
NO may impair the digestive system (26). An increase of NO in
tissue may cause an increase in NO-dependent oxidative stress
in that tissue. Our findings pointed out that MTX-induced brain
oxidative damage did not affect brain NO levels. However, the
increase in intestinal NO levels in parallel with the MTX-induced
oxidative stress may have further increased the severity of
oxidative damage. When exposing intestinal epithelial cells
to high NO levels, their permeability increased. Apoptosis and
intestinal secretion could both be stimulated by high levels
of NO. However, NO may also prevent apoptosis and lessen
inflammation by preventing NF-kB activation (27). MTX also
inhibits NF-kB activity (28). This study used whey proteins to
reversethese MTX-inducedabnormalitiestoahealthy condition.
Whey is a protein complex found in milk and is suggested
as a food supplement with several health advantages. The
biological contents of whey protein such as beta-lactoglobulin,
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lactoferrin,  alpha-lactaloumin,  immunoglobulins, and
glycomacropeptide exhibit a range of immune-stimulating
properties. Whey can also be used as an antihypertensive,
anticancer, hypolipidemic, antibacterial, antiviral, antioxidant,
and chelating agent. The principal mechanism by which whey
protein is considered to exert its benefits is by intracellular
conversion of the amino acid cysteine to GSH, a potent cellular
antioxidant (29). Cysteine contains the sulfhydryl group, which
acts as a reducing agent in the prevention of oxidative stress.
GSH is more efficient as an antioxidant in its reduced form (30).
In this study, whey administration to the MTX group decreased
the MDA levels in the brain and small intestine tissue and
increased the GSH levels as well as SOD and GST activity. While
this cause no change in brain NO levels, it decreased NO levels
in the small intestine tissue of the control groups. The brain had
a more complex protein band profile than the small intestine,
but the bands were more visible. The reason for the sharper
protein band is related to the brain tissue’s protein content.
Although the protein bands in the small intestine were not
clearly visible, the reductions in protein bands caused by
MTX were demonstrated to have been restored through the
administration of whey protein.

The limitation of this study is examining the effects of a single
of a single dose of MTX determined in the experimental animal
model. However, MTX is administered to patients in repeated
doses, and the application time of whey proteins could also
change in this case.

CONCLUSION

The study suggests that the whey proteins may have a
therapeutic impact on the MTX-induced changes and oxidative
stress in brain and small intestine tissues.
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ABSTRACT

Objective: Dysregulation of cellular adhesion is one of the main mechanisms responsible for tumor initiation, proliferation, and survival.
E-cadherin is a cell adhesion molecule associated with tissue invasion and metastasis in most epithelial cancers. Gap junctions are known
as small molecular channels that allow communication between neighboring cells and consist of connexin molecules. Connexin 43 (Cx43)
isa gap junction protein that plays a central role in cell-cycle regulation and has an important function in carcinogenesis. The present study
aimed to evaluate the expression levels of E-cadherin and Cx43 in colorectal cancer patients using clinical and prognostic parameters.

Materials and Methods: The quantitative real-time polymerase chain reaction (qRT-PCR) method was utilized to characterize the
expression patterns of the E-cadherin and Cx43 genes in tumor and adjacent non-tumoral colon tissues from 32 colorectal cancer patients.
Analysis of gene expression data was carried out using the delta-CT method.

Results: The results show the expression level of Cx43 to decrease 14-fold in tumor tissue compared to normal tissue (p<0.05). However,
the study could find no significant difference with regard to E-cadherin expression.

Conclusion: The research provides valuable clues to the elucidation of tumor development and metastatic processes for further studies.

Keywords: Colorectal cancer, cell adhesion, connexin 43, E-cadherin, qRT-PCR

INTRODUCTION

of neighboring cells to possibly be an effective way for
treating specific tumors.

Colorectal cancer (CRC) is a multifaceted and
therapeutically challenging disease. The development,
progression, and metastatic spread of CRC have been
comprehensively investigated in terms of characterizing
the genomic and proteomic alterations of the disease in

different populations. The different stages of tumor onset

Gapjunctionintercellular communication (GJIC) is defined
as intercellular channels allowing small molecules (e.g.,
ions, metabolites and second messengers such as cAMP) to
pass between cells and has an important role in apoptosis,
cell growth, cell cycle control, tissue differentiation,
and homeostasis. GJIC consists of the protein subunits

and progression involve irregularities in both intracellular
and intercellular communication networks. The systematic
literature review by Nalewajska et al. (1) emphasized
targeting the connexins that connect the cytoplasm

of connexin, which has more than 20 isoforms. As the
most commonly known isoform of the family member,
connexin 43 (Cx43) has been named according to its
molecular weight and is encoded by the GJA1 gene (1, 2).
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Studies have shown a negative correlation to exist between
Cx43 expression and tumor growth. Accordingly, both the
cell surface and cytoplasmic Cx43 may have a suppressive
role in tumor growth through their C-termini tails that bind to
signaling molecules (3). However, some reports have stated
increased Cx43 expression to appear to be associated with
poor prognosis and poor patient survival (2). According to the
STRING database, the GJA1 protein, which interacts with tight
junction protein ZO-1, vinculin, and E-cadherin, is involved in
theregulation of cell-cell junction assembly and cell migration
(Figure 1). Decreased Cx43 and E-cadherin expression have
been reported to contribute to the presence of primary
gastric cancer, while concurrent elevated expression levels
of these proteins can contribute to metastatic lymph nodes
(4). The cytoplasmic domains of Cx43 may interact with cell
adhesion molecules that play a pivotal role in invasion and
metastatic processes. E-cadherin is a member of the calcium
dependent cell adhesion molecules that are thought to
have a crucial role in maintaining epithelial tissue integrity
(5). Researchers have demonstrated a loss of the E-cadherin
protein to be related to a decrease in intercellular adhesion.
Accordingly, the aberrant E-cadherin expression triggers
the invasion and metastasis abilities of cells (6, 7). Several
alterations of regulation that have adverse impacts on
E-cadherin can arise during the progression of cancer in ways
such as decreased transcriptional activities, mutations, and
promoter methylation (8). Previous reports have highlighted
E-cadherin expression to be downregulated in certain
cancers (e.g., gastric, colorectal, cervical, and breast) (9-11).
In addition, decreased expressions of Cx43 and E-cadherin
in lung cancer cells have been reported to be significantly
correlated with one another (12).

Figure 1. Protein interaction network. GJA1: Gap junction
alpha-1 protein; CDH1: Cadherin-1; TJP1: Tight junction
protein ZO-1; VCL: Vinculin. Purple and red colors indicate
proteins involved in cell-cell junction assembly and the
regulation of cell migration, respectively.

Surmen et al.
Gene Expression Analysis of Connexin 43 and E-Cadherin

When considering the relation between gap junctions and
adhesion molecules, the expression patterns of these two
genes may play a significant role in tissue homeostasis,
differentiation, and proliferation and thereby contribute to
carcinogenesis. The aberrant expression of Cx43 or E-cadherin
has been reported in different cancer types (1, 6). However, the
relationship between E-cadherin and Cx43 expressions in colon
cancer has yet to be fully explained, with studies evaluating
both genes together still being needed. This study aims to
examine both the mRNA expression of Cx43 and E-cadherin in
tissue samples from colorectal cancer patients and to evaluate
their relationship with the patients’ clinical and pathological
features.

MATERIALS AND METHODS

Case Information

The study protocol was approved from the ethical committee
of the Istanbul University Faculty of Medicine (16.04.2012/665).
For expression analysis, 32 tumor and 32 non-tumor tissues
were obtained from CRC patients at the surgery clinic of Istanbul
Research and Education Hospital between 2012 and 2013. A
written informed consent was obtained from each participant.
These CRC patients had not undergone any chemotherapy,
radiotherapy, or other treatment pre-operation.

RNA Isolation

All tissue samples were collected as fresh frozen within 30
min after tissue resection. PureLink RNA Mini Kit was used
according to standard kit protocol for total RNA isolation
(Ambion-Life Technologies™, USA). Tissue samples of
approximately 100 mg in 1000 pL TRIzol Reagent (Ambion-
Life Technologies™, USA) were homogenized with RNAse-free
mortars and pestles. The lysate (up to 0.6 mL) was transferred
to the spin cartridge and the binding, washing, and elution
steps were applied in that order. Following RNA purification,
DNAse | digestion procedure was performed to remove DNA
contamination. The purity and concentration of all RNA
products were detected by measuring the absorbance ratio
at A260/A280 nm. Finally, the purified RNA yields were stored
at -80 °C until further analysis.

cDNA Synthesis

High-capacity RNA to cDNA master mix was used for single-
stranded cDNA synthesis (Applied Biosystems, Foster City, CA,
USA). The cDNA conversion procedure was as follows: 20 uL of
the reaction mix was added to the master mix and diluted to an
RNA ratio of 1:5. The mix was run on a PCR thermal cycler under
optimized conditions (Step 1: 25 °C for 10 min; Step 2: 42 °C for
2 h; Step 3: 85 °C for 5 min).

Quantitative Real-time Polymerase Chain Reaction (qRT-
PCR)

The expression levels of Cx43 (UniGene ID Hs.700699) and
E-cadherin (UniGene ID Hs.461086) were evaluated by qRT-PCR
using the Stratagene Mx3005P System (Agilent Technologies,
USA). cDNA products were amplified using TagMan Gene
Expression Master Mix (Applied Biosystem, CA, USA) and



Surmen et al.
Gene Expression Analysis of Connexin 43 and E-Cadherin

TagMan gene expression assay, which includes the target
gene-specific primer and probe sets (Applied Biosystems,
Foster City, CA, USA). TagMan assays with the following IDs
were purchased: Assay ID Hs01023894_m1 for the E-cadherin
and Assay ID Hs00748445_s1 for Cx43. As a result of the
literature review, B-actin (Assay ID: Hs99999903_ m1) was
chosen as a housekeeping gene to normalize the levels of Cx43
and E-cadherin. The PCR mix was prepared in a final volume
of 20 pL, and the cycling conditions were as follows: hot start
10 min at 95 °C, next 40 cycles of 15 s at 95 °C, and lastly 1 min
at 60 °C. All reactions were run in duplicate. The quantification
results have been evaluated using the comparative CT method,
in which 22T values were calculated.

Statistical Analyses

Statistical analyses were examined using the program IBM
SPSS version 20.0 for Windows (IBN Corp., Armonk, NY, USA).
Data were given as means and standard deviations (£ SD).

Statistical comparisons of the differences between the two
groups were carried out with the Mann-Whitney U test, with a
p < 0.05 being assumed to show statistical significance.

RESULTS

This study compared the obtained gene expression data
from the tumor tissue and corresponding normal tissue of
the same patients. Of the 32 patients, 24 (75%) were male
and eight (25%) were female, with the mean age of all CRC
patients being 63.19 + 10.55 years (range= 36-80 years). The
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Figure 2. Comparison of E-cadherin and Cx43 mRNA levels
in tumor and non-tumor tissues from CRC patients.
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patients’ clinicopathologic characteristics were determined
according to the American Joint Committee on Cancer
(AJCC) 7t TNM stage. The distribution of tumor stages | and
I among all patients was 18.8%, with 81.3% having tumors
in an advanced stage. The patients were equally distributed
according to the presence of metastasis. A total of 43.8%
of patients had no lymph node involvement, while 37.5%
had N1, and 18.8% had N2. When evaluating the specimens
histopathologically, 25.9% of the tumors were noticed to be
poorly differentiated, 55.6% to be moderately differentiated,
and 18.5% to be well differentiated. The majority of tumor
was localized to the sigmoidal colon (44.8%), with other
tumors being located in the right colon (24.1%), in the left
colon (3.4%), in the transverse colon (10.3%), in the cecum
(3.4%), and in the rectum (13.8%).

The mRNA expression levels of the Cx43 and E-cadherin
genes were observed to change in tumor tissue compared to
the normal tissue of patients diagnosed with CRC (Figure 2),
with the expression of Cx43 having significantly decreased
14-fold in the tumor tissue (p < 0.05). Although the study
has found no statistically significant difference in expression
levels of the E-cadherin gene, a 1.75-fold increase was found
in the expression of the E-cadherin gene within tumor tissue
(p > 0.05). When comparing tumor stages, the study detected
E-cadherin expression to have increased 1.33-fold in advanced-
stage tumors (p > 0.05). The expression patterns of both genes
are summarized in Table 1. In addition, when evaluating the
expression of both Cx43 and E-cadherin in terms of clinical
pathological features such as tumor stage, lymphatic invasion,
differentiation grade, and metastasis, no significant differences
were found (p > 0.05). The relations between the pathologic
features of the tumor samples and expression patterns of two
genes are given in Table 2.

DISCUSSION

The spread of cancer cells beyond the origin of the tumor
to surrounding tissues and organs is tightly associated with
molecules involved in cell-cell and cell-matrix adhesion (13).
In this process, epithelial tissue cells acquire the mesenchymal
phenotype through loss of adhesion and increased migration.
To the best of the study’s knowledge, epithelial mesenchymal
transition (EMT) contributes to cancer progression and
promotes cells to metastasize in removed regions. In many
types of epithelial cancers, several steps are involved in

Table 1. Fold change value of E-cadherin and Cx43 genes in tumor tissue compared to normal tissue.

Log2 Fold Fold
Gene Change 95%Cl Change 95%Cl pValue Fold Regulation
Cx43 -3.816 (-5.643--3.058) 0.071 (0.02-0.12) 0.039* -14.052
E-Cadherin 0.807 (0.88-1.56) 1.750 (0.54-2.96) 0.336 1.750

*p values less than 0.05 denoted statistical significance.
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Table 2. Fold change value of Cx43 and E-cadherin genes according to clinical pathological features.

Log2 Fold Change 95%Cl Fold Change P-value
Distant Metastases -0.049 (-2,556-0,81) 0.966
Lymphatic Invasion -0.125 (-2.058-0.669) 0.9171
E-Cadherin Gene Expression
Differentiation 0.177 (-5.058-0.97) 1.131
Grade -0418 (-4.321-0.536) 0.748
p>0.05
Distant Metastases 1.658 (-0.64 - -2.503) 3.157
Lymphatic Invasion 1.183 (-0.971-2.014) 2.2726
Cx43 Gene Expression
Differentiation -4.921 (-16.609- -0.234) 0.330
Grade 0.820 (-16.609-1.933) 1.766

*p values less than 0.05 denoted statistical significance.

tumor metastasis, including the genetic reprogramming
and transitioning of cancer cells (14). E-cadherin is a tumor
suppressor gene and one of the crucial molecular markers
that trigger EMT. In addition, E-cadherin expression has been
associated with cell migration, poor differentiation, and
metastasis (15,16). This study has investigated the mRNA levels
of E-cadherin and Cx43 genes in 32 patients with CRC. Unlike
most previous studies, this one has shown E-cadherin gene
expression to be 1.75 times higher in tumor tissue compared
to normal tissue. However, this difference detected in tumor
tissue was not statistically significant. Two studies were
published by El-Bahrawy et al. (17, 18) revealed the mRNA
levels of E-cadherin and catenin (a,,y) to increase in colorectal
carcinomas compared to non-neoplastic mucosa. The reason
for the increased expression of E-cadherin has been attributed
to its accumulation in the cytoplasm.

Furthermore, this study has also evaluated the relation
between the E-cadherin expression levels and the pathological
parameters of CRC patients. Although a negative correlation
does exist between E-cadherin expression and pathological
features (i.e., stage, distant metastasis and grade of
differentiation) of colorectal carcinoma patients, it was not
statistically significant (p > 0.05). The literature contains various
results regarding the impact of E-cadherin expression on
CRC progression. Madalina Palaghia et al. (19) conducted a
study on 65 patients who'd undergone a colectomy for CRC
and concluded E-cadherin expression abnormalities to be
an important marker of tumor aggressiveness and spread
potential. Gao et al. (20) showed the expression of E-cadherin
to be lower in colon cancerous tissues during metastasis. In
addition, one meta-analysis showed the downregulation of
E-cadherin to be significantly related to poor prognosis in
Asian patients with CRC (21). Previous studies have led to the
conclusion that decreased E-cadherin expression is associated
with invasive colorectal cancer (16).

In addition to epithelial tissue integrity, E-cadherin also plays
a pivotal role in ensuring communication between adherent
cells by means of Cx43. E-cadherin facilitates the formation of
gap junctions by playing a role in the cell membrane transport
of Cx43 (22, 23). A positive correlation has been reported to
exist between E-cadherin and Cx43 protein expression with
regard to gastric, lung, and colorectal cancer (4, 12, 24). Xu
et al. (12) showed the pattern of E-cadherin expression
to be related to Cx43 expression levels and reported
overexpression of Cx43 to induce E-cadherin expression in
lung cancer cells. Their same study also found concurrent
reduction of expressions in both genes to be associated with
lymph node metastasis. Similarly, Tang et al. (4) showed the
concurrent reduction of Cx43 and E-cadherin in primary
gastric cancer using immunostaining. In addition, Zhao et al.
(25) investigated E-cadherin and Cx43 with regard to both
mRNA and protein levels in Chinese patients with non-small
cell lung cancer (NSCLC). They found decreased E-cadherin
and Cx43 protein levels to correlate to NSCLC progression,
clinic stage, and lymph node metastasis. However, E-cadherin
and Cx43 mRNA levels significantly increased with regard to
advanced tumor stages, poor differentiation, and lymph node
metastasis. These results reveal the need to explain the cause
of variability in mRNA and protein levels.

According to the literature review, Cx43 acts as a tumor
suppressor, with its low expression contributing to colon
carcinogenesis. Sirnes et al. (26) examined the clinical
significance of the irregular expression of Cx43 in CRC tissue
and cell lining. They reported Cx43 to regulate cell growth
negatively in HT29 colon cancer cells by inducing apoptosis.
Decreased expression of Cx43 was related to overall survival
for patients in the early stages. Furthermore, the study
results implied that Cx43 may also cause different clinical
effects according to its subcellular localization. The present
study has found Cx43 expression to be reduced 14-fold in
tumors compared to adjacent normal tissue, and this data
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was statistically significant. Ismail et al. (27) examined Cx43
expression by immunohistochemical analysis and reported
downregulation of Cx43 to be significantly related to the
histological features of the colon cancer. The current study
observed an increase in Cx43 expression for patients in
advanced stage who were metastasis-positive; however, the
differences were not significant. Kanczuga-Koda et al. (24)
examined the correlation among the expressions of E-cadherin,
B-catenin, and the three Cx proteins (i.e.,, Cx26, Cx32, and Cx43)
in colorectal cancer tissues using immunohistochemistry.
According to their study, a significant positive correlation was
found between E-cadherin and Cx26 in the total patient group
and between E-cadherin and Cx43 protein expression levels in
patients with metastatic lymph nodes and tumors in advanced
stages. Despite the decrease in Cx43 expression found in
the current study, this was not correlated with E-cadherin
expression. In addition, when examining the mRNA levels
of Cx43 and E-cadherin in terms of tumor size, lymph node
involvement, remote metastasis, and differentiation, the study
found no significant differences.

CONCLUSION

Although a wide range of data is available about the linkage
between E-cadherin and Cx43 protein levels, less is known
about the mRNA levels for both E-cadherin and Cx43 genes
with respect to colorectal cancer. Our study findings suggest
that Cx43 may play a crucial role in the progression of colorectal
cancer. However, the current study also has limitations. It
evaluated only the mRNA expressions of these genes and not
protein levels through the immunohistochemical method or
western blotting. The cause of the malfunction of E-cadherin
and Cx43 remains unclear. This is a preliminary study for CRC,
which has a complex pathogenesis. Thus, a large-scale study
that comprehensively investigates mRNA and protein levels is
needed. Infuture studies in particular, revealing the relationship
between E-cadherin and Cx43, which help maintain cell-to-cell
communications, will contribute to the clear elucidation of
tumor development and metastasis.
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ABSTRACT

Objective: This study aimed to investigate the potential effects of ghrelin on wound healing.

Materials and Methods: Sprague-Dawley rats were divided into 3 groups: Control (n = 8), wound-saline (W+S, n = 16), and wound-ghrelin
(W+Gr, n = 16). A wound was created on the cervical back region of rats using an 8 mm biopsy punch tool in the W+S and W+Gr groups.
Either saline (1 mL/kg) or ghrelin (10 ng/kg) was administrated intraperitoneally each day to the rats in the non-control groups after the
onset of the wound. Rats from the W+S and W+Gr groups were euthanized on the 7t (n = 8 from each group) and 14" day (n = 8 from each
group) of the experiment. The histopathological score was evaluated statistically using one-way analysis of variance and Tukey’s multiple
comparison tests.

Results: The rats euthanized from the W+S group on day 7 (subgroup W+S,) showed degenerated epidermis, no hair follicles, presence
of granulation tissue, inflammatory cell infiltration, vasocongestion, and increased collagen fibers in dermis. However, all these
histopathological findings significantly decreased in the rats euthanized from the W+Gr group on day 7 (subgroup W+Gr;) compared to
the W+S, group (p < 0.05). The W+S,, group showed thick epidermis, a few hair follicles, angiogenesis, and increased collagen fibers in
the dermis. Additionally, the histopathological findings decreased significantly in the W+Gr,, group compared to W+S, group (p < 0.05).

Conclusion: Based on the statistical analysis of the histological findings, the ghrelin treatment appears to have a beneficial effect on
wound healing.

Keywords: Wound healing, ghrelin and histology

INTRODUCTION reorganize and the tissue remodels and matures, resulting
an overall increase in tensile strength (1).

Wound healing is a complicated process involving

crosstalk between cells, growth factors, and inflammatory
cytokines in three distinct phases: Inflammation, new
tissue formation, and remodeling. The first step is
inflammation and takes place within the first 3 days
after the injury with the invasion of neutrophils and
macrophages. The proliferative phase starts after the
inflammatory phase with the formation of new blood
vessels (neoangiogenesis), the production of connective
tissue, and contraction of the wound at this stage. Lastly,
the remodeling phase starts usually from day 21 up to 2
years after the injury, during which the collagen fibers

Improper wound healing is one of the most important
factors affecting the convalescence of patients worldwide.
Currently, the removal of necrotic tissue, changing of
bandages, and local and systemic antibiotic therapies
have been commonly used to treat patients with improper
wound healing (2). The administration of topical growth
factors coupled with several biomaterials have also been
reported for overcoming this issue (3).

Ghrelin is a gastrointestinal peptide hormone and has
a central function in balancing feeding, adiposity, body
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weight, and glucose metabolism (4). Ghrelin has been
identified as the endogenous ligand for the growth hormone
secretagogue receptor (GHSR) 1a and to stimulate the
secretion of growth hormones from the pituitary gland (5).
Ghrelin has also been shown to be able to prevent organ injury
and to improve survival in irradiated rats with severe sepsis
by decreasing the induction of inflammatory mediators (6, 7).
This study aims to histologically examine the role of parenteral
ghrelin treatment with regard to wound healing in rats.

MATERIALS AND METHODS

Animals

The study obtained 40 adult Sprague-Dawley rats (200-250
g) from Marmara University, School of Medicine’s Animal
Laboratory. The rats were kept under standard laboratory
conditions, including a 12-h light/dark cycle and constant
temperature (22 + 2 °C) and humidity (45-65%). They were also
given Ad Lib standard pellet food and tap water. All procedures
were carried out in accordance with the Guide for the Care
and Use of Laboratory Animals (8). This study procedure was
approved by the relevant animal experimental local ethics
committee of Marmara University (protocol no. 10.2008.mar).

Experimental Design

The Sprague-Dawley rats were divided into 3 groups: Control (C;
n = 8), wound+saline (W+S; n = 16), and wound-ghrelin (W+Gr;
n = 16), with no treatment being applied to the control group.
The W+S group was given saline (1 mL/kg, intraperitoneal (i.p.))
and the W+Gr group was given ghrelin (10 ng/kg, i.p., Sigma,
G8903, St Louis, MO) once a day immediately after the wound
was created (9). In both the W+S and W+Gr groups, rats were
euthanized on the 7" (subgroups W+S; & W+Gr, n = 8 for each)
and 14" (subgroups W+S;, and W+Gry,, n = 8 for each) days
following the wound creation. At the end of the experiment,
skin samples were removed for histological examination.

Wound Creation Protocol

After the application of general anesthesia of ketamine
hydrochloride (100 mg/kg, i.p.) and xylazine hydrochloride
(10 mg/kg, i.p.), the dorsal area of the animals was shaved and
cleaned with 70% alcohol. The wound was created using an 8
mm biopsy punch tool on the shaved cervical back region (10).

Histological Analysis

Skin samples were fixed in a 10% formaldehyde solution and
underwent a routine process for embedding in paraffin wax.
To identify histological degeneration, 5-6 um thick paraffin
sections were stained with hematoxylin and eosin. Skin
sections were also stained with Gomori’s one-step trichrome
for collagen distribution. All stained sections were evaluated
under a light microscope (Olympus BX51, Tokyo, Japan)
and photographed with a digital camera (Olympus DP72,
Tokyo, Japan). Each sample was examined over at least five
microscopic areas for histopathologic scoring. Epithelial and
hair follicular degeneration, inflammatory cell infiltration,
vasocongestion, and collagen density were assessed for scoring
criteria (11). Each criterion was scored semi-quantitatively as
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follows: 0 = none, 1 = mild, 2 = moderate, and 3 = severe, with
the maximum total score being 12.

Statistical Analyses

Statistical analysis was performed using the program GraphPad
Prism 9 (GraphPad Software, San Diego, USA). After confirming
the normal distribution of the data using the Kolmogorov-
Smirnov test, the one-way analysis of variance (ANOVA) test
and Tukey’s multiple comparison tests were applied, with the
data being presented as mean = standard deviation (SD) and a
p < 0.05 indicating a significant difference.

RESULTS

The histological investigation of skin samples taken from the
control groups of rats showed regular epidermis and dermis
with a distribution of collagen fibers and hair follicles. The
W+S; subgroup was observed to have degenerated epidermis,
no hair follicles, severe inflammatory cell infiltration and
vasocongestion, the presence of granulation tissue, and
increased collagen fibers in the dermis. The presence of
granulation tissue in the sections from the saline-treated
rats indicated the healing to have been impaired, albeit
with no obvious retardation in wound healing. The W+S;,
subgroup was observed to have a thick epidermis, moderate
inflammatory cell infiltration and vasocongestion, a small
number of hair follicles, angiogenesis, and increased collagen
fibersinthe dermis. The W+Gr; subgroup showed degenerated
epidermis, no hair follicles, moderate inflammatory cell
infiltration and vasocongestion, the presence of granulation
tissue, and increased collagen fibers in the dermis. The
W+Gr,, subgroup had a regular epidermis, a small number of
hair follicles, angiogenesis, mild inflammatory cell infiltration
and vasocongestion, and increased collagen fibers in the
dermis (Figure 1).

In the semiquantitative analyses, significantly higher
histopathological scores were observed for both the saline- and
ghrelin-treated wound healing groups compared to the control
group. However, the 7-day treatment with ghrelin showed a
reduced total histopathological score in the W+Gr; subgroup
(8.93£0.90) compared tothe W+S; group (10.19+0.96; p=0.028).
Moreover, a similar benefit regarding the total histopathological
score was also obtained for the 14-day treatment with ghrelin
in the W+Gr;4 subgroup (4.31+£0.53) compared to the W+S;,
subgroup (5.50+0.92, p = 0.04; Figure 2).

DISCUSSION

The study’s outcomes demonstrate the ghrelin treatment to
have had a prominent impact on the healing process of the
rats who'd had wounds induced with the biopsy punch. From
a histological point of view, both the 7- and 14-day treatments
with ghrelin resulted in significant improvements in the rats’
histopathological score compared to the saline treatment. The
histopathological findings of the study suggest the potential
anti-inflammatory role of ghrelin treatment in the initial stage
of wound healing.
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Figure 1. Representative photomicrographs of skin tissue samples from the experimental groups.
The control group (A and A1) shows regular epidermis, collagen fibers and hair follicles in the dermis.
The W+S; subgroup (B and B1) shows degenerated epidermis morphology (arrow), inflammatory cell
infiltration (e, B), localized increase in collagen fibers (asterisks), hair follicles (f, B1), and the formation
of blood vessels (arrowhead) in the dermis. The W+S;, subgroup (C and C1) shows thick epidermis
morphology (arrow), localized increase in collagen fibers (asterisks), hair follicles (f, C), formation of new
blood vessels (arrowhead) in the dermis. The W+S; subgroup (D and D1) shows degenerated epidermis
morphology (arrow), inflammatory cell infiltration (e, D), localized increase in collagen fibers (asterisks),
formation of new blood vessels (arrowhead) in the dermis. The W+S,, subgroup (E and E1) shows quite
a regular epidermis morphology (arrow), localized increase in collagen fibers (asterisks), hair follicles (f),
and formation of new blood vessels (arrowhead) in the dermis. A-E: Hematoxylin and eosin staining; A1-
E1: Gomori's one-step trichrome staining. Original magnifications are x100 and x400 (inset).
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Figure 2. The histopathologic score of the experimental
groups. *p < 0.05; **** p < 0.0001 shows a significant
difference between the experimental groups. Each group
consists of 8 rats.

Improper wound healing is an important health issue that
affects patient convalescence and is known to occur under many
clinical conditions such as surgical procedures, diabetes mellitus,
and cancer. Apart from being a health problem, delayed wound
healing also increases the cost of hospitalization. Moreover, it
leads to social isolation, especially for patients with diabetes
and obesity (12, 13). The inability to re-epithelialize has been
known to dictate the development of improper healing and
to lead to chronic non-healing wounds. The disturbance of re-
epithelization paves the way for the impairment of the normal
phases of wound healing in an orderly and timely manner (14).
The current study found the ghrelin treatment in the W+Gr,,
subgroup to have improved epidermis and hair follicle formation
in wound healing compared to the W+S, 4 subgroup.

In addition to inducing the release of growth hormones, ghrelin
has multiple functions such as modulating the secretion of
several growth factors and affecting the mechanisms of cellular
migration, proliferation, and angiogenesis (15). Moreover,
recent evidence has suggested ghrelin as having anti-
inflammatory and antioxidant effects, with its potential role
in oxygen free radical homeostasis being claimed to facilitate
the healing process in regard to several tissues (14-18).
Sehirli et al’s study (19) showed ghrelin to have a prominent
role in recovering from burn-induced skin and remote organ
damage in rats due to its anti-inflammatory and antioxidizing
effects. The decreased histopathological score and decrease
of inflammatory cell infiltration in the ghrelin-treated wound
7- and 14-day subgroups show ghrelin to possibly regulate
wound healing by regulating inflammation through the
inhibition of oxidative stress.
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Theimpact of the ghrelin treatment on wound healing has been
studied with regard to several tissue types. Cieszkowski et al’s
study (20) showed ghrelin treatment (i.p) to increase mucosal
blood flow and decrease local inflammation by reducing
mucosal interleukin-13 concentrations in an experimental
rat model with mucosal gingival damage. In addition to oral
mucosa, ghrelin has been shown to also exert a positive effect
on healing other parts of the gastrointestinal tract. Lyra, Jr.
et al’s study (21) studied the potential role of postoperative
intraperitoneal ghrelin therapy (i.p, 23 pg/kg/d) on healing
colonic anastomosis. They concluded that, due to its anti-
inflammatory and antioxidizing effects, ghrelin had increased
both the resistance and the hydroxyproline content of colonic
anastomosis postoperatively. The current study has found a
14-day ghrelin treatment (10 ng/kg, i.p.) on wound healing to
have quite improved the epidermis and dermis injury through
epithelial and hair follicle regeneration, collagen distribution,
and a decrease of inflammatory cell infiltration.

Several studies have also examined the impact of ghrelin on
skin wounds. Liu et al’s study (22) investigated the protective
role of ghrelin with regard to impaired wound healing from
radiation exposure. Histologically, they found ghrelin (100
nmol/kg and 200 nmol/kg) to decrease the average wound
healing time by about 3-5 days and ghrelin to also boost the
expression of vascular endothelial growth factor (VEGF) and
transforming growth factor 3 (TGF-B) through higher collagen
content and enhanced neovascularization. The current study
found both the 7- and 14-day application of ghrelin (10 ng/
kg, i.p.) to improve the biopsy punch wound healing by
modulating the inflammatory response.

This study has afew limitations. It did not biochemically examine
the anti-inflammatory or antioxidant parameters regarding the
skin samples, which may have helped to understand ghrelin’s
role in wound healing with detail.

CONCLUSION

Based on the statistical analysis of this study’s histological findings,
ghrelin may have a potential role in accelerating the healing of
wounds through its potential anti-inflammatory effects.
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ABSTRACT

Objective: The study aimed to determine what proportion of Turkiye's preoperative patient population has tested positive for COVID-19
and to ascertain whether the increasing or decreasing trend in the numbers of positive preoperative patients resembles the general
population of Turkiye during the same period.

Materials and Methods: The study cohort involved of the 14,776 patients from various services between January 1-December 31, 2021
who needed preoperative COVID-19 test reports. The patient's SARS-CoV-2 RNA's were detected with real-time polymerase chain reaction
(RT-PCR) technique.

Results: SARS-CoV-2 RT-PCR positivity was detected in 422 (2.86%) patients, of which 59.72% (n = 252) were female and 40.28% (n = 170)
were male; their mean age was 40.2 years. Of the 422 positive cases, 84.12% were young adults (18-65 years), and 9% were middle-aged
(66-79 years). Positive cases involving those under the age of 18 were found to account for 5.22% (n = 22) of the total. The highest positivity
rate was observed in April 2021 at 8.28% of all test requests, while the lowest positivity rate was observed in June 2021, at 0.36% of all test
requests. The highest positivity rate of April was followed by March (5.07%), October (4.74%), and August (3.13%).

Conclusion: In conclusion, the COVID-19 RT-PCR positivity rate in the series was detected as 2.85% in preoperative patients over the one-
year period. Monthly positivity rates in screening results are consistent with the number of cases seen in the general population.
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INTRODUCTION

An ongoing outbreak of the Coronavirus Disease 2019
(COVID-19) was first identified in Wuhan, China at the end
of 2019. As the spread of the novel coronavirus accelerated,
person-to-person transmission in homes and hospitals as
well as the intercity spread of the severe acute respiratory
syndrome-Coronavirus-2  (SARS-CoV-2) also occurred.
COVID-19 was named by the World Health Organization
(WHO), which also declared it as a pandemic on March
11, 2020. On that same date, Turkiye reported its first
confirmed COVID-19 case. As of October 2022, more than
620 million cases and more than 6.55 million deaths have

been reported worldwide, with COVID-19 having caused
more than 16.5 million cases and more than 101,000 deaths
in Turkiye (1, 2). Due to the lack of information about the
prognosis of the disease in the early days of the pandemic,
all operations and surgical interventions that were not life-
threatening were postponed indefinitely. Although the
widespread use of vaccines that largely prevent the disease
and the necessary medical precautions being taken in
hospitals bring comfort that operations can be performed
safely, determining which of the patients will undergo
surgery are SARS-CoV-2 carriers is essential. According to
the Royal Australasian College of Surgeons, the common
opinion is that each patient should be tested with real-
time polymerase chain reaction (RT-PCR) before surgery,
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due to the prevalence of asymptomatic and presymptomatic
patients being unknown (3, 4). The COVID-19 RT-PCR test is
performed approximately 48 hours before the operation date
on preoperative patients, as suspected COVID-19 patients may
pose a risk to healthcare workers and other patients. In Turkiye,
RT-PCR tests for COVID-19 and chest computed tomography
(CT) are requested when deemed necessary before even
planning the operation. During the pandemic, treating all
patients as if they were COVID-19 positive and using personal
protective equipment that would limit contact with patients
has been important (5).

The aims of this study were to determine the SARS-CoV-2
positivity rates of preoperative patients and whether the
increasing and decreasing trends in the numbers of positive
preoperative patients resembled the overall general population
of Turkiye during the same period.

MATERIALS AND METHODS

The study included 14,776 patients whose clinical cases had
been sent with a preoperative COVID-19 RT-PCR test request
from various services between January 1-December 31, 2021.

Viral nucleic acid isolation was performed by treating the
nasopharyngeal swab, bronchoalveolar lavage, and tracheal
aspirate samples with the viral nucleic acid buffer (vNAT). SARS-
CoV-2 RNAs were isolated from the Bio-Speedy® SARS-CoV-2
Double Gene RT-qPCR and Bio-Speedy® SARS-CoV-2 Triple
Gene RT-gPCR kits (Bioeksen R&D Technologies Ltd., Istanbul,
Turkiye) and performed in Bio-Rad CFX96 and Bio-Rad DX RT-
PCR systems (Hercules, CA, USA).

This study was carried out with the approval of the Istanbul
Medipol University Clinical Research Ethics Committee
(Decision No. 156 dated February 17,2022), and permission for
the study was obtained from the Scientific Study Platform of
the Ministry of Health (Application No: 2022-02-04T12_58_42
dated February 5, 2022). Next, the study retrospectively
reviewed the results of the preoperative screening tests
(all specialties & services) performed between January
1-December 31, 2021 at the Laboratory of Istanbul Medipol
University Genetic Diseases Assessment Center. Because
many patients have undergone multiple tests, having the
study clearly make the unit of analysis the number of patients
tested for COVID-19 instead of the number of tests performed
is important.

RESULTS

The study includes n = 14,776 patients, of whom 9,933 (67.2%)
are female and 4,843 (32.8%) are male. Of these, 422 (2.86%)
patients tested positive with the RT-PCR test, 252 (59.72%)
female, and 170 (40.28%) male, with an overall mean age of
40.2 years. According to age classification, 84.12% of patients
were young adults (18-65 years), and 9% were middle-aged
(66-79). The positivity rate for those under 18 years was 5.22%
(n=22;Table 1).
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Table 1. Demographic features of the patients.

ALL CASES RT-PCR (+)
n=14,776 n =422 (%)
Gender
Female 9,933 (67.2%) 170 (40.28%)
Male 4,843 (32.8%) 252 (59.72%)
Age
0-2 69 (0.47%) 4 (0.95%)
3-11 360 (2.44%) 8 (1.9%)
12-17 175 (1.18%) 10 (2.37%)
18-65 12,544 (84.89%) 355 (84.12%)
18-30 4,406 (29.82%) 104 (24.64%)
31-40 3,647 (24.68%) 113 (26.78%)
41-50 2,346 (15.87%) 78 (18.48%)
51-65 2,145 (14.52%) 60 (14.22%)
66-79 1,338 (9%) 38 (9%)
80+ 290 (%1.66) 7 (%1.66)

The highest percentage of positivity was found to be 8.28% in
April 2021, while the lowest was found to be 0.36% in June. The
positivity rates for 2021 by month are shown in Figure 1.
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Figure 1. The positivity rates by month.

DISCUSSION

Preoperative risk assessment of patients has always been
critical for safe surgical practice and has become even more
important for the safety of patients and healthcare workers
during the COVID-19 pandemic. Routine preoperative testing
for COVID-19 helps distinguish patients with asymptomatic
infections. This study detected a 2.85% SARS-CoV-2 RT-PCR
positivity rate for 14,776 preoperative patients. Studies have
shown surgical procedures to be associated with worse
clinical outcomes, increased postoperative complications,
and mortality with regard to SARS-CoV-2 positive patients
(6-9). Current knowledge of SARS-CoV-2 and COVID-19
during the pandemic is rapidly being renewed and is based
on limited available data. Therefore, local and global data,
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protocols, and guidelines should be updated and published
frequently (10).

Due to the low sensitivity of detecting SARS-CoV-2 during
the incubation period using RT-PCR test, preoperative self-
isolation and quarantining patients 14 days before the
planned surgery date has been reported to be able to possibly
eliminate the risk of it going undetected (11). However, the
general opinion is that RT-PCR test screening should be
performed to manage patients' pre-surgery (3, 4). Although
the use of serological tests are frequently used for screening
in the diagnosis of infectious agents, their use for SARS-COV-2
infections is a controversial point, with complementary and
epidemiological studies thought to be needed regarding
the diagnosis of COVID-19 (12). In the report from 11 health
institutions in the USA state of North Carolina, all patients
were reported to have been preoperatively screened for
SARS-CoV-2, with the opinion being that serological tests are
unnecessary for asymptomatic patients. Of the tests that were
run, these 11 institutions reported that 53,745 tests came back
positive at rates ranging from 0.31% to 1.35% of the overall
tests. Similarly, in the USA state of Florida, 85 (1.2%) RT-PCR
tests were found to be positive out of 7,213 preoperative
patients (7,13). Hendrickson et al. (14) performed SARS-CoV-2
screening with RT-PCR on 3,794 preoperative patients with a
reported positivity rate of 0.69%. A study conducted in the
USA state of Texas during the peak era of positive cases (May-
June 2020) found positive RT-PCR results in 51 (1.4%) of the
3,563 preoperative patients (15).

SARS-CoV-2 RT-PCR positivity rates for preoperative patients
are closely related to their treatment service, comorbidities,
age, case rates in their region, and date. A study conducted
in England reported the frequency of false negatives before
orthopedic surgery to have been quite low (1:1,400) and the
risk of death after infection to have been even lower (1:7,000).
In addition, positive test rates were found to be higher in
younger patients. Singer et al. showed asymptomatic COVID-19
positivity to have been detected in 0.13% of 4,739 preoperative
patients, with the positive tested patients being under 60 years
of age and the rate tends to increase as age decreases (16).
Other studies have also reported higher positivity rates among
younger patients (17-19). Similarly, the two groups with the
highest positivity rates among the patients included in our
study were the 31-40 (26.8%) and 18-30 (24.6%) age groups.

The present study should be viewed in light of several
limitations. Firstly, despite having a large number of patients
(n = 14,776), the hospital department information and clinical
features of the patients are inaccessible, and secondly, this is a
retrospective study.

In conclusion, the average rate of SARS-CoV-2 RT-PCR positivity
among the preoperative patients studied here over a one-
year period was not found to be high based on the course of
the outbreak among the general population. However, peak
periods were shown to be able to occur among preoperative
patients.
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ABSTRACT

Objective: The use of endocrine-disrupting chemicals (EDCs) such as bisphenol A (BPA) in plastics manufacturing, agriculture, livestock,
and paint manufacturing increas daily. The water treated in wastewater treatment plants is used in many areas such as irrigation of parks
and gardens, and reinforcement of underground water resources. However, whether the treatment process eliminates EDCs in wastewater
is not exactly known, and determining this as well as the amounts of these chemicals in treated water are important in terms of protecting
the environment and human health. The aim of the study was to determine BPA and phthalate concentrations in the influent and effluent
flow samples obtained from wastewater treatment plants.

Materials and Methods: BPA and phthalate concentrations were measured in influent and effluent flow samples using the enzyme-
linked immunosorbent assay (ELISA) method. BPA and phthalate measurements were performed as competitive measurements of BPA
and total phthalates in samples using specific monoclonal antibodies.

Results: BPA and phthalate levels were measured respectively as 7.69 pg/L and 78.27 pg/L in the influent water samples and 3.17 pg/L
and 25.56 pg/L in the effluent water samples. The concentration of BPA and phthalates in the effluent samples decreased significantly
compared to the influent water samples.

Conclusion: This study is believed to shed light on the importance of monitoring BPA and phthalate concentrations in wastewater
treatment plants and inspections for detecting other EDCs in wastewater.

Keywords: Wastewater, bisphenol A, phthalate, endocrine-disrupting chemical

fresh water resources. Therefore, urgent measures should
be taken against environmental and water pollution, and

INTRODUCTION

Although water is the most abundant molecule on Earth,
humans are able to use only 0.3% of this water for drinking
purposes. In addition, the need for potable water and utility
water have increased daily due to rapid population growth,
environmental pollution, global warming, and limited

new water sources should be sought. In this regard, being
able to effectively remove toxic chemicals from wastewater
is important for reuse in homes, agriculture, and industry
(1-3). Around the globe, domestic water and safe water
resources are rapidly diminishing and heading toward a
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point of depletion. Wastewater needs to be treated in order to
minimize the possibility of contaminating drinking and utility
water and using water resources more efficiently. Wastewater
treatment is an applied physical, chemical, and biological
recycling process for regaining some or all of the physical,
chemical, and bacteriological properties of water that have
been lost as a result of various uses (4, 5). After being subjected
to appropriate treatment processes in wastewater treatment
plants, water that registers non-toxic values by considering its
biological characteristics can be used for irrigating agricultural
areas, recreation areas, urban green spaces, car washes, toilets,
heating pipes, concrete construction works, firefighting,
and drinking water and can be assessed as an alternative to
domestic water supplies (3, 6).

Endocrine-disrupting chemicals (EDCs) are exogenous agents
that can mimic hormones and are responsible for maintaining
homeostasis and regulating developmental processes; EDCs
can also cause the production, release, transport, binding, and
elimination of natural hormones in the body (7).

Agriculture, animal husbandry, industrial production, and
technological developments have increased alongside
the rapid human population growth around the world.
These increases have caused rising for the use of EDCs
such as bisphenol A (BPA), phthalates, atrazine, dioxins,
diethylstilbesterol, and genistein in pesticides, herbicides, the
manufacture of plastics, pharmaceuticals, the textile industry,
livestock, the dye industry, and sewage systems.

EDCs cannot be completely removed through conventional
wastewater treatment methods in treatment plants and thus
spread to the environment. The literature has reported these
EDCs to largely be fully non-degradable in treatment plants, to
be detected in effluent flows, and to contaminate groundwater,
potable water, and utility water supplies (7).

The aim of this study was to evaluate BPA and phthalate
concentrations in the influent and effluent water samples
from wastewater treatment plants. For this aim, BPA and
total phthalate concentrations were measured using the
enzyme-linked immunosorbent assay (ELISA) method in the
influent and effluent water samples obtained from wastewater
treatment plants. The BPA and phthalate levels were measured
competitively with regard to BPA and total phthalate levels in
specimens using specific monoclonal antibodies.

MATERIALS AND METHODS

The study has been carried out over seven influent and seven
effluent water samples obtained from the Atakdy Advanced
Biological Wastewater Treatment Plant at various times over
a six-month period during the spring and summer. Influent
water samples were obtained from the post-screen, pre-sand
and grease trap sections by means of a sample collection
device, while the effluent samples were obtained from a part
of the facility close to the discharge point using a composite
sampling device and then transferred to sterile 250 mL plastic
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containers. These influent and effluent water samples were
then delivered to the laboratory through a light-proof black
bag. The samples were transferred to 50 mL centrifuge tubes
and centrifuged at 3,000 rpm for 2 minutes to separate the
supernatants. Next, the wastewater and treated wastewater
samples were transferred to prewashed glass containers
that had been autoclaved and rinsed with methanol. The
wastewater samples were filtered through a 0.45 micrometer
Sartorius Minisart® NML injector filter containing cellulose
acetate. Subsequently, the glass containers were wrapped
with aluminum foil and stored in a deep freezer at -80°C. One
day prior to the day of the study, the samples were transferred
to a refrigerator at +4°C (8).

BPA Measurement

The assay is based on the principle that BPA is directly
recognized and bound by monoclonal antibodies (Ecologiena
Supersensitive BPA ELISA Kit; Tokiwa Chemical Industries, Tokyo,
Japan). Samples containing BPA and the BPA-enzyme mixture
were added to each well of the microplate and competed for
the binding sites of specific antibodies fixed on the surface of
these wells.

BPA and the excess BPA-enzyme mixtures that didn't bind after
the first treatment were washed away. The presence of BPA is
detected by addition of a color solution. Enzyme-labeled BPA
bound to the BPA antibody on the plate triggers the substrate to
turn a specific color. Aftera certainincubation time, the reactioniis
stopped by addition of a diluted acid. The absorbance measured
by the intensity of the color that formed varied inversely with
the amount of BPA present in the samples. In this way, the BPA
concentrations in the examined samples were determined.

The standard curve was obtained according to the absorbance
value at 450 nm based on the BPA standards of known
concentrations. The BPA concentration for each sample has
been calculated using the absorbance values obtained from
the standard curve.

Di-(2-ethylhexyl) Phthalate (DEHP) Measurement

Direct competitive ELISA (Abraxis Phthalates ELISA, Railroad
Drive, Warminster, PA) method was used based on the
detection of test phthalates with specific antibodies. Samples
containing DEHP and a phthalate-enzyme mixture were added
to the wells of the microplate. The phthalates present in the
samples and the phthalate-enzyme mixture competed for the
binding sites of the anti-phthalate antibodies in solution. The
phthalate antibodies then bind with a second antibody (goat
anti-rabbit) fixed to the surface of the wells.

After the washing step and the addition of the substrate
solution, a blue color developed. The color reaction was
stopped after 30 minutes by addition of a diluted acid. The
intensity of the blue color was inversely proportional to the
phthalate concentration in the sample.

A standard curve was obtained with respect to absorbance at
450 nm based on DEHP standards of known concentrations.
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The DEHP concentration in each sample was calculated using
the absorbance values obtained from the standard curve.

Statistical Analyses

GraphPad Prism 9.0 (GraphPad Software, San Diego, USA) was
used for all statistical analyses. All data are expressed as a mean +
the standard deviation (SD). Unpaired t-test was used to evaluate
the differences between the groups. The correlation between
BPA and DEHP levels in the water samples were determined
using the Pearson correlation analysis, with a value of p < 0.05
being considered statistically significant.

RESULTS

Figure 1 provides the BPA levels (ng/mL) in the influent and
effluent water samples from the wastewater treatment plant.
BPA levels decreased significantly in the effluent water samples
when compared to the influent water samples (p < 0.0001).
Figure 2 provides the DEHP levels in the influent and effluent
water samples of the wastewater treatment plant. Significantly
decreased DEHP levels were found in the effluent water samples
when compared to the influent water samples (p < 0.0001).
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Figure 1. BPA (ng/mL) levels in the influent and effluent
water samples of the wastewater treatment plant.

Table 1 presents the findings from the correlation analysis of
the BPA and DEHP levels in the influent and effluent water
samples from the wastewater treatment plant. Accordingly,
BPA levels in the influent water and effluent water samples
were found to be positively correlated.
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Figure 2. DEHP levels in the influent and effluent water
samples of the wastewater treatment plant.

DISCUSSION

Endocrine disruptors such as BPA and phthalates that come
to wastewater treatment plants through plastics cannot be
completely eliminated during treatment processes. Such
chemicals cause environmental pollution by being discharged
to environments such as rivers, lakes, and seas through the
effluent flows of the treatment plant. However, some studies
have reported BFA to be degradable within 2 days after
being discharged into a receiving environment (9, 10). The
concentrations of BPA and similar chemicals in rivers and
streams under hydrological and climatic conditions have been
shown to occur in the range of 0.5-16 ng/L in Germany and
90-12.000 ng/L in the United States (11, 12). Another study
conducted in Germany determined BPA levels to be 1927 ng/L
at the point where the wastewater treatment plant discharged
into ariver (13). The presence of BPA has been detected even in
wastewater sediments in China, Korea, and Japan (14-16).

Phthalates are distributed over a wide range of concentrations
in streams where wastewater is discharged based on their
physicochemical characteristics. Among these phthalates,
DEHP is the most common, with a concentration range of 0.05-
4.95 pg/L (17). Phthalates are found in wastewater sediments
as high molecular-weight compounds such as di-n-butyl
phthalate, butyl benzyl phthalate, di-isobutyl phthalate, and
diethyl-hexyl phthalate (18, 19).

Table 1. Correlation of BPA and DEHP levels in the influent and effluent water samples of the wastewater treatment plant.

BPA in influent water BPA in effluent water

samples

DEHP in influent
water samples

DEHP in effluent

samples water samples

BPA in influent water samples

r=0.921 p=0.026*

r=0.109 p=0.861 r=-0.547 p=0.340

BPA in effluent water samples r=0.921 p=0.026*

r=0.091 p=0.884 r=-0.382 p=0.526

DEHP in influent water samples r=0.109 p=0.861

r=0.091 p=0,884

r=0.670 p=0.216

DEHP in effluent water samples r=-0.547 p=0.340

r=-0.382 p=0.526

r=0.670 p=0.216

* p< 0.05
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At the beginning of the 2000s, the European Water Framework
Directive identified DEHP as one of 33 hazardous materials.
According to the Environmental Quality Standards (EQS), the
recommended annual average concentration value for surface
waters is 1.3 pg/L, with a maximum of 4.720 pg/kg dry weight
for sediments. The discharge values for DEHP in receiving
waters such as the lakes, rivers, and streams where wastewater
is discharged in Europe are 3.2 ug/L, with a 30 mg/kg dry weight
for sediments (20). Wastewaters host quite a few chemicals
that cause various pathologies in humans. Due to the reusable
properties of these waters, determining the presence and
amount of EDCs in treated wastewater in terms of protecting
public health and preventing environmental pollution has
gained importance. In accordance with this argument, the
current study aimed to determine the concentrations of BPA
and phthalates in the inlet and outlet waters of wastewater
treatment plants, with both phthalate and BPA being found
in all the wastewater samples that were taken. According to
the obtained data, the overall BPA and phthalate levels in the
influent flow to the facility that underwent advanced biological
wastewater treatment were found to be 7.69 ug/L and 78.27
pg/L, respectively, with the respective levels in the effluent
water being 3.17 pg/L and 25.56 ug/L. The study found the
concentrations of BPA and phthalates in the effluent water
samples to have significantly decreased compared to the
influent water samples.

Because some endocrine disruptors are not fully biologically
degradable due to their physicochemical structures, they spread
rapidly from one environment to another. For example, the
percentage of BPA purified from wastewater treatment plants
varies between 30-90%. As can be seen, not all of these chemicals
can be eliminated. On the other hand, the removal efficiency for
phthalates is higher than for BPA at a range of 68-95% (21, 22).
Most of the research in the literature has been based on the
removal efficiency of EDCs in wastewater treatment plants. Tran
et al. found the BPA and DEHP levels in the influent wastewater
coming to the wastewater treatment plants near the Seine River
tobe 4 ug/L and 33 pg/L, respectively, and to reduce respectively
to 0.4 pg/L and 2ug/L in the effluent water samples. According
to the treatment techniques used in their study, they reported
a BPA removal in the range of 30-90% and phthalate removal in
the range of 68-95% (20).

Significant numerical differences are found worldwide in
studies determining the phthalate concentrations in untreated
wastewater. The minimum and maximum concentrations of
DEHP (13-101 pg/L) as measured by Vethaak et al. (23) for the
inlet water of a treatment plant in the Netherlands in 2005 prior
to the implementation of the European Wastewater Regulation
Decisions (DCE2008) resemble the numerical values found in
the current study. Similarly, Mattinen et al. (24) measured the
minimum and maximum value ranges of DEHP concentrations
to be 28-122 pg/L in Finland in 2003, which is also consistent
with the current study. As a result of the research, this study has
observed the BPA data regarding the treatment plant effluent
flow to average 3.17 pg/L, which matches the values of 0.47-
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12 pg/L as found by Hohne and Pittmann (25) in Germany.
Sousa et al’s study (26) in Portugal stated effluent BPA levels
of 3-316 ng/L after decantation and biological treatment
applications. Considering the physicochemical properties of
endocrine disruptors, the most effective treatment methods
are suggested as decantation, biodegradation, ultrafiltration,
volatilization, advanced oxidation, and ozonation applications.

In our study we found the BPA and phthalate concentrations in
the effluent flow of the treatment plant to be significantly lower
compared to the influent water samples. By using advanced
biological wastewater treatment methods on untreated
wastewater, BPA was seen to be removed at a rate of 58.8%
and phthalates at a rate of 67.4%. These data also reveal the
efficiency with which EDCs are purified from the wastewater
of the treatment plant. These data also overlap with the data
from the study of Sanchez-Avila (21) in Spain, in which the
percentage of phthalates removed was reported as 68%. When
analyzing the wastewater characteristics, the inlet waters of
the treatment plant where the study was conducted mainly
pertain to industrial areas and domestic wastewater.

According to the data this study obtained, BPA and phthalate
levels in wastewater treatment plants were observed to be
significantly lower in the effluent samples compared to the
influent water samples. While these data reveal the treatment
performance of the facility, they also reveal the treatment
performance, which can be further improved by using
advanced treatment technologies.

In order to protect public health, the environment, and natural
life, BPA and phthalate concentrations in the influent and
effluent water samples of the wastewater treatment plants need
to be constantly monitored. Further research on this area would
shed light on the enactment of new laws and regulations, the
inclusion of heavy penal sanctions on businesses that discharge
illegal wastewater into the receiving aquatic environment,
the intensification and dissemination of inspections, and the
application of proper treatment technologies.
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ABSTRACT

Objective: The present study aimed to extract ancient DNA from the remains of three individuals from the 4" century BC in order to
determine the haplogroups through a mitochondrial DNA study, thus providing information about Anatolian migrations in ancient times.

Materials and Methods: For this purpose, the study examined the remains of three bodies found at the bottom of the city walls from
the archeological excavations between 2007-2008 and dated to the 4™ century BC. After taking anthropometric measurements, the study
examined the mitochondrial HVR1 and HVR2 regions by using Sanger sequencing and then used online programs to evaluate the data
from the sequencing.

Results: As a result of the study, death due to a possible injury from a sharp object was observed on the right femur of one of the three
individuals. The maternal haplogroups of the individuals were determined to belong to the T2b group of European origin.

Conclusion: The present study obtained genetic information regarding three individuals found at the bottom of the ancient city walls on
Ayasuluk Hill. These results will provide important information about the commander of the ruins found on the walls of the Ayasuluk Hill

of the ancient city of Ephesus, which constantly changed hands during the Wars of the Diadochi.

Keywords: Mitochondria, genetics, ancient DNA

INTRODUCTION

The contributions of genetics to the field of archeology
have increased over the past years and have influenced
the re-examination of most of the information found in
previous excavations or written texts (1-6).

During the Hellenistic period, Anatolia was a region where
different societies reigned and fought each other. Those
lands became a part of the empire with the conquests of
Alexander the Great, but after his death in Babylon in 323
BC, their commanders divided them into kingdoms (7). The
city of Ephesus occupies a very important place in Anatolia
for hosting the Wars of the Diadochi during the Hellenistic
period. The city of Ephesus was the first built independently
under the control of Demetrius and with the assurance of
Antigonus in 315 BC following Alexander the Great'’s death
(7).

Due to Ayasuluk Hill constantly having changed hands,
current archaeological data has yet to fully identify in
which period or by which commander the walls of the city
of Ephesus had been built. The pottery findings excavated
in the area point to the late classical and early Hellenistic
periods (4*-3" centuries BC), but the exact date still remains
uncertain.

As a result of the studies carried out using X-ray
diffractometry (XRD) and scanning electron microscopy
(SEM), the walls in the area on Ayasuluk Hill and the walls
used in the reconstruction of Ephesus are thought to have
been built in the 4" century BC. This leads to the idea
about the skeletons that were found at the bottom of the
city wall alongside the ceramic finds were soldiers who'd
fought before Ephesus was moved. In order to prove this,
the study examined the skeletons paleoanthropologically
and genetically.
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The D-loop in the hypervariable region (HVR) is a 1.1 kb non-
coding region in the human mitochondrial genome involved in
the regulation of transcription and replication and has a highly
variable sequence at the population level compared to the rest
of the genome. It contains three short regions: HVRT (between
nucleotides 16024-16400), HVR2 (between nucleotides 44-
340), and HVR3 (between nucleotides 438-576). Among these,
HVR1 is the most frequently used one in population genetic
studies (8-9). According to the literature, the mitochondrial
genomes involved in this region were the first that used by the
Cambridge group in 1981 and numbered in terms of the light
strand defined as the Cambridge reference sequence (CRS)
(10). However, this definition has since been updated due to an
error in the used technique, with its final form being taken as
the revised Cambridge reference sequence (rCRS) in 1999 and
the reconstructed Sapiens reference sequence (RSRS) in 2012
as a result of the latest revisions (11, 12).

This study carried out mitochondrial DNA (mtDNA) analyses
on samples of ancient DNA (aDNA) from the Seljuk Ayasuluk
Castle on Ayasuluk Hill in southwest Anatolia. The study
will contribute to the historical and archaeological findings
regarding the makeup of the societies in the region and also
identify the individuals who are presumed to have died in
conflicts for the defense of Ephesus, one of the most active
centers during the Wars of the Diadochi when regional turmoil
occurred and the city frequently changed hands.

MATERIALS AND METHODS

The samples included in the study were based on the data
obtainedfromarchaeological studiesandfindingsintheareaand
consisted of bones dated from the 4"-3" century BC that were
found alongside ceramic pieces at the bottom of the city wall
during the excavation of 2007-2008. Evaluations of suitability of
the sample for anthropometric measurement occurred prior to
the analyses (13-15). The necessary permissions were obtained
for the materials used in the study, which was approved for
being conducted in the Altinbas University Scientific Research
Projects unit (Project code: PB2020-SHMYO-1).

Isolation of the aDNA

The aDNA was isolated from the samples in the Altinbas
University Ancient DNA Laboratory. Sterile laminar flow
cabinets (sections where DNA isolation, PCR, and Post PCR
are performed) where the pre-study procedures would be
performed were first sterilized with sodium hypochlorite
(NaClO; Cat no: 7681-52-9, Sigma, Germany) and UV lights (15
WATT, 265 nm wavelength, duration 45 minutes) (16). Sterile
pipette tips, disposable sterile gloves, and masks were also
used in the study.

In order to minimize DNA contamination before the
procedure, the upper portion of 1-2 mm of the bone fragment
was removed from the target area using sterile Dremel tips
(Cat no: 4000-1/45; Dremel, USA) around the area to be
treated, with these tips being replaced after each procedure.
The new UV-sterilized disposable Dremel tips were used on
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the powdered bone (0.04 to 0.5 g) that was to be taken for
DNA sampling (17).

Isolation of the aDNA from the obtained bone powder (~50
mg) was carried out within a closed robotic system that had
been sterilized before (and after) the study. This material was
incubated in a 2 mL Eppendorf tube in 200 pL of incubation
buffer and 10 pL proteinase K taken from the solutions in the
isolation kit (TanBead Nucleic Acid Extraction Kit; Tissue Total
DNA, Cat no: M6T2546; TanBead; Taiwan) for 1 hour at room
temperature before being processed.

The aDNA isolation was performed using the TanBead isolation
robot and the tissue total DNA kits. Isolated samples were
taken from the robot in 100 pL isolates and kept at 4°C until
further use.

Following the isolation, the densities (ng/pL) and absorption
measurements (Aygo/280: 1.80 - 1.89) of the DNA samples were
measured with a spectrophotometer and recorded (Cat No:
ND-2000, ThermoFisher Scientific, USA; Table 1).

Table 1. Samples absorption measurements and
concentrations.

sample No Conc. 260/280  260/230
(ng/pL)
C320-1 135.1 1.43 0.63
C320-2 135.1 1.43 0.61
C320-3 14.8 1.37 0.76
Sanger Sequencing
AmpliTag Gold DNA Polymerase (Cat No: N8080246,
ThermoFisher Scientificc USA) and UDG (Uracil-DNA

Glycosylase, Cat No: 78310100UN, ThermoFisher Scientific,
USA) were used during the PCR stage due to its effectiveness
on degraded regions with low copy numbers. For each
PCR reaction, the study used 1 Unit of UDG, 1 pL of 360 GC
Enhancer (Cat No: N8080246, ThermoFisher Scientific, USA), 1X
buffer solution (AmpliTaq Gold® 360 Buffer, Cat No: N8080246,
ThermoFisher Scientific, USA), 25 mM MgCl, (Cat No: N8080246,
ThermoFisher Scientific, USA), 200 uM dNTP Mix (Cat No:
N8080246, ThermoFisher Scientific, USA), 0.3 uM forward and
reverse primers, 0.5 Unit Gold Taq polymerase enzyme, and
2 uL aDNA templates. The mixture was prepared by filling it
with up to 25 pL of double distilled water (ddH,0). All studies
were performed on ice. Each PCR cycle studied the region to
be amplified alongside the control PCR (negative control) that
contained no DNA. If bands were seen in the control PCRs, the
PCR process was repeated for the problematic samples from
the aDNA extraction step.

The PCR were performed in the thermal cycler following the
protocol designed for the HVRT and HVR2 regions of mtDNA
(Table 2).Initial denaturation was performed over 30 min at 37°C
followed by 10 min at 95°C. Then for 30 cycles, denaturation
occurred over 30 sec at 95°C, primer binding over 30 sec at
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Table 2. Primer list for PCR.

Primer Name Primer Sequence

15876F 5"-TCAAATGGGCCTGTCCTTGTAG- 3"
132R 5’- GACAGATACTGCGACATAGG- 3°
15946F 5- CAAGGACAAATCAGAGAAAA- 3°
639R 5’- GGGTGATGTGAGCCCGTCTA- 3°

60°C, elongation over 120 sec at 72°C (1 kb/c), and finally a 10
min extension time at 72°C. After the PCR, 5 pL of the products
were taken and screened in the agarose gel electrophoresis
containing 1.4% agarose (Cat No: 9012-36-6, Sigma, Germany)
and 8 pg/mL ethidium bromide in the 1X TBE buffer, together
with the 50 bp ladder marker (Cat No: D3812, Sigma, Germany)
at 130 V for 20-25 min. The bands were visualized under UV
light and recorded.

Enzymatic PCR purification (Exonuclease-l (Lot:00173016-
ThermoFisher Scientific, USA) and rapid alkaline phosphatase
(Cat No:04898133001, Roche, Switzerland) were performed on
the products detected in the gel. After the purification step, the
products were stored in the dark at 4°C until the sequence PCR
reaction.

Sanger sequencing was performed on ABI3130 (Cat No:
3130XLR, ThermoFisher Scientific, USA). Electropherogram
images were evaluated in the program Chromas, and the
HVRT and HVR2 regions of the mitochondria were identified
according to RSRS based on the sequence results (18).

RESULTS

As a result of the paleopathological examination, the bones
found in the area were determined to have belonged to 3
different adult males (Table 3) (15). The lesion seen on the
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anterior region of the right femur bone in one of these three
individuals extends linearly from top to bottom and shows
slight bends; it is thought to be a possible piercing injury
(Figure 1) (19, 20). Upon examining the cut, the person is
thought to have died shortly after receiving this blow as no
signs of recovery were found.

Table 3. Samples anthropometric measurements.

;a:)mple Sex Age Lenght SampleTissue
C320-1 Male >20 1.74 Left Tibia
C320-2 Male >20 1.73 Left Femur
C320-3 Male N/A N/A Left Femur

N/A: not avaliable

Figure 1. C320-2 Right femur injury

As a result of investigation of the individuals included in
the genetic evaluation, all the samples were identified to
belong to the T2b2b haplogroup (Table 4). The same results
were obtained in the independent PCR study performed for
checking the results. Electropherogram images are given in

Table 4. Genetic results.

DNA

HVR1
Damage

Sample HVR2 Repeat

No:

Haplogroup

Defining Markers for
Haplotypes

HVR1 HVR2

Damaging Areas

C320-1 + + = Sequencing

T (T2b2b)

T16126C

C16294T

C16296T
(C16304T!)

C320-2 + + + Sequencing

T (T2b2b)

T16126C

C16294T

C16296T
(C16304T!)

16126,16261,16294,16296,
16298, 16519

C320-3 + + + Sequencing

T (T2b2b)

T16126C

C16294T

C16296T
(C16304T!)

60C73G 16189, 16289, 16400, 16519

I: back mutations
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supplementary materials, with Table 4 providing the target
regions in comparison for the haplogroup analysis.

DISCUSSION

Although developments in genetics and studies in the field of
aDNA reveal new information about many historical events,
consideration of these as pieces of auxiliary information
rather than a definitive statement for questions to be asked
is important. Recent decades have added the origin markers
in mitochondria and Y chromosomes to the markers in the
autosomal chromosomes. Without references to historical
sources, such studies would have some difficulties for
examining beyond the general screening tests, as the obtained
data remains very weak without blending historical information
with genetic information (3).

Although identifying DNA origin is based on mathematical
proportions of the changes in the genomes of the living
things under study, their sensitivity is directly proportional
to an increase in the number of such studies. Although
comprehensive methods exist for identifying origins in
aDNA studies these days, one of the most practical ways for
conducting a preliminary examination is to analyze easily
examined mitochondrial HVR regions (21-23). The main reason
for this and the accompanying problem is that the covered
genomic region is relatively small (24).

Tracing the dominant alleles in gene pools in populations or
the ancestry of important individuals is one of the important
outcomes of the current study (6). Similarly, finding the place
and time when a certain mutation first appeared (founding
mutation) are also valuable in terms of genetics. Reflecting on
the mutation rates in certain regions allows one to take into
account the effects of not only geography but also time with
regard to understanding the nature of variants in DNA (25, 26).

aDNA studies on excavations close to Ayasuluk Hill that cover
similar historical periods have occurred with the Sagalassos
and Kadikalesi excavations (27-29). Both regions involve the
European macrohaplogroups and, hence, the T haplogroup.
The historical periods that followed observed the T group to
start appearing prominently after the density of the region’s H,
HV, and RO groups.

The maternal T haplogroup is one of the common haplogroups
seen in Europe during the middle and early Neolithic period
(30). The T2b group is one of the subgroups of the T group and
is thought to have come to Europe from Anatolia during the last
Ice Age and then to have spread during the Neolithic period
(31). In order to confirm this, the T2b group in the Bronze Age
also appears in the Eastern European Pontic-Castian steppes,
such as the Srubnaya, Yamnaya, and Tripoli cultures (32, 33).
Modi et al. (34) identified the T2b group in their findings from
the early Bronze Age in Bulgaria.

Currently in maternal haplogroup studies, the T group is
observed mostly in Europe and rarely in India (35, 36). This
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strengthen the argument that this haplogroup is of Indo-
European origin. Recent studies have also reported the T2
group to be one of the highest observed maternal haplogroups
in the Macedonian population at 6.2% (37).

The soldiers provided by the city of Ephesus to the regions
on Ayasuluk Hill during the struggle of Demetrius against
Lysimakhos and the other Wars of the Diadochi in the region
are said to have been sent from Kingdom of Macedon. The
same source also states that Lysimakhos had left the slain
soldiers where they were (7). The actual aim of this study was
to obtain preliminary information about the possible origins
of these soldiers. Evidence of at least the maternal origins
of the samples was obtained by isolation of the aDNA and
subsequently sequencing the HVR1 and HVR2 regions.

Asaresultof the study, the mitochondrial (maternal) haplogroups
were found to be of European origin (T2b), and the skeletons
found in the paleoanthropological examination are thought to
have been soldiers probably from the army of Antigonus’ son
Demetrius or from Lysimachus, who came to Ayasuluk Hill to
fight. The fact that the soldiers were not buried in a proper grave
might show that they had lost the war, and this supports the
view that Lysimachus was not a militaristic settlement.

In ancient DNA studies, while mitochondrial studies on their
own give very general population data, they are very suitable
for preliminary studies. However, the supplementation of Y
chromosomal and autosomal markers when necessary, as well
as using C14 carbon dating to date the materials, will lead to
more detailed information being obtained about the samplesin
question. Examining the data from such individual or regional
genetic identification studies using population genetics leads
to larger data pools being obtained (16). In this way, all these
data will not only be important in their own right but will also
become important as the vast data they allow access to once
the data regarding modern human genome sets accumulate.
Although the information obtained as a result of such studies
provides less information than broader sets, it does provide
more rapid and cheaper preliminary results for excavation areas.
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ABSTRACT

Objective: The aim of this study was to present and investigate fetal cases with hand anomalies by discussing their antenatal and
postmortem findings.

Materials and Methods: This retrospective review re-evaluates fetal cases identified antenatally with hand anomalies including
polydactyly, syndactyly, reduction defects, and oligodactyly. The following data were collected from the patients’ medical records:
Demographic information, family histories, X-ray images, photographs, and cytogenetic/molecular findings. The study also performed a
chromosome analysis, array-comparative genomic hybridization (CGH), and Sanger sequencing of FGFR2 and GLI3 genes.

Results: This study involved 18 cases with hand anomalies, all of which were diagnosed antenatally. Three cases were diagnosed with
Greig cephalopolysyndactyly, Apert Syndrome, and triploidy, respectively.

Conclusions: Fetal ultrasonography is the most valuable tool for providing prenatal diagnosis. Prenatal detection of hand anomalies
causes great anxiety for parents; therefore, making an accurate diagnosis list is important for the prenatal period. Prenatal diagnosis and
management of hand anomalies must involve a multidisciplinary team composed of a perinatologist, a clinical geneticist, and a hand
surgeon.

Keywords: Polydactyly, syndactyly, prenatal diagnosis

INTRODUCTION

The prevalence of upper limb congenital anomalies is 5.25-
27.2 in 10,000 live births among the various populations.
Hand anomalies are included in upper limb anomalies,
with polydactyly being an extremely common type of
hand anomaly, followed by transverse reduction defects,
syndactyly, and oligodactyly (1, 2).

Upper limb development occurs between the 4t-8"
week of gestation from the mesoderm and ectoderm.
The temporal and spatial expressions of different gene
families are involved in limb formation. Homeobox (HOX)

transcription factors regulate the position of the limbs
along the craniocaudal axis. The upper limb bud develops
on the ventrolateral wall of the embryo on the 26" day of
gestation. The apical ectodermal ridge (AER) is a thickened
ectoderm layer at the apex of the limb bud and produces
the fibroblast growth factors (FGFs) that control the
development of the underlying mesoderm. The zone of
polarizing activity (ZPA) occurs in the posterior border of the
limb bud and produces the Sonic hedgehog (SHH) protein,
which regulates the anteroposterior development of the
limbs. Dorsal ectoderm controls limb dorsalization through
the secretion of WNT7a, which induces the transcription
factor LMX1 in the underlying dorsal mesoderm (3-5).
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The etiology of limb anomalies is very complex and can occur
due to chromosomal abnormalities, single gene disorders, or
disruptive conditions. However, the cause in many cases is still
unknown. Polydactyly is a condition in which extra fingers form
on the hands or toes. It usually occurs as a sixth digit, with the
extra finger on the radial, ulnar or central side, respectively
known as preaxial, postaxial, or mesoaxial polydactyly.
Polydactyly affects the right hand more than the left hand
and may appear isolated (non-syndromic) or combined with
other anomalies (syndromic) as part of a syndrome (6). Isolated
polydactyly is mostly passed from parent to child through the
genes associated with non-syndromic polydactyly. Syndactyly,
or congenital webbing, is characterized by containment of
the skin, soft tissues, or osseous interconnections between
adjacent digits at an estimated incidence rate of 1 in 2,000-
3,000 live births and is more common in males than females
(7). Syndactyly is assumed to arise as a failure of interdigital
apoptosis, which falls under the control of bone morphogenetic
proteins (BMPs) and is associated with FGFs in the AER. It can
appear isolated or as part of a syndrome (8).

Because hand anomalies may be syndromic, the clinician
should evaluate for other findings associated with
polydactyly and consider other syndromic presentations. Case
diagnoses of fetal hand anomalies are complicated. Detailed
dysmorphological assessment of the fetus should be performed
to detect additional minor anomalies or facial dysmorphism. In
terms of preliminary and differential diagnoses, options such
as karyotype, array-CGH, single gene sequencing, and whole
exome sequencing (WES) should be offered to the family.
This study aimed to investigate the types of 18 antenatally
diagnosed fetal cases with hand anomalies and to discuss the
genetic etiopathogenesis.

MATERIALS AND METHODS

The study involved the antenatally diagnosed fetal cases of
intrauterine fetal demise (IUFD) or termination of pregnancy
(ToP) with hand anomalies that have been referred to
postmortem examination at Istanbul Faculty of Medicine,
Department of Medical Genetics clinic at Istanbul University
between 2020-2022; 18 fetal cases among 2,342 patients who
had been evaluated by the multidisciplinary team for major
congenital anomalies were included in the study as a result of
additional anomalies accompanying the hand anomalies. The
study was reviewed and approved by the institutional review
board, and written informed consent (No: 17.10.2022-1316113)
was obtained from all parents of the patients included in
the study. The study retrospectively reviewed the clinical,
radiological, and genetic results. Chromosome analysis was
performed using standard cytogenetic Giemsa-Pancreatin-
Leishman (GPL) banding technique in long term cultures on
cells obtained from the chorionic villus biopsy in five cases
(Cases4,5,10, 13, 18),amniocentesis in four cases (Cases 6,7, 11,
12), and fetal blood in eight cases (Cases 1, 2, 3,8, 9, 14,15, 17).
To rule out other submicroscopic chromosomal abnormalities,
a array-CGH test was performed for the available 11 cases (Case
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3,5,6,7,8,11, 15, 17). Genomic DNA was extracted from the
long-term cultures of the cases, as well as peripheral blood
from the parents for Cases 3 and 18 using commercial kits
according to manufacturer’s instruction (Mammalian Blood
and Cells and Tissue DNA Isolation Kit/High Pure Kit, Roche
Diagnostics GmbH, Mannheim Germany). Primers for the
FGFR2 (NM_000141.5) and GLI3 (NM_000168.6) genes were
designed to cover all the coding exons and deep exon intron
boundaries. Sanger methods on an ABI 3500 Genetic Analyzer
(Applied Biosystems, ThermoFisher Scientific, Foster City, CA,
USA) and electropherograms in the Sanger sequencing were
analyzed using SeqScape software (SeqScape Version 3.0;
Applied Biosystems, Calsbad, CA, USA). The human genome
GRCh37/hg19 was used as the reference version for alignments
of the variants. The variants were investigated in the dbSNP
ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/) and HGMD
(http://www.hgmd.cf.ac.uk/ac/) databases. These are classified
according to the comments from the American College of
Medical Genetics and Genomics (ACMG, 2015) standards (9).

RESULTS

This study involved a total of 18 fetal cases (5 females and 13
males) from unrelated families that had been diagnosed with
hand anomalies. TOP was performed at a median gestational
age of the 23 week of gestation (GW; range = 15"-31*GW).The
pregnancies had ended in an IUFD during the 34 GW in Case
7 and the 32" GW in Case 16. Case 5 had bilateral syndactyly
of the 3 and 4™ digits and was diagnosed as triploidy. The
karyotype analyses of the remaining cases were normal except
for Case 16, as her parents refused the invasive procedure.
In cases where a single-gene disease was considered in the
preliminary diagnosis, the diagnosis was made by performing
the sequence analysis related to that disease. The clinical,
cytogenetic and molecular results of the cases are summarized
inTable 1, and hand anomalies are shown in Figure 1.

Polydactyly was found in five cases with syndromic features
(Cases 1, 3,9, 13,and 18), while one case (Case 2) was identified
with a co-occurrence of neural tube defects (NTD) and
polydactyly. Meckel-Gruber syndrome was evaluated in the
preliminary diagnosis due to occipital encephalocele in two of
three cases (Cases 13 and 18), with renal findings accompanying
the polydactyly. Short-rib polydactyly syndrome (SRPS) was
considered in one case with a narrow thorax (Case 9). Greig
cephalopolysyndactyly syndrome was confirmed with the
detection of the ¢.958_959insA (p.lle320Asnfs*4) novel variant
in the GLI3 gene, which was the predicted pathogenic in
Case 3 that had broad thumbs and halluces accompanying
postaxial polysyndactyly in the upper extremity and preaxial
polysyndactyly in the lower extremity. According to the
ACMG criteria, this truncating variant received scores for PVS1
and PM2 and has been determined as the likely pathogenic.
Case 6 had acrosyndactyly in the upper/lower extremity with
severe craniosynostosis. Apert syndrome has been diagnosed
through molecular testing, with a heterozygous c.755C>G
(p.Ser252Trp) pathogenic variant being identified in the FGFR2
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Table 1. Clinical and cytogenetic/molecular findings of fetal cases with hand anomalies.

Karyotype Diagnosis &
Case Hand anomalies Other anomalies Results Molecular Results
Bilateral postaxial polydactyly of Bilateral polycystic renal disease,
. MCA
Case 1 hands and toes absence of renal corticomedullary 46, XY - .
: s R/O: Ciliopathies
differentiation
Postaxial rudimentary polydactyly on . MCA
Case2 the left hand, bilateral camptodactyly kMer;‘lggcoorl?())/ZI;);eel:eT,]ik\\/)::tr:;(reaphaly, 46, XY R/O: Neural tube
on the 4" and 5% fingers yp ! defect plus polydactyly
. . Greig
G [FesEEl polydact)gly on tt?e Polyhydramnios, overgrowth cephalopolysyndactyly
hands and syndactyly on 3" and 4 . .
Case 3 N - Macrocephaly, facial dysmorphism heterozygote
fingers and preaxial polydactyly on the . . 46, XY .
o o Cavum velum interpositum cysts €.958_959insA
foots and syndactyly on 15tand 3" toes, - . A
. Interhemispheric cyst (p.lle320Asnfs*4) in the
bilateral broad halluces and thumbs
GLI3 gene
H rd
aPil('jtlztlhcutaneous BB E Anhidramnios, pericardial effusion,
Case 4 . tricuspid regurgitation, PEV, forearm 46, XX MCA
Thumbs hypoplasia on the left hvboblasia on the left
Bilateral clinodactyly on the 5% fingers ypop
i rd th H H
Case 5 Bilateral syndactyly of 3'¢and 4" of Alobar HPE, cleft palate, VSD, PA, 69, XXX Triploidy
hands IUGR, anal atresia
. . . . Apert syndrome
Case 6 Bllaterallacrosyndactyly, bilateral Cranlosyno.stoswf cleft.pala’Fe, 46, XY a5 'l niser 5
broad distal phalanx of thumbs segmental intestinal dilatation .
in the FGFR2 gene
E‘)el]lr?gdactyly and ectrodactyly on right Polyhydramnios, VSD, pulmonary
Case7 Camptodachylyofthe 4= fingerson the Ztesr:gcs)lrs, EISI;t tetralogy, facial 46, XX MCA
right hand, bilateral 5" clinodactyly 4 P
. . . MCA
Case8 ot @ CUaTizom s i 6 e severe ulnar hypoplasia 46, XY R/O: Cornelia de Lange
brachydactyly on the left hand
syndrome
Bilateral postaxial polydactyly on :;Eliljt?.:aIi\c,:fftrgr?j:?np:]}l]a;ft’ ribs MCA
Case 9 hands and toes . ging ! 46, XY R/O: Short-Rib
with narrow trunk, rhizo-meso-
. Polydactyly syndrome
acromelic shortness
. . Bilateral renal agenesis,
Case 10 B|Iate;ralhp§rt|al SURITEEUE GmerEs oligohydramnios, hyperechogenic 46, XY LS
on 3"-5" fingers . - R/O: Fraser syndrome
bowel, facial dysmorphism
Oligodactyly (with preserved thumb) . . . MCA
Case 11 and syndactyly on 3¢ and 4" enlarged Eaagl ?g;?g;ﬂ?::?':ﬁwer Ll 46, XY R/O: Segmental
fingers (macrodactyly) on the left hand ypop 9 overgrowth
. . . Facial dysmorphism, bilateral severe MCA
Case 12 ﬁ:r?ggactyly (Blielitiliersr e (e mesomelia with elbow webbing, 46, XY R/O: Radial
single bone (ulna?) on the forearm longitudinal deficiency
Bilateral postaxial polydactyly on Occipital encephalocele, polycystic MCA
Case 13 hands and toes renal disease, omphalocele, bilateral 46, XX R/O:Meckel-Gruber
PEV syndrome
Bilateral thumb agenesis, Facial dysmorphism, bilateral elbow
camptodactly . ) MCA
Case 14 ) contractures, bilateral mesomelic 46, XX
Clinodactyly and brachydactyly on R/O: Nager syndrome
shortness
hands
Terminal amputation and constriction Facial dvsmorohism. cleft lio and MCA
rings of the 2", 3 and 4™ digits on | Y ’lj o Ip | A/O: Amniotic Band
the left palate, borderline ventriculomegaly, Sequence + congenital
Case 15 cavum velum interpositum cysts, 46, XY

Constriction rings of the 1+t digit on the
right and total cutaneous syndactyly
between 2" and 5% digits on the right

suspected aortic coarctation and
corpus callosum dysgenesis

cardiac and brain
abnormalies+ cleft lip
and palate
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Table 1. Clinical and cytogenetic/molecular findings of fetal cases with hand anomalies. (continued)

Karyotype Diagnosis &
Case Hand anomalies Other anomalies Results Molecular Results
Tt i nd rd
C.or.lstrlctlon rings & thet2 andd3 ... Constriction rings of the 2" and MCA
digits on the right and 1** and 3" digits ., . . : L
4t on the right, terminal transvers R/O: Amniotic Band
Case 16 on the left . . o N/D o
- . _— deficiency on the right hallux, tibial Sequence + tibial
Terminal amputation and constriction and fibular bowing on the right bowin
rings of the 2, 4" and 5% on the left 9 9 9
Terminal amputation and constriction
rings of the 2", 4 digits on the left
with distal swellin MCA
Case 17 ) 9 - Unilateral PEV, polyhydramnios 46, XY R/O: Amniotic Band
Terminal amputation and constriction CAE—
rings of the 2", 3 and 4" digits on q
the left
. . Occipital encephalocele, polycystic MCA
Case 18 A Fod el poleke; o renal disease, omphalocele, bilateral 46, XY R/O:Meckel-Gruber
hands and toes
PEV syndrome

MCA, Multiple Congenital Anomalies; R/O, Rule out diagnosis; PEV, Pes EquinoVarus; HPE, Holoprosencephaly; VSD, Venticular Septal Defects; PA, Pulmonary Atresia;

IUGR, IntraUterin Growth Retardation; N/D, Not Done

Figure 1. Clinical features of our cases.

of CdLs.

A-B = Ectrodactyly in Case 7. C-D = Thumbs hypoplasia in Case 4. E-F = Partial cutaneous syndactyly in Case 10 with preliminary diagnosis of
Fraser syndrome. G-L = Postaxial polydactyly in Case 1 (G-H), in Case 2 (I-)), in Case 3 with bilateral syndactyly of the 3™ and 4*" digits with Greig
cephalopolysyndactyly (K), and in Case 9 with a preliminary diagnosis of SRPS (L). M-N = Thumb hypoplasia in Case 14. O-P = Single finger on
both hands in Case 12. R-S = Mitten-like acrosyndactyly in Case 6 with Apert syndrome. T-U = Segmental overgrowth in Case 11. V-X = Amniotic
band sequence in Cases 16, 15, and 17.Y = Severe ulnar hypoplasia of the forearm with only a single digit in Case 8 with a preliminary diagnosis
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gene. No variant was found in parents and with the clinical
significance of this variant pathogenic being determined
according to the ClinVar database. Three cases were considered
in the differential diagnosis to involve Nager syndrome (Case
14), Cornelia de Lange syndrome (CdLS; Case 8), and Fraser
syndrome (Case 10).

DISCUSSION

Congenital hand anomalies involve complex disorders such
as polydactyly, syndactyly, reduction defects, or amniotic
band sequence (ABS). Generally, cases detected around 20.
GW should be carefully evaluated in terms of other structural
abnormalities. These anomalies were first classified by Swanson
according to the morphology of limb development and surgical
procedures, with such classifications as 1) failure of formation
(transverse deficiency (terminal arrest) or longitudinal (radial/
ulnar longitudinal deficiency, central cleft of the hand)),
2) failure of differentiation (syndactyly, camptodactyly,
clinodactyly), 3) duplications (preaxial/ thumb duplications,
postaxial/5" finger duplications, mesoaxial polydactyly), 4)
overgrowth (macrodactyly), 5) undergrowth (thumb hypoplasia,
brachydactyly), 6) amniotic band syndrome, and 7) generalized
skeletalsyndromes(4,10).Since 2012, theInternational Federation
of Societies for Surgery of the Hand (IFSSH) has recommended
the Oberg-Manske-Tonkin (OMT) classification system as the
new classification system for all congenital upper extremity
anomalies (11). This embryology-based classification system
includes malformations, deformities, dysplasias, and syndromes
along the three axes of limb development. Malformations are
divided in three subgroups: axis formation/differentiation of the
entire upper limb, hand plate, or unspecified axis with respect
to the proximal-distal, radial-ulnar (anteroposterior), and dorsal-
ventral axes. Deformations mostly involve constriction rings.
Dysplasias consist of segmental overgrowth or hypertrophy
of the fingers (macrodactyly) and/or unilaterally upper limb or
tumoral growth. Approval has been given to the independent
classification of syndromes. Recent publications have classified
their cases according to the OMT system (3, 11,-14), which this
study has done as well. Three syndromic cases were definitively
diagnosed as having Greig cephalopolysyndactyly (Case 3),
triploidy (Case 5), and Apert Syndrome (Case 6). Furthermore,
seven cases were preliminary diagnosed, with ciliopathies in
Case 1, Meckel-Gruber syndrome in Cases 13 and 18, SRPS in
Case 9, Nager syndrome in Case 14, Fraser syndrome in Case
10, and CdLS in Case 8. Case 11 was presented with segmenter
overgrowth complicated by macrodactyly and oligodactyly,
which can be classified in the group of dysplasia. Case 12 with
isolated hand anomaly was considered a radial longitudinal
deficiency and classified as a malformation. Meanwhile, Cases
2, 4, and 7 were evaluated as multiple congenital anomalies
because of major anomalies accompanying the hand anomalies.
Three cases (Cases 15, 16, and 17) were affected by ABS.

Just as in the literature, polydactyly here was also the most
common type of hand anomaly in our case series. Occasionally,
an extra finger including a fingernail was connected to the
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hand with a small skin tag. When polydactyly is accompanied
by a polycystic or dysplastic kidney anomaly, ciliopathies
should be considered. Ciliopathies include primary ciliary
dyskinesia, cystic kidney disease, nephronophthisis, retinitis
pigmentosa, Bardet-Biedl syndrome, oral-facial-digital
syndrome, SRPS, Joubert syndrome, and Meckel-Gruber
syndrome, which involve genetic mutations regarding the
encoding proteins involved in cilia function (15). Meckel-
Gruber syndrome should be on the differential diagnosis list,
especially in the presence of occipital encephalocele (16).
The remaining cases were evaluated in the ciliopathy group,
and WES was planned as a case with a preliminary diagnosis
of SRPS. Common syndromic craniosynostosis syndromes
including Crouzon, Pfeiffer, and Saethre-Chotzen are caused
by mutations in the FGFR2 gene and can have similar clinical
manifestations. Mutations in the FGFR2 comprise the majority
of known mutations in syndromic forms of craniosynostosis.
Our case with the syndactyly craniosynostosis diagnosed
as Apert with mitten-like acrosyndactyly involved a wide
abdominal circumference, segmental intestinal dilated colon,
and rectum anomaly. Intestinal findings of the case where
no postmortem autopsy had been conducted were found to
be consistent with other intestinal findings such as intestinal
malrotation, obstruction, and atresia, which in the literature are
reported more frequently in the general population in patients
with FGFR-related craniosynostosis syndrome (17).

ABS is a disruptive condition which surrounds the limbs or
any part of the fetal body by the congenital constriction rings
formed by fibrous bands of the amniotic sac. Constriction bands
can cause permanent or transient disruption of the tissues
under pressure. ABS is classified within the spectrum ranging
from mild to severe as: 1) simple constriction rings, 2) rings with
distal soft tissue deformity with or without lymphedema, 3)
distal bone syndactyly, and 4) terminal amputation. In our case
series, Cases 15, 16 and 17 were affected by ABS. Interestingly,
Case 16 with ABS was complicated by tibial bowing, which
is difficult to predict for in-utero ABS. However, the literature
does contain some ABS reports with tibial bowing. A
transient constriction by an amniotic band in utero may cause
congenital bowing of the tibia (18). However, ABS should
be distinguished from symbrachydactyly and transverse
deficiency. Symbrachydactyly is an anomaly of the hand caused
by Poland sequence or other similar anomalies of vascular
disruption that affects all fingers unilaterally. Unlike ABS, the
nail structure is present because ectodermal development is
not affected in symbrachydactyly (19, 20). Fetal cases involving
hand abnormalities should be referred to a perinatologist
and clinical geneticist for further evaluation and counselling
(21). These cases should be carefully evaluated for other
structural abnormalities. If chromosomal abnormalities are
suspected, invasive tests such as chorionic villus sampling and
amniocentesis should be recommended, and if the karyotype
analysis returns normal, an array-CGH should be performed.

The identification of hand anomalies should prompt a
careful and detailed anomaly survey for any other structural
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abnormality. After careful evaluation, the diagnosis should
be made by advanced cytogenetic and molecular tests with
a multidisciplinary team consisting of perinatologists, clinical
geneticists, and a hand surgeon.

Providing families with the right genetic counseling is very
important in terms of the treatment, prognosis, and recurrence
risks of such diseases.
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ABSTRACT

Objective: The findings on chronic myeloid leukemia (CML) patients suggest that clonal tumoral cells tend to have additional mutations
besides the formation of the BCR-ABL fusion gene. Previous studies have demonstrated abnormal activation-induced cytidine deaminase
(AID) expression in various types of cancer, showing AID transcript levels to be elevated in the CML blast phase. The study aimed to
investigate the AID gene expression levels in CML and to investigate the etiopathogenic role of AID, which is not yet fully understood.

Materials and Methods: This study analyzed the AID transcript levels of 80 CML patients and 50 controls using real-time quantitative
reverse transcription polymerase chain reaction (QRT-PCR).

Results: The study found the AID transcript levels to be significantly elevated (p < 0.001) in the CML patients compared to the control
group, with no significance in AID transcript levels with regard to the patients’age, gender, clinical characteristics, or laboratory findings.
No correlation was found between the AID and BCR-ABL transcript levels, while a positive correlation was present between AID transcript
levels and presence of polymorphonuclear leukocytes (PMNL; r=0.320, p = 0.021). No significant relationship occurred in AID transcription
levels with the tyrosine-kinase-inhibitor (TKI) resistant mutation profile or cytogenetic response during TKI therapy.

Conclusion: This study found AID expression levels to be significantly elevated in CML patients and AID to be able to contribute to the
etiopathogenesis of CML

Keywords: Chronic myeloid leukemia, gene expression, cytidine deaminase
INTRODUCTION enzyme (3), and SHMs produce mutations in the DNA
sequence (4). The AID enzyme converts cytosine residues
in the immunoglobulin (lg) variable region to uracil, and
the body attempts to repair this error using base excision
or mismatch repair mechanisms (5). AID can also alter gene
expression through its effect on DNA demethylation, which
can induce tumorigenesis due to genomic instability (6).
Recent studies have reported ten-eleven translocation
(TET) family members, particularly TET2 and AID, to

Chronic myeloid leukemia (CML) is a myeloproliferative
disease characterized by a reciprocal t(9;22) translocation
leading to the formation of the Philadelphia chromosome.
The newly formed fusion gene product BCR-ABL protein
has aberrant tyrosine kinase activity, constituting the
pathogenesis of CML (1).

Class-switching recombination (CSR) and somatic

hypermutation (SHM) happen after naive B cells meet
antigens in secondary lymphoid tissues. The activation-
induced cytidine deaminase (AID), a member of the
apolipoprotein B mRNA editing catalytic polypeptide-
like family (APOBEC), takes part in these diversification
processes (2). The AICDA gene encodes the 24 kDa AID

collaborate in DNA demethylation processes (7). AID is
usually expressed in stimulated B cells, has been shown to
be ectopically expressed, and induces CSR and SHM in a
variety of non-lymphoid cells (8). Abnormal expression and
secretion of Igs has also been reported in non-lymphoid
cancer cells (6, 9). The expression of AID is strictly controlled
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due to its mutagenic and recombinogenic ability, which can
target the non-Ig genes as well as Ig genes that contribute to
lymphogenesis (10).

Numerous reports are found stating deregulated AID activity
to be able to induce various types of cancer, mainly as a result
of its overexpression (11-14). This study aimed to identify the
state of AID expression in CML patients and to reveal AID’s
etiopathogenic role, which is not yet fully understood.

MATERIALS AND METHODS

Study Population

This study was comprised of 80 CML cases being followed up
in the Hematology Department of Istanbul Medical Faculty
between November 1995-January 2014. Laboratory and
clinical data, as well as computer records of the CML patients’
information were reviewed. The patients’leukocyte, hemoglobin,
and platelet counts at the time of diagnosis; leukocyte formula;
bone marrow biopsy findings (bone marrow cellularity, fibrosis
status); presence/absence of hepatomegaly; splenomegaly
level; Sokal Score; disease stage; drug use history; and final status
were recorded. Patient diagnoses were based on the criteria the
World Health Organization had recommended in 2008 (15).
The control group consisted of 50 healthy volunteers with no
history of CML. 10 mL peripheral blood samples were drawn in
sterile tubes containing EDTA, and complete blood counts were
assayed during sampling. The study protocol was handled in
accordance with the Declaration of Helsinki (16), with approval
being obtained from the local ethics committee. Signed written
informed consent was also obtained from all participants.

RNA Extraction and cDNA Synthesis

Total RNA extraction and cDNA synthesis were conducted
using the respective High Pure RNA Isolation Kit and RevertAid
First Strand cDNA Synthesis Kit (Roche Diagnostics, Mannheim,
Germany).

Analysis of AID Gene Expression

Analysis of AID expression was carried out using real-time
quantitative reverse transcription polymerase chain reaction
(QRT-PCR) with the Real-Time Ready Universal ProbeLibrary
Assay on the LightCycler 480 Il Instrument (Roche Diagnostics,
Mannheim, Germany) under the following PCR conditions: 95°C
for 5 minutes, 95°C for 10 seconds, 58°C for 10 seconds, and
72°C for 15 seconds (40 cycles). The AID gene was amplified
using forward 5-TGGACACACCACTATGGAGAGC-3' and reverse
5'-GCGGACATTTTTGAATTGGT-3'oligonucleotides.TheHPRT1gene
was amplified using forward 5-GACCAGTCAAACAGGGGACAT-3'
and reverse 5'-GTGTCAATTATATCTTCCACAATCAAG-3’
oligonucleotides. Gene expressions were normalized using the
internal control gene hypoxanthine phosphoribosyltransferase 1
(HPRTT) and calculated using the 22T method.

Statistical Analyses

Statistical analysis was performed using the statistical software
program SPSS (ver. 21.0). The Mann-Whitney U and Student’s
t tests were used to analyze the distributions of the data. The
chi-square test was used to analyze the categorical data. The
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Spearman correlation test was conducted for the correlation
analysis. Continuous variables were determined as mean +
standard deviation (SD), with a p < 0.05 being accepted as
statistically significant.

RESULTS

The patient group consisted of 80 CML cases with a patient
mean age of 53.7 + 15.2 (range = 22-87; 33 females and 47
males). The mean age of the controls was 50.1 £ 16.4 (range
= 24-85; 25 females, 25 males). The mean age and female-to-
male ratio of the patient and control groups were similar (p
= 0.515 and p = 0.329, respectively). Laboratory findings and
clinical features of the patient group are given in Table 1.

Table 1. Laboratory findings and clinical features of the
patient group.

Age (mean=SD) 53.7£15.2
Female: male ratio (n) 33:47
Leukocyte at diagnosis (X10°/L) (mean=SD) 15.8£10.9
Hemoglobin count at diagnosis (mean+SD) (g/dl)  11.0+1.8
Platelet count at diagnosis (X10°/L) (mean+SD) 402.7+180.8
Polymorphonuclear leukocytes (PMNL) (%) 48.4 +£15.8
Red cells (%) 17.8+7.7
Eosinophil (%) 1.8+£1.8
Basophil (%) 4.4+6.0
Blast (%) 1.6+2.2
Presence of splenomegaly at diagnosis n (%) 24 (30)
Spleen size at diagnosis (cm) 5.915.6
Disease phase at diagnosis n (%)

Accelerated phase 5(6.25)
Chronic phase 75 (93.75)
Bone marrow cellularity at diagnosis n (%)

Hypercellular 78 (98.3)
Normocellular 2(1.7)
Bone marrow reticulin fibrosis degree n (%)

0 10 (12.5)
1 43 (53.75)
2 26 (32.5)
3 1(1.25)
Sokal Score (mean + SD) 1.0+£0.4
Sokal classification n (%)

Low 25(31.25)
Intermediate 33 (41.25)
High 22 (27.5)
Presence of drug usage before TKI 21 (26.9)
Presence of TKI resistance mutation (n:15) 5(35)
Presence of complete cytogenetic response 67 (83.3)
Disease duration, years (mean +SD) 9.6+3.8

TKI: Tyrosine kinase inhibitor
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The mean AID expression level was 0.11 £ 0.1205 in the patient
group and 0.0073 + 0.0049 in the control group, with the mean
AID expression level being significantly higher in the patients
than in the controls (p < 0.001). The AID expression levels for
the CML patient and control groups are given in Figure 1. AID
expression levels do not seem to differ in terms of gender,
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Figure 1. Figure 1. AID expression levels in CML patients’
and control groups.
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presence of splenomegaly, disease phase at diagnosis, degree
of bone marrow reticulin fibrosis, Sokal score, presence of
drug usage before tyrosine-kinase-inhibitor (TKI), or presence
of complete cytogenetic response. Table 2 presents the
relationships between patients’ AID expression levels and their
clinical features.

A strong correlation exists between patients’AID gene expression
levels and polymorphonuclear leukocyte (PMNL) counts (r =
0.320; p = 0.021). The CML patients have a mean BCR-ABL fusion
gene transcripts level of 0.07 + 0.31, with AID expression not
being correlated to BCR-ABL expression (r=-0.101, p = 0.374).

DISCUSSION

Since the late 1990s, tremendous progress has been made
in understanding the biology of CML. Studies indicate the
BCR-ABL fusion gene to be essential for the initiation and
progression of CML, while transformation from the chronic
phase (CP) to the blast phase (BP) requires additional genetic
and epigenetic abnormalities (18). Although the defining
event is uniform, a progressive genetic instability is present,
especially in patients in the accelerated phase (AP) or BP of
CML, with the dependence of the disease on BCR-ABL activity
decreasing as it progresses to the AP and BP (19, 20).

Genome sequencing has shed light on the finding regarding
non-random mutation signatures in a variety of cancers. Studies

Table 2. Relationship between AID expression levels and clinical features of CML patients.

AID mRNA expression p-value
Gender
Female 0.085+0.061
Male 0.128+0.146 0506
Presence of splenomegaly at diagnosis 0.116+0.143
Disease phase at Diagnosis
Accelerated phase 0.240+0.266
Chronic phase 0.103+0.102 0324
Bone marrow reticulin fibrosis degree (%)
0 0.100+0.069
1 0.093+0.100 0.377
2 0.134+0.149
Sokal classification
Low 0.087+0.069
Intermediate 0.126+0.152 0.951
High 0.132+0.169
Presence of drug usage before TKI 0.094+0.069 0.888
Presence of TKI resistance mutation (n:15) 0.132+0.202 0.462
Presence of complete cytogenetic response 0.113+0.119 0.175

TKI: Tyrosine Kinase Inhibitor
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have shown the AID enzyme to recognize these specific motifs
in DNA and to create mutations (13). Apart from enhancing
the immune response, AID also acts to drive tumorigenesis by
causing genome-wide mutations and double-strand breaks
(21-23). Subsequently, continued AID expression increases the
genetic plasticity of tumors (24, 25).

Studies on various types of cancers have provided evidence
of aberrant AID expression to be able to induce mutations in
non-lg genes, including cancer-related genes, and to possibly
participate in the development of solid tumors (e.g., colon,
bladder, renal tumors) and hematological malignancies (e.g.,
B-cell lymphoma, multiple myeloma, CLL, ALL) (11, 12, 26, 27).

Previous studies on myelodysplastic syndrome and
myeloproliferative neoplasms have found a strong association
between AID overexpression and these malignancies (14, 17).
Furthermore, Kunimoto et al. (7) demonstrated the important
role AID has in myeloid and erythroid lineage differentiation
by epigenetically regulating genes through active DNA
methylation. Liu et al. (28) reported AID expression in CML
cells to trigger general genetic instability by mutating tumor-
suppressor and DNA-repair genes. In addition, they showed
overexpression of AID to also promote lymphoid blast crisis
(BC) in BCR-ABL+ CML and the AID and BCR-ABL genes to be
overexpressed in lymphoid BC compared to CP in CML. Klemm
et al. (24) demonstrated a causal role for AID activity in the
formation of BCR-ABL mutations leading to TKI resistance and
rapid progression to BC. Feldhahn et al. (11) and Gruber et al.
(29) reported the kinase activity of BCR-ABL to upregulate AID
expression and increase genetic instability, thus contributing to
the progression of CML to BC and the leukemogenesis of BCR-
ABL+ B-ALL. Assuming AID to be an oncogene that initiates
tumorigenesis, a therapy targeting AID has been suggested for
possibly suppressing processes such as cell proliferation and
migration (17).

The current study found AID expression to be much higher
in the CML patient group compared to the control group.
However, AID overexpression was not detected in patients
who were imatinib resistant or in the AP. Considering CML's
phases, ABLT mutations are most frequently encountered
in the AP and BP, with the current study finding most of the
patients to be in the CP and no patients in the BC (ncp = 75,
npp = 5). Although patients’ AID expression levels were higher
than the patients in CP, the difference was insignificant, the
reason for this finding could possibly be the small number of
patients in the AP. However, the highest AID gene expression
levels detected in this study occurred in a patient in the AP. This
finding is consistent with studies reporting increased AID gene
expression in patients with advanced CML.

The study found a strong correlation between AID mRNA levels
and the PMNL counts, which involve terminally differentiated
myeloid cells that normally travel to the site of infection
and destroy foreign bodies (30). Thus, AID appears to have a
proliferative effect on PMNL cells.
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CONCLUSION

The results of this study suggest the aberrant expression of
the AID gene to be able to play a role in the etiopathogenesis
of CML due to its mutation-inducing ability causing genetic
instability. Further studies with larger groups are needed to
elucidate the role of AID in CML.
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ABSTRACT

Objective: This study analyzed the follow-up findings on hospitalization requirements and clinical activities for fibrostenotic Crohn’s
disease (CD) patients who received biological/anti-TNF treatment without undergoing surgery as well as CD patients who were treated
medically and surgically.

Materials and Methods: This study compared the Harvey-Bradshaw scores, control colonoscopy results, and hospitalization times
regarding the long-term follow-ups for fibrostenotic CD patients who've undergone surgery and for those who only received medical
treatment. In addition, the study analyzed the factors associated with disease activation.

Results: The study was consisted of 117 patients receiving anti-TNF therapy. Patients who underwent surgery for stenotic CD had a lower
one year Harvey-Bradshaw score and shorter hospitalization regarding their long-term follow-up compared to those who did not undergo
surgery. Patients who underwent surgery had a lower albumin level (p < 0.001) and developed perianal CD (p = 0.046) less than those who
had not undergone surgery. C-reactive protein elevation (p = 0.024) and smoking (p < 0.001) have been associated with disease activity,
and the absence of granuloma (p = 0.003) and neural plexitis (p = 0.006) on the surgical specimen was found to be associated with disease
activation.

Conclusion: Surgical treatment is seen to improve the quality of life and result in fewer hospitalizations for fibrostenotic CD patients. Also,
hypoalbuminemia may be a marker indicating a surgical decision.

Keywords: Crohn's disease, anti-TNF therapy, surgical therapy, disease activation

INTRODUCTION third of patients within 10 years. CD strictures are classified

as inflammatory, fibrotic, or mixed, but all symptomatic
Crohn'sdisease (CD)isahighly heterogeneousinflammatory  inflammatory strictures have some components of fibrosis
bowel disease with different disease phenotypes, including  (3). Many challenges still remain regarding treatment
perianal disease, fistulas, and strictures (1). CD is a chronic  selection and management for patients with fibrostenotic
recurrent disease characterized by a decrease in the CD. Medical therapy for inflammatory strictures is
quality of life as a result of symptoms and a global health  considered as the first-line therapy, with anti-TNF agents
problem posing a significant financial burden for both  being one of the most important therapeutic agents used
patients and healthcare systems (2). One of CD’s common  for this purpose. However, medical treatment is ineffective
complications is intestinal strictures, which occur in one-  against strictures with a fibrotic component, with some
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further studies suggesting anti-TNF agents to possibly
increase the development of stenosis. A high proportion of
patients on anti-TNF therapy will require surgery. In addition,
although radiological imaging methods (magnetic resonance
enterography (MRE), computed tomography enterography,
ultrasonography and inflammatory indicators (C-reactive
protein (CRP) and fecal calprotectin) can be useful in
detecting the presence of the inflammatory component, these
examination methods have limitations and low specificity.
Therefore, predicting the success of a patient’s response to
medical therapy can be difficult. Meanwhile, the literature data
on which medical and surgical treatment options might be
more beneficial in terms of the effects of the natural course of
the disease and its clinical outcomes are also unclear (4, 5). This
study aimed to analyze and compare the follow-up findings
in terms of hospitalization requirements, clinical activities,
and laboratory findings for fibrostenotic CD patients who've
received biological treatment as a medical treatment without
undergoing surgery compared to patients who received
medicine in addition to surgical therapy. In addition, the study
analyzed the factors associated with disease activation in
patients who were followed up with the biological/anti-TNF
therapy in their long-term follow-up.

MATERIALS AND METHODS

The study involved 542 CD patients who visited the University
of Health Sciences Gastroenterology Clinic of the Umraniye
Training and Research Hospital between January 2010-June
2021. This study analyzed the patients who'd been diagnosed
with CD based on clinical, laboratory, radiological, endoscopic,
and histopathological findings and were followed up both
through electronic files and the inflammatory bowel disease
(IBD) outpatient clinic file. The study retrospectively recorded
the data (clinical, laboratory, radiological, endoscopic data,
operation epicrisis, hospitalization data) gathered during the
diagnosis and follow-up of 64 patients with fibrostenotic CD
who were monitored regularly at least twice a year and of 117
patients undergoing anti-TNF therapy. Figure 1 shows the
inclusion and exclusion criteria of patients.

The study has also recorded the patients’ demographic
characteristics, age at disease onset, disease involvement
(according to the Montreal classification), duration of biological
treatment and medication (e.g., adalimumab, infliximab,
vedolizumab), drug switching, and use of immunomodulatory
drugs (azathioprine). MRE was used to measure stenosis in cm.
The termination and onset of anti-TNF therapy were recorded
for patients who'd developed ileocecal valve resection due to
stenosis. The study also made use of the records pertained
to the postoperative follow-up period; the Harvey Bradshaw
scores before the operation and for the third, sixth, ninth, and
twelfth months after the operation; and the Rutgeerts score
at the 12th-month control colonoscopy for patients who'd
undergone surgery. Records were also used regarding the
initial, third, sixth, ninth, and twelfth month Harvey Bradshaw
scores as well as the simple endoscopic score for Crohn’s disease
(SES-CD) during the 12"-month control colonoscopy for the
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542 patients with Crohn’s Disease

Excluded: (n=377)

Patients not receiving anti-TNF
therapy

Patients receiving anti-TNF (n=165)
therapy

Patients undergoing surgery (n=47) Patients receiving only anti-TNF therapy

(n=118)

Excluded: (n=16)

Underwent surgery in other clinics
(no access to their information)
(n=5)

Irregular follow-up (n=4)

No control colonoscopy (n=4)

No control imaging (n=2)
Follow-up of less than a year (n=1)

Excluded: (n=32) ]

Trregular follow-up (n=11)

No control colonoscopy (n=10)
No control imaging (n=6)
Follow-up of less than a year (n=5)

Patients undergoing surgery Patients receiving anti-TNF therapy

(n=86)

Fibrostenotic patients under anti-TNF
therapy (n=33)

Figure 1. Inclusion and exclusion criteria of patients.

patients who were followed up with medical therapy. Albumin,
sedimentation, CRP levels, tobacco use status, perianal CD,
fistulas, abscess development, and the number and length of
hospitalizations during long-term follow-up (after the onset of
anti-TNF therapy) were recorded for all patients upon starting
anti-TNF therapy. A Rutgeerts score of < 2 and an SES-CD
score of < 6 in the control colonoscopy indicates endoscopic
remission. Non-operated patients who were hospitalized for
stenosis at least once and whose stenosis was documented
through control imaging and/or endoscopically were defined
as stenotic non-operated patients. Non-operated and non-
stenotic patients receiving anti-TNF therapy were defined as
non-operated non-stenotic patients. Perianal CD, abscesses,
fistula development, and/or stenosis detection endoscopically
during the long-term follow-up after the treatment or operation
were considered as indicators of disease activation. The Harvey
Bradshaw scores and length of hospitalization stays in the long-
term follow-up were compared in terms of the patients who'd
been operated on for fibrostenotic stenosis and the patients
who were only followed up through medical treatment. In
addition, the study has analyzed the associations with disease
activation in the long-term follow-up for all patients receiving
biologic and anti-TNF therapy.

Statistical Analyses
This study accepted statistical significance level as p < 0.05 and
used the program SPSS (ver. 25) to perform the analysis and the
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Kolmogorov-Smirnov test for normality testing. The study used
means and standard deviations for the normally distributed
data, while medians and interquartile range methods (IQR)
were used for the non-normally distributed data. The study
analyzed the normally distributed data using the independent
t-test and the non-normally distributed data using the Mann-
Whitney U test. The chi-square test has been used for evaluating
the categorical data.

RESULTS

The patients (n = 542) had a mean age of 41.4 + 11.4 years, and
more than half the patients were men (56.4%). Table 1 shows
the patients’ general characteristics, treatments, complication
rates, tobacco use status, and laboratory findings during the
follow-up. Of the patients, 31 underwent ileocecal resection
(26.5%), two of whom underwent surgery again due to having
developed stenosis during the long-term follow-up (6.5%).
Of all the patients, 33 were non-operated stenotic patients
(28.2%). Table 2 shows these patients’ general characteristics,
treatments, clinical and endoscopic scores, and complication
rates during the long-term follow-up. Patients were monitored
for an average of 69.1 + 37.4 months in total. Table 3 shows the
analysis of the activity-related factors during the long-term
follow-up.

DISCUSSION

Fibrostenotic CD is a prevalent and compelling clinical
phenomenon. A considerable number of patients may require
surgical intervention due to medical treatment being unlikely
to reverse intestinal damage and fibrosis. Surgical treatment
due to the absence of anti-fibrotic therapy depends on the
location and length of the disease, concomitant complications,
and patient preference (6). Although anti-TNF therapy has
been proven effective in inducing and maintaining successful
treatment of moderate-to-severe active CD patients, long-term
bowel resection is inevitable in most patients (7). CD patients
have a cumulative surgical risk of 16.3% in the first, 33.3% in
the fifth, and 46.6% in the tenth year (8). Riss et al. (9) also
reported an 8.6% recurrence rate for required surgery after an
average follow-up of more than eight years. The current study
has found 31 patients (26.5%) to have undergone surgery and
two (6.5%) to have undergone a second surgery due to relapse.
These rates were slightly lower when compared with the other
study, possibly due to the fact that all patients who underwent
surgery had also undergone anti-TNF therapy.

Research has also revealed postoperative treatment with
an anti-TNF agent to decrease the risk of both clinical and
endoscopic recurrence (10-12). Schwartz et al. (13) found the
risk of perianal CD to be 55% at a median of 4.8 years post-
diagnosis. Fistulizing CD is likely to develop in 35% of patients,
46% of which are non-perianal (14). The rate of perianal CD
decreases with the increased use of thiopurine and anti-TNF
therapy (15). The present study found the perianal CD and
non-perianal fistulizing CD rates to respectively be 24.8% and
18.8% during the long-term follow-up under anti-TNF therapy
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with and without thiopurine treatment. These lower rates of
perianal CD and fistulizing CD compared to previous studies
may possibly be related to the fact that all patients had received
the anti-TNF therapy, either with or without the thiopurine
treatment. The European Crohn’s and Colitis Organization

Table 1. General characteristics, treatments, complication
rates, tobacco use status, and laboratory findings during
follow-up.

Parameters
Age (year) 41.4+11.4
Female 51 (43.6%)
Male 66 (56.4%)

(o) 0,
Disease type L1/ L2/ L3 £ () 2 /)

71 (60.7%)

Operated stenotic patients 31 (26.5%)

Non-operated stenotic patients 33 (28.2%)
Non-operated non-stenotic patients 53 (45.3%)
Follow-up time (month) 69.1+37.4
Treatment

Infliximab 60 (51.3%)
Adalimumab 52 (44.4%)
Vedolizumab 5 (4.3%)
Azathioprine 79 (67.5%)
Drug switching 12 (10.3%)
Activation 36 (30.8%)
Fistula 22 (18.8%)
Enterocutaneous 14 (63.6%)
Enteroenteric 5(22.7%)
Enterovesican 2 (9.1%)
Enterovaginal 1 (4.5%)
Perianal Disease 29 (24.8%)
Abscess 14 (12.0%)
Smoking 22 (18.8%)
Albumin (g/dL) 3.66+0.44
ESR (mm /hour) 26.74+11.55
CRP (mg/dL) 3.10£2.54

L1: lleal, L2: Colonic, L3: lleocolonic, ESR: Erythrocyte Sedimentation Rate,
CRP: C-reactive protein. Otherwise not mentioned, the values indicate
(mean=SD) of the groups or number of individuals (percentages) in
mentioned groups.
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Table 2. Operated and non-operated stenotic patients’ general characteristics, treatments, clinical and endoscopic scores, and
complication rates during the long-term follow-up.

Non-Operated Stenotic

Parameters Operated Patients (n=31) Patients (n=33) p
Age (year) 423+124 39.8+10.7 0.390*
Female 11 (35.5%) 12 (36.4%) 0.9421
Male 20 (64.5%) 21 (63.6%)
Disease type
L1 13 (41.9%) 12 (36.4%)
L2 0 (0.0%) 1(1.6%) 0.9001
L3 18 (58.1%) 20 (59.4%)
Diagnosis Time (month) 86 (Median) 69 (IQR) 52 (Median) 26 (IQR) 0.017+
Medicated follow-up period (month) 50.1+243 50.8 +27.4 0.902*
Preoperative medication (month) 20.2+£9.2
Number of patients hospitalized 5(16.1%) 17 (51.5%) 0.011t
Hospital (day) 8.40+6.77 7.65 +6.74 0.829*
Medication
Infliximab 15 (48.4%) 16 (48.5%) =
Adalimumab 16 (51.6%) 16 (48.5%) =
Vedolizumab 0 (%0) 1(%3) =
Azathioprine 17 (54.8%) 23 (69.7%) 0.3431
Drug switching 6 (19.4%) 3(9.1%) 03171
Activity 8 (25.8%) 14 (42.4%) 0.2011
Fistula 7 (22.6%) 8 (24.2%) 0.7961
Perianal Disease 4 (12.9%) 12 (36.4%) 0.046+
Abscess 5(16.1%) 7 (21.2%) 0.546t
Smoking 6 (19.4%) 9 (27.3%) 0.4391
Endoscopic Remission 26 (83.9%) 21 (63.6%) 0.4661
Median(IQR) Median(IQR)
Harvey Bradshaw (month 0) 9(3) 10(2) 0.176%
Harvey Bradshaw (month 3) 7(3) 9(2) 0.013%
Harvey Bradshaw (month 6) 4(3) 7 (3) 0.000+
Harvey Bradshaw (month 9) 4(1) 6(2) 0.000+
Harvey Bradshaw (month 12) 3(2) 5(3) 0.000+
Stenosis length (cm) 11(4) 8(4) 0.011+
Albumin (gr/dL) 3.3(0.6) 3.8(0.3) 0.000+
ESR (mm /hour) 31.2+97 30.6 +12.5 0.826*
CRP (mg/dL) 4.1 (4) 3.1(2.9) 0.350%

163

*:Independent t test., t: Chi-Square test, 3: Man-Whitney U test, L1: lleal, L2: Colonic, L3: lleocolonic, ESR: Erythrocyte Sedimentation Rate, CRP: C-reactive protein.
Otherwise not mentioned, the values indicate (mean + SD) of the groups or number of individuals (percentages) in mentioned groups.
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Table 3. Analysis of activity-related factors during the long-term follow-up.

Non-Activated (n =81)

Parameters Activated (n = 36) (30.8%) (69.2%) p
Age (year) 39.5+9.7 4223 +£12.1 0.237*
Gender
Female 11 (30.6) 40 (49.4)

0.058t1
Male 25 (69.4) 41 (50.6)

Disease type

L1 13 (36.1%) 24 (29.6%)
L2 4(11.1%) 5 (6.2%) 0.437t
L3 19 (52.8%) 52 (64.2%)
Median (IQR) Median (IQR)

Disease age (month) 56 - 63 53-59 0.571%
Operated stenotic patients 8(22.2%) 23 (28.4%)
Non-operated stenotic patients 14 (38.9%) 19 (23.5%) 0.231¢t
Non-operated non-stenotic patients 14 (38.9%) 39 (48.1%)
Medication
Infliximab 18 (29.0%) 44 (71.0%)

0.6661
Adalimumab 18 (32.7%) 37 (67.3%)
Azathiopirine 23 (63.9%) 56 (69.1%) 0.5761
Albumin (g/dL) 3.7-0.7 (IQR) 3.8-0.3 (IQR) 0.202+
ESR (mm/hour) 280+124 26.2+11.2 0.425*
CRP (mg/dL) 3.7 -3.5(IQR) 2.2-2.2(IQR) 0.024+
Smoking 16 (44.4%) 6 (7.4%) 0.000t
Stenosis length (cm) 12.6 £4.1 9.0+3.3 0.000*
Operated patients n=8(25.8%) n=23(74.2%)
No granuloma 3(15.8%) 16 (84.2%) 0.003t
No neural plexitis 6 (23.1%) 20 (76.9%) 0.006t
Medication termination day 19.7 £9.1 28.0+£19.8 0.335%
Medication onset day 80+ 76.3 51.2+2538 0.327*

*:Independent t test, t: Chi-Square test, 3: Mann-Whitney U test, L1: lleitis CD, L2: Colonic CD, L3: lleocolonic CD, ESR: Erythrocyte sedimentation rate,

CRP: C-reactive protein. Otherwise not mentioned, the values indicate (mean + SD) of the groups or number of individuals (percentages) in mentioned groups.

(ECCO) suggested that researchers perform studies comparing
infliximab and surgery rates and stated, “Surgery is a sensible
alternative for patients with disease refractory to conventional
medical treatment and should also be discussed” (16). The
present study observed the operated and non-operated

patients who'd received stenotic anti-TNF therapy to have
similar baseline clinical and demographic characteristics and
Harvey Bradshaw scores. The operated patients had statistically
lower Harvey Bradshaw scores compared to the non-operated
patients during the one-year follow-up at three-month
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intervals. In addition, only 16% of the operated patients had
hospitalizations due to stenosis compared to 51.5% of the
non-operated stenotic patients during the long-term follow-up
(p = 0.011). In the 12t month, 83.9% of the operated patients
were in endoscopic remission compared to 63.6% of the non-
operated patients with strictures, but the difference is not
statistically significant (p = 0.466). Ponsioen et al. (17) compared
laparoscopic ileocaecal resection and infliximab for terminal
ileitis in CD and found the early surgical and anti-TNF groups
to have similar endoscopic remission rates at one year but the
former to have a better general quality of life and lower medical
costs than the latter. The current study has found no remarkable
difference in sedimentation or CRP values between operated
patients and non-operated patients with strictures. However,
the operated and non-operated patients with strictures had
respective albumin levels of 3.3 gr/dL (IRQ = 0.6) and 3.8
gr/dL (IRQ = 0.3; p < 0.001). Zhou et al. (18) found patients
with albumin levels under 3.5 g/dL to have a higher rate of
penetrating disease and emergency surgery compared to those
with albumin levels over 3.5 g/dL. In CD, hypoalbuminemia is
correlated with disease activation without no association to
malnutrition, and low preoperative albumin is an independent
risk factor for postoperative complications (19, 20). However,
no data is found regarding the effect of hypoalbuminemia
on surgery decisions. Significantly low albumin levels being
detected in the operated group suggests that albumin levels
may be a marker for decision to perform surgery; however,
further studies are still needed on this subject.

No significant difference was found regarding fistula and
abscess development in the long-term follow-up with regard
to operated and non-operated patients (p = 0.796, p = 0.546,
respectively). Operated patients and non-operated stenotic
patients had similar disease involvement according to the
Montreal classification, with perianal CD being more common
in stenotic patients in the long-term follow-up compared to
the non-operated patients (p = 0.046). This may be related to
the transport of inflammatory cytokine load from the inflamed
intestinal segment to the anal region by means of stool transport.

Domenech et al. (21) focused on the clinical outcomes of newly
diagnosed CD patients before and after infliximab availability
and found infliximab availability to have not reduced the need
for surgery. The current study’s results revealed fibrostenotic
CD patients undergoing anti-TNF therapy to likely need surgery
in the natural course of the disease, to have a better quality of
life in the postoperative period, and to have experienced less
disease-related hospitalization. Research studies have also
reported better quality of life and less hospitalization during
long-term follow-ups (17, 22).

The present study observed long-term disease activation in 36%
of all patients undergoing anti-TNF therapy. Patients with the
presence and absence of disease activation are also observed
to have similar demographic and clinical characteristics and
to have made similar treatment choices. Tobacco use was
statistically higher in patients with disease activation (p <

Experimed 2022; 12(3): 160-7

0.001). Gracie and Ford’s (23) systematic meta-analysis of 33
studies on the adverse effects of tobacco use on CD (n = 11,000)
reported smokers to have 55%-85% higher rates of flare-up
regarding disease activity compared to non-smokers. The
present study found patients with disease activation to have
higher CRP levels compared to those without disease activation
(p = 0.024). Nevertheless, no remarkable difference was found
regarding erythrocyte sedimentation rates between patients
with and without disease activation (p = 0.425). Fagan et al. (24)
found a correlation for disease activation with both CRP and
erythrocyte sedimentation rate (ESR). However, they reported
a more robust correlation between disease activation and
CRP. Boschetti et al. (25) conducted a study on 86 CD patients
who'd undergone ileocolonic resection and found a weak but
significant difference in CRP concentrations between patients
in endoscopic remission and those in recurrence. Earlier studies
have also reported the effect of tobacco use and higher CRP
levels on disease activation (24, 25). With regard to fibrostenotic
CD, a surgical operation is performed on the refractory medical
disease, with the most common procedure being bowel
resection. Pathological evaluation of a resected bowel segment
may also provide information about disease activation during
long-term follow-up (26). Anseline et al. (27) found a significant
association between granulomas and recurrence among
patients who'd undergone surgery for CD (n = 130). Sokol et
al. (28) also reported submucosal plexitis to be predictive of
clinical recurrence (n = 171).The current study’s results show the
absence of granuloma in the surgical specimen (p = 0.003) and
plexitis at the surgical margin (p = 0.006) to be correlated with
no disease activation in the long-term follow-up. The time for
termination and restart of anti-TNF therapy was also evaluated
in terms of activation in operated patients during the long-
term follow-up. Anti-TNF therapy was discontinued earlier for
patients who experienced activation compared to those with no
activation (19.7 + 9.1 day vs. 28.0 £ 19.8 day). Anti-TNF therapy
was initiated earlier in patients with activation compared to
those with no activation (80 + 76.3 day vs. 51.2 + 25.8 day). The
relationship between the discontinuation of preoperative anti-
TNF therapy and postoperative onset time and postoperative
disease activation remains unclear. Earlier termination and later
initiation of anti-TNF therapy may be correlated with disease
activation in long-term follow-up due to the loss of long-term
anti-inflammatory pressure.

This study is one that compared the endoscopic and clinical
long-term outcomes regarding the surgical and medical
treatment of fibrostenotic CD and analyzed the factors related
to activation during the long-term follow-up period. The study
has two limitations: 1) it was conducted in only one center, and
2) it is a retrospective study.

CONCLUSION

Surgical treatment has been correlated with improved
quality of life and fewer hospitalizations for fibrostenotic CD
patients. Hypoalbuminemia may be a marker for a decision
to perform surgery. Operated patients had no neural plexitis
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and granuloma in their pathology specimen, which may be
a marker for the lack of activation in long-term follow-up.
Tobacco use and high CRP levels may predict disease activation
during the long-term follow-up, with further comprehensive
studies being needed in this regard.
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ABSTRACT

Objectives: This study aimed to evaluate genotypic and allelic differences by comparing the Vitamin D (Vit-D) receptor (VDR) gene Bsm/
(rs1544410) and CDX2 (rs11568820) polymorphisms in healthy Turks and healthy Somalians living in Turkiye.

Materials and Methods: The study involved 100 healthy Turkish individuals and 60 healthy Somali individuals residing in Turkiye for at
least 5 years. The genotyping study was performed using the polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP) and allele-specific PCR methods. Statistical analysis was performed to identify the possible differences between groups using the
Chi-square and Student'’s t tests for pair-wise comparisons.

Results: According to the data obtained in the study with regard to the Bsm/ (rs1544410 A/G) and CDX2 (rs11568820 A/G) genotypes, no
statistically significant difference was determined to be present regarding the frequency of carrying the mutant GG genotype in the two
groups (p = 0.95 and p = 0.221, respectively).

Conclusion: The study has found no significant genotypic or allelic difference to be present in terms of the Bsm/ (rs1544410) and CDX2
(rs11568820) gene variants between healthy Turkish individuals and Somali individuals who have spent most of their lives exposed to less
sunlight while living in Turkiye for the past five years.

Keywords: VDR, Bsml (rs1544410), CDX2 (11568820), polymorphism

INTRODUCTION

Vitamin D (Vit-D) is a steroid hormone that is synthesized
from cholesterol and binds to its intracellular polypeptide
Vit-D receptor (VDR) to start its active mechanisms. The VDR
regulates the expression of genes in Vit-D sensitive tissues
and initiates the pathways necessary for the formation
of biological effects. The VDR gene has eight introns and
nine exons and is located in chromosome region 12q13.1.
The most well-known function of Vit-D is to regulate bone
metabolism through a calcium-phosphorus balance; as
such, its deficiency is significant in the development of
cardiovascular diseases and hypertension. Vit-D also has
immune-regulatory functions, regulating both innate and

adaptive immunity (1). Vit-D is also known as an important
regulator of innate immune responses to microbial
challenges (2) and was accepted at the beginning of the
20" century as having a critical role in preventing rickets
(3). Most of the Vit-D the human body consumes is
produced by the skin as a result of exposure to sunlight.
Vit-D is then processed by the liver and kidney to make it
beneficial for bones (4). Sunlight is a very important factor
for Vit-D production (5), and Vit-D has two forms: Vitamin D,
(Ergocalciferol) and vitamin D (Cholecalciferol) (6). When
human skin is exposed to solar UVB radiation (wavelengths:
290-315 nm), 7-dehydrocholesterol is converted in the skin
first to preVit-Ds, then from preVit-Ds to Vit-D;. Meanwhile,
Vit-D, has yeast and fungal origins and can be converted
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into Vit-D; when consumed with food. During the formation of
Vit-D, the 25-hydroxyVit-D (25(0OH)D) form is synthesized in the
liver, and then the 1q, 25-dihydroxy Vit-D form is synthesized in
the kidney (7). The amount of Vit-D production in the skin can
vary depending on skin color, latitude, season and, surprisingly
according to the time of day (8, 9). Supplementation of 400-
1,000 IU per day for infants in the first year of life, 600-1,000 IU
per day for children and adolescents between 1-18 years, and
1,500-2,000 IU per day for adults over 18 years is considered
appropriate for preventing Vit-D deficiency (10).

Vit-D plays a central role in bone- and calcium-related
processes, regulating bone metabolism by stimulating calcium
and phosphate absorption in the intestine. Studies have
shown a relationship to exist between many acute and chronic
diseases such as cardiovascular diseases, liver and kidney
diseases, preeclampsia, periodontitis, some autoimmune
disorders, cancer, diabetes, and neurological disorders due to
a Vit-D deficiency (4, 11). Vit-D also has several effects on bone
metabolism, regulating arterial blood pressure, preventing
cardiovascular complications, modulating immunological
responses, regulating insulin production and preventing
diabetes, and protecting against certain cancers (12).

The VDR is expressed in various parts of the brain throughout
embryonic development, and the active form of Vit-D enables
the activation of various target genes through the VDR
(13). Therefore, some neuropsychiatric diseases have been
associated with polymorphisms in the VDR (14). The stability
of Vit-D-mediated signaling pathways is important for brain
development (15), with functional polymorphisms affecting
gene expression having been reported in this gene (16).
Mutations in the Bsm/ rs1544410 variant have also been shown
to be associated with neurodegenerative diseases (14, 16). As a
result of studies, the association of polymorphisms with various
diseases draws attention to the effectiveness of these genomic
changes; however, the data are still quite limited (17-19). The
CDX2 (rs11568820) variant is associated with transcriptional
activity, which can affect calcium absorption (20).

Considering that only 20% of all Vit-D needed by the body is
obtained from food, geographical differences are thought to
be important in terms of VDR gene polymorphisms. Evaluating
the differences in skin color in this context may additionally
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be appropriate. The number of studies conducted on healthy
Somalians in the literature is extremely limited. Moreover, no
study is found to have investigated the VDR gene Bsm/ and
CDX2 polymorphisms among Turkish and Somali individuals.

This study aimed to evaluate genotypic and allelic differences
by comparing the VDR gene Bsml (rs1544410) and CDX2
(rs11568820) polymorphisms between healthy Turks and
healthy Somalians living in Turkiye. This study is the first study
to examine these two gene regions (Bsm/ and CDX2) together.

MATERIALS AND METHODS

Study Design

The study involved 160 volunteers (90 female and 70 male)
between the ages of 18-35 (Table 1). Ethics committee
approval was obtained on December 1, 2021 with Decision
no. 2015-KAEK-56-21-03 from the Biruni University Clinical
Research Ethics Committee. After obtaining informed
consent from the volunteers to participate in the study, 2
mL peripheral blood samples were taken. Next, the study
conducted genotyping using DNA isolation, polymerase
chain reaction (PCR), and then following restriction length
polymorphism (RFLP) methods. The gene regions amplified
by the PCR and restriction cut results have been visualized
using agarose gel electrophoresis.

Volunteer Selection and Sample Obtainment

One hundred healthy Turks and 60 healthy Somalians living in
Turkiye for at least 5 years between the ages of 18-35 have been
included in the study, with 2 mL samples of peripheral blood
being taken from the volunteers who signed the informed
consent form. The samples were kept in a refrigerator at +4 °C
until further processing.

DNA Isolation and PCR

DNA samples were extracted according to the kit protocol
(High Pure PCR Template Preparation Kit /Product No:
11796828001) and stored in a -20°C refrigerator for use in
subsequent processes. The DNA concentrations obtained as a
result of the isolation method were measured using a Denovix
DS-11 FX spectrophotometer, with a specific primer design
being made for the Bsm/ (rs1544410) and CDX2 (rs11568820)
gene regions (Table 2).

Table 1. Comparison of age and gender in Turkish and Somali volunteers.

Turkish group Somali group
Gender (N=100) % (N=60) % p value
Female 66 66 24 40
*0.001
Male 34 34 36 60
N Mean Min. Max. SD N Mean Min. Max. SD p value
Age
100 26 18 35 4.008 60 23 19 26 1.610 0.241

N=Total number, SD=Standard deviation, Min=Minimum, Max=Maximum
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Table 2. Primers designed for the VDR Gene Bsml (rs1544410) and CDX2 rs11568820 regions.

Gene Forward Reverse

CDX2 G-(5" AGGATAGAGAAAATAATAGAAAACATT 3') 5" AACCCATAATAAGAAATAAGTTTTTAC 3’
(rs11568820) A-(5' TCCTGAGTAAACTAGGTCACAA 3') 5" ACGTTAAGTTCAGAAAGATTAATTC 3’

ﬁriTSI 44410) 5'CAACCAAGACTACAAGTACCGCGTCAGTGA 3’ 5’ AACCAGCGGGAAGAGGTCAAGGG 3’

The PCR mix content for the Bsml (rs1544410) gene region was
prepared as follows: 18.2 yL dH,0; 2.5 uL buffer; 2 uL dNTP
(2.5 mm); 0.5 pL forward primer; 0.5 pL reverse primer; 0,3 pL
Taq polymerase. The PCR mix content was prepared for the
CDX2 (rs11568820) gene region as follows: 15.7 yL dH,0; 2.5
uL buffer; 1.5 uL MgCl,; 2 pL dNTP (2.5 mm); 0.5 pl forward
primer1; 0.5 pL forward primer2; 0.5 pL reverse primer1; 0.5
pLreverse primer2; 0.3 pL Taq polymerase.

Appropriate binding conditions for the primers designed for
the Bsml (rs1544410) region are as follows: pre-denaturation
at 94°C for 1 minute, denaturation for 30 seconds at 94°C,
primer attachment for 45 seconds at 58.9°C, chain elongation
for 30 seconds at 72°C, and elongation at 72°C for 5 minutes.
Appropriate binding conditions for primers designed for the
CDX2 (rs11568820) region are as follows: pre-denaturation at
94°C for 5 minutes, denaturation at 94°C for 30 seconds, primer
binding at 54.8°C for 45 seconds, chain elongation at 72°C for
30 seconds, and elongation at 72°C for 5 minutes. The template
was amplified using the Thermal Cycler (Blue-Ray/ tcst-9620)
device over 35 cycles for Bsml (rs1544410) and 43 cycles for
CDX2 (rs11568820). Genotyping was done using the PCR and
PCR-RFLP methods for the rs1544410 region. PCR and enzyme
digestion products were amplified by the PCR method and
carried out through restriction enzyme digestion for the Bsm/
(rs1544410) region followed by the agarose gel electrophoresis.
These products were visualized in a transilluminator using a
CCD camera under UV light. To evaluate the CDX2 (rs11568820)
region of the VDR gene, the study used the allele-specific PCR.
The amplified rs11568820 region of the PCR products were
separated by size in a 3% agarose gel electrophoresis. Gel staining
was performed with ethidium bromide and also visualized in a
transilluminator using a CCD camera under ultraviolet light.

Genotyping

Site-specific restriction enzymes were determined in order to
detect variant changes in specific regions of the genes from
different DNA regions that had been amplified using PCR. The
reaction was prepared with the components whose specific
amounts were adjusted for each enzyme for a total volume of
15 pL. Specific restriction enzymes were used for restriction
cutting. The obtained product was run through the agarose gel
electrophoresis to determine whether or not it has a mutation.
The cut made by the restriction enzyme in certain regions was
visualized in a transilluminator using a CCD camera under
ultraviolet light following the agarose gel electrophoresis.

Analyzing the Bsml (rs1544410) Variant

The rs1544410 variant in the Bsm/ gene consists of 813 base
pairs (bp). Using primers specifically designed for this region,
the 813 bp regions were amplified using PCR and visualized
over a 2% agarose gel. The amplified PCR products were then
digested with the Mva1269I restriction enzyme. The mutant
GG allele was displayed as a single 813-bp fragment, with the
wild-type AA allele being displayed as two fragments of 478 bp
and 335 bp, and the heterozygous AG allele being displayed as
3 fragments of 813 bp, 478 bp, and 335 bp (Figure 1).

M 12 3 456 7 8 9 101112 13

Figure 1. VDR gene Bsml digestion polymorphism products:
Lane 1,2,3,4,6,7,8: AG heterozygous products, lane 5,9,12:
AA wild type products, lane 11: GG homozygous product,
lane 13 uncut control PCR product. M: Marker

Analyzing the CDX2 (rs11568820) Variant

To analyze the CDX2 (rs11568820) region, the study used the
allele-specific PCR, which is a popular method for the DNA
typing of SNPs. The single-tube PCR genotyping does not
require enzyme cutting or manipulation of the PCR products
(Figure 2).

M 12 345 6 78

9 10 111213

g Internal control
Aallele
G allele

Figure 2. Allele specific PCR analysis of the VDR gene
CDX2 polymorphism. Lane 12: positive control, lane 13:
negative control, lane 1,2,4: GG homozygous products,
lane 3,5,6,7,8,9,10,11: AG heterozygous products. M: 100 bp
ladder.
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Statistical Analyses

The program SPSS (ver. 25.0) was used to analyze the data, and
the data were evaluated using the chi-square and Student’s t
tests, with the statistical significance being accepted at p < 0.05.

RESULTS

The genotype and allele distributions for both groups are
shown in Table 3. According to the data obtained in the study
regarding the Bsml (rs1544410 A/G) and CDX2 (11568820
A/G) genotypes, no statistically significant difference was
determined in terms of the frequency individuals carrying the
mutant GG genotype (p = 0.95 and p = 0.221, respectively), or
alleles (p = 0.97 and p = 0.18, respectively) in the Somali group
compared to the Turkish group.

Table 3. Genotype and allele distributions of Bsm/ (rs1544410)
and CDX2 (11568820) gene variants.

Somali Turkish
Group Group
P
VDR Bsml N=60 % N=100 % X2
value
Genotyping
AA 18 30 29 29.37
AG 31 51.67 54 53.13 0.089 095
GG 11 18.33 17 17.5
Allele
A 67  55.83 112 56
0.0008 0.97
G 53 447 88 44
VDR CDX2
Genotyping
AA 22 36.67 50 50
AG 25 4167 30 30 3.01 0.221
GG 13 21.66 20 20
Allele
A 69 57.5 130 65
1.79 0.18
G 51 42.5 70 35
DISCUSSION

Vit-D deficiency arises when a person does not get enough Vit-D
through the skin (from sun exposure) or food, as well as when
their liver and/or kidneys have pathologies processing Vit-D.
Each individual has different Vit-D requirements, and Vit-D
expression and levels of the VDR gene may vary in different
geographies. VDR gene polymorphisms have been investigated
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all over the world due to their association with susceptibility
to various diseases, as Vit-D plays a very important role in
preventing multifactorial pathologies including osteoporosis
and bone metabolism disorders in particular. The biological
action of Vit-D occurs through its receptor encoded by the VDR
gene. Therefore, VDR gene polymorphisms can affect bone
mineral density, susceptibility to osteoporosis, and response to
Vit-D supplementation.

Vit-D deficiency can cause bone problems in both children (e.g.,
rickets, osteomalacia) and adults (osteoporosis). Many studies
have reported links between Vit-D deficiency and various
health problems including depression, fractures, diabetes, heart
diseases, kidney diseases, cancer, and infection. However, most
of these connections do notemit the same resultsin each society,
and the publications in the literature are quite inconsistent with
each other (4). In Marozik et al. (21) published an article in 2021
and reported the results that the rs1544410 T/T polymorphism
increases the risk of osteoporosis and decreases bone mineral
density, while the rs11568820 polymorphism has a significant
dose effect with 25(0OH)D. Gonzalez Rojo et al's 2022 study (22)
on 246 cardiovascular disease patients from Southern Spain and
246 controls of Caucasian origin reported Bsml (rs1544410) and
CDX2 (rs11568820) polymorphisms to increase susceptibility
to cardiovascular disorders when Vit-D intake varies. Liu et al.
published in the article in 2015 (23) reported rs11568820 and
rs1544410 polymorphisms in the VDR to be associated with
gout in the Chinese Han male population. Nevertheless, despite
that study obtaining no genotypic significance, a predisposition
was observed in allelic frequencies. In an article by Maciejewski
et al. (24) investigated the relationship between thyroid-related
orbitopathy, an autoimmune disease that typically occurs in the
course of Graves' disease, and VDR gene polymorphisms and,
while different publications in the literature have stated these
polymorphisms to provide a predisposition, Maciejewski et al.
(24) reported the gene polymorphisms of the relevant region
to not be associated with the disease, adding a new example
to the contradictory results. Tantawy et al. (25) published in
2016 article on Egyptian pediatric acute lymphocytic leukemia
(ALL) patients found no association for the rs1544410 and
rs11568820 genotypes with ALL, despite the significant genetic
heterogeneity present in the VDR gene. Studies conducted in
recent years have also shown Vit-D deficiency to be at very low
levels in Somali individuals who have migrated to Northern
European countries when compared to local individuals (26-
28). Nelson et al. (29) studied on African men and reported no
association between rs1544410 polymorphism and aggressive
prostate cancer, while also reporting 25(0OH)D levels and the
rs11568820 polymorphism to be associated with the disease.
One study conducted with healthy volunteers living in the
Emirati population stated the Emirati population genotype and
allele distribution of VDR gene polymorphisms to not differ from
Caucasians living in the USA and France but to have a significant
difference with Asian populations (30). As seen in the examples
above, Vit-D receptor gene polymorphisms have shown
inconsistent results in both comparisons of healthy volunteers
and when comparing individuals with various diseases to
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healthy volunteers. The current study found no significant
genotypic or allelic difference in terms of the Bsml (rs1544410)
and CDX2 (rs11568820) gene variants between healthy Turkish
individuals and Somali individuals who have spent most of their
lives exposed to less sunlight and been living in Turkiye for the
last five years.
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ABSTRACT

Objectives: The study aimed to investigate the rate of unplanned pregnancies, changes in seizure frequencies during the 6 months before
the pregnancy, during the pregnancy, and the 6 months after the pregnancy, and antiseizure medication (ASM) compliances in women
with epilepsy (WWEs).

Materials and Methods: The study retrospectively evaluated WWEs who were followed up in the epilepsy outpatient clinic of a training
and research hospital between 1997-2021 and had used ASMs for at least 6 months prior to their pregnancy.

Results: The study assessed a total of 158 pregnancies for 77 WWEs, with 112 pregnancies resulting in live births, 71.4% of which were
unplanned pregnancies. Unplanned pregnancies are more common in less educated women (p = 0.02). Of the women, 35 self-discontinued
their ASMs during pregnancy, and these women were younger than the WWEs who continued taking their ASMs (p = 0.003). In addition,
folic acid supplement use was lower in women who self-discontinued their ASMs (p = 0.031). The rate of increase in seizure frequency
during postpartum period compared to pregnancy was higher in women who self -discontinued ASMs (p = 0.032).

Conclusion: Self-discontinuation of ASM during pregnancy is related to an increase in postpartum seizure frequency. WWEs should be
given advice on how to minimize the risk of seizure during the postpartum period.

Keywords: Epilepsy, pregnancy, seizures, postpartum period

Despite the well-known adverse effects of ASMs, pregnant
WWEs may be required to continue their medications to
protect both themselves and the fetus from seizures that

INTRODUCTION

Epilepsy is a common neurological disease affecting 0.3%

to 0.6% of pregnant women (1, 2). Managing pregnancy
for women with epilepsy (WWEs) is challenging in terms
of both the mother’s and child’s health. Antiseizure
medications (ASMs) increase the risk of congenital defects,
intrauterine growth retardation, miscarriage, stillbirth,
and preterm birth in WWEs, and recent reports have also
mentioned the negative impact of ASMs on children’s
mental functions (3-6). This is concerning for the physician
as well as for mothers with epilepsy and their family.

may occur during pregnancy. Even though dose reduction
may be possible if the seizures are under control, WWEs
should be advised to have been free of seizures for at
least 1 year before the pregnancy (7, 8). Furthermore,
due to sleep deprivation and postpartum depression, the
postpartum period is hazardous for seizure recurrence
(9). Preconception counseling is important for WWEs
to minimize adverse events and have a complication-
free pregnancy (3). However, studies have also indicated
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unplanned pregnancy rates to range from 16.2%-60.6% (10-
12). With unplanned pregnancies in general, WWEs abruptly
discontinue their ASMs or reduce their dosage once they find
out they are pregnant due to the anxiety of the teratogenic
effects of ASMs. Noncompliance with ASMs during pregnancy
is reported to be around 20% in the literature (13). For these
reasons, managing the pregnancy of WWEs can be challenging.

This study aimed to investigate the rate of unplanned
pregnancies, changes in seizure frequencies during the 6
months before the pregnancy, during the pregnancy, and the 6
months after the pregnancy, ASM compliances, and pregnancy
outcomes for WWEs.

MATERIALS AND METHODS

This study retrospectively evaluated female patients who'd been
seeking treatment in an epilepsy outpatient clinic of a training
and research hospital between January 1997-November
2021. The study involves women who'd been diagnosed with
epilepsy prior to a pregnancy and who had used ASMs for at
least 6 months prior to their pregnancy.

The study retrieved its data from patient files that include
their demographic characteristics, education level, type of
epileptic seizures, seizure frequency (before, during, and
after pregnancy), whether the pregnancy was planned or not,
and the use of folic acid supplements. The types of epileptic
seizures have been defined according to the International
League Against Epilepsy (ILAE) 2017 classification using
electroencephalography (EEG) findings along with seizure
history, and ASM adherence was monitored through patients’
statements. The unplanned pregnancy group consists of WWEs
who experienced unexpected pregnancies and who consulted
an epileptologist post-conception. With regard to planned
pregnancies, 5 mg of folate supplementation was started three
months before the planned conception. With regard to the
unplanned pregnancies, however, folic acid supplementation
was introduced in the first follow-up visit following the start of
the pregnancy. Follow-up visits were done in 3-month intervals.

Seizure frequency was evaluated over three periods: the 6
months before the pregnancy (T1), during the pregnancy (T2),
and the 6 months after the pregnancy (T3). Changes in seizure
frequency between each of these three periods was assessed
and classified under three categories: Unchanged, increased, or
decreased. Pregnancies that resulted in a miscarriage, stillbirth,
medical abortion, or curettage have been excluded from the
comparison regarding seizure frequency. More than a 50%
increase in seizure frequency during and after a pregnancy
compared to before is considered as increased seizure
frequency, while a more than 50% decrease is considered as
decreased seizure frequency.

Pregnancy outcomes have been grouped in terms of live births,
spontaneous miscarriages, medical abortions, curettage,
stillbirths, and ectopic pregnancies. Stillbirths are defined as
pregnancies that result in fetal death after the 23 week of
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pregnancy.

Antiseizure medications used during pregnancy and their
doses have been noted for all pregnancies. Seizure frequencies
have been compared between WWEs who self-discontinued
ASMs and those who maintained their treatment.

These retrospectively collected data have been anonymized.
Therefore, no need exists for written consent. This study
was approved by a Haseki Training and Research Hospital
Institutional Review Board committee (approval number:
2021-273).

Statistical Analyses

Statistical analyses have been performed using the program
SPSS 21.0 for Windows. Descriptive statistics are presented
as numbers and percentages for categorical variables and
as means, standard deviations, minimums, and maxima for
numeric variables. The chi-square test is used to compare
two independent groups, while the numeric variables in two
independent groups are compared using Student’s t test when
normally distributed and the Mann-Whitney U test when
normality is not met. For more than two independent groups,
numeric variables are compared using the one-way ANOVA test
when normally distributed and using the Kruskal-Wallis test
when normality is not. McNemar’s test has been preferred for
comparing percentages of independent groups, and subgroup
analyses have been interpreted using the Bonferroni correction.
All p values are two-sided with a statistical significance of 0.05.

RESULTS

The demographic and clinical characteristics of the patients
included in the study are summarized in Table 1. The outcomes
of the pregnancies are shown in Figure 1. Among the 30
miscarriages, 18 pregnancies involved mothers undergoing
monotherapy, five involve mothers undergoing polytherapy,
and seven involved mothers who'd self-discontinued their
ASM. Among the four medical abortions, one pregnancy
was terminated because the fetus had anencephaly and the
mother was taking 750 mg/day of valproic acid (VPA), one
fetus had unknown developmental problems and the mother
was taking 600 mg/day of carbamazepine (CBZ), one fetus had
hydronephrosis and the mother was taking 400 mg/day of CBZ,
and one pregnancy was terminated because the mother had
severe seizures while taking 600 mg/day of CBZ and 50 mg/day
of lamotrigine (LTG).

The characteristics of the 112 pregnancies that resulted in a live
birth are presented in Table 2. Of these live births, 35 women
had self-discontinued their ASMs, 14 of whom restarted upon
seizure recurrence. The remaining 21 pregnancies (plus another
two who'd stopped their ASMs under the close care of their
physician for a total of 23 pregnancies) went to term without
medications. Reduced ASM dosage occurred in 23 pregnancies
in an attempt to lessen the teratogenesis risk, while the ASM
dosage was increased in four pregnancies in order to improve
seizure control.
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Table 1. Demographical and clinical characteristics of women with epilepsy.

N=77

Age at epilepsy onset (year) (meanzsd) 14.13+0.62
Age at presentation (year) (mean+sd) 23.69+0.77
Age at first pregnancy (year) (mean+sd) 23.08+0.47
Follow-up duration (year) (meanz+sd) 8.50+0.63
Number of pregnancies (meanzsd) 2.58+0.21

N %
Consanguineous marriage 14 18.2
Number of years of education
<8 years 61 79.2
>8 years 16 20.8
Type of epileptic seizures*
Focal 26 33.8
Generalized 51 66.2
Number of pregnancies
1 22 28.6
2 24 31.2
3 16 20.8
24 6 19.5

* There were 26 patients with focal (6 structural/lesional, 19 with unknown causes) and 51 patients (5 juvenile absence epilepsy (JAE), 27 juvenile myoclonic epilepsy (JME),

19 others) with generalized seizures

medical abortion ectopic

sﬁllllg/irth 30 R Table 2. Characteristics of pregnancies with live births.
( i 1%
N=112 %
g R Route of delivery
Emiscarriage
ustillbirth Vaginal route 69 61.6
EEEET RO Cesarean section 43 384
W ectopic pregnancy
Planned pregnancy 32 28.6
Folic acid use 78 69.6
Treatment discontinuation 35 313
Figure 1. Outcomes of pregnancies.
ASM use during pregnancy
The rate of planned pregnancies was observed to be 28.6%. No ASMs 23 20.5
No association was found between planned/unplanned Monotherapy 68 60.7
pregnancies with change in seizure frequency or ASM use Polytherapy 21 18.8

before pregnancy (e.g., monotherapy/polytherapy; p > 0.05).
The mean age at conception and mean duration of disease
were significantly higher with regard to planned pregnancies (p
=0.013 and p = 0.049, respectively). Planned pregnancies were
more common for women who'd received eight or more years ~ The changes in seizure frequency between T1 and T2 differ
of education and women experiencing their first pregnancies  significantly from the changes in seizure frequency between T2
(p=0.034 and p =0.011, respectively; Table 3). and T3 (p = 0.000). Between T2 and T3, the rates for unchanged

ASM: Antiseizure medication
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Table 3. Pregnancy planning and associated factors.

Pregnancy planning

Planned Unplanned P-value
N=32 N=80
N(%) N(%)
Monotherapy 26 (81.3) 60 (75.0)
ASM use before pregnancy .645
Polytherapy 6(18.8) 20 (25.0)
<8 years 11 (34.4) 47 (58.8)
Number of years of education .034
>8 years 21 (65.6) 33 (41.3)
Yes 22 (68.8) 32 (40.0)
First pregnancy 011
No 10(31.3) 48 (60.0)
Mean age at conception (year) (meantsd)* 28.19+4.96 25.54+4.91 013
Mean duration of disease (year) (mean+sd)* 13.56+5.94 11.06+7.07 .049
Change in seizure frequency Unchanged 16 (50.0) 43(53.8)
during pregnancy compared to Decreased 8(25.0) 20 (25.0) .904
preconceptional period Increased 8(25.0) 17 (21.3)
Unchanged 14 (43.8) 33 (41.3)
Change in seizure frequency during Deaeasd 7(21.9) 17 (213)
postpartum period compared to 951
pregnancy Increased (34.4) 30(37.5)
No 28(80.0) 52(65.0)

ASM: Antiseizure medication
*Mann Whitney U test

and decreased seizure frequencies declined while the rates for
increased seizures grew compared to the respective frequency
changes from T1 to T2 (Figure 2). Furthermore, an increase in
seizure frequency was observed between T2 and T3 in 65.2% of
pregnancies where the women were being monitored without
ASM (p = 0.008). No association was found between the change
in seizure frequency between T2 and T3 with regard to the type
of epileptic seizure, duration of disease, or age at conception (p
> 0.05; Table 4).

100,0%
90,0%
80,0%
70,0%
60,0%
50,0%
40,0%
30,0%
20,0%
10,0%

0,0%

T1=-T2 T2=-T3

mUnchanged mDecreased Increased

Figure 2. Change in seizure frequencies.
T1—T2: Comparison between T1 and T2

T2—T3: Comparison between T2 and T3

The results for noncompliance with antiepileptic treatment
during pregnancy are presented in Table 5. The mean age
of women whod discontinued ASMs during pregnancy
was significantly lower (p = 0.002). The use of folic acid
supplementation was also significantly associated with drug
discontinuation, with 75.6% of patients who used folic acid
supplements continuing their ASMs, while 47.1% of patients
who did not take folic acid discontinued their ASMs (p = 0.031).
Noncompliance with ASM therapy was higher in patients who'd
received eight years or less of education or who were in their
first pregnancies, although the difference was not statistically
significant (p = 0.333 and p = 0.284, respectively). No significant
association was found between ASM self-discontinuation and
change in seizure frequency between T1 and T2 (p = 0.702).
However, the rate of increase in seizure frequency between
T2 to T3 was higher in women who'd discontinued their ASM
while pregnant (p = 0.032).

DISCUSSION

This study has evaluated the pregnancies of 77 WWEs
undergoing treatment in an epilepsy outpatient clinic whose
rate of unplanned pregnancies was observed to be 71.4%.
The ratio of planned pregnancies has been shown to vary
according to countries’ development levels, with unplanned
pregnancies being reported at 16.2% in the Natsal-3 study
in Britain (10), 46.2% in Japan (11), and 60.6% in China
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Table 4. Change in seizure frequency during postpartum period compared to pregnancy and associated factors.

Change in seizure frequency during postpartum period
compared to pregnancy

Unchanged Decreased Increased P-value
N=47 N=24 N=41
N(%) N(%) N(%)
No ASMs 6(12.8) 2(8.3) 15 (36.6)
ASM use during Monotherapy 34 (72.3) 14 (58.3) 20 (48.8) .008
pregnancy
Polytherapy 7 (14.9) 8(33.3) 6(14.6)
Type of epileptic Focal 16 (34.0) 12 (50.0) 9(22.0) 067
seizures Generalized 31(66.0) 12 (50.0) 32(78.0)
Mean age at conception (year) (meantsd)* 26.94+5.37 26.00+4.91 25.73+4.78 513
Mean duration of disease (year) (meanzsd)* 11.89+6.72 10.58+6.34 12.34+7.31 603
ASM: Antiseizure medication
*One way ANOVA test
Table 5. Noncompliance with antiepileptic treatment and associated factors.
Drug discontinuation
Yes No P-value
N=35 N=77
N(%) N(%)
Planned 7(20.0) 25(32.5)
Pregnancy planning 259
Unplanned 28(80.0) 52(67.5)
Monotherapy 27 (77.1) 59 (76.6)
ASM use before pregnancy .952
Polytherapy 8(22.9) 18 (23.4)
Yes 19 (54.3) 59 (76.6)
Folic acid use .031
No 16 (45.7) 18 (23.4)
<8 years 21 (60.0) 37 (48.1)
Number of years of education 333
>8 years 14 (40.0) 40 (51.9)
Yes 20 (57.1) 34 (44.2)
First pregnancy 284
No 15 (42.9) 43 (55.8)
Mean age at conception (year) (meantsd)* 24.23+4.82 27.23+4.89 .002
Mean duration of disease (year) (meantsd)* 10.20+6.98 12.49+6.69 .108
Change in seizure frequency Unchanged 20 (57.1) 39 (50.6)
during pregnancy compared to Decreased 7 (20.0) 21 (27.3) .702
preconceptional period Increased 8(22.9) 17 (22.1)
Change in seizure frequency during _Unchanged 11314 36 (46.8)
postpartum period compared to Decreased 5(14.3) 19 (24.7) .032
pregnancy Increased 19 (54.3) (28.6)

ASM: Antiseizure medication
*Mann Whitney U test
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(12). Data from the Pregnancy Risk Assessment Monitoring
System (PRAMS) reported 55% of pregnancies for WWEs to
be unplanned (15), while data from the Epilepsy Birth Control
Registry (EBCR) reported this rate to be 65% (16). The rate of
planned pregnancies among WWEs in Turkiye has been found
to range from 28.6%-41.6% (17, 18). According to data from
field research conducted on the general population in Turkiye,
26% of pregnancies are unplanned. Similar to the current
study, unexpected pregnancies are lower in women who have
at least eight years of education and for first pregnancies (19).
WWEs noteworthily have a high rate of unplanned pregnancies
despite having a chronic disease.

The rate of ASM self-discontinuation was found to be 31.3%.
Noncompliance with ASM during pregnancy among the WWEs
has been reported to vary between 15%-62.3% in the literature
(1, 13). According to Turkish studies, this rate ranges between
10.7%-25% (18, 20). Pregnant WWEs are twice as likely to stop
ASM as nonpregnant WWEs (21). The current study discovered
WWEs who'd self-discontinued their ASMs had a lower mean
age. This finding is consistent with the findings from Sweileh et
al. (22). Women who don't use folic acid supplements were also
found to have higher rates of ASM self-discontinuation in the
current study. Similarly, one study (23) investigating adherence
to medication among pregnant women with chronic diseases
found women who do not use folic acid supplementation to
have a higher risk of non-compliance with their treatment.
Fear of the teratogenic consequences of ASMs was the main
reason in this study for WWEs' poor adherence. A lack of
folate supplements further increased the risk of congenital
abnormalities. Therefore, negative beliefs about ASMs and self-
discontinuation could be lessened through proper counseling
during the preconception period and by ensuring the use of
folic acid supplementation.

The postpartum period saw a greater increase in seizure
frequency. Moreover, the current study demonstrated the
increase in seizure frequency to be higher in pregnancies of
women who were monitored while not taking medication
during pregnancy. Vajda et al. (24) noted obtaining seizure
control both before and during pregnancy to increase the
chance of remaining seizure-free during the postpartum
period. Although a comparison of seizure frequencies
during the preconception and postpartum periods has not
been thoroughly explored, postpartum sleep deprivation,
exhaustion, and increased stress may increase the risk of
seizure in WWEs (9, 25). Therefore, it was recommended to
keep the dose of ASM higher than in the preconceptional
period (9). Different life modifications should also be made
during this period. Sleep deprivation is inevitable, especially
for breastfeeding mothers. WWEs should be advised to take
precautions such as sharing burden of nighttime feeding with
other people and attempting to make up for the lack of sleep
during the infant’s daytime naps (26, 27).

As this study involves a records-based search, it is subject
to the accompanying limitations involving restricted details
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about the patient population and the potential of missing or
misinterpreting data. The information in the study is based on
the reliability of the patient’s self-recall without the use of seizure
diaries. The small sample size and lack of a control group are
other limitations of the study. Additionally, the characteristics of
pregnancies with and without live births could not be compared.

The current research reveals a significantly greater rate of
unplanned pregnancies to have occurred among WWEs, as well
as a high rate of ASM self-discontinuation. In a survey study, it
was found that for 87% of the WWEs that considered having
children, the potential effect of epilepsy and ASMs on the
unborn child was their most crucial concern. Furthermore, this
study also emphasizes preconception counseling to have been
inadequate, so much so that 33% of the WWEs hadn’t even
received any information about their pregnancy and epilepsy
medication (28). For this reason, negative beliefs about ASMs
should be lessened through proper counseling during the
preconception period. Finally, postpartum seizure frequency
was seen to have increased more significantly for WWEs who'd
self-discontinued their ASMs. WWEs should be provided
counseling on how to minimize the risk of having a seizure
during the postpartum period. This includes emphasizing the
significance of drug adherence as well as proper sleep with the
help of another person.
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ABSTRACT

Objective: Ovarian cancer (OC) is one of the most fatal types of cancer and affects 1%-1.5% of women worldwide. The most common
genes causing OC are the BRCAT and BRCA2 genes. However, improvements in next-generation sequencing (NGS) technologies have
allowed for screening of the various genes related to hereditary cancer syndromes. The aim of this study was to evaluate cancer-related
gene variations among cases of ovarian cancer.

Materials and Methods: The study evaluated 63 cases that were referred to the Marmara University Pendik Training and Research
Hospital Genetic Diseases Diagnostic Center between 2016-2021 with a diagnosis of OC for germline variations in 25 cancer-related genes
using NGS. Large intragenic rearrangements of the BRCAT and BRCA2 genes were screened using multiplex ligation-dependent probe
amplification (MLPA).

Results: The study detected 12 distinct pathogenic variations in the BRCA1, BRCA2, BRIP1, and RAD50 genes in 13 OC cases. Four of the 13
cases involved copy number variations that included at least one exon of the BRCAT gene.

Conclusion: This study detected pathogenic BRCAT variations to be the leading cause of hereditary OC. The study showed just screening
for BRCAT to reveal the underlying hereditary defect in 76.9% of the cases, which seems higher compared to literature. More studies
involving larger cohorts are necessary to figure out the exact frequency of BRCAT variations in Turkish OC cases.

Keywords: Ovarian cancer, hereditary cancer syndromes, germline variation

INTRODUCTION variation is detected in cancer-related genes in
approximately 23% of OC cases (4). BRCAT and BRCA2 are

Ovarian cancer (OC) is one of the leading causes of cancer-  the most common genes associated with hereditary ovarian

related deaths worldwide among women. Every year,
240,000 women are diagnosed with OC, making it the
seventh most common cancer globally. OC is frequently
diagnosed in the later stages of the disease and is known as
the most fatal gynecologic cancer with a five-year survival
rate of less than 45% (1, 2).

Germline predisposition is one of the most significant
risk factors for developing OC (3). A germline pathogenic

cancer (5), with the worldwide population of women having
a 1.8% lifetime risk for ovarian cancer. However, this risk
increases up to 15%-45% for germline BRCA1 pathogenic
variant carriers, and 10%-20% for BRCA2 pathogenic variant
carriers (6). Among all hereditary OC patients, 15%-35%
of pathogenic variations may be present in other tumor
suppressor genes or oncogenes including mismatch repair
(MMR) genes, TP53, ATM, CHEK2, PALB2,RAD50, and BRIP1 (5,
7). Identifying the underlying molecular defects in ovarian
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cancer is an important approach for the medical management
of patients and guidance regarding treatment options, and
this study aimed to reveal the relationship between genetic
variations and clinical outcomes.

MATERIALS AND METHODS

Patients Data

The study involved 63 patients who were referred to the
medical genetics department with a diagnosis of OC between
2016-2021 and has obtained approval from the institutional
review board with the protocol number 09.2020.751. Informed
consent was obtained from all patients during the face-to-
face interviews. The patients were evaluated in terms of age of
diagnosis, clinical outcomes, and family history. CA-125 levels
were obtained from their patient follow-up documents at the
time of diagnosis.

Genetic Tests

DNA isolation from peripheral blood samples was performed
using the QlAamp DNA Mini Kit (Qiagen, MD,USA). The BRCA1
and BRCA2 genes were amplified using the Multiplicom BRCA
Master Dx (Agilent, CA, USA). Copy number variations (CNVs)
in the BRCAT and BRCA2 genes were screened using the SALSA
multiplex ligation-dependent probe amplification (MLPA)
Probemix P002 BRCA1 and P045 BRCA/CHEK2 kits (MRC
Holland, Amsterdam, the Netherlands). The 25 genes associated
with cancer predisposition (i.e, ATM, BARD1, BRCA1, BRCA2,
BRIP1, CDH1, CHEK2, FAM175A, MRET1A, NBN, PALB2, PIK3CA,
RAD50, RAD51C, RAD51D, TP53, XRCC2, MLH1, MSH2, MSH6,
PMS2, MUTYH, APC, PTEN, and STK11) were amplified using the
Multiplicom BRCA Hereditary Cancer MASTR Plus kit (Agilent,
CA, USA). Sequencing was performed on the lllumina NextSeq
platform (lllumina Inc, San Diego, CA, USA). The obtained
data have been analyzed in the analysis program Sophia
DDM (Sophia Genetic Inc. Boston, MA 02116, USA). For the
confirmation and segregation analyses of the detected variants,
the target region was replicated with the designed primers
and then sequenced with the ABI Prism 3500 Genetic Analyzer
(Thermo Fisher Scientific, MA, USA) device using the Sanger
sequencing method. Human reference genome Hg 19 was used
for variant annotation and evaluated according to the American
College of Medical Genetics and Genomics (ACMG) criteria (8).

Statistical Analysis

Data were evaluated via Microsoft Excel for Mac (version
15.33) application. Mean ages and percentage values were
obtained using this software.

RESULTS

Between 2016-2021, 63 ovarian cancer cases were referred to
the medical genetics department for genetic testing. These
patients’ages ranged between 24-83, with the age at diagnosis
ranging from 22-83 and a median age of diagnosis of 50 years.
Two (3%) cases involved bilateral ovarian cancer, while three
(4.7%) cases also had a history of breast cancer. Among the 63
cases, 48 (76%) reported at least one cancer case among family
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members, with 31 being first-degree, 13 being second-degree,
and four being third-degree relatives. At least one family
member had also been diagnosed with ovarian cancer in 17
(26.9%) of the cases, while 13 (20%) cases also had at least one
family member who suffered from breast cancer.

Other cancer types such as gastrointestinal tract, lung, and
endometrium cancers were reported for family members in 18
(28%) of the cases; these cases also showed no family history of
ovarian or breast cancer. In 15 (23.8%) cases, no family history
was found for any kind of cancer.

Firstly, the BRCA1/2 genes were evaluated for single nucleotide
variations (SNVs) and CNVs, with a pathogenic variation related
to hereditary breast/ovarian cancer being detected in 11 (17%)
patients, 10 of the 11 variants were found in the BRCAT gene
and one of the 11 variant was found in the BRCA2 gene. In three
cases, two missense mutations, one nonsense mutation, and two
frameshift mutations in the BRCAT gene were detected. In four
cases, the MLPA revealed three distinct intragenic deletions and
one duplication. No variations were detected in the related exons
or adjacent sequences within at least 20 base pairs in the introns.
A frameshift BRCA2 variation be detected in only one case.

Non-BRCA cases were screened for 25 breast cancer-causing
genes. Among 52 cases, only two (2.8%) cases, pathogenic
variations were detected in the BRIPT and RAD50 genes. The
BRIP1c.139C>G (p.Pro47Ala) variation was detected in a 55 year-
old OC patient who had multiple family members diagnosed
with breast and/or ovarian cancer. The RAD50 c.2083C>T
(p.GIn695*) variation causing a truncated protein was detected
in a 28-year-old OC patient with no records in the ClinVar or
Human Gene Mutation Database (HGMD). According to ACMG
criteria, this variation is predicted to be deleterious. She had an
aunt who died at the age of 60 from skin cancer, but no further
data was available regarding her cancer histopathology or
clinical outcome. The CNVs analyses of these 25 genes using the
Sophia DDM CNV detection algorithm detected no copy number
variations; however, the study was not able to screen CNVs
using MLPA. This case was also reported in a previous study (9)
evaluating hereditary cancer cases independent of cancer type.
Table 1 specifies all pathogenic variations and characteristics of
the patients carrying pathogenic variations, Figure 1 presents
the visualizations from the Integrative Genomics Viewer (IGV),
and Figure 2 shows the data from the MLPA.

A positive family history was present in 11 of 13 (84%) cases
involving a pathogenic variation, with four reported ovarian
cancer diagnoses in a first-degree relative, three reported
breast cancer cases in first- and second-degree relatives,
and three cases reporting other types of cancers including
gastrointestinal, lung, and endometrial cancers in more than
two relatives.

In six cases, the study detected six variations in the BRCAT,
BRCA2, PALB2, CHEK2, and CDHI1 genes that were classified
as “variant of uncertain significance” (VUS) according to the
ACMG criteria (Table 2; Figure 3).
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Table 1. Clinical features and molecular findings of ovarian cancer cases having pathogenic/likely pathogenic variants.

Age at Clinical Gene Coding
Diagnosis Presentation Family History (Transcript) Variation Consequence HGMD
45 Unilateral i BRCA1 c.181T>G Missense CM940172-DM
Ovarian Ca (NM_007294) (p.Cys61Gly) (Breast cancer)
+
34 Unilateral Pancreas Ca BRCA1 c.2019delA Frameshift CD021407-DM
Ovarian Ca (Second degree (NM_007294) (p.Glu673Aspfs*28) (Ovarian cancer)
relative)
57 Unilateral ) BRCA1 c.2800C>T Nonsense CMO004607-DM
Ovarian Ca (NM_007294) (p.GIN934%) (Ovarian cancer)
+
% Unilateral E;ea“ and Ovarian o €.5074G>C Viscense CM129092-DM?
Ovarian Ca . (NM_007294) (p.Asp1692His) (Breast cancer)
(First and second
degree relative)
Bilateral *
47 Ovarian Ca+t Breast and Ovarian BRCAT ¢.5266dupC Frameshift Cl941841-DM
ca (First degree (NM_007294) (p.GIn1756Profs*74) (Breast cancer)
Breast Ca .
relative)
+
Unilateral . . BRCAT ¢.5266dupC . Cl941841
26 Ovarian Ca Ovarian Ca (FlrSt (NM_007294)  (p.GIn1756Profs*74) Frameshift (Breast cancer)
degree relative)
+
. Breast Ca (First CN025048-DM
Unilateral . BRCA1
54 Ovarian Ca degreg relative) (NM_007294) Exon 3-8 dup CNV (Brea?st and/or
Thyroid ca (Second ovarian cancer)
Degree Relative)
Unilateral +
42 Ovarian Ca+ Breast Ca (First LGl EX 18-19 DEL CNV (Ggilad5e ol
. (NM_007294) (Breast cancer)
Breast Ca degree relative)
+ CG052603-DM
Unilateral . BRCA1
45 Ovarian Ca Breast Ca (FI!’St (NM_007294) EX21-23 DEL CNV (Brea.lst and/or
degree relative) ovarlan cancer)
Unilateral +
Endometrium BRCAT CG146555-DM
4 i + E 24 del NV
0 Ovarian Ca Ca (First degree (NM_007294) oL ¢ (Ovarian cancer)
Breast Ca .
relative)
Unilateral *
50 Ovarian Ca+t Endometrium Ca  BRCA2 €.6405_6409del (p. Frameshift CD972084-DM
(second degree (NM_000059) Asn2135Lysfs*3) (Breast cancer)
Breast Ca .
relative)
+
Breast and Ovarian
o Unilateral rceala(:\:z; Degree  poipy €.139C>G issense CMO014756-DM
Ovarian Ca (NM_032043) (p.Pro47Ala) (Breast cancer)
Pancreas Ca
(Second Degree
Relative)
+
28 Unilateral Malign Melanoma RAD50 c.2083C>T Nonhsense Novel
Ovarian Ca (second degree (NM_005732) (p.GIN695%)

relative)
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Figure 1. Integrative genomics viewer (IGV) visualizations of detected pathogenic variants.

a) BRCA1 heterozygous c.2019delA (p.Glu673Aspfs*28),

b) BRCA1 heterozygous c.2800C>T (p.GIn934*),

c) BRCA1 heterozygous c.5074G>C (p. Asp1692His),

d) BRCA1 heterozygous ¢.5266dupC (p.GIn1756Profs*74),

e) BRCA2 heterozygous c.6405_6409del (p. Asn2135Lysfs*3),
f) BRIP1 heterozygous c.139C>G (p.Pro47Ala),

g) RAD50 heterozygous ¢.2083C>T (p.GIn695%)

Figure 2. Multiplex Ligation-Dependent Probe Amplification (MLPA) data of copy number variants.

a) BRCA1 heterozygous exon 21-23 deletion,
b) BRCA1 heterozygous exon 18-19 deletion.

DISCUSSION a history of cancer. This finding is consistent with a previous

study which had reported as 40% in a large cohort (11). The
This study has investigated 63 ovarian cancer patients for  cyprent study also evaluated family history up to third-degree
germline variations among 25 cancer-related genes. A family  relations, which observed this ratio increase up to 76% (n =
history of ovarian cancerand certain other neoplasmsincluding  48). Although family history was not an inclusion criterion for
breast, colorectal, and endometrium cancers are also well- this study, this high rate is thought to be due to the tendency
known risk factors for OC (10). The current study reported 49%  of clinicians to refer patients to genetics department when a
of cases (n = 31) to have at least one first-degree relative with  family history of cancer is already present.
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Table 2. The VUSs detected in the study.

Frequency
in our
Age at Gene/ Inhouse MAF Mutation ClinVar/
diagnosis Transcript Variation database (GnomAD) Taster DANN GERP HGMD dbSNP
VUS/DM?
PALB2 c.3306C>G .
36 NM_024675 (p.Ser1102Arg) 0.00005 0.000007953 Polymorphism 0.7592 6.1399 (Breast rs515726112
cancer)
PALB2 ¢.3508C>A : rs200283306
55 NM_024675 p.His1170Asn 0,00005 - Polymorphism 0.9857 5.9 VUS/-
CDH1 c.2602C>T Disease
60 NM_004360 p.(Arg868Cys) 0.00006 = Causing 0.9984 6.17 VUS/- rs864622630
CHEK2 c.157T>A 0.00004773  Disease
50 NM_001005735 (p.Ser53Thn) 0.00005 Causing 0.9981 5.42 VUS/- rs371657037
BRCAT ¢.401_403dupCCA
53 (p.Ala134_ 0.00003 - Polymorphism - 5.32 VUS/- rs1555596338
NM_007294 .
Lys135insThr)
. VUS/DM
BRCA2 c.8416T>C Disease
30 NM_000059 (p.Ser2806Pro) 0.00003 - Eming 0.9989 5.19 (CF::,)CS,:?)te rs1280487930

VUS: Variant of uncertain significance, MAF: Minor allele frequency, DANN: Deep neural network variant predictor, GERP: Genomic evolutionary rate profiling,

DM: Disease mutation.
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Figure 3. Integrative genomics viewer (IGV) visualizations of detected VUS.

a) PALB2 heterozygous c.3306C>G (p.Ser1102Arg),

b) CDH1 heterozygous c.2602C>T (p.Arg868Cys),

¢) CHEK2 heterozygous c.157T>A (p.Ser53Thr),

d) PALB2 heterozygous ¢.3508C>A (p.His1170Asn),

e) BRCA1 heterozygous c.401_403dupCCA (p.Ala134_Lys135insThr),
f) BRCA2 heterozygous c.8416T>C (p.Ser2806Pro).
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Among the 48 family-history positive patients, 30 (62.5%)
reported breast and/or ovarian cancer in other family members,
which suggests that hereditary breast and ovarian cancer
syndrome (HBOCS) is related to the BRCAT and BRCA2 genes.
Germline pathogenic variations in BRCAT and BRCA2 have also
been detected in about 65%-85% of hereditary OC as its most
common cause (5). Based on these data, the study screened
the BRCAT and BRCA2 genes for pathogenic variations as a first
step. Pathogenic BRCAT and BRCA?2 variations are known to be
related with HBOCS and were detected in a total of 11 cases, with
pathogenic BRCAT variations being detected in 10 (90.9%) cases
diagnosed as HBOCS. Only one case saw a pathogenic BRCA2
variation (c.6405_6409del; p. Asn2135Lysfs*3) was detected in
only one case. The 1:10 ratio for BRCA2:BRCAT variations is an
unexpected result, as variations have been reported as being
one and a half to two times higher in BRCAT1 than in BRCA2 with
regard to ovarian cancer (5). The ratio in this study could not be
explained through the ancestry of the population as a previous
study (12) of 102 Turkish ovarian cancer patients contrarily
detected this ratio to be 7:10. Although their study group had a
predominance of non-familial cases, which is slightly different
from the current study and its predominance of familial cases,
the current study’s data are not supportive enough to compare
the penetrance of BRCA genes for ovarian cancer, as performing
a segregation analysis was not possible here. However, another
study (13) from Turkiye involved 44 ovarian cancer patients,
similar to the current study, and detected pathogenic BRCAT
variations in 18 of the cases, while detecting only one patient
with a BRCA2 variation. The pathogenic variation detection rate
of sequencing of whole exons and the deletion duplication
analysis for BRCAT and BRCA2 genes are known to respectively
be around 90% and 10% in BRCA-related HBOCS. Maistro et al.
(14) reported BRCAT rearrangements in two out of 100 OC cases,
while Zhang et al’s study (15) on 1,342 OC patients reported
a gross deletion rate of 3.9% for all detected pathogenic
variations in 0.5% of the cohort. This study detected CNVs in
four out of 11 (36%) cases, all of which affected at least one
exon of the BRCAT gene and corresponding to 6.3% of all the OC
cases. This study speculates that the approximately 10x higher
rate of gross deletion duplications may be due to the small
number of patients included in the study. However, the largest
cohort study screening large BRCAT rearrangements among
a Turkish population including 667 OC patients detected 27
large genomic rearrangements, which corresponded to 4%
of the cohort and 78% of the BRCA1 pathogenic variation
carriers (16). Because of the insufficient information regarding
a methodology for SNV screening, the SNV detection rates
from these two studies cannot be compared. However, these
two studies do indicate a higher CNV detection rate in Turkish
OC patients. Yazicl et al’s study (17) also reported a BRCAT
rearrangement rate of 4% in ovarian cancer cases, which
supports the previous statement.

Among the 52 non-BRCA cases, this study detected pathogenic
variations in the BRIP1 and RAD50 genes of two cases. BRIP1
encodes the BRCAT1-associated C-terminal helicase 1 and
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is one of the most commonly affected genes in non-BRCA
OC patients, with approximately one-third of OC patients
carrying a pathogenic variation in their BRIPT gene (18). The
BRIP1 ¢.139C>G (p.Pro47Ala) variation was reported previously
and shown to result in complete loss of helicase activity (19).
The case in the current study carrying the BRIPT c.139C>G
(p.Pro47Ala) variant had been diagnosed at the age of 55 and
had first- and second-degree relatives with breast and ovarian
cancer. The study detected a novel variation in the RAD50
gene (c.2083C>T; p.GIn695%) in one case, and this is predicted
as being a likely pathogenic variation related to the ACMG
criteria. The patient in this case was one of the youngest in the
study’s cohort, with a diagnosis age of 28. Her aunt (father’s
sister) was the only other known cancer case in her family, with
the aunt having been diagnosed with skin cancer and dying
at the age of 60. The RAD50 gene is a relatively rare one to
be affected in OC patients, with Minion et al. reporting a 3%
incidence rate of non-BRCA in OC cases (17). The RAD50 gene
encodes an essential protein that plays an important role in
repairing DNA double-strand breaks, with biallelic variations
being related to a Nijmegan breakage syndrome-like disorder
(OMIM: #613078) that presents itself with dysmorphic features,
growth retardation, and developmental delay (20).

BRCAZ2 and BRIP1 biallelic variations have been related to Fanconi
anemia (21), with patients possessing monoallelic variations in
the BRCA2 and BRIP1 genes having been evaluated with the
related autosomal recessive disorders and no such history being
reported in the families. However, segregation analysis and
genetic counseling were planned for at risk family members.

CONCLUSION

This study has evaluated 63 OC cases for underlying molecular
deficiencies and detected the BRCAT gene as the most
commonly affected gene in OC cases, with the BRCA2, BRIP1,
and RAD50 genes being the other ones in which germline
cancer-related variations were detected. The high rate of CNVs
in BRCAT indicates the sequencing of cancer predisposition
genes to be insufficient for OC cases and the CNV analysis of
genes (especially BRCAT) should be done as the second step in
molecular analysis following the BRCAT sequencing. However,
the widespread use of multigene panel tests and improvement
of the CNV analysis algorithms in sequence analysis tools would
help accelerate diagnostic processes. Additionally, countries
with high consanguineous marriage rates such as Turkiye
will benefit by informing the families of patients to be aware
that preconception and/or prenatal diagnostic opportunities
through genetic counseling are very important with regard
to these autosomal recessive conditions and that a family-
oriented approach is a required.
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ABSTRACT

Objective: Successful cancer treatment still requires the discovery of novel compounds that hold promise for chemotherapeutics. The
objective of this study was to examine the effectiveness of a newly synthesized cationic palladium(ll) coordination compound that
functions via several pathways to provide an efficient therapeutic option for various cancer cells.

Materials and Methods: A new cationic palladium(ll) coordination compound, [Pd(L)]Cl,-H,0, denoted as Complex 1, where the ligand L is
the compound 6,6'-bis(NH-benzimidazol-2-yl)-2,2'-bipyridine), was synthesized and characterized by the attenuated total reflectance (ATR)
- fourier-transform infrared spectroscopy (FT-IR), proton nuclear magnetic resonance ("H NMR), electrospray ionization mass spectrometry
(ESI-MS), and carbon-hydrogen-nitrogen (CHN) analyses. The density functional theory (DFT) calculations show the coordination sphere
around the metal center in Complex 1 to be made up of tertiary N atoms of the pyridine (py) and benzimidazole (bim) rings completing
the square-planar geometry with significant distortion. The anti-growth/cytotoxic activity of the complex was determined using the
sulforhodamine B (SRB) and adenosine triphosphate (ATP) viability assays for 24 and 48 h in vitro. The study evaluates the determinations
for annexin V-propidium iodide (PI) positivity, mitochondrial membrane potential loss, Bcl-2 protein inactivation, and deoxyribonucleic
acid (DNA) damage to investigate the cell death mode and its partial mechanism.

Results: Complex 1 caused cytotoxicity in a dose-dependent manner in all the cell lines used, with ICs values ranging from 2.6-8.8 uM for
48 h. Among the cancer models, colon and breast cancer cell lines underwent cell death by well-described apoptosis through the intrinsic
pathway involving the mitochondria. However, the other cell lines did not show such a cell death modality. This implies that differential
cell death modes operate based on the cancer type.

Conclusion: For the treatment of breast and colon cancers, the complex 1 appears to be a unique, promising complex. Therefore, complex
1 deserves further attention for proof of concept in animal models.
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GRAPHICAL ABSTRACT

Mitochondrial
Membrane Potential

Loss

APOPTOSIS

DNA Damage

Highlights
- Anew cationic Pd(ll) complex is synthesized with N4-donor
ligand

DFT calculations show that complex 1 has a distorted
square planar geometry

Complex 1 dependent cell death mode differs depending
on the type of cancer.

Complex 1 induces intrinsic apoptosis and DNA damage in
colon and breast cancer cells.

INTRODUCTION

Successful cancer treatment still needs new complexes to be
developed that hold promise for chemotherapeutics due to
a few reasons such as acquired resistance to anticancer drugs
during the treatment period with few exceptions. Another
problem is the heterogeneity of tumor tissue, the presence of
a variety of clones in the same tissue that respond differently
to the applied treatments. Another important problem
is the serious side effects of the drugs, sometimes even
resulting in discontinued treatment. Therefore, developing
novel compounds would provide a chance at gaining a new
set of anticancer drugs. These may even have a new class of
mechanisms of action that will be profoundly appreciated.
Metal-based complexes (e.g., cisplatin) are particularly efficient
in terms of their DNA-damaging effects that eventually
cause cell death. Since the discovery of cisplatin (i.e. cis-
diamminedicholorplatinum I, or cis-[Pt(NH3),Cl,]), countless
research advances have been performed for preventing and
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treating cancer. Chemotherapeutic drugs that are currently
on the market have poor efficacy and harmful side effects
(1). Therefore, a focus in this particular discipline involves the
creation and development of new anticancer medications with
greater cytotoxic efficacy against cancer cells and minimal
side effects. Due to their capacity to interact with a variety
of different enzymes and receptors, benzimidazoles are well
known as biologically significant chromophores in medicinal
chemistry (2). Transition metal complexes of such biologically
significant ligands exhibit better pharmacological activity than
the corresponding free ligand.

Studies of transition metal coordination complexes with N4-
donortetradentate ligands are appealing due to theirinteresting
coordination modes, catalytic activities, and electronic and
photo-physical properties (3, 4). In particular, square-planar
d?® metal complexes with these types of ligands have gained
enormous interest in the field of anticancer drug agents due
to these planar metal complexes providing a large aromatic
surface as a prerequisite for DNA intercalators (5). Cisplatin is
one of clinics’most effective and widely used chemotherapeutic
agents. However, cisplatin causes serious side effects like
nephrotoxicity, ototoxicity, nausea, and vomiting. Due to its
limited efficacy and severe side effects, researchers are focused
on developing new platinum drugs that have fewer side effects
and the ability to overcome drug resistance (6). Although intense
research on the biological activities of metallointercalators
has been performed, the intrinsic relationship between their
molecular structure and cytotoxicity has yet to be elucidated.
Researchers aim to modify the structure of the intercalator
ligand to develop new drugs possessing different biological
activities. In this respect, studies have shown that changing the
metal ion and modifying the organic ligand in the coordination
complexes results in the changes in the DNA affinity, binding
mode, and strength of the transition metal complexes (7). Even
though palladium and platinum are members of the same
chemical group, their modes of action may be distinct from
those of cisplatin and from one another. In comparison to their
Pt(ll) counterparts, Pd(ll) complexes have a stronger capacity
to coordinate with DNA bases and, as a result, more effectively
suppress the proliferation of cancer cells such as KB, A549, and
MCF7 (8). When coupled with N-donor ligands, Pd(ll) and Pt(ll)
assume the same square-planar geometry and exhibit similar
properties as a d®-metal ion. The Pt(ll) is kinetically more stable
than the Pd(ll) counterpart as revealed by the ligand-exchange
kinetics during the aquation reaction Pd(ll) estimated to be
10° times faster than Pt(ll) (9). As a tridentate chelating ligand,
2,6-bis(NH-benzimidazol-2-yl)pyridine coordinates with the
metal center stronger than the tridentate 2,2":6,2"-terpyridine
ligand due to the benzimidazole rings being more basic than
the pyridine rings (10). Therefore, the present complex of the
N4-donor hybrid ligand which acts as a m-donor and m-acceptor
can be compared to analogous metal complexes with QP, such
as (Pt(QP))** which has been shown to bind to double-helix DNA
more strongly than the terpyridine (terpy)- and bipyridine (bpy)-
Pt(Il) complexes (11). The DNA binding of the substrate depends
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on the surface extension of the aromatic moiety. The Pt(ll)
complex (i.e., Pt(QP)?*) was demonstrated to have comparable
cytotoxicity to cisplatin against human carcinoma cell lines (e.g.,
breast, colorectal, lung), and cisplatin-resistant cell lines (5). As
previously established, metal complexes’ biological activity can
beregulated by changing the metalion and modifying the ligand
structure through the introduction of NH functionalities along
with the extension of the aromatic ring system, as exemplified
by the study from Chi-Ming Che et al. (12). In this regard, the
current study would like to report the synthesis of a new Pd(ll)
coordination complex with a tetradentate 2,2"-bipyridine ligand
bearing biologically significant benzimidazole chromophores
that extends the aromatic surface and provides NH functional
groups for hydrogen bonding interactions with DNA (13, 14).
Also, the ligand (L) having an N,-tetradentate binding pocket,
which forms a stable chelate (Pd(L))Cl,-H,O under physiological
conditions, is expected to show higher cytotoxic activity as has
been observed for the polypyridine-iron(ll) complexes (15).
Such structural and chemical properties of the new cationic
palladium(ll) complex are significantly important for a potential
drug targeting DNA due to the present in vitro studies of the
platinum(ll) counterpart having been found to exhibit higher
cytotoxic activity in comparison to cisplatin toward certain
cancer lines (14). In present study has found the Complex 1 to
show promise toward prostate cancer treatment with an 1Cs,
value of 2.6 uM, which deserves further attention from proof-
of-concept studies.

MATERIALS AND METHODS

Materials

Analytical pure reagents were obtained from Merck. IR
spectra were analyzed in the 4,000-600 cm™ region using
PerkinElmer Spectrum 100 fourier-transform infrared (FT-IR)
spectrophotometer. Nuclear magnetic resonance analysis
(NMR) results were obtained using the Bruker DPX-400 NMR
spectrometer. Analysis of the elements was carried out on the
element analyzer. Liquid chromatography-mass spectrometry/
mass spectrometry (LC-MS/MS), electrospray ionization
mass spectrometry (ESI-MS) were obtained with an AB 4000
QTRAP LC-MS. Pd(COD),Cl, where COD = 1.5-cyclooctadiene
was prepared according to the methods in the literature (15).
Ground-state geometry optimization was studied as described
elsewhere (16, 17). The software Gaussian 09 was used for
calculations and the software Gaussview 5.0 was used for
visualizations (18). The B3LYP/6-31G(d,p) level was chosen
because the B3LYP functionality has been proven to give good
results for organic molecules (19) and the LANL2DZ basis set
for the metal coordination compound. A similar previous study
discovered the B3LYP/6-31G(d,p) level results to correlate with
the experimental data (20).

Synthesizing the Ligand 6,6’-bis(NH-benzimidazol-2-yl)-
2,2’-bipyridine (L)

The synthesis and purification details of the ligand have been
previously reported (14, 21), and the characterization data
are identical with the literature data (14). ESI-MS: m/z 411.1
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[M+Nal* (Figure S1). '"H NMR (DMSO-dg): 6 = 13.09 (s, 2H, NH),
9.09 (d, 2H, J = 7.83 Hz, bpy-H3,3"), 8.54 (d, 2H, J = 7.76 Hz,
bpy-H5,5), 8.26 (t, 2H, J45 = 7,80 Hz, J,3 = 7,82 Hz, bpy-H4,4"),
7.76 (d, 2H, J = 8 Hz, bim), 7.66 (d, 2H, J = 8 Hz, bim), 7.30 (m,
4H, bim) (Figure S2). *C NMR (DMSO-dg): 6 = 155 (bpy-C2,2'),
152 (bim-C2,2"), 148 (bpy-C6,6"), 144 (bim), 139 (bpy-C4,4"), 124
(bpy-C3,3'), 123 (bim), 120 (bpy-C5,5") ve 113 (bim) (Figure S3).
Attenuated total reflectance (ATR)-FT-IR (4000-600 cm™): 3286
(br, w, v,5(N-H), 3074 (w, v,5 Ar-H), 1657(m), 1624(m), 1589(m),
1573(m) (bim and py rings), 1434 (br, s, 6 (N-H), 1371 (s, 6 CH)),
1231(s, (C-N)), 1079 (s), 991(m), 935 (m), 877 (m), 808 (m), 741
(s, 6 (C-H)) (Figure S4).

Synthesizing the  6,6’-bis(NH-benzimidazol-2-yl)-2,2’-
bipyridylpalladium(ll)chloride Monohydrate [Pd(L)]Cl,-H,O
The mixture of [Pd(L)]Cl,-H,0 (0.019 g, 0.065 mmol) in MeOH
was mixed with a solution of 6,6-bis(NH-benzimidazol-2-yl)-
2,2'-bipyridine (0.003 g, 0.065 mmol) in MeOH (25.0 mL) (25.0
mL). The reaction solution was mixed for 3 h at reflux. The
yellow solid that precipitated at room temperature was then
filtered and air dried (22 mg, 60% humidity) after washing
with about 200 mL of methanol and diethyl ether, respectively.
Analysis calculated for C,4H;gNgCI,Pd-H,0: C 49.48; H 3.11; N
14.44. Found: C 49.52; H 2.98; N 14.55. FT-IR (KBr, v/cm™): 3427
(W, v45(N-H)), 3067 (w, v (Ar-H), 1592 (m) and 1570 (s) (py and bim
rings), 1457 (s), 1411(s), 1271 (s), 812 (s), 735 (s), 708 (m) (Figure
1). LC-ESI-MS m/z 246 [Pd(L)]**, 389 [L+Na]*, 495.4 [Pd(L)-H]*,
554.9 [Pd(L)+Cl+Nal* (Figure S5). '"H NMR (DMSO-d,): 6 = 14.15
(brd, s, NH), 9.11 (d, J = 8 Hz, 2H), 8.45 (d, /= 8 Hz, 2H), 8.29 (t, J
=8Hz, 2H), 7.74 (m, 4H), 7.34 (m, 4H) (Figure S6).

Cell Culture

The A549, MDA-MB-231, PC-3, HCT-116, and BEAS-2B cell
lines were cultured in the RPMI 1640 (Gibco, Grand Island, NY,
USA) medium supplemented with 100U/mL penicillin+100ug/
mL streptomycin (P/S; Gibco, Grand Island, NY, USA), 2 mM
L-glutamine (Gibco, Grand Island, NY, USA), and a 10% fetal
bovine serum (FBS; Lonza, Verviers, Belgium). MDA-MB-231 cells
were cultured in the RPMI-1640 medium supplemented with
P/S, 2 mM L-glutamine, and 5% FBS. All cells were incubated at
37°Cin a humidified atmosphere containing 5% CO,.

Determination of the Antiproliferative Effect Using the SRB
and ATP Viability Assays

For the sulforhodamine B assay (SRB; Invitrogen S1307,
Massachusetts, USA) and the adenosine triphosphate assay
(ATP ; SIGMA 32160414, Missouri, USA) assays, all cells were
cultured at a density of 5x10° cells per well on a 96-well plate
in triplicates. After 24 h, Complex 1 was added at different
concentrations (Range = 1.25-40 pM) over 48 h. After the
treatment period, the SRB and ATP assays were studied, as
described elsewhere (14).

Evaluation of the Cell Death Using Flow Cytometry

To specify Complex 1's effects on apoptosis, the study measured
y-H2A.X (phosphorylation of the Ser-139 residue of the histone
variant (H2A.X)) activation (MCH200101 Millipore, Darmstadt,
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Germany), the MitoPotential assay (MCH100110, Millipore,
Darmstadt, Germany), Bcl-2 inactivation (MCH200105,
Millipore, Darmstadt, Germany), and phosphatidylserine
translocation (MCH100105, Millipore, Darmstadt, Germany)
using flow cytometry. All cell lines were seeded at 3x10° cells/
well into 6-well plates and treated with Complex 1 at the
previously calculated ICqy, values and incubated for 24 and 48
h. At the end of the treatment period, all of the assays were
implemented as described to the cells (22).

Statistical Analyses

GraphPad Prism 6.0 statistical software (San Diego, CA) for
Windows was used to perform one-way ANOVA on all of the
data before the Tukey post-hoc test. Statistical significance was
defined as p < 0.05.

RESULTS AND DISCUSSION

Geometry Optimization

The geometry-optimized structure of Complex 1 has been
obtained through density functional theory (DFT) calculations
with the exception of the crystallization water and the counter
ion chlorides (Figure 1). Table S1 gives the selected bond
distances, angles, and dihedral angles for the optimized metal
Complex 1. The palladium(ll) ion in Complex 1 is seen to have
adopted a distorted square-planar geometry with a N4-donor
tetradentate ligand akin to that of the structurally related
coordination compound 2,2"6,2":6"2"-quaterpyridine (QP)
with platinum(ll), [Pt(QP)]** (23). The Pd atom in Complex 1
deviates by 4.7° from the square planar geometry (Figure 3a).
Bipyridine and benzimidazole moieties are not coplanar (Figure
3b). The mean planes of the two bim rings intersect at 9.7° (the
difference between C17-N2-Pd-N4 and C18-N5-Pd-N4), and the
dihedral angle between the py and bim rings is nearly 176.8°
(N4-C1-C24-N6), with bond lengths and bond angles being
affected by these deviations. Pd-N bond lengths on the bim
side (Pd-N2 and Pd-N5) are longer than Pd-N bond lengths on
the py side (Pd-N3 and Pd-N4 in Table 1). The trans angles N2-
Pd-N4 and N3-Pd-N5 are 159.12¢, indicating a distorted square
geometry. As far as the study has noted, this seems to be the
first palladium(ll) complex with the Nj-donor 6,6'-bis(NH-
benzimidazol-2-yl)-2,2"-bipyridine ligand.

J
C1, c1eJ C19 =
Cl4 15 c20fc2TY,
]

Figure 1. Optimized gas-phase structure of Complex 1 at
B3LYP/6-31G(d,p) level with LANL2DZ on metal (a: top view,
b: side view)
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Synthesis and Characterization

The N4-donor tetradentate hybrid ligand (L) was synthesized as
reported previously (21), with the specifics of the synthesis and
characterization of the ligand having been recently detailed
(24). The characterization data for L are identical to those of the
reported data (24). The ESI-MS spectrum (Figure S1) shows the
molecular ion peak at m/z411.1 to be attributed to [L+Na]*.

The Pd(ll) coordination Complex 1 was readily obtained by the
treatment of [Pd(COD)Cl, with L in refluxing methanol at good
yield, as illustrated in Scheme 1. The compound dissolves in

2+

— TN/ N\
72\ \ =
\ _ Pd(COD)Cl2 Ny .
bl Pd 2CI - H,0
HN—( j—NH Methanol HN N\ \N/ NH
L 1

Scheme 1. The synthetic route of the palladium(ll) complex

the coordinating solvents of DMF and DMSO, but is insoluble
in common solvents. All attempts to obtain single crystals
of Complex 1 were met with failure. The elemental analysis
of Complex 1 offered a 1:1 (metal:ligand) stoichiometry, as
expected, For Complex 1, a water molecule was added as a
result of the analytical findings supporting this (vide infra).In the
mass spectrum of Complex 1 (Figure S5), the mono-charged ion
at m/z 495.4 corresponds to [Pd(L)-H]* (Cy4H;7NgPd). The low-
intensity parental peak at m/z 246 corresponds to the doubly
charged ion [Pt(L)]*, thus confirming the proposed cationic
structure as depicted in Scheme 1. The peak at m/z 554.9
corresponds to [Pd(L)+Cl+Na]* (Cy4H,¢NgCIPdNa) and agrees
well with the molecular structure. The peak corresponding to
the ligand is observed at m/z 381.6.

NMR Study

The 'H NMR (Figure S2) and 3C NMR (Figure S3) spectra of L
are included for a better comparison with the corresponding
palladium(ll) Complex 1. The proposed structure is perfectly
compatible with the TH NMR spectra of L. The N-H proton
signals appear at 13.09 ppm as a singlet. The protons on
the py rings resonate at 9.09 ppm (2H, doublet), 8.54 ppm
(2H, doublet), and 8.26 ppm (2H, triplet), respectively. The
protons on the benzene rings are observed at 7.76 ppm (2H,
doublet), 7.66 ppm (2H, doublet), and 7.30 ppm (4H, multiplet),
respectively. The molecule holds the C, symmetry in solution,
indicating the bim rings to be magnetically equivalent. This is
further confirmed by the *C NMR spectrum, which shows five
different C atoms on the py ring and four different C atoms on
the bim ring, as illustrated in Figure S6. The metal complex’s
TH NMR spectra has been provisionally assigned due to not
being well-resolved. The 'H NMR spectrum (Figure S6) shows
the N-H signal at 14.15 ppm as a broad singlet, which is the
most deshielded in comparison to that of the free ligand (13.09
ppm). The rise in the N-H acidic character upon coordination of
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the benzimidazole ring to the palladium(ll) center through the
imine N atoms is attributed to the substantial downfield shift
in the bim N-H signal. The signals of the 2,2'-bipyridine protons
appear in the expected pattern and region as observed for the
free ligand.The three signals observed at 9.11 ppm as a doublet
for H3,3' 8.45 ppm as a doublet for H5,5' and 8.29 as a triplet for
H4,4' indicate the molecule to have adopted a C, symmetry in
solution.The bpy protons show insignificant shifts compared to
those of the free ligand. The benzene protons seem unaffected
by the coordination. The benzene protons resonate in the same
region (7.7-7.3 ppm) observed for the free ligand.

FT-IR Spectra

Figure S4 depicts the IR spectra of the substance L. The
presence of intermolecular hydrogen bonds between the
benzimidazole rings in the molecule is shown by the extensive
absorption in the range of 3,600-2,400 cm™ (25). According to
the predictions made for a polar molecule with strong H-bond
donor and acceptor groups that easily interact with the polar
solvent, this broad absorption encompasses the OH stretching
of the hydration water. The O-H bending overtone of water
can be responsible for the extra dip at around 3,200 cm™ (26).
No absorption occurs corresponding to the free O-H stretches
of water above 3,600 cm™. The frequency at 1,589 cm™ may
be assigned to the N-H in-plane bending mode (25). The
aromatic ring’s C-H stretching vibration is blamed for the weak
absorption at 3,074 cm™. The frequencies at 1,573 and 1,522
cm™ can be assigned to the stretching of the bim and py rings
(27).The absorptions between 900 and 600 cm™ are mostly due
to the C-H out-of-plane and N-H out-of-plane bends as well as
the in-plane ring bending modes.

R spectroscopy can be used to gain a better understanding
of how the ligand and metal coordinate. Comparing the IR
spectra of the complexes to those of the free ligands reveals
noteworthy differences. The FT-IR (Figure 3) further supports
the existence of the hydrated complex by showing broad
bands in the range of 3,500-2,400 cm™ that are caused by
intermolecular hydrogen bonds between the benzimidazole
N-H. The N-H stretching peak at 3,427 cm™, which is sharper
than that of the unbound ligand, may be an indication of
the N-H groups not being engaged in the coordination. The
characteristic aromatic CH stretching is observed at 3,067 cm
', and those related to the benzimidazole and pyridine ring
stretching modes are observed in the region of 1,591-1,411

342700 |
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Figure 3. FT-IR spectra of Complex 1.
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cm™. Except for minor changes in their locations and intensities
brought on by coordination, the other bands in the complex’s
spectra are essentially identical to those in the spectrum of
the ligand. The peaks at 1,570 and 734 cm™ in Complex 1 are
stronger and sharper than the corresponding peaks at 1,573
and 741 cm™ in the free ligand. This may imply Complex 1 to
have a more rigid structure compared to the flexible ligand
showing N-H tautomerism.

Effect of the Complex on Cell Viability

First, the study examined the cytotoxic effects of Complex 1
on the four most prevalent human cancer cell lines (i.e., A549,
lung; MDA-MB-231, breast; HCT-116, colorectal; PC-3, prostate
cancer), as well as one healthy human bronchial epithelial cell
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Figure 4. Measuring the effect of Complex 1 using the SRB
(A) and ATP (B) assays. A549, PC-3, MDA-MB-231, HCT-116,
and BEAS-2B cells were treated for 48 h at a concentration
of 1.25-40 uM. *** p < 0.001. Data are presented as mean +
SD (n=3).
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line (BEAS-2B), for 48 h at various concentrations (1.25-40 uM;
Figure 4). As a result of the SRB assays, Complex 1 significantly
decreased the viability of all cell lines. Although Complex 1
showed a cytotoxic effect on all cell lines, it was effective at a
much lower dose on the PC-3 cells. The IC5, (the concentration
that kills 50% of cells) and ICy, (the concentration that kills 90%
of cells) values were calculated with the results confirmed by
the ATP assays (Table 1).

Table 1. ICs,, ICopand, selectivity index values for Complex
1 calculated based on the results of the ATP assay with cells
treated for 48 h. The Sl was calculated for Complex 1 using
the formula SI = (ICs, for normal cell line BEAS-2B) / (ICs, for
the respective cancer cell line).

1Cso 1Cyo Selectivity
Complex 1 Dose (uM) Dose (uM) + Index (SI)
PC-3 26%13 19.8+0.4 1.15
MDA-MB-231 82+0.6 > 40 0.37
A549 88+1.2 322+0.8 0.34
HCT-116 7.02+0.9 151+14 0.42
BEAS-2B 3016 > 40 =

The comparison of the ICs, results obtained from the different
cancer cell lines with those of the cationic complexes has
revealed the ICs5, values presented here to be effective at
much lower doses (28). That the dose that kills 90 % the cells
is especially high in the healthy human bronchial epithelial
cell line is noteworthy. While it is effective on cancer cells at
lower doses, this low dose range is seen to be ineffective on
healthy cells. These in vitro studies also need to be validated
in vivo. Therefore, Complex 1 deserves further attention for its
proof of concept in animal models. At the same time, the study
compared the selectivity index (Sl) values of Complex 1 tested
on these cells. A favorable SI > 1.0 indicates a drug with efficacy
against tumor cells greater than the toxicity against normal
cells. Accordingly, the SI was observed to be particularly high
in prostate cancer cells.

To investigate whether the cytotoxicity was caused by the
complex or the ligand, the SRB assay was performed on the
ligand only-treated cells. No cytotoxic effect of the ligand was
observed in the SRB assay, as shown in another study (24).
In order to certify the occurrence of cell death, a dose usage
equivalent to ICqy, is inevitable. Therefore, the ICy, dose was
used for flow cytometry analysis to determine cell death and
related parameters.

Apoptosis-inducing Effect of the Complex

The annexin V-FITC staining assay was carried out using the
flow cytometer to further analyze whether or not the cell death
mode was apoptosis. At 24h and 48h respectively, 14.65%
and 14.95% of cells for A549, 35.45% and 46.58% of cells for
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MDA-MB-231, 11.35% and 18.50% of cells for PC-3, 35.7% and
50.55% of cells for HCT-116, and 15.45 % and 12.22% of cells
for BEAS-2B underwent apoptosis (the total amount of both
early and late-stage apoptosis; Figure 5). The complex has been
shown to significantly induce apoptosis of the MDA-MB-231
and HCT-116 cell lines. However, the complex was found to
induce cell death through primary necrosis for the A549, PC-
3, and BEAS-2B cells. These findings clearly show Complex 1’s
ability to induce cell death through different pathways based
on the cell line type.

Mitochondria are one of the regulators that have an important
role in apoptosis. Membrane depolarization of mitochondria is
an important marker for intrinsic apoptosis. After 24 h and 48 h
of treatment with Complex 1 in all cell lines, a respective 41.3%
and 97.15% of cells for A549, 41.35% and 95% for MDA-MB-231,
37.5% and 94.85% for PC-3, 34.85% and 95.95% for HCT-116,
and 38.37% and 88.16% for BEAS-2B were found to be in state
of mitochondria membrane-depolarization (Figure 6). Studies
have reported mitochondrial membrane depolarization to
increase in all cell lines based on time regardless of apoptosis
or necrosis (29).

The decrease in Bcl-2 activity is related to the regulation of
mitochondrial-mediated apoptosis and as a result, the change
inactivation of Bcl-2 was investigated regarding flow cytometry.
To detect Bcl-2 inactivation after 24 h and 48 h of treatment
with Complex 1 in all cell lines, the Bcl-2 inactivation assay was
performed using the flow cytometer. Bcl-2 inactivation was
found to be respectively 3.10% and 2.10% for A549, 40.6%
and 54.70% for MDA-MB-231, 1.30% and 0.70% for PC-3, 8%
and 72.80% for HCT-116, and 0.2% and 0% for BEAS-2B at
the 24 h and 48 h marks (Figure S7). Since necrotic cell death
occurred in the A549, PC-3, and BEAS-2B cells, no inactivation
of Bcl-2 happened despite the mitochondrial membrane
depolarization. In the MDA-MB-231 cell line, Bcl-2 inactivation
further enhanced apoptosis in a time-dependent manner in
addition to the mitochondrial membrane depolarization. Also,
all these findings indicate that Complex 1 might have caused
intrinsic apoptosis in MDA-MB-231. Similar to this, an increase
in Bcl-2 inactivation occurred in the HCT-116 cell line as well,
especially in the 48 hour application. This implies that Complex
1 may have a distinct killing effect that is based on cancer type.

y.H2AX activation is one of the significant markers that
contribute to DNA damage. After double-strand breaks form
in DNA, H2A X is phosphorylated through the ATM and ATR
pathways. The palladium-based complexes are well known for
covalently bonding to DNA strands and causing DNA damage
(30). To detect DNA damage after 24 h and 48 h of treatment
with Complex 1 in all cell lines, the H2A X activation assay was
performed using the flow cytometer. H2AX activation was
found to respectively be 3.1% and 3.3% for A549, 19.7% and
34.5% for MDA-MB-231, 2.76% and 1.34% for PC-3, 44.8% and
39.7% for HCT-116, and 4% and 6.6% for BEAS-2B for the 24
h and 48 h cycles (Figure S8). While Complex 1-induced DNA
damage was not detected in the A549, PC-3, or BEAS-2B cell
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lines, MDA-MB-231 and HCT-116 cell lines did show a time-
dependent increase in DNA damage. This finding is particularly
important, as these assays seem to confirm each other in terms
of their role in the apoptotic process.

CONCLUSION

This study has synthesized and thoroughly characterized the
cationic palladium(ll) complex with N4-donor tetradentate
ligand using spectroscopic methods. The study also performed
DFT calculations to obtain the optimized geometry. The
palladium(ll) adopted a significantly distorted square planar
geometry with regard to Complex 1 due to the steric repulsion
of the bulky benzimidazole chromophores in the 6,6'-positions
of the 2,2"-bipyridine. Both the ligand and the palladium(ll)
complex are hydrated in a crystal form. The NMR and the FT-IR
spectra of the complex show the ligand coordinates to the Pd
center via imine N atoms to afford a doubly charged cationic
complex.

When considering all these findings, Complex 1 seems to
induce cell death by apoptosis through DNA damage and
involvement of mitochondria in the HCT-116 and MDA-MB-231
cells while not having much of an effect in the other cell
lines that were used. As such, Complex 1 may be considereds
particularly effective against colon and triple-negative breast
cancers. Therefore, Complex 1 as a novel palladium-based
complex deserves to be studied further with regard to proof-
of-concept studies on animal models.
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BEAS-2B

24 h

48 h

Figure S8. DNA damage in (A) A549, (B) MDA-MB-231, (C) PC-3, (D) HCT-116, and (E) BEAS-2B cell lines after treatment with
complex 1 (ICyy doses) for 24 and 48 h.
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Table S1. Calculated (in the gas phase) selected bond lengths (A), angles (°), and dihedral angles for compound 1.

Bond Igngths Angles(°) Dihedral
(A) Angles(®)

Pd-N2 2.130 N2-Pd-N4 159.12 N2-Pd-N4-C1 168.25
Pd-N3 1.985 N3-Pd-N5 159.12 C17-N2-Pd-N5 7.99
Pd-N4 1.985 N2-Pd-N3 79.36 C16-C17-N2-Pd 4.00
Pd-N5 2.130 N3-Pd-N4 80.05 N2-C11-C10-N3 0.60
N2-C11 1.347 N4-Pd-N5 79.36 Pd-N2-C11-C10 -4.72
N2-C17 1.385 N2-Pd-N5 121.38 C17-N2-Pd-N4 -164.86
C17-C12 1.419 C11-N2-C17 106.68 C18-N5-Pd-N4 -174.59
C12-N1 1.384 C11-C10-N3 111.25 N4-C1-C24-N6 176.80
C12-C13 1.398 N3-C9-C10 119.14 N3-C10-C11-N1 176.80
C17-C16 1.403 C10-N3-Cé 123.98
C11-C10 1.458 N3-C6-C5 113.22
C10-N3 1.347 C6-C5-N4 113.22
N3-C6 1.356 C5-N4-C1 123.98
C6-C5 1.484 N4-C1-C24 111.25
C5-N4 1.356 C1-C24-N5 120.44
N4-C1 1.347 N5-C24-N6 111.14
C1-C24 1.458 C24-N5-C18 106.68
C1-N5 1.347
N5-C18 1.385
C18-C23 1.419
C23-N6 1.384
C23-C22 1.398

C18-C19 1.403
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ABSTRACT

Objectives: Acute myeloid leukemia (AML) is a highly aggressive heterogeneous hematopoietic malignancy characterized by a rapid
and abnormal proliferation of immature myeloid leukemia cells in the bone marrow and peripheral blood. Aberrant alterations in signal
transduction pathways are strongly associated with the progression of AML. This study aimed to investigate cell viability and the cell cycle
in AML cells by targeting the Hedgehog and mTOR signaling pathways with rapamycin and GANT61.

Materials and Method: The antiproliferative effect of rapamycin and GANT61 was assessed by the MTT cell viability assay in two AML
cell lines: CMK and MOLM-13. The effect of the inhibitors on cell-cycle distribution was determined using propidium iodide staining and
measured with flow cytometry.

Results: Rapamycin, an mTOR inhibitor, and GANT61, a Gli-1 inhibitor, decreased the cell proliferation of CMK and MOLM-13 cells. The IC20
values, which is the drug concentration that inhibits cell growth by 20%, were combined and administered to the cells. The results show
the drugs to have a combinatorial inhibitory effect on CMK cells but not on MOLM-13 cells. In addition, the combination of drugs arrested
the cells during the GO/G1 phase.

Conclusion: This study suggests a novel combination therapy approach for AML via mTOR and Hedgehog signaling pathway inhibition
using rapamycin and GANT61, respectively. It also suggest further studies be performed to reveal the mechanism of action.

Keywords: Hedgehog, mTOR, leukemia, combination therapy, cell cycle

INTRODUCTION are under the control of signal transduction pathways, and

some of the signal transduction pathways affected in AML
Acute myeloid leukemia (AML) is a highly aggressive  cells are receptor tyrosine kinases such as FLT3 and KIT and
heterogeneous hematopoietic malignancy characterized g receptor tyrosine kinases such as RAS family members,
by a rapid proliferation of immature myeloid leukemia RAF/MEK/ERK, and PI3K/AKT, as well as the Hedgehog
cells ir! the bone marrow and peripherall blood (1-3). (HH) and mTOR signaling pathways. These pathways are
According to Saultz and Garzon (3), AML arises from the mostly affected by means of gain-of-function mutations

genetic abnormalities of leukemia cells that accumulate . L .
. . L in upstream elements that alter the activation mechanism.
with age. AML has an effect on marrow in the majority of L o
Constitutive activation of these pathways leads to the

patients, with 20% of the affected bone marrow cells being ; ) . 77 .
survival and proliferation of hematopoietic progenitor

immature or undifferentiated leukemia blasts (2). )

cells (4). Although AML is the second most commonly seen
Alterined proliferation and survival mechanisms are leukemia in children, the survival rate of AML patients has
common deregulations in AML cells. These mechanisms  not improved due to the heterogeneity of the disease. The
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need exists to target specific signaling pathways to accomplish
an efficient treatment approach toward AML.

The HH signaling pathway is conserved and functions in
developmental processes such as regeneration, differentiation,
and proliferation (5). Even though the HH signaling pathway
is conserved, its function varies in different species. For adult
humans, the HH signaling pathway has responsibilities in
tissue repair, stem cell renewal, and oncogenesis (6). The role
of the HH signaling pathway regarding stem cell renewal in
both somatic stem cells and pluripotent cells can be correlated
with cancer stem cell activity when alterations occur in the
signaling pathway and its activity (7). HH signaling is aberrantly
expressed in AML cells, suggesting a link between poor
prognosis and drug resistance (8). The HH signaling pathway
includes glioma-associated oncogene (Gli) proteins (Gli1, Gli2,
and Gli3), which are transcription factors. GANT61 is a selective
inhibitor of Gli-1 gene transactivation. In vitro studies have been
conducted for many types of cancer, including neuroblastoma,
rhabdomyosarcoma, colon, lung, pancreatic, leukemia, cervix,
gastric, skin, and head-neck (9-11).

The mammalian target of rapamycin, also known as mTOR,
is the pathway responsible for the regulation of growth and
cellular metabolism in eukaryotic cells by regulating cell
proliferation, autophagy, and apoptosis through multiple
signaling pathways. mTOR is a serine/threonine protein
kinase that forms two distinct catalytic subunits of the
mMTOR complexes, mTORC1 and mTORC2 (12, 13). PI3K/AKT
and mTOR signaling have been documented to support the
proliferation and survival of AML cells (14). mTOR activation
is mostly observed in AML blasts, but the precise function
and the downstream targets of mTOR in the AML are poorly
understood. Meanwhile, rapamycin, which is an mTOR
inhibitor, has been proven as a promising class of agents
for treatment of malignant blood cancer, either alone or in
combination with other treatments (15).

The inhibition of a single pathway, especially the mTOR or
HH pathway, has been targeted by numerous researchers
and reviewed previously. However, targeting a single
pathway related to AML is an insufficient approach due to the
presence of simultaneous alterations of multiple signaling
transduction mechanisms. Therefore, the development of a
combination therapy targeting the mTOR and HH pathways
is needed in order to provide an efficient treatment option
for AML patients. This study aimed to target the mTOR and
HH pathways in AML patients to understand the crosstalk
between these two pathways in order to find a possible
therapeutic approach. This study hypothesizes that inhibiting
the mTOR and HH signaling pathways using rapamycin and
GANT61 isacombination that could be atherapeuticapproach
for AML. Inhibiting these pathways has been investigated by
numerous studies due to their high potency as therapeutic
targets. However, no reports are found concerning the effect
of the drugs used in the current study on both of these
pathways in AML cells.

Experimed 2022; 12(3): 202-8

MATERIALS AND METHODS

Chemicals

Rapamycin and GANT61 were purchased from Biovision
and Sigma, respectively. Five mM stock drug solutions were
prepared in dimethylsulfoxide (DMSO) in accordance with the
recommendations and stored at -20°C. The RPMI 1640 and
penicillin/streptomycin were obtained from Euro Clone. The
heat-inactivated fetal bovine serum (FBS) was obtained from
Biological Industries. RNAse and propidium iodide (Pl) were
purchased from Sigma and used in the cell cycle assay.

Cell Culture and Maintenance

The AML cell lines CMK and MOLM-13 were obtained from
the German National Resource Center for Biological Material
(DSMZ). CMK was sourced from the AML M7 cell line of Down
syndrome patients (DS-AMKL), and MOLM-13 was originated
from a FLT3 mutation. The cells were cultured in the RPMI
growth medium supplemented with 20% FBS and 1%
penicillin/streptomycin at 37°C and 5% CO..

Cell Viability Assay

The cell viability assay was performed to determine cell
proliferation using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT) as previously described (16). In
brief, 96 well plates were seeded with 1x107 cells/wells treated
with increasing concentrations of inhibitors. After 48 hours, the
MTT solution was added and incubated for 2 h. Following the
incubation time, the plates were centrifuged for 10 min. The
formazan crystals that formed were dissolved using DMSO.
The plates were left for 15 min on a rotator. Afterward, the
absorbance was measured at 570 nm using the microplate
reader (Varioskan™ LUX multimode, Thermo Scientific).

Cell Cycle Assay

1x106cells were plated into the cells and treated with rapamycin
and GANT61 for 48 h. After collecting and centrifuging the cells
at 260g for 10 min at 4°C, the supernatant was collected and
the cells were washed twice in cold PBS. Following the removal
of the supernatant, the pellet was dissolved with a mixture of
1 mL cold PBS and 4 mL ethanol (70%) and incubated at -20°C
overnight for fixation. After incubation, the supernatant was
removed by centrifugation, and the cell pellet was washed in
PBS. The PBS/Triton X-100 was added next, followed by the
addition of 100 uL of RNase-A, which were then incubated at
37°C for 30 minutes. Lastly, 100 uL of Pl was added, incubated
for 15 minutes, and analyzed using flow cytometry.

Statistical Analyses

Analysis of the viability data was done with the GraphPad
PRISM (version 8.0; GraphPad Software Inc.). The Dunnett test
and one-way analysis of variance (ANOVA) were performed for
the statistical analysis, which showed p = 0.0001 for all results,
with p = 0.0005 for the MOLM-13 combination cell viability
results. Assays were repeated three times independently from
one another.
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Table 1. Combination index (Cl) was calculated and isobolograms determined using the program CompuSyn.

CMK MOLM-13
GANT61 RAPAMYCIN GANT61+RAPA GANT61 RAPAMYCIN GANT61+RAPA
Dose Dose Cl Value Dose Dose Cl Value
5.2 0.1 0.56278 1.74 0.1 0.23773

The effects of the drug combination used in this study were evaluated using the Cl based on Chou-Talalay’s multidrug effect equation, witha Clof < 1,=1,0r > 1

being respectively indicative of synergistic, additive, or antagonistic effects [17].

RESULTS

1. GANT61 and Rapamycin Decrease Cell Proliferation in
AML Cell Lines

The study has assessed the cytotoxic effects of the HH inhibitor
GANT61 and mTOR inhibitor rapamycin on the CMKand MOLM-
13 AML cells. Increasing concentrations of the drugs were
administered to the cells over 48 h, with the cell proliferations
of both the CMK and MOLM-13 cell lines decreasing as the
dosage increased. When GANT61 was administered between
5-100 M, the 1C20 values were determined as 5.2 uM for the
CMK and 1.74 pM for the MOLM-13 cells. This result indicates
GANT61 to be effective at inhibiting cancer cell survival by
blocking Gli-1 activity (Figure 1a). Rapamycin also decreased
cell viability when applied at 0.1-10 nM levels. However, the
decrease was capped at 54.98% for a drug concentration of 0.5
nM or higher in both the CMK and MOLM-13 cell lines. After the
rapamycin treatment, the 1C20 value was calculated as 0.1 nM
for both CMK and MOLM-13 cells (Figure 1b).

CMK MOLM-13

g
H g

Cell Proliferation (%)
a

Cell Proliferation (%)

T T T T T T T T T T T
CONTROL & 10 20 50 100 Control 5 10 20 50
GANT61 (M) 48h GANT61 (M) 48h

CMK MOLM-13
150. 150;

Cell Proliferation (%)
Cell Proliferation (%)

T T T T T T T T T T T T T
CONTROL 0,1 05 1 2 5 10 Control 0,1 05 1 2 5

Rapamycin (nM) 48h Rapamycin (nM) 48h

2. The Combined Cytotoxic Effects of GANT61 and
Rapamycin on AML Cells

Next, the study evaluated the effect of drug combinations
on AML cells. The cells were treated for 48 h with the 1C20
concentration of rapamycin, which had been calculated as 0.1
nM for both cell lines, and the IC20 concentration of GANT61,
which was detected as 5.2 uM and 1.74 uM for the respective
CMK and MOLM-13 cells. Decreases in cell proliferation using
the combination therapy were observed in the MOLM-13 cells
by 46% and 38% for the respective untreated control and
GANT61-only treatment. However, the cell viability following
the combination treatment was surprisingly not significantly
different when compared to the rapamycin-only treatment.
The combination treatment for CMK cells decreased
cell viability by 42%, 51%, and 10% when respectively
compared to the untreated control, GANT61 treatment, and
rapamycin-only treatment. Therefore, the results indicate the
combination therapy to have reduced the cell proliferation
levels more apparently in the CMK cells compared to the
single treatments (Figure 2). However, when comparing the
results regarding cell viability in terms of synergism, the
combination of 5.2 uM and 1.74 uM GANT61 with 0.1 nM of
rapamycin showed a synergistic effect (95% Cl: 0.562-0.237) in
the respective CMK and MOLM-13 cells (Table 1).

MOLM-13
150. ** p=0.0068

Cell Proliferation (%)

Cell Proliferation (%)

Figure 1. The effect of GANT61 and rapamycin on cell
viability compared to the control for the (a) CMK and (b)
MOLM-13 cells. These results represent data from samples
in triplicates across three independent experiments (n = 3).
*=p <0.05; ***=p < 0.001; **** = p < 0.0001. SD = the mean
value of the replicates; ns= Nonsignificant.

Figure 2. The cytotoxic effects of the different combinations
of GANT61 and rapamycin on the CMK and MOLM-13 cells.
These results represent the data from the triplicate samples
across three independent experiments (n = 3).

** = p < 0.01; ** = p < 0.001; **** = p < 0.0001. SD = the
mean value of replicates; ns= Nonsignificant.
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Table 2. The cell cycle distribution and the percentage of the average cell population of CMK and MOLM-13 cells in GO, S, and

G2/M phase.
CMK cells MOLM-13 cells

GO0/G1 S G2/M GO0/G1 S G2/M
Untreated 62.1 27.4 104 67.8 224 9.8
control
DMSO 63.2 26.5 10.3 66.4 23.85 9.5
GANT61 1C20 66.8 23.7 9.5 64.15 23.2 12.65
Rapamycin
1C20 70.1 20 10 68.45 20.6 10.95
Combination 79.2 15 5.8 70 19.7 10.2

3. The Cytostatic Effect of the Combination Treatment on
AML Cells

To enlighten the mechanism behind the decrease in cell
proliferation, the cell cycle distribution was assessed in
response to the drug combination treatment using the flow
cytometric analysis. The results show the combination of
GANT61 and rapamycin to have resulted in a 12% decrease in
the S phase in the CMK cells when compared to the control.
The combination treatment demonstrated a 17% increase in
the GO/G1 phase, which shows the cells to have been arrested
in this phase in response to the drug treatment (Figure 3a).
In the MOLM-13 cells, similar effects were not observed as a
result of the drug treatment. However, when compared to the
CMK cells, a slight decrease was seen in the S phase, as well as
a slight increase in the G0/G1 phase (Figure 3b). These results
demonstrate the cytotoxic effect of the drug combination to
perhaps have arisen from the cell cycle arrest (Table 2).

DISCUSSION

The therapeutic approach involves four types of standard
treatments that are reported to have been used in
chemotherapy, radiation therapy, and stem cell transplantation
regarding AML. In addition to the standard treatments, new
approaches are also being studied in clinics. Targeted therapy
is one of the new therapies and uses drugs to attack cancer
cells that cause less harm to normal cells. One subtype of
targeted therapy is monoclonal antibody therapy, which uses
antibodies for treatment to attach to and kill the cancer cells
(18).

AML is a heterogeneous disease that makes targeting it with
classical chemotherapeutic drugs difficult. Specific targeting of
signaling pathways would be a more efficient way for treatment
of this disease, and this study in particular has focused on
simultaneously targeting the HH and mTOR signaling pathways
with specific inhibitors due to the important role they represent
in the progression of AML.

For instance, a correlation exists between the elevated
expression of the HH-signaling protein Gli-1 and
chemoresistance against therapeutic drugs and radiotherapy
for AML (19, 20), with the proper HH signaling pathway activity
being altered in AML cells. The induction of the signaling
pathway in AML cells does not require HH to bind to PTCH1.
Therefore, Gli-1 and SMO expression is persistent in AML
cells. This persistence will increase the concentration of Gli-
1 in AML cells (21). Subsequently, this increase in the Gli-1
alongside other elements of the signaling pathway result
in AML becoming resistant to treatment. Queiroz et al. (21)
demonstrated the HH pathway to be an important component
of multidrug resistance in myeloid leukemia, as well as the
need for it to be targeted. Inhibiting the HH signaling pathway
has also been linked to the induction of apoptosis. Therefore,
inhibiting this signaling pathway in AML cells is a viable and
required strategy for treatment, in addition to administering
HH inhibitors combined with chemotherapeutic agents
targeting leukemic stem cells, as this pathway is involved in the
maintenance and expansion of leukemic stem cells (22).

The second pathway targeted in the current study was mTOR
signaling. mTORC1 functions as a cell growth and metabolism
regulator and contains five components: mTOR, Raptor as
the regulatory associated protein of mTOR, mLST8, PRAS40,
and Deptor. mTORC2 has six components, some of which are
commontomTOR,includingmTORagainaswellasRictor,mSINT,
Proctor-1, mLST8, and Deptor again. In contrast to mTOR, the
exact function of mTORC2 has not yet been revealed, but the
known function of the complex is to control cell proliferation
and cell survival (13, 23). By promoting anabolic processes and
limiting catabolic processes, mMTORC1 possesses a regulatory
function in cell growth and proliferation (23). The base of
knowledge about the function of mTORC1 involves bacterial
macrolide rapamycin usage (24). Rapamycin is a macrocyclic
antibiotic that was first discovered as an antifungal medication.
However, its immunosuppressive effect is also considered
useful as clinical medication (25). Rapamycin is an inhibitor
that, by interacting with the FKBP12 protein and the FKBP12-
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Figure 3. The effect of GANT61 and rapamycin alone or in combination on cell cycle progression of AML cells. CMK (n=3)
and MOLM-13 (n=2). The representative histograms were shown. At least two independent experiments were performed,

rapamycin binding domain of mTOR, inhibits the mTORC1
functions. The inhibition happens in the transition of MTOR and
G1 to the S phase by forming an immunosuppressive complex.
However, rapamycin is not able to physically contact or inhibit
mTORC2. With respect to rapamycin sensitivity, mTORC1 and
mMTORC2 can respectively be defined as rapamycin-sensitive
and rapamycin-insensitive. However, the paradigm might not
be accurate when considering the cases of mTORC2 activity
blockage by means of rapamycin or the mTORC1 resistance
to rapamycin (23, 24). AML cells have an upregulated mTOR
pathway that reprograms metabolic activities. For example,
Akt is constitutively active and promotes glycolysis due to the
upregulated mTOR pathway (2). In AML, the mTOR pathway
becomes dysregulated once mutations occur in association
with oncogene activation, oncogene amplification, or tumor
suppressor gene inactivation. For instance, the deletion of
PTEN activates the mTOR pathway by inducing p53 expression
and leukemogenesis (1).

Alterations of key mTOR signaling genes have shown regulation
of AML leukemia stem cells. An example of this is the Rheb1
expression, which is overexpressed in patients with AML and
also associated with lower survival rates in comparison to
patients with a lower expression of Rheb1. Rheb1 deletion also
has revealed an induced effect of apoptosis and enhanced cell

cycle arrest, leading to a prolonged lifetime in leukemia stem
cells (1). Another study showed in their leukemia cell panel
and pilot clinical study how rapamycin had demonstrated
antileukemic effects (26). In addition, this aforementioned
pathway implies constitutive activity in around 60% of the
patients with AML, with constitutive activation causing a
decrease in overall survival time (2). Therefore, inhibition of the
mTOR pathway is crucial as a therapeutic approach for AML
inhibition due to its vital functions such as proliferation and
differentiation.

Together with these, the induced mTOR signaling pathway
is seen to influence the HH signaling pathway via the
phosphorylation of Gli-1 at Ser84. This phosphorylation ends
up inhibiting SUFU binding, thereby inducing the HH pathway
(27). This crosstalk between these two pathways has led this
study to suggest that targeting them simultaneously would
have a synergistic effect on AML cells due to the blockage of
the signal that is triggered by both pathways. For this purpose,
the study administered GANT61 as an inhibitor for the Gli-1 and
Gli-2 proteins in the HH signaling pathway and rapamycin as
an inhibitor of mMTOR (9). GANT61 binds to Gli proteins inside
the nucleus without targeting the direct binding of Gli to DNA.
However, GANT61 also inhibits the transcriptional factor ability
of the Gli proteins and significantly decreases the expression
of HH target proteins, inclusive of the HH signaling pathway
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inhibitors (28). The suppression of Gli-1 has been observed
to enhance the chemosensitivity of CD34*-enriched AML
progenitor cells, suggesting that Gli could be a potential target
for AML treatments (9).

Numerous studies have investigated the inhibition of HH
and mTOR signaling pathways due to their high potency
as therapeutic targets for AML. Gli-1 and mTOR inhibition
has been shown to induce apoptosis and demonstrated a
synergistic effect in both solid tumors and hematological
malignancies. In particular, GANT61 is seen to promote
apoptosis in oral squamous cell carcinoma (OSCC) (28).
Similarly, Miyazaki et al. (29) demonstrated the effect of
the combination of GANT61 and rapamycin in pancreatic
cancer stem cells, which showed an efficient reduction of
85% in cell proliferation. Moreover, this combination offered
a decreased expression of the Gli-luciferase, along with the
increased synergistic cytotoxic effect in different AML cells
(30). A recent finding has also shown Gli-1, which is associated
with poor prognosis in AML, to be found to activate the PI3K
and cyclin-dependent kinases (CDKs) and thus promote the
survival and cell-cycle progression. Synergistic inhibition of
Gli-1 using GANT61 and CDK4/6 sensitized the cells to Ara-c
therapy (31). Moreover, targeting of FLT3 wild-type AML cells
with the combined FLT3, Gli-1, and PI3K inhibition resulted in
a strong inhibitory effect on the FLT3 mutant AML cells (32).
However, no reports are found concerning the effects of the
combined GANT61 and rapamycin on both of those pathways
in CMK or MOLM-13 cells. When compared with the literature,
the results from the current study have proven a similar effect
with a decrease in cell proliferation. The potential exists for a
combination therapy approach to AML in the CMKand MOLM-
13 celllines by inhibiting the mTOR and HH signaling pathways
using rapamycin and GANT61 in combination. The purpose of
the present study has been to gain a better understanding of
the effect of these two pathways in AML cells.

In agreement with the findings in the literature, the cell
viability assays in the current study indicated the effect of
the HH inhibitor GANT61 to decrease cell viability in a dose-
dependent manner. However, the mTOR inhibitor rapamycin
decreased cell viability by 50%, even though a high 1 uM dose
of rapamycin had been tested on cells. The literature has shown
that when a panel of AML cells is subjected to increasing
concentrations of rapamycin and their clonogenicity is tested,
some cell lines remain insensitive, which resulted in no change
in colony numbers (26). Similar to this study’s results, this effect
could be due to the cytostatic effect of rapamycin. Combining
rapamycin with other pathway inhibitors such as the PI3K/AKT
pathway could sensitize the cells to rapamycin. Previous studies
have also demonstrated reduced cell proliferation with regard
to time and dosage (33, 34). For the combination treatment
of the CMK cell line using the 1C20 values for both Rapamycin
and GANT61, a slight reduction occurred in cell proliferation
when compared to the individual treatments. Therefore, the
combined usage of these two drugs might prove to be more
effective than when used individually. The differences in cell
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lines might also arise from the different genetic backgrounds
of the cells. The cell cycle analysis revealed 17% of the CMK
and 2.7% of the MOLM-13 cells to have been arrested during
the GO/G1 phase in response to the combination treatment.
The cell cycle arrest could be a reflection of the decreased cell
proliferation in response to the drug treatment.

In summary, the present study proposes that targeting the
mTOR and HH pathways simultaneously inhibits the cell
proliferation of the CMK and MOLM-13 cell lines in AML.
Moreover, the combinational treatment led to a GO/G1 cell
cycle arrest, especially in the CMK cell line. Further in-depth
studies should be conducted to understand the mechanistic
effects of these drugs by evaluating the apoptotic effects for
instance, with an elucidation of the underlying impact of these
pathways on AML also being recommended.

Acknowledgment: This study would like to thank the flow cytometry
facility in the Genome and Stem Cell Center of Erciyes University,
with thanks to Esma Saraymen, the flow cytometry specialist, for her
technical assistance during the flow cytometry experiments.

Ethics Committee Approval: In the current study, only in vitro cell line
study was performed, therefore there is no need for ethical approval.

Peer-review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study - E.B.G.A,; Data
Acquisition - E.B.G.A., FMK,, E.C,, M.Y, Data Analysis/Interpretation -
E.B.G.A, FMK,, E.C,, M.Y,; Drafting Manuscript - E.B.G.A, FM.K, E.C, M.Y,;
Critical Revision of Manuscript - E.B.G.A., FM.K., E.C., M.Y.; Final Approval
and Accountability - E.B.G.A.,, FM K, E.C,, M.Y.

Conflicts of Interest: The authors declare no conflict of interest.

Financial Disclosure: The authors declare that this study has received
no financial support.

REFERENCES

1. Darici S, Alkhaldi H, Horne G, Jergensen HG, Marmiroli S, Huang X.
Targeting PI3K/Akt/mTOR in AML: Rationale and clinical evidence.
J Clin Med 2020; 9(9): 2934. [CrossRef]

2. Nepstad |, Hatfield KJ, Grenningsaeter IS, Reikvam H. The PI3K-Akt-
mTOR signaling pathway in human acute myeloid leukemia (AML)
cells. Int J Mol Sci 2020; 21(8): 2907. [CrossRef]

3. Saultz JN, Garzon R. Acute myeloid leukemia: A concise review. J
Clin Med 2016; 5(3): 33. [CrossRef]

4. Scholl C, Gilliland DG, Frohling S. Deregulation of signaling
pathways in acute myeloid leukemia. Semin Oncol 2008; 35(4):
336-45. [CrossRef]

5. TeraoT, MinamiY.Targeting Hedgehog (Hh) Pathway for the acute
myeloid leukemia treatment. Cells 2019; 8(4): 312. [CrossRef]

6. Niyaz M, Khan MS, Mudassar S. Hedgehog signaling: An achilles'
heel in cancer. Transl Oncol 2019; 12(10): 1334-44. [CrossRef]

7. Sari IN, Phi LTH, Jun,N, Wijaya YT, Lee S, Kwon HY. Hedgehog
signaling in cancer: A prospective therapeutic target for
eradicating cancer stem cells. Cells 2018; 7(11): 208. [CrossRef]

8. Shallis RM, Bewersdorf JP, Boddu PC, Zeidan AM. Hedgehog
pathway inhibition as a therapeutic target in acute myeloid
leukemia. Expert Rev Anticancer Ther 2019; 19: 717-29. [CrossRef]



https://doi.org/10.3390/jcm9092934
https://doi.org/10.3390/ijms21082907
https://doi.org/10.3390/jcm5030033
https://doi.org/10.1053/j.seminoncol.2008.04.004
https://doi.org/10.3390/cells8040312
https://doi.org/10.1016/j.tranon.2019.07.004
https://doi.org/10.3390/cells7110208
https://doi.org/10.1080/14737140.2019.1652095

208

Experimed 2022; 12(3): 202-8

20.

21.

22.

Long B, Wang LX, Zheng FM, Lai SP, Xu DR, Hu Y, et al. Targeting
GLIT suppresses cell growth and enhances chemosensitivity in
CD34* enriched acute myeloid leukemia progenitor cells. Cell
Physiol Biochem 2016; 38(4): 1288-302. [CrossRef]

Ruch JM, Kim EJ. Hedgehog signaling pathway and cancer
therapeutics: Progress to date. Drugs. 2013; 73, 613-23. [CrossRef]
Harada K, Ohashi R, Naito K, Kanki K. Hedgehog signal inhibitor
GANT61 inhibits the malignant behavior of undifferentiated
hepatocellular carcinoma cells by targeting non-canonical GLI
signaling. Int J Mol Sci 2020; 21(9): 3126. [CrossRef]

Saxton RA, Sabatini DM. mTOR signaling in growth, metabolism,
and disease. Cell 2017; 168(6): 960-76. [CrossRef]

Zou Z, Tao T, Li H, Zhu X. mTOR signaling pathway and mTOR
inhibitors in cancer: Progress and challenges. Cell Biosci 2020;
10(1): 31. [CrossRef]

Park S, Chapuis N, Tamburini J, Bardet V, Cornillet-Lefebvre
P, Willems L, et al. Role of the PI3K/AKT and mTOR signaling
pathways in acute myeloid leukemia. Haematologica 2010; 95(5):
819-28. [CrossRef]

Feng Y, Chen X, Cassady K, Zou Z, Yang S, Wang Z and Zhang X.
The Role of mTOR inhibitors in hematologic disease: From bench
to bedside. Front Oncol 2021; 10: 611690. [CrossRef]

Yenigiil M, Ak¢ok i, Gencer Akcok EB. Ethacrynic acid and cinnamic
acid combination exhibits selective anticancer effects on K562
chronic myeloid leukemia cells. Mol Biol Rep 2022; 49(8): 7521-30.
[CrossRef]

Chou TC. Drug combination studies and their synergy
quantification using the Chou-Talalay method. Cancer Res 2010;
70: 440-6. [CrossRef]

PDQ Adult Treatment Editorial Board. Adult Acute Myeloid
Leukemia Treatment (PDQ°®): Patient Version. In PDQ Cancer
Information Summaries. National Cancer Institute (US); 2002.
Available from: http://www.ncbi.nlm.nih.gov/books/NBK65939/
Aberger F, Hutterer E, Sternberg C, del Burgo PJ, Hartmann TN.
Acute myeloid leukemia -strategies and challenges for targeting
oncogenic Hedgehog/GLI signaling. Cell Commun Signal 2017;
15(1): 8. [CrossRef]

Li X, Chen F, Zhu Q, Ding B, Zhong Q, Huang K, et al. Gli-1/PI3K/
AKT/NF-kB pathway mediates resistance to radiation and is a
target for reversion of responses in refractory acute myeloid
leukemia cells. Oncotarget 2016; 7: 33004-15. [CrossRef]

Queiroz KC, Ruela-de-Sousa RR, Fuhler GM, Aberson HL, Ferreira
CV, Peppelenbosch MP, et al. Hedgehog signaling maintains
chemoresistance in myeloid leukemic cells. Oncogene 2010;
29(48): 6314-22. [CrossRef]

Jamieson C, Martinelli G, Papayannidis C, Cortes JE. Hedgehog
pathway inhibitors: A new therapeutic class for the treatment of
acute myeloid leukemia. Blood Cancer Discov 2020; 1(2): 134-45.
[CrossRef]

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

Cicek et al.

The Crosstalk Between the Hedgehog and mTOR Pathway in AML

Laplante M, Sabatini DM. mTOR signaling at a glance. J Cell Sci
2009; 122(20): 3589-94. [CrossRef]

Arriola Apelo SI, Lamming DW. Rapamycin: An inhibitor of aging
emerges from the soil of Easter Island. J Gerontol A Biol Sci Med
Sci 2016; 71(7): 841-9. [CrossRef]

Ballou LM, Lin RZ. Rapamycin and mTOR kinase inhibitors. J Chem
Biol 2008; 1(1-4): 27-36. [CrossRef]

Récher C, Beyne-Rauzy O, Demur C, Chicanne G, Dos Santos C,
Mansat-De Mas V, et al. Antileukemic activity of rapamycin in
acute myeloid leukemia. Blood 2005; 105 (6): 2527-34. [CrossRef]
WangY, Ding Q, Yen CJ, Xia W, Izzo JG, Lang JY, et al. The Crosstalk
of mTOR/S6K1 and Hedgehog pathways. Cancer Cell 2012; 21(3):
374-87. [CrossRef]

Bacelar Sacramento de Araujo T, de Oliveira Siquara da Rocha L,
Torres Andion Vidal M, Cerqueira Coelho PL, Galvdo dos Reis M,
Solano de Freitas Souza B, et al. GANT61 Reduces Hedgehog
Molecule (GLIT) Expression and Promotes Apoptosis in Metastatic
Oral Squamous Cell Carcinoma Cells. Int J Mol Sci 2020; 21(17):
6076. [CrossRef]

Miyazaki Y, Matsubara S, Ding Q, Tsukasa K, Yoshimitsu M, Kosai
K, et al. Efficient elimination of pancreatic cancer stem cells by
hedgehog/GLI inhibitor GANT61 in combination with mTOR
inhibition. Mol Cancer 2016; 15(1): 49. [CrossRef]

Pan D, Li Y, Li Z, Wang Y, Wang P, Liang Y. Gli inhibitor GANT61
causes apoptosis in myeloid leukemia cells and acts in synergy
with rapamycin. Leuk Res 2012; 36(6): 742-8. [CrossRef]

Zhou C, Du J, Zhao L, Liu W, Zhao T, Liang H, Fang P, et al. GLI1
reduces drug sensitivity by regulating cell cycle through PI3K/
AKT/GSK3/CDK pathway in acute myeloid leukemia. Cell Death
Dis 12(3): 231. [CrossRef]

Latuske E, Stamm H, Klokow M, Vohwinkel G, Muschhammer
J, Bokemeyer C, Jicker M, Kebenko M, Fiedler W, Wellbrock J.
Combined inhibition of GLI and FLT3 signaling leads to effective
anti-leukemic effects in human acute myeloid leukemia.
Oncotarget 2017; 8:29187-201. [CrossRef]
SiY,ChuH,ZhuW,XiaoT,ShenX,FuY,etal.Concentration-dependent
effects of rapamycin on proliferation, migration and apoptosis of
endothelial cells in human venous malformation. Exp Ther Med
2018; 16: 4595-601. [CrossRef]

Cheng KY, Hao M. Mammalian target of rapamycin (mTOR)
regulates transforming growth factor-f1 (TGF-B1)-induced
epithelial-mesenchymal transition via decreased pyruvate kinase
M2 (PKM2) expression in cervical cancer cells. Med Sci Monit 2017;
23:2017-28. [CrossRef]


https://doi.org/10.1159/000443075
https://doi.org/10.1007/s40265-013-0045-z 
https://doi.org/10.3390/ijms21093126
https://doi.org/10.1016/j.cell.2017.02.004
https://doi.org/10.1186/s13578-020-00396-1
https://doi.org/10.3324/haematol.2009.013797
https://doi.org/10.3389/fonc.2020.611690
https://doi.org/10.1007/s11033-022-07560-5
https://doi.org/10.1158/0008-5472.CAN-09-1947
https://doi.org/10.1186/s12964-017-0163-4
https://doi.org/10.18632/oncotarget.8844
https://doi.org/10.1038/onc.2010.375
https://doi.org/10.1158/2643-3230.BCD-20-0007
https://doi.org/10.1242/jcs.051011
https://doi.org/10.1093/gerona/glw090
https://doi.org/10.1007/s12154-008-0003-5
https://doi.org/10.1182/blood-2004-06-2494
https://doi.org/10.1016/j.ccr.2011.12.028
https://doi.org/10.3390/ijms21176076
https://doi.org/10.1186/s12943-016-0534-2
https://doi.org/10.1016/j.leukres.2012.02.012
https://doi.org/10.1038/s41419-021-03504-2
https://doi.org/10.18632/oncotarget.16304
https://doi.org/10.3892/etm.2018.6782
https://doi.org/10.12659/MSM.901542

Experimed 2022; 12(3): 209-14 ORIGINAL ARTICLE

DOI: 10.26650/experimed.1196117

Shotgun Lipidomics Elucidates the Lipidome
Alterations of the Mcl-1 Inhibitor S63845 in AML
Cell Lines with a Focus on Sphingolipids

Melis Kartal Yandim' ©, Mesut Bilgin?

Department of Medical Biology, Faculty of Medicine, Izmir University of Economics, Izmir, Turkiye
’Lipidomics Core Facility, Center for Autophagy, Recycling and Disease (CARD), Danish Cancer Society Research Center (DCRC), Copenhagen,
Denmark

ORCID ID: MKY. 0000-0003-0573-4276; M.B. 0000-0002-5034-8465

Cite this article as: Kartal Yandim M, Bilgin M. Shotgun lipidomics elucidates the lipidome alterations of the Mcl-1 inhibitor 563845 in AML cell
lines with a focus on sphingolipids. Experimed 2022; 12(3): 209-14.

ABSTRACT

Objective: Acute myeloid leukemia (AML) is a vigorous type of leukemia requiring effective treatment. Myeloid cell leukemia-1 (Mcl-1)
is an anti-apoptotic molecule that is upregulated in AML and is studied as a target for treatment. The specific Mcl-1 inhibitor, S63845,
has antiproliferative effects on AML cells. Bioactive sphingolipids have crucial roles in cells and regulate Mcl-1 stability. This study aimed
to elucidate the changes in lipid profiles of AML cell lines in response to Mcl-1 inhibitor S63845 treatment, with a special focus on
sphingolipids.

Materials and Methods: The cytotoxic effects of 563845 were identified in the AML cell lines MV4-11, HL60, and KG1 using the MTT cell
proliferation assay. Lipidome analysis was conducted by quantitative shotgun lipidomics covering 378 individual lipid species in 26 classes
within the major lipid categories.

Results: The IC5, values of S63845 have been calculated as 7 nM for MV4-11, 53 nM for HL60, and 479 nM for KG1. The lipidome results
reveal the S63845 treatment to increase ceramide (Cer) levels in the MV4-11 and KG1 cell lines at the expense of downstream sphingolipids
while increasing the hexosylceramide (HexCer) levels in the HL60 cell line at the expense of the Cer and sphingomyelin (SM).

Conclusion: This study showed $63845 to be able to suppress cell proliferation by altering lipid compositions in AML cell lines. More
importantly, the study suggested 563845 to differentially affect the lipid profiles of AML cell lines.

Keywords: Mcl-1, small molecule inhibitors, 563845, acute myeloid leukemia, shotgun lipidomics, bioactive sphingolipids

INTRODUCTION

Acute myeloid leukemia (AML) is caused by phenotypic
and genetic abnormalities during hematopoietic stem cell
differentiation. These abnormalities lead to proliferation and
aggregation of immature blood cells (1). Among the acute
leukemias, AML represents the most common type andis seen
in approximately 80% of adult leukemia patients (1). While
the overall survival rate is higher in younger age groups, AML
prognosis is poor in older adults, resulting in death in 44% of
adults over the age of 75 (2). In the clinic, standard intensive
chemotherapy approaches combining cytarabine and
anthracyclines are used to combat AML. Other approaches

such as targeted therapies have additionally been proposed
as being effective in AML therapy with improvements in
high-throughput techniques (2). However, the need exists
for novel treatment approaches due to the limited current
treatment alternatives, poor prognosis, limited tolerance to
the treatment in older patients, and the resistance developed
against anti-cancer drugs (3). In this context, small molecule
inhibitors for Mcl-1 have been proposed as potentially
effective agents in AML treatment (4).

Mcl-1 is a member of the Bcl-2 family, which is responsible
for the regulation of apoptotic processes (5). In normal cells,
Mcl-1 acts as the inhibitor of apoptosis by sequestering BH3-
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only molecules such as Bim, Bid, and Puma or by neutralizing
Bax and Bak (5). Mcl-1 inhibits cytochrome c release by
disrupting mitochondrial outer membrane permeabilization
(6). Overexpression of Mcl-1 results in the disruption of the
equilibrium between the anti-apoptotic and pro-apoptotic
proteins, subsequently causing an excess proliferation of cancer
cells (6). Due to its oncogenic properties and high expression
levels in several types of cancers including hematological
malignancies and solid cancers, Mcl-1 has been proposed as
a powerful target in cancer treatment (6). S63845 was first
discovered by Kotschy et al. (4) and has been characterized and
reported as an effective small molecule inhibitor of Mcl-1 in
many types of cancer. In AraC-resistant acute myeloid leukemia
cell lines, S63845 in combination with venetoclax increases anti-
leukemic effect, and this combination is strongly synergistic
compared to combinations with hypomethylating agents (7).
Moreover, S63845 combined with imatinib, nilotinib, dasatinib,
or asciminib show synergistically apoptotic effects on chronic
myeloid leukemia cells (8). In light of the information on the
strong effects of 563845, it has been suggested as a promising
therapeutic target for both solid tumors and hematological
malignancies (6). However, the exact mechanism of action of
$63845 remains unclear.

Lipid compositions are known to be altered in tumor cells,
which may affect their cellular response to different agents (9).
Fatty acids promote proliferation in tumor cells due to their
contribution to the membrane lipid bilayer and additionally
have a crucial function in cell signaling as well as in developing
resistance against anti-cancer agents (9). Bioactive sphingolipids
have important roles in cell proliferation, apoptosis, autophagy,
inflammation, and migration (10). The central molecule of
this family, ceramide, is related to pro-apoptotic outcomes,
whereas the other members, sphingosine-1-P (S1P) and
glucosylceramide, are related to anti-apoptotic outcomes and
contribute to the development of multidrug resistance in cancer
cells (10). Some studies have reported a relationship between
sphingolipids and Mcl-1, even suggesting ceramide and S1P to
regulate the degradation of Mcl-1 (11, 12). The agents targeting
sphingolipid metabolism suppress Mcl-1 expression and
subsequently affect Mcl-1 stability (13).

In light of this information, this study aimed to elucidate the
effects of the Mcl-1 inhibitor, 563845, on the lipid profiles of three
different AML cell lines, MV4-11, HL60, and KG1, with a special
focus on sphingolipids. In total 378 individual lipid species have
been profiled using mass spectrometry (MS)-based shotgun
lipidomics. The results reveal the 563845 treatment influences
lipid metabolism depending on the type of AML cell line.

MATERIALS and METHODS

Cell Lines, Chemicals, and Culture Conditions

HL60 and KG1 cell lines were obtained from the German
Collection of Microorganisms and Cell Cultures (Germany). The
MV4-11 cell line was a kind gift from Dr. A. Adan (Abdullah Gul
University, Kayseri, Turkiye). 563845 was obtained from Cayman
Chemical (Michigan, USA), and the stock solution (1 mM) was
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prepared by dissolving it in dimethyl sulfoxide (DMSO, VWR,
Pennsylvania, USA). The cell culture medium and additives
were obtained from Gibco (CA, USA). The chemical reagents,
solutions, and internal lipid standards for the lipidomics
analysis were obtained from Sigma-Aldrich (St. Louis, MO, USA),
Rathburn Chemicals (Walkerburn, Scotland), Avanti Polar Lipids
(Alabaster, AL, USA), and Larodan AB (Solna, Sweden). All cell
lines were cultured in RPMI-1640 growth medium containing
10% fetal calf serum (FCS), 2 mM L-glutamine, and 1% penicillin-
streptomycin at 37°C in a 5% CO, humidified incubator.

MTT Assay

The effects of S63845 on cell proliferation were determined
using the MTT cell proliferation assay (Sigma-Aldrich, MO,
USA). The protocol was applied for the MTT assay as described
previously (14). In each experiment, the final concentration of
DMSO exceeded no more than 0.2% in culture. In short, 1x10*
cells per well from the HL60, KG1, and MV4-11 cell lines were
seeded into 96-well plates in 100 pL growth medium. Increased
concentrations of 563845 were applied in 100 pL of RPMI-1640
onto the cells, and the cells were incubated at 37°C in 5% CO,
for 72 h. Next, the cells were incubated for 4 h with 20 pL of
MTT (5 mg/mL). After the incubation period, the plates were
centrifuged for 10 min at 1800 rpm, and the MTT crystals were
dissolved with 100 pL of DMSO. After shaking the plates for 5 min
using an orbital shaker, the plates were analyzed under 570 nm
wavelengths with a spectrophotometer (Thermo Fisher Scientific
Multiskan Spectrum, Finland). IC5, values of the S63845 for each
cell line were calculated according to the cell proliferation plots.

Treating the Cells with S63845 for the Lipidomics Analysis
The cells were seeded into 6-well plates at 4x10° cells per well
in 1 mL of growth medium, and treated with ICs, values of
$63845 for 24 h at 37°C. Because the aim of this treatment is
to stimulate the changes in lipid profiles rather than killing the
cells, 1Csy values for the 72-h span were applied for 24 h. After
the incubation period, the centrifuge was run at 400 g for 5 min
at 4°C, then two washing steps were performed with 500 pL of
ice-cold 155 mM ammonium bicarbonate. Next, the 155 mM
ammonium bicarbonate were added as pellets to the 4x10°
cells in 200 pL (2000 cells/pL). The cells were stored at -80°C
until the lipid extraction.

Lipid Extraction

The lipid extraction process was executed at 4°C or upon ice
(15). Tubes with 200 pL of biological samples containing the
4x10° cells were added to a 1,000 pL chloroform/methanol (2:1,
v/v) and 12.5 pL internal standard solution. The composition
of the internal standard solution is presented in Table 1. The
lipids were extracted with 20 min of shake at 2000 rpm and
then centrifuged for 5 min at 1000 g. The organic phase at the
bottom was collected and put into a new tube. After being
evaporated for 60 min with a vacuum evaporator, the samples
were resuspended in the 200 pL chloroform/methanol (1:2, v/v).

Shotgun Lipidomics Analysis
For positive ionization, 10 uL of crude lipid extracts were mixed
with 12.9 L of 13.3 mM ammonium acetate in 2-propanol. For
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Table 1. Internal standard solution composition.

Lipid Amount (pmol)

Cholesteryl ester (CE) 15:0-D7 45.80
Ceramide (Cer) 18:1;2/12:0;0 31.25
Cholesterol (Chol)-D4 356.87
Diacylglycerol (DAG) 12:0/12:0 45.63
Dihexosylceramide (diHexCer) 18:1;2/17:0;0 23.21
Hexosylceramide (HexCer) 18:1;2/12:0;0 28.88
Lysophosphatidic acid (LPA) 17:0 31.15
Lysophosphatidylcholine (LPC) 12:0 25
Lysophosphatidylethanolamine (LPE) 17:1 30.75
Lysophosphatidylglycerol (LPG) 17:1 30.16
Lysophosphatidylinositol (LPI) 13:0 2291
Lysophosphatidylserine (LPS) 17:1 14.26
Phosphatidic acid (PA) 12:0/12:0 28.35
Phosphatidylcholine (PC) 12:0/12:0 35.94
Phosphatidylethanolamine (PE) 12:0/12:0 39.95
Phosphatidylglycerol (PG) 12:0/12:0 29.31
Phosphatidylinositol (PI) 8:0/8:0 28.38
Phosphatidylserine (PS) 12:0/12:0 25.38
Sphingomyelin (SM) 18:1;2/12:0;0 21.28
Trihexosylceramide (triHexCer) 18:1;2/17:0;0 51.19

negative ionization, 10 uL of crude lipid extract were mixed
with 10 pL of 0.2% (v/v) methylamine in methanol was used.
The mass spectrometric analysis was performed on an Orbitrap
Fusion Tribrid mass spectrometer (Thermo Fisher Scientific,
USA) coupled to TriVersa NanoMate (Advion Biosciences,
USA), a direct nanoelectrospray infusion robot. For the fourier
transform (FT)-MS and FT MS/MS analyses, similar features
were used as previously reported (16, 17).

Lipid Annotation

Annotation of the lipids was based on sum composition, where
glycerolipids and glycerophospholipids are denoted as: <lipid
class>< number of carbon atoms in acyl chains >:<number of
double bonds in acyl chains> (e.g., PC 34:1). While sphingolipid
species are denoted as <lipid class><number of carbon atoms in
the sphingoid base and acyl chain>:< number of double bonds
in the sphingoid base and acyl chain >;<number of OH groups
in the sphingoid base and acyl chain > (e.g., SM 34:1;2) (18-21).

Data Processing

LipidXplorer was used to report the data acquired from the FT
MS and FT MS/MS analyses (22, 23). Absolute molar quantities
were calculated using LipidQ, an R-based suite of scripts (17).

Statistical Analyses

All experiments were performed over three biological
replicates. Statistical significance was determined using the
Student’s t test and one-way ANOVA, with p<0.05 being
considered statistically significant.
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RESULTS

$63845 Inhibited Cell Proliferation in Three Different AML
Cell Lines

The anti-proliferative effects of 63845 in AML cell lines were
determined using the MTT cell proliferation assay. The cells
were treated with increasing concentrations of $63845 (1-
2,000 nM, depending on the cell type) for 72 h, and the MTT
cell proliferation assay was executed. S63845 suppressed cell
proliferation in each cell line as compared to the untreated
control groups. ICs, values were calculated as 7, 53, and 479
nM in MV4-11, HL60, and KG1 cell lines, respectively (Figure 1).
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Figure 1. Antiproliferative effects of 563845 on the MV4-11 (A),
HL60 (B), and KG1 (C) cell lines. IC5, values of S63845 for each
cell line were calculated from the cell proliferation plots. Three
biological replicates were used for MTT cell proliferation assays,
and the results are the means of the independent experiments.
The standard deviations are represented with the error bars,
with p<0.05 being considered statistically significant.
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S63845 Differentially Affected Lipid Profiles in Three
Different AML Cell Lines

Quantitative shotgun lipidomics analysis was performed
on each cell line treated with IC5, values of S63845 for 24 h.
The lipidomics profiling demonstrated quantification of 26
classes within major lipid categories and enabled profiling
of 378 individual lipid species (Figure 2A). The class profile
demonstrated a typical mammalian lipidome profile with PC
and Chol as the major lipid components of the lipidome with
45.162+3.843 mol% and 17.341+£1.311 mol% of all the cells,
respectively (Figure 2A). The lipid with lowest detected levels
belongs to lysoglycerophospholipid with 0.007+0.013 mol %
for LPSO- (Figure 2A). Interestingly, comparing the three cell
lines to their treated counterparts demonstrated the HL60 and
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KG1 class profiles have similar changes in respect to 563845
treatment (Figure 2B). However, the MV4-11 cell lines treated
with S63845 demonstrated few similarities with the treated
HL60 and KG1 cell lines (Figure 2B).

Due to the presence of a relationship between Mcl-1 and
sphingolipid metabolism, we focused on the sphingolipid
species to reveal any possible trend with similar changes in all
cell lines treated with S63845. We quantified 55 sphingolipid
species belonging to five sphingolipid classes: Cer, HexCer,
dihexosylceramide (diHexCer), trihexosylceramide (triHexCer),
and SM. The cells treated with $63845 did not demonstrate
similarities for the species profile within the HexCer and
triHexCer classes (Figure 2C). Interestingly, the SM 34:1;2
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Figure 2. S63845 induced lipidome alterations of the MV4-11, HL60 and KG1 cell lines. A) The bar graph presents the mol %
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untreated cell lines. C) The heatmap presents the log2-transformed sphingolipid species abundance ratios of the treated and
untreated cell lines.




Kartal Yandim and Bilgin.
Effects of 563845 on Lipid Profiles in AML

decreased and diHexCer 34:0;2 increased in all treated cell lines
(Figure 2C). However, 10 of the 20 Cer species demonstrated
increased levelsforall treated counterparts of the MV4-11, HL60,
and KG1 cell lines (Figure 2C). While the treated counterparts of
the MV4-11 and KG1 cell lines demonstrated similar trends for
18 out of 20 Cer species with increased levels, the treated HL60
cell lines mostly showed an opposite trend compared to the
treated MV4-11 and KG1 cell lines (Figure 2C). The HL60 cell line
demonstrated increased levels of HexCer, which is one of the
downstream sphingolipids of Cer (Figure 2C).

DISCUSSION

Despite of the novel investigations in the treatment of AML
patients, approximately 1/3 of the patients can be cured.
Therefore, the need still exists for more effective therapeutic
approaches in the clinic (24). Targeting Mcl-1 in AML treatment
has been proposed to have potential in in vitro and in vivo
studies conducted by many groups (25). S63845 has been
reported to have cytotoxic and apoptotic effects in AML cell
lines with ICsq values less than 1 uM (4).

Lipid composition may change with regard to several types of
cancer cells, and these changes affect the cellular responses
against chemotherapeutical agents (26). Sphingolipids are
important elements of membrane lipids and have crucial roles
in cell signaling, regulating several cellular events including cell
proliferation, cell death, senescence, invasion,and angiogenesis
(10). Many studies have reported the regulatory effects of Cer
and S1P on Mcl-1 stability (11). However, no study has reported
yet on the mechanism of action of the Mcl-1 inhibitor $63845
regarding the effects on lipid profiles in AML cell lines. Therefore,
this study has aimed to elucidate the potential effects of 563845
on lipid profiles in the MV4-11, HL60, and KG1 cell lines using
quantitative shotgun lipidomics. Upon treating the cells with
increasing concentrations of 563845 for 72 h, the 1C5, values
were calculated as 7, 53, and 479 nM in MV4-11, HL60, and
KGT1 cell lines, respectively. The study’s aim has been to induce
lipid alteration rather than suppressing cell proliferation for
the lipidomics analysis. Therefore, we treated the cells for only
24 h while using the corresponding concentrations for the 72
h-ICsq-values of $S63845. The results of profiling 378 individual
lipid species in 26 classes showed that most of the Cer species
levels increased in response to the S63845 treatment, whereas
SM levels decreased (Figure 2A). These results suggest 563845
to be able to induce SM hydrolysis, leading to increases in Cer
levels. Hydrolysis of SM is carried out by SMases and results
in cell death and suppression of cell proliferation in cancer
cells (27). However, S63845 mostly affects the lipidomes over
a variety of different actions, depending on the type of cell.
For instance, some types of SMs (i.e., SM 36:2;2 and SM 38:1;2)
increase in MV4-11 cell lines, whereas they decrease in the other
cell lines. SM accumulation has been suggested to possibly be
related to the negative impact regarding autophagosomal
membrane maturation in early stages (27). This accumulation
of SM may suppress autophagy in these cells. Additionally,
the S63845 treatment increased HexCer levels in the HL60 cell
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lines, contrary to the other cells. In many types of cancer cells,
increased HexCer levels have been related to the development
of multidrug resistance and cell survival. Cer is converted into
HexCer through UDP-glucose Cer glucosyltransferase and
glucosylCer synthase (10, 28). The effects of these changes
may be elucidated by examining the cell death mechanisms
and gene expression levels in further studies. Moreover, due
to AML being a very heterogenous disease, each type of cell
line and patient sample may respond to the anti-cancer agents
differently despite having the same disease type, and their lipid
profiles may also change in distinct manners (9). The study’s
results depicting the distinct effects of S63845 depending on
cell type also contribute to this rationale.

CONCLUSION

In conclusion, this study revealed the S63845 treatment to
be able to inhibit cell proliferation by increasing Cer levels in
AML cell lines. This increase in Cer levels may result from the
hydrolysis of SM and may then lead to apoptosis. However,
each cell line may respond to the 563845 treatment through
different mechanisms. The results of the shotgun lipidomics
analysis showed that, despite belonging to the same disease
type, the same agent may affect lipidomes differently
depending on the cell line. This result suggests the potential of
using lipidomic profiles in terms of diagnostic and prognostic
fingerprints. This study sheds light on the action of the S63845
mechanism. The exact mechanism of the S63845's action
resulting in the changes in lipidomes should be elucidated in
further studies regarding each cell line.
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ABSTRACT

Objective: The aim of this study was to retrospectively discuss the human immunodeficiency virus (HIV) scanning and verification test
results and demographics of patients who were admitted to the Istanbul University Cerrahpasa Medical Faculty’s Medical Microbiology
Laboratory Center Serology/ELISA division with suspected HIV infection or pre-operative serologic screening. In addition, the study aimed
to compare HIV seroprevalence with data from the center’s previous period.

Materials and Methods: HIV-1/-2 antibody +P24 antigen (HIV-1/-2 Ab/Ag) was studied routinely using the chemiluminescent
microparticle immunoassay (CMIA) method with the same method also being used as the second repeat test. The sera verifications of
patients who showed repeated reactivity after the HIV Ab/Ag test were studied using the line immunoassay (LIA) method.

Results: The study retrospectively studied 156,542 cases between 2019-2022, of which 237 (0.17%) showed repeated anti-HIV-1/-2
reactivity. From the repeated reactivity serum samples, LIA testing was performed to confirm the remaining 181 serum samples after
excluding the previously confirmed samples, with 175 (96.6%) coming back positive. All these samples showed sgp120 and gp41 band
positivity, thus confirming HIV1 positivity.

Conclusion: These retrospective data from one center regarding HIV seroprevalence for the 2019-2022 period are in line with other
national studies. However, due to the COVID-19 pandemic, HIV prevalence during this period may have been higher than detected. HIV
prevalence in Istanbul, being a cosmopolitan city that receives immigrants, should be monitored in the future.

Keywords: HIV-1/-2, serological diagnostics, CMIA, LIA

INTRODUCTION

In accordance with the World Health Organization (WHO)
report published in July 2022, more than 34.8 million
people live with the human immunodeficiency virus (HIV),
with approximately 1.5 million people having been infected
with HIV in 2021 globally (1). Through the intensive work of
national and international health organizations and non-
governmental organizations (NGOs), new HIV infections
and HIV-related deaths respectively decreased by 39%
and 51% between 2000-2019 (2). However, with only

approximately 81% of HIV-infected individuals knowing
their own HIV status, the 90-90-90 treatment target of the
Joint United Nations Program on HIV/AIDS (UNAIDS) has
yet to be met (3). Therefore, HIV continues to be a serious
public health problem. Antiretroviral therapy (ART) should
be started immediately once a person is diagnosed with
HIV, and these people should be monitored periodically
using clinical and laboratory findings as well as blood
tests that are performed to evaluate the viral load of HIV in
blood. Diagnosing infected persons as soon as possible has
great importance in this context.
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The present study aimed to retrospectively evaluate the test
results and demographic data of patients who applied to the
medical department’s serology laboratory with suspected
HIV infection or presurgical serological screening for the
anti-HIV-1/-2 between January 2019-October 2022. In addition,
the study evaluated the seroprevalence of HIV infections by
comparing the data obtained in this period with the data from
the previous period (January 2015-December 2018).

MATERIALS AND METHODS

The study retrospectively evaluated the results from samples
that had been sent to the laboratory for anti-HIV serology
testing in line with presurgical screening or clinical suspicion
between January 1, 2019-October 1, 2022. The patients’
demographic information was obtained retrospectively from
the ISHOP doctor and laboratory information system of the
Istanbul University Cerrahpasa Medical Faculty Hospital. The
serological diagnosis of HIV infection at the center is based on
the Republic of Tirkiye Ministry of Health’s HIV/AIDS Diagnostic
Treatment Guide (6). Accordingly, once a serum sample
arrives at the center with a request for the anti-HIV-1/-2 test,
it is screened for the presence of HIV-1/-2 antibodies and p24
antigens using chemiluminescent microparticle immunoassay
(CMIA) tests. Upon detecting reactivity with the first test, the
test was then repeated two more times using the same kit,
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(LIA) test (INNO-LIA® HIV I/Il Score, Immunogenetics, Germany).
In accordance with the recommendations from the Centers for
Disease Control and Prevention (CDC) and WHO, the presence
of at least two envelope proteins (sgp120/gp41 or sgp105,
gp 36) or at least one envelope protein band (sgp120/gp41
or sgp105, gp36) together with the p24 antigen band was
considered to confirm the WB/LIA test results for diagnosis (1,
5, 13). The detection of bands other than those specified was
considered indeterminate, and the absence of the specified
bands was considered negative.

Statistical Analyses

The study analyzed the obtained data using the program SPSS
(IBM Corp., 2012: IBM SPSS Statistics for Windows, Version 21.0;
Armonk, NY). The study used the chi-square test as well as
descriptive statistical analyses (i.e., frequencies, percentages)
for the statistical evaluation of the results.

RESULTS

The retrospective evaluation requested the data from 160,194
HIV-1/-2 Ag+Ab tests, with the sera results from 4,697 patients
unable to be accessed from the department for various
reasons. During the evaluation period, 0.15% (n = 237) of the
155,497 sera were repeatedly reactive to the HIV-1/-2 p24
Ag+Ab. Among these 237 patients, 90.7% (n = 215) were male

Table 1. Frequency of HIV infection by years.

Recurrent HIV-1/-2 Ag+Ab HIV-1/-2 Confirmation

Reactivity Positive
Years Total Number of Tests n (%) n (%)
January - December 2019 44.900 70 (0.15) 48 (0.1)
January - December 2020 30.974 44 (0.14) 38(0.12)
January - December 2021 42.168 72(0.17) 53(0.13)
January - October 2022 38.500 51(0.13) 36 (0.09)
Total 156.542 237 (0.15) 175 (0.11)

provided that one of the blood samples was the same as the
first tested sample. A confirmatory test is performed when two
of the three total tests were found to be reactive, and patients
with a positive confirmatory test are informed.

As stated above, the presence of the HIV-1/-2 antibody and
p24 antigen had been evaluated using the CMIA method
(ARCHITECT HIV Ag/Ab Combo, Abbott Diagnostics, Abbott
Park, IL, USA) on the serum samples. According to the
manufacturer’s instructions, the serum samples that yielded
a reactive result were subjected to repeated testing using the
same method. The results were obtained in terms of signal/
cut-off (S/CO) units. After testing the repeated reactivity, blood
was drawn a second time from the respective patient and
the same CMIA test was performed again. For confirming the
results of repeatedly reactive samples, the line immunoassay

Confirmed Case of HIV-1

B Heterosexual transmission

B Homosexual transmission
Perinatal transmission
Dental treatment

B Unknown

Figure 1. Possible transmission routes of HIV-1 confirmed
cases.
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and 9.3% (n = 22) were female, with a mean age of 38.7 years
(Table 1, Figure 1). Six (2.5%) of the repeatedly reactive results
to the anti-HIV belonged to patients under the age of 18. The
confirmation test could not be performed with regard to 56
patients with repeated reactivity results for various reasons
such as the patient interrupting the diagnosis/treatment
process or the previous confirmation test being interrupted. As
a result, the LIA test was performed on only 181 (76.3%) of the
repeatedly reactive patients. The results came back positive for
175 (96.7%) and negative for six (3.3%) of these patients. LIA-
positivity for HIV-1 was detected in all cases. When examining
the transmission routes in the 175 cases with positive LIA
results, 93 (53.1%) had had heterosexual intercourse, 42 (25.7%)
had had homosexual intercourse, 3 (1.7%) had had a perinatal
transmission, and 1 (0.5%) had had dental treatment. In 36 of
the cases (20.5%), information about the possible transmission
route could not be obtained (Figure 1). When examining the
distribution of seropositive bands, the sgp120, gp41, p31, p24,
and p17 bands were additionally found to be positive in 103
(58.8%) of the individuals (Table 2).

Table 2. Distribution of specific bands detected as reactive
in HIV-1/-2 infected cases detected positive by LIA.

Percentage
Bands Number (%) rate
HIV-1
Sgp 120, gp41, p31, p24, p17 103 58.8
Sgp 120, gp41, p31, p24 41 235
Sgp 120, gp41, p24, p17 12 6.8
Sgp 120, gp41, p31, p17 5 2.9
Sgp 120, gp41, p24 4 23
Sgp 120, gp41, p31 7 4
Sgp 120, gp41 3 1.7

The age distribution of the 175 people who tested positive
in the HIV confirmation tests was between 1-71 years old
with an average age of 37.3 years. When considering the age
distribution of patients with repeated reactivity regarding LIA

Table 3. Distribution of HIV-1/-2 positive cases according to
age and gender.

GENDER
Age Groups Female Male
0-18 = 3
18-35 4 84*
36-50 11 43
>50 3 27
Total 18 157
*p<0.05
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positivity, HIV infection was most common in the 18-35 age
group (p < 0.05) (Table 3). Three cases occurred where the
individuals were under the age of 18, and their transmission
involved the parenteral route (Table 3). Of the positively
infected cases, 89.7% (157) were male and 10.2% (18) were
female. When statistically analyzing the positivity rate in terms
of gender, the high positivity rate in males was found to be
significant (p < 0.05).

DISCUSSION

HIV was identified in the mid-1980s, and more than 35 years
have passed since the first case was reported in Turkiye. Within
the scope of WHO and UNAIDS strategies for combatting
HIV, the annual number of new cases in many countries has
remained stable or tended to decrease over the last decade.
However, Turkiye ranks at the top of the world in terms of the
annual increase in the number of new cases alongside several
Eastern European, Middle Eastern, and Asian countries (6, 7).
One study that statistically examined HIV infection found that,
while HIV infection was under control in Western European
countries (e.g., Germany, France, England, Spain, and lItaly),
it had grown out of control in Central and Eastern European
countries (e.g., Hungary, Poland, Turkiye, and Ukraine). Among
these countries, Turkiye has been shown to have the highest
incidence rate of 33 per 100,000 (8).

Turkiye has had 30,293 HIV-infected persons and 2,083 AIDS
cases that were positively confirmed between 1985-December
31, 2021 (9). Of these cases 81.2% have been men and 18.8%
women, with most cases occurring in the 25-29 and 30-34 age
groups.According to datafrom the Republic of Tlirkiye’s Ministry
of Health, while the number of HIV-positive people had been
1,917 in 2014, this number was reported to be 2,922 in 2021 (9),
with the infection trend being observed to have increased over
the years. Once COVID-19 was declared a pandemic on March
11, 2020, the early detection process for HIV infections became
disrupted as a result of the interruptions in surgery and health
services, social restrictions, and other reasons. Although the
number of test requests to the center under study here during
the COVID-19 pandemic had decreased compared to previous
periods, the positivity rate was found to be similar (10, 11).

During the 2019-2022 period, the HIV prevalence was
retrospectively obtained to be 0.11%, which is a similar result
compared to the 2015-2018 period at the laboratory center
(10). In addition, the HIV seroprevalence was found to be 0.06
for the lab center’s 2006-2009 period, which shows an almost
200% increase between 2006-2022 (11). When evaluating the
HIV-1/-2 laboratory test results between 2010-2018 from Elazig
Province, 495 cases were detected to have been confirmed.
However, that lab observed an increase in the mean age from
2010-2015, while a decrease was observed after 2015 (12).
Another important point that draws attention during the HIV
epidemic in Turkiye is that the age of newly diagnosed patients
has begun to gradually decrease. This is clearly seen both in the
official data from the Ministry of Health and in the real-life data.
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The highest rate of new diagnoses was still seen in the 25-34
age group, with the rate of newly diagnosed persons in the 35-
44 age group gradually decreasing and the rate in the 20-24 age
group increasing (13, 14). One study in which 173 confirmed
HIV cases were reported between January 2014-December
2018 determined the highest HIV positivity rate to be found
in the 26-35 age group, with the 17-25 age group being the
third highest age group (15). According to the data from the
Ministry of Health regarding the cases reported in 2021, the
number of new diagnoses in the 25-29 age group was reported
to be greater than for any other age group. Similarly, although
this study found the HIV positivity rate for persons between
the ages of 18-35 to be significantly higher, positivity was more
common in younger groups compared to previous periods.

When comparing our study’s result with the previous results
from the our and other centers that had been published in
Turkiye, similar results are obtained (10-12). However, due to
the restraints during the COVID-19 pandemic, limited access
to healthcare services, and psychological and social problems,
this study is of the opinion that more HIV-infected individuals
exist than have been reported. However, Turkiye is estimated
to be nearing the 90-90-90 targets of UNAIDS in terms of
access to treatment and treatment success, but it still falls far
behind the target regarding diagnosis (16, 17). In this context,
monitoring HIV infections in populations such as Istanbul that
receive immigrants and have a dense and complex urban life is
thought to be able to assist in taking preventive measures and
improving public health in Tirkiye.
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ABSTRACT

Objectives: The consumption of alcohol by adults may lead to severe neurodegeneration and significant behavioral problems. An increase
in the harmful effects of alcohol becomes aggravated after the development of alcohol dependence. Furthermore, the serious damage
from chronic alcohol intake on the hippocampus has gained attention due to its role on learning and memory. Therefore, the study aimed
to examine the retention of spatial reference memory during different points in time regarding alcohol withdrawal in Wistar rats.

Materials and Methods: The study has therefore administered alcohol to rats at gradually increasing doses from 4.5 to 12 g/kg/day in
a binge-like manner using the intragastric intubation technique for six days followed by 24, 48, or 96 hours of alcohol withdrawal. To
evaluate the effects of alcohol withdrawal, the alcohol-exposed rats have been tested regarding their spatial reference memory.

Results: An adverse effect from alcohol withdrawal on memory retention was observed in the 24-hour alcohol withdrawal group. This
effect decreased at 48 hours of withdrawal, but reappeared at 96 hours.

Conclusion: The study’s results suggest that alcohol withdrawal itself, even after a relatively short period of alcohol intake, may also
adversely affect memory. Therefore, withdrawal therapy from alcohol should be performed in a controlled manner to protect the brain
from extended alcohol withdrawal-induced spatial memory impairments.

Keywords: Alcohol withdrawal, spatial reference memory, Wistar rat, intragastric intubation

INTRODUCTION Animal studies have reported chronic alcohol consumption
to damage on both the basal forebrain cholinergic system

Alcohol abuse is undoubtedly a major problem in human  and hippocampus that structures are crucial in learning and

society. For several decades, chronic alcohol intake during
adult life has been recognized to produce highly adverse
effectsonbrainmorphologyduetosevere neurodegeneration
resulting in behavioral deficits. Some of these alcohol-induced
adverse effects are directly related to alcohol intoxication, but
some may be related with the product of the development
of alcohol dependence. Alcoholics find both physical and
psychological alcohol dependence to manifest itself upon
withdrawing from alcohol in a form known as abstinence
syndrome at different degrees of severity.

memory (1, 2). A decrease in granule cells of the dentate
gyrus, the synapses of the mossy fiber-CA3 pathway, the
pyramidal neurons of the CA3 and CA1 sub-regions, and
the local circuit interneurons are seen to have occurred
in rodents treated with chronic alcohol consumption (3-
5). Furthermore, chronic alcohol consumption has been
observed to reduce the synthesis of protein in hippocampal
neurons, especially in the CA3 sub-region (6). In addition,
chronic alcohol treatment diminishes the intensity of the
long-term potentiation (LTP) produced in the hippocampus
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(7), with a reduction in long-term depression (LTD) occurring in
the hippocampal Schaffer collaterals (8).

At the behavioral level, a range of short-term memory tasks are
disrupted by alcohol consumption in humans, including verbal
list learning (9, 10), spatial learning, and pattern recognition
(non-spatial tasks) (11, 12). Franke et al’s study (13) used a
complex elevated labyrinth and reported behavioral impairment
regarding task performance in alcohol-exposed rats. As a result
of chronic alcohol administration, the errors in long-term
reference memory as well as the errors in trial-to-trial working
memory had previously been observed as a decrease in the
performance of radial maze spatial tasks (14, 15) - with working
spatial memory that appearing to have been more affected
than reference memory (16, 17). The effects of chronic alcohol
consumption on cognitive functions and hippocampal cell loss
are also exacerbated during the withdrawal phase (18, 19).

In light of these data, both chronic alcohol intake during adult
life as well as alcohol withdrawal can be concluded to appear
deteriorating effects on brain morphology, brain physiology,
and behavior. However, some inconsistent results are found
among experiments. The current studied with an animal model
of human alcohol abuse to examine the effect of alcohol
withdrawal at various points in time on memory retention in
rats. In addition, the study aimed to dissociate the effects of
early and late alcohol withdrawal with regard to testing spatial
reference memory at different times in withdrawal.

MATERIALS AND METHODS

Animals

This study examined 4-month-old male Wistar rats provided
by Ankara Serum-Production Facility (Hifzisihha, Ankara). The
rats were housed at the Department of Biological Sciences
at Middle East Technical University (METU). The animal room
was set to a controlled 12 h light/12 h dark cycle with the
temperature in the room being maintained at 22 + 2°C, and the
tests had being conducted during the light phase of the cycle.
In addition, rats had free access to laboratory chow and water
throughout the applications.

The study applied to the Regulation on the Welfare and
Protection of Animals Used for Experimental and Other Scientific
Purposes (Official Gazette No. 28141) for all the animals during
the experiments. All procedures involving animals were carried
out in accordance with the ethical considerations obtained
from the METU Ethics Committee (Decision No. 2009/15).

Place Learning (Acquisition Training) in the Morris Water
Maze

Rodents were commonly tested for long-term spatial learning
and memory using a Morris water maze (MWM).The tank was 150
cm in diameter and 60 cm high, filled with water that has been
colored with food dye. The temperature of water was maintained
at 23°C by an automatic heater. The animal in the MWM was
recorded for measurements of distance, time, and velocity for
finding the invisible platform using a computer-controlled video
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system (EthoVision, Noldus Information Technology, Holland).
The maze was divided into four quadrants on the computer
screen through imaginary lines. A transparent Plexiglas portable
platform (11x11 cm) was positioned 2 cm below the surface of
the water in the center of one of the quadrants. The rats were
able to swim and climb onto the platform to get out of the water.
During the entire experimental period, multiple extra-maze cues
remained immobile in the experimental room.

In accordance with classical MWM training (20), the study
conducted six daily sessions of four trials to each animal.
During the session, the rats were facing the pool wall and were
placed into the MWM from one of four starting quadrants (N,
S, E, W) that were pseudo-randomly selected. The trial ended
once the rat climbed onto the invisible platform or spent a
maximum of 60 seconds in the water. Inter-trial intervals were
limited to 5 minutes. After each session, the mean latency was
calculated for each rat. The learning criterium for the classical
MWAM training was the latency of reaching the hidden platform
in 10 seconds or less. At the end of the sixth session, the rats
were grouped that all three groups showed equal levels of
performance at the beginning of the alcohol administration.

Alcohol Administration

To control the alcohol dosage delivered to the rats, binge
drinking was applied through the intragastric intubation
method. Alcohol administration started the day after the
sixth session of MWM training. The alcohol was administered
to the three alcohol groups (the AW24 group with a 24-hour
alcohol withdrawal period (n = 8), the AW48 group with a 48-
hour alcohol withdrawal period (n = 7), and the AW96 group
with a 96-hour alcohol withdrawal period (n = 8)) by using
an intragastric feeding needle (18ga, 3 in, Stoelting Co. USA)
to deliver alcohol directly to each rat’s stomach. The alcohol
dosage was increased daily, starting with 4.5 g and going up to
12 gofalcohol perkg of body weight.The alcohol administration
continued for six consecutive days. Laboratory chow and water
were available ad libitum for these animals. The behaviors of
the alcohol-treated rats were rated after each treatment in
accordance with the Majchrowicz protocol (21). The maximum
tolerated alcohol dosage was determined based on their
ratings. To prepare the alcohol, distilled water was mixed with
ethyl alcohol (99.8%, Merck) to form a 25% v/v solution. The
intubation control group (IC, n = 7) consumed sucrose solution
whose caloric value was calculated with respect to the alcohol’s
caloric content to observe potential intubation-related stress
effects. In addition, an intact control group (C, n = 7) was also
present that underwent no treatment whatsoever. A strict daily
time schedule was followed for the rats’ protocol for alcohol
consumption. This schedule had allowed to the rats obtain the
solutions in three equal doses at 10:00 a.m., 1:00 p.m., and 4:00
p.m.To protect the animals’stomachs, a 50 mL mixture of water
and milk were given to each rat after the last alcohol dose.

Blood Alcohol Concentration (BAC)
A separate group of rats received alcohol treatment but no
behavioral testing (n = 3) and was used for measuring BAC. Under
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ether anesthesia, blood samples from the alcohol-consumed
animals were collected in tubes containing EDTA through an
intracardiac puncture. The blood was taken 3 h after the last
intragastric intubation on the sixth day of alcohol administration
(22). At room temperature, a Biolabo alcohol assay was
performed to determine the BAC of the serum samples obtained
by placing them in a centrifuge at 1,000 rpm for 10 minutes.

Probe Trials: A Memory Retention Test

The study used the probe trial to gain insight into the strength
of rats’ acquired responses as well as indirectly in regard to
their spatial memory. Therefore, a 60-second probe trial was
performed after completion of alcohol consumption. During
the probe trial, the platform was removed from the maze, and a
circle with a 40 cm diameter (annulus 40, A40) was set up on the
computer monitor so it surrounded the original platform site.
The total durations of time the rats spent in each quadrant as
well as in the A40 circle were recorded. The probe was applied
based on the groups 24, 48, or 96 hrs after the last dosage of
alcohol.

Statistical Analyses

Using all variables, group means were calculated along with
the standard errors for the mean (SEM). The study also used
the statistical package program SPSS to conduct the repeated
measures ANOVA, with the treatment being the independent
variable and the sessions/trials being the repeated measures.
One-way ANOVA and the post-hoc Tukey test were performed
to analyze the probe data.

RESULTS

Determining BAC

The alcohol-administered rats were measured as having a BAC
of 605.67 + 36 mg/dL (range between 569-641 mg/dL) 3 hours
after the last administration of alcohol (12 g/kg/day).

Classical MWM Training

According to two-way repeated measure ANOVA, the day effect
(F(s, 1200 = 62.70, p < 0.001) was found significant regarding
escape latency in the water maze. During the whole training
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period, the latency to get out of the water by climbing onto
the invisible platform decreased for all animals. No differences
were observed among the groups (F(;5 120)= 0.87, p = 0.60). The
learning criterium was achieved by all rats on the fourth day of
the MWM learning period (Figure 1).

Probe Trials After Alcohol Administration

Animal performance was assessed based on the percentage of
time spent in the platform quadrant. According to the one-way
ANOVA, a significant difference among groups was obtained
regarding the percentage of time spent in the platform quadrant
(Fi4, 34y = 8.135, p < 0.001). In addition, the percentage of time
spent in the platform quadrant for the AW24 and AW96 groups
were significantly lower according to Tukey’s test (p = 0.024 and
p = 0.045, respectively) compared to the IC group. The AW48
group performed significantly better than the other AW groups
(p = 0.001), approaching the performance of the control groups
(Figure 2).
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Figure 2. Percent time which was spent in the platform
quadrant on the 60-s probe trials in each treatment group
independently. Error bars denote SEM. The degree of
significance was denoted as *for p<0.05, ** for p<0.01, ***
for p<0.001.

As seen in Figure 3, a significant change in the amount of time
spentin the A40 circle occurred among the groups (F(4,34)= 3.885,
p =0.012). Compared to the control groups, the decrease in time
spent in A40 was not significant for the AW24 and AW96 groups
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Figure 1. Comparison of the learning performance of rats
by mean swim latency to reach hidden platform calculated
for six days of MWM training, Error bars denote SEM.

Figure 3. Time in A40 + SEM calculated for each treatment
group independently. The degree of significance was
denoted as *for p<0.05.
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according to the post-hoc comparison tests (Figure 3). However,
the AW48 group was observed to have spent significantly more
time than the AW24 (p = 0.014) and AW96 (p = 0.063) groups in
the platform quadrant.

As seen in Figure 4, the ratio of the time spent in the platform
quadrant (NE) compared to the time spent in the opposite
quadrant (SW) varied significantly among the groups (Fi, 34
= 5.035, p = 0.003), with the ratio being highest in the AW48
group (p = 0.018 for control; p = 0.008 for AW24; p = 0.004 for
AW96).
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Figure 4. Total time spent ratios in the platform quadrant
(NE) to the opposite quadrant (SW) for each treatment
group independently. The degree of significance was
denoted as *for p<0.05 and ** for p<0.01.

DISCUSSION

The literature has a few studies that have examined the effects
of alcohol withdrawal on memory retention over different
withdrawal time periods. Hence, the present study has been
designed to examine whether alcohol withdrawal affects on
memory retention and retrieval. According to the application
of the experimental protocol (up to 12 mg/kg alcohol
administration), exposing rats to binge-like alcohol dosages
for 6 days produced an average BAC of 605.67 mg/dL. The
memory retention was disrupted 24 hours after the last alcohol
consumption, which may be indicative of an early withdrawal
symptom. Interestingly, the memory performance was
restored 48 hours after the last alcohol consumption, reaching
the control levels. However, alcohol withdrawal dramatically
deteriorated the memory performance of rats during the 96
hour of withdrawal.

The late effect of alcohol withdrawal has also been noted in
previous studies. For example, researchers found remarkable
alterations in memory retention tasks between alcohol and
control groups when retraining was conducted a year after the
learning acquisition time (16). Chronic alcohol intake has also
been found to adversely affect the working spatial memory
in adults more than their reference spatial memory when
performing hippocampus-dependent cognitive tasks (13-
15, 23). In addition, mild effects are seen to have occurred on
spatial working memory after short-term alcohol intoxication
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(26 days of a liquid diet containing alcohol followed by 17 days
of no alcohol) (24). According to another study, all alcohol-
dependent patients showed impaired free memory recall on
their first day of withdrawal over a battery of behavioral tests.
However, their verbal memory ameliorated on the seventh
day of withdrawal, then deteriorated again on the 14" day of
withdrawal (25). Accordingly, the study suggested different
brain regions engaged in different memory functions to be
affected at different time periods by alcohol withdrawal. The
prefrontal cortex functions have been postulated as being
primarily required for short-term memory while the medial
temporal lobe functions are required for long-term memory.
The frontal lobe is also believed to be more affected by early
alcohol withdrawal than the medial temporal lobe (25, 26).

A correlation also exists between alcohol withdrawal and
dysregulation of stress hormones. The level of corticosterone
in rats after chronic alcohol consumption changes 24 hours
after withdrawal. Animal studies have confirmed the acute rise
in adrenocorticotropic hormone (ACTH) and glucocorticoids
after drinking alcohol in nonhuman primates and rodents.
Neuroendocrine tolerance toward alcohol is thought to
result from repeated intoxication and withdrawal cycles (27,
28). Therefore, the current study found the differences in the
memory performance in the different withdrawal periods
to perhaps also be related to the different levels of stress
hormones.

In addition, the lack of difference at the 48-hour alcohol
withdrawal group is related to the hypothesis that a
compensatory process may mitigate alcohol’s potential
damaging effects on the brain. For instance, alcohol-exposed
rats may compensate neuronal death-related functional
deficits by adapting their synaptic structure to moderate
alcohol doses over a relatively long period of time. This
notion has been supported by the ratio of mossy fibers-CA3
synapses being shown to be maintained and the percentage
of mossy fibers plasmalemma occupied by synapses to also
increase while hippocampal CA3 pyramidal and granule cells
gradually are lost after consuming alcohol for 6-12 months
(5, 29). Interestingly, the results from these previous studies
revealed the reduced formation of new contacts, suggesting
a compensatory process. Moreover, the compensatory process
was seen to have broken down in rats when they consumed
alcohol in a liquid diet over 18 months. Another possibility is
that moderate alcohol consumption might result in increased
adult neurogenesis (30). Hippocampal dentate gyrus (DG) and
forebrain subventricular zone (SVZ) are two important regions
of the brain that undergo adult neurogenesis. Hippocampal
neurogenesis also appears to be important in learning and
memory development (31). While unusual adult hippocampal
neurogenesis may produce negative effects on brain circuitry
in a healthy brain, this may be advantageous in the alcoholic
brain.

In summary, different mechanisms are suggested to be active
at different points in time with regard to alcohol withdrawal.
Therefore, designing a treatment for alcohol abuse and
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disorders and time-dependent treatment strategies should be
included in order to prevent time-dependent damages to the
alcohol-addicted brain.
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ABSTRACT

Objective: CD5*CD19* cells have a low proliferation capacity and elevated expression of anti-apoptotic protein BCL-2, mostly in the GO/
GT1 cell phase and accumulate in the pathogenesis of chronic lymphocytic leukemia (CLL). Natural killer (NK) cells have the ability to kill the
intracellular pathogen-infected or cancer cells and secrete cytotoxic enzymes. This study evaluated the frequency, expression of cytotoxic
enzymes, and intracellular cytokine levels of NK cells in CLL patients.

Materials and Methods: In this study, peripheral blood mononuclear cells were isolated from peripheral blood samples of CLL patients
(n=29) and healthy controls (n=16) by density gradient centrifugation method. The frequency of the total NK cells and the intracellular
levels of perforin, granzyme, interferon (IFN)-y, interleukin (IL)-21, IL-4 and IL-17 in NK cells were investigated.

Results: Elevated total NK cell frequency were found in the CLL patients compared to the healthy controls, and negatively correlated with
CD5*CD19*malign B cell frequency. Increased perforin expression was observed in patients’total NK cells. Additionally, increased levels of
IL-17 and IL-21 in total NK cell of CLL patients were obtained compared to healthy subjects.

Conclusion: The findings suggest that in the early stage of CLL, increased total NK cell frequency, and elevated perforin and IL-21 levels in
NK cells might have a protective impact against the progression of the disease for CLL patients.

Keywords: Chronic lymphocytic leukemia, cytokines, natural killer cells, perforin

INTRODUCTION clinical outcome of CLL is variable, and treatment is delayed

until the disease progresses (4). CD38 expression (30% =
The incidence of chronic lymphocytic leukemia (CLL) is  CD38 positive and 30% < CD38 negative) identifies two
high in elderly individuals, and CLL is the most common  subgroups of CLL patients with different clinical outcomes,

type of leukemia in Western countries (1). CLL involves an ~ and CD38 positive patients have poor clinical outcome (5).
Recently Rai and Binet staging systems have been used to

predict progression and develop an appropriate treatment
plan (4).

increase of CD5"CD19* cells, which have a low proliferation
capacity, increased expression of BCL-2, and accumulated
in the bone marrow and peripheral blood (1, 2). Most
patients are 60-65 years at the time of first diagnosed, with Natural killer (NK) cells are large granular lymphocytes and,
only 10-15% of patients being under 55 years of age (3).The  despite being lymphoid in origin, are a member of the
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innate immune system (6). CD3 is not expressed in NK cells,
while CD16 and CD56 are expressed on the surface of NK cells
(6, 7). The cells that do not express major histocompatibility
complex (MHC) class | are recognized by NK cells, and cytotoxic
enzymes such as perforin and granzyme are secreted by NK
cellsin order to target cell lysis (8). Additionally, NK cells secrete
various cytokines to regulate immune responses (6) and have
an important role in eliminating virus-infected cells and cancer
cells. The studies have shown that individuals with low NK cell
function have an increased risk of cancer early in life and that
NK cells are critical in preventing tumor metastasis (9).

In this study, the total NK cell frequency and the intracellular
expression of perforin, granzyme, and IFN-y, IL-4, IL-17, IL-21
levels in NK cells were analyzed to evaluate the role of NK cells
in CLL.

MATERIALS AND METHODS

Patient Groups
The study was evaluated with 9 female and 20 male CLL patients
being monitored in the Hematology Department of the
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Istanbul Bakirkoy Sadi Konuk Training and Research Hospital. All
patients were chosen according to the International Workshop
on Chronic Lymphocytic Leukemia (iwCLL) 2008 diagnostic
criteria who have a lymphocyte count greater than 5 x 10%/
mm?3. According to the Rai/Binet staging system, CD5 and CD19
expression levels were also detected in all patients who were at
an early stage and had not received any treatment yet (Table
1). The study also included 4 females and 12 males as healthy
controls, matched to the patients’ age and sex, without a
history of cancer, autoimmunity, infection, immunosuppressive
medication, or smoking. This study was approved by the
Istanbul University Faculty of Medicine Local Committee with
the decision number; 587348 and dated September 24, 2021.

Cell Preparation and Sorting

Peripheral blood mononuclear cells (PBMCs) wereisolated using
the Ficoll-Hypaque solution from peripheral blood samples
obtained from the patient and healthy subjects. PBMCs were
washed in a phosphate buffered saline (PBS) solution twice
and suspended in the RPMI 1640 medium (Gibco, USA) which
was consisted of L-glutamine (Gibco, USA) and anti-mycotic/
antibiotic (Gibco USA; at respective concentrations of 10% and

Table 1. Clinical data of the patients.

CLL Healthy Controls

N 29 16
Male (n) 20 12
Female (n) 9 4
Age (Mean (min - max)) 65 (49 - 76) 58 (50-78)
WBC (10°/mL) (mean (min - max)) 40.34 (13 -147) 7.18(5.2-9.3)
Lymphocytes (10°/mL) (mean (min - max)) 34.78 (6.9 - 140) 2.90(2.1-3.6)
CD5'CD19% Mean (min - max) 89.10 (14.7 - 99.8) =

A 23 =
Binet Stage B 6 -

(¢ o o

0 17 =

1 5 =
Rai Stage 2 5 -

3 2 -

4 - -

Positive 10 =
CD38

Negative 19 -
Infection No No
Treatment No No
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1%,). PBMCs (5x10° cells/mL) were labeled with the anti-CD19
APC (BD-Biosciences, USA) and incubated for 20 minutes in the
dark at room temperature. Lymphocytes were separated by
gating on SSC versus FSC plot, and then CD19 negative cells
in lymphocyte population were gated on SSC versus CD19
plot. CD19 negative cell population were sorted using the BD
FACSAria Il cell sorter (BD-Biosciences, USA). Sorted cells were
labeled with anti-CD3 FITC, -CD56 PE and -CD16 PE monoclonal
antibodies to detect the CD3 and CD19 negative cells. (All
antibodies from BD-Biosciences, USA). After incubation,
samples were analyzed by Novocyte flow cytometry (Agilent,
USA), and CD3'CD19 cell population considered as NK cells.

Detection of Intracellular Cytokines and Cytotoxic Enzymes
in Total NK Cells

Sorted cells (1x10° cells) were stimulated using the cell activation
cocktail with Brefeldin A (Biolegend, USA) for 5 hours. Cells were
then washed and labeled with anti-CD3 FITC (BD-Biosciences,
USA). Fixation and permeabilization were performed using the
Fix-Perm kit according to manufacturer’s instructions (Nordic
MUbio, Netherlands), and the anti-IFN-y BV510, -IL-4 PECY7, -IL-
17 AIxF700, -IL-21 PE, -perforin BV510, and -granzyme AlxF700
monoclonal antibodies were added (All antibodies from BD-
Biosciences, USA). Cells were then washed and analyzed by
using the NovoCyte flow cytometry (Agilent, USA).

A
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Statistical Analyses

Mann-Whitney U test was performed for the analysis of the
data. Pearson’s correlation test was used for the correlation
analysis. GraphPad 5.3 program was used for statistical
analysis and graphical designs, with p < 0.05 being considered
statistically significant.

RESULTS

Higher Total NK Cells in CLL patients

The lymphocyte population consisted of CD3* T, CD19* B,
NKT, and NK cells. The cells that did not express CD3 and CD19
considered as NK cells in order to evaluate NK cell functions
in CLL patients in this study. To confirm this, CD19 negative
cells were sorted from PBMCs and stained with anti-CD16 and
-CD56. The purity of CD3:CD56*CD16* NK cells were 93-96%
(Figure 1A-B).

The total NK cell frequency was higher in CLL patients
compared with healthy controls (p = 0.0006; Figure 1C). No
significant differences were obtained in NK cell frequency in
the patient groups according to CD38 status and Rai/Binet
stages. However, the total NK cell frequency in CLL patients
was negatively correlated to the CD5*CD19* malign B cell
frequency (p = 0.03, R =-0.414).

SSC

B3 CLL

254 p=0.0006 -

FSC CDI19
B
o
u
a
0 O
A I —
A = i
al *
Q
CD3

lymphocytic leukemia, HC: Healthy control.

Figure 1. Gating strategy of total NK cells. CD19" cells were gated in lymphocyte gate and sorted (A). NK cell
purity was analyzed according to CD16 and CD56 expression of CD3" cell population of sorting cells (B). Total
NK cells in CLL patients (n=29) and healthy controls (n=16) was showed (C). NK: Natural killer, CLL: Chronic
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Elevated Perforin Expression of NK Cells in CLL Patients

To evaluate the cytotoxic properties of the NK cells, intracellular
perforin and granzyme expressions were analyzed using
by flow cytometry (Figure 2A). Compared to the healthy
controls, high perforin expressions were observed in NK cells
of CLL patients (p < 0.0001), while granzyme expression was
unchanged (Figure 2B). No significant differences were seen
on the cytotoxic properties of NK cells in the patient groups
in terms of CD38 expression and Rai/Binet stages. However, a
positive correlation was found between the CD5*CD19* malign
B cell frequency and perforin expression of NK cells (p = 0.03, R
=0.403; Figure 2C).

Increased Intracellular IL-17 and IL-21 Levels in NK Cells of
CLL Patients

When the intracellular cytokine levels of NK cells were analyzed,
no significant difference was found between the IFN-y and IL-4
levels of NK cells in patients and healthy controls (Figure 3A-
B). On the other hand, IL-17 and IL-21 levels in total NK cells
of patients were higher than healthy controls (p < 0.0001 and
p < 0.0001, respectively; Figure 3B). No significant differences
were found in the IFN-y, IL-4, IL-17 and IL-21 levels of NK cells in
the patient groups according to CD38 expression and Rai/Binet
stages. IL-17 levels of NK cells were positively correlated with
white blood cell count, lymphocyte count, and the CD5*CD19*
malign B cell frequency (p = 0.04, R =0.428; p=0.02, R = 0.475;
p = 0.05, R=0.313, respectively; Figure 3C).

A
CLL HC
34 13
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-
E=
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722 773
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&
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DISCUSSION

Cancer cells can escape from adaptive immune responses
through the various mechanisms they have developed (10). In
particular, the most well-known mechanism is to reduce the
MHC class | expression on their surface (10). NK cells recognize
and lyse the non-MHC | expressing target cells. Because of these
features, NK cells have a primary role in anti-tumor responses
(6). Therefore, NK cell-based cancer immunotherapies have
recently been designed (9).

The incidence of CLL is high in the northern hemisphere (11),
with CLL patients having an accumulation of malignant cells
of the CD5*CD19+*CD23* phenotype (12). Unlike other types of
leukemia, most patients with CLL are only monitored clinically
without any treatment (13). T cell frequency, especially the
CD8* T cell frequency, is known to increase in patients with
CLL. However, data regarding the disease development and
progression of increased T cell levels have been contradictory
(14). Many studies regarding T cells and their role in CLL
are present, but studies on NK cells and their role in CLL
pathogenesis are few and conflicting (9).

In a study focused on small lymphocytic lymphoma (SLL) and
CLL patients and reported the NK cell counts to have increase
in CLL patients and be positively correlated with CD19 cell
counts (15). On the other hand, it was detected that NK cell
frequency were increased and had a negative correlation

B

i 23 CLL

=1 HC

~1
=
1

=)
=
1

e o000
44
3-
z-
'l-
I]-

in NK Cells %

Perforin Granzyme

C p=0.03,R: 0.403

_ Perforin in NK Cells %o
-
-
=
-

CD5'CD1Y %

Figure 2. Representative dot-plots of perforin and granzyme expression on total NK cells in CLL patients and healthy controls
(A). Perforin and granzyme expression on total NK cells in patients and healthy controls (B). Correlation graphs between perforin
expression and CD5*CD19* cell frequency (C). NK: Natural killer, CLL: Chronic lymphocytic leukemia, HC: Healthy control.
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Figure 3. Representative flow graphs of IFN-y, IL-4, IL-17 and IL-21 levels of total NK cells in patients and healthy
controls (A). The statistical graph represents percentages of IFN-y, IL-4, IL-17 and IL-21 levels of total NK cells in
patients and healthy controls (B). Correlation graphs between IL-17 expression and white blood cells (WBS),
lymphocytes, CD5*CD19* cells (C). NK: Natural killer, CLL: Chronic lymphocytic leukemia, HC: Healthy control.

with the CD5*CD19* malign B cell frequency in untreated CLL
patients with the early stage. This difference might be due
to the evaluation of total NK frequency in lymphocytes after
CD19* cells were excluded in our study. For instance, NK cell
frequency was evaluated within total PBMC in MacFarlane et
al. study, and NK cell dysfunction was obtained in CLL patients

(15). On the other hand, it can be thought that high NK cell
frequency might be protective against the malignant B cells or
disease progression.

The tumor microenvironment is very important for malignant
B cells in CLL, as with many cancer types (16). Various cytokines
such as IL-6 are known to be important for this tumor
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environment (16), and many immune system cells, especially
Th17, are known to secrete IL-17, which in turn is known to
stimulate IL-6 (17, 18). Recent studies have shown CLL patients
to have increased sera and plasma IL-17 levels, especially
patients in the early stage (16, 19). In addition, the Th17 cell
frequency has been found to be higher in patients compared
to healthy controls (20). NK cells are known to mainly secrete
pro-inflammatory cytokines such as IFN-y, but recent studies
have indicated IL-17 to also be secreted by NK cells (21, 22).
The current study observed IL-17 expression in the total NK
cell to be higher in CLL patients. According to the study’s data,
NK cells might contribute to possible IL-17 increases in the
sera or plasma of CLL patients. Additionally, the study found a
positive correlation for IL-17 expression in the total NK cell with
the CD57CD19* cell frequency. Previous studies have shown
CLL patients to have higher IL-6 levels compared to healthy
subjects, as well as higher IL-6 levels to be correlated with
adverse disease features and low survival (16, 23). Meanwhile,
recent studies have indicated the IL-17/IL-6 axis to have an
important role in CLL and to be possible therapeutic targets.
When considering that IL-17 triggers IL-6 production, IL-17
expression in NK cells might be associated with a poor clinical
outcome.

Recent studies have also indicated that IL-21 to be able to
affect the gene expression profile of malign B cells in CLL (24).
Additionally, IL-15 has been shown to increase the survival
and proliferation of CLL cells, with IL-21 having the opposite
effect (25). IL-21 expressing total NK cells of CLL patients were
increased in our study. Furthermore, IL-21 is known to increase
perforin expression, cytotoxicity, and anti-tumoral responses
in NK cells (26). Consistent with this finding, the current study
showed higher perforin and IL-21 levels in total NK cells. Our
findings suggest that IL-21 levels of NK cells might have an
autologous effect and to trigger the expression of perforin in
these cells. However, these needs to be confirmed through in
vitro studies.

NK cells are an attractive source for new immunotherapeutic
strategies, including chimeric antigen receptor (CAR) therapy
(9). Therefore, the role of NK cells in CLL is very important. Our
findings suggest the total NK cell frequency and increased
perforin and IL-21 levels of these cells might have a protective
effect against the progression of early stage of CLL patients.
In addition, the negative correlation observed between the
malign CD5*CD19* cell and total NK cell frequency seems to
support this hypothesis. However, analyzing NK cell numbers
and functions in advanced or treated CLL patients will allow
us to better understand the role of NK cells have in the
pathogenesis of CLL.
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ABSTRACT

Objective: Aspartame is a widely used artificial sweetener that was approved by the United States Food and Drug Administration (FDA) in
1996 for use as a general sweetener in all foods. Previous studies on aspartame had suggested it to be non-toxic. However, some studies
have reported it to have carcinogenic, neurotoxic, apoptotic, and inflammatory effects. The knowledge obtained from previous studies
has been insufficient and contradictory, thus the aim of this study was to demonstrate the harmful side effects of daily and high doses of
aspartame on the rat livers.

Materials and Methods: The study separated 18 Long Evans rats weighing between 250-300g into three groups: control, low dosage, and
high dosage groups (n = 6 in each). 50 mg/kg of aspartame was given to the low dose group and 250 mg/kg to the high dose group every day
for 10 weeks. At the end of the 10* week, all groups were euthanized and their livers and blood samples collected. Liver tissues were subjected
to hematoxylin-eosin and Masson’s trichome staining, after which terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
immunohistochemistry was performed to check the serum alanine transaminase (ALT) and aspartate transaminase (AST) values. The enzyme-
linked immunosorbent assay (ELISA) method was applied for analyzing superoxide dismutase (SOD) and malondialdehyde (MDA) levels.

Results: Enlargement of the bile canaliculi and dilatation of sinusoids were observed in the group that was given high doses of aspartame.
At the same time, the amount of TUNEL-positive cells was higher in the high dose group. AST, ALT, and MDA values were increased while
SOD values were decreased in both the low and high aspartame dosage groups.

Conclusion: This study has concluded the prolonged use of high doses of aspartame to be able to cause damage to hepatocytes by
stimulating oxidative stress, hepatocyte apoptosis, and necrosis.

Keywords: Aspartame, liver, SOD, MDA, TUNEL, light microscope

INTRODUCTION

Aspartame (APM) is a widely used artificial sweetener
that was discovered in 1965 by James Schlatter and has
been used in foods and beverages for over 40 years (1).
Phenylalanine and aspartic acid are the two amino acids
that, together with a trace amount of methanol, make up
aspartame. The flavoring agent in aspartame is around 180-

200 times sweeter than sugar (2). APM was approved as a
food ingredient by the US Food and Drug Administration
(FDA) in 1981 and then approved as a general-purpose
sweetener for all foods and drinks in 1996 (3, 4). However,
the FDA did determine the maximum daily dosage for
aspartame that can be taken with food and beverages to
be 40 mg/kg body weight in Europe and 50 mg/kg body
weight in the United States (5).
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Among the high-intensity sweeteners, APM is a unique
molecule that is metabolized into three common dietary
elements (i.e.,, aspartic acid, phenylalanine, and methanol)
by digestive esterases and peptidases (6), with the methanol
portion of aspartame being released through hydrolysis
of the methyl esters by the pancreatic chymotrypsin and
then being immediately absorbed by the small intestine
(7). While not harmful in itself, the metabolites of methanol
are deleterious to cells in the body, with methanol being
converted to formaldehyde, formic acid, water, and CO, in the
liver (8, 9). These metabolites interact with the cytochrome ¢
oxidase in mitochondria, resulting in an increase in microsomal
proliferation and free oxygen radical formation (10).

Recent studies have examined the effects of aspartame and its
metabolites on cellular oxidative stress state via the production
of free reactive oxygen species (ROS) and modulation of the
levels of antioxidant enzymes. According to previous studies, a
daily dosage of 40 mg of APM was enough to cause oxidative
stress in immunological organs (11, 12). Additionally, the
inflammatory signaling pathways involved in the development
of liver fibrosis can be altered by oxidative stress (13).

Most recent studies have shown the effects of APM using an
observational approach. Because no generally observable
side effect had been detected following the administration
of a single high dose of APM, researchers had believed APM
to be harmless for the body (5), while a few previous studies
contrarily reported serious side effects, including cancer
development (14-16). Decisive amounts of molecular, cellular,
and histological studies have yet to accumulate regarding
the adverse effects of regular and long-term usage of APM.
The present study aimed to investigate the direct and indirect
cellular effects of different doses of APM on rat livers.

MATERIALS AND METHODS

Animals and the Experimental Design

Ethical considerations were obtained from Bezmialem Vakif
University Ethics Committee (Decision No. 2021/55). Animals
had free access to food and water with controlled room
temperature (22-25°C) and humidity, on a 12:12 h light/dark
cycle for the duration of the study. This study uses 18 Long
Evans rats weighing 250-300 g. Rats were divided into three
groups: the low APM dosage (LD) group, the high APM dosage
(HD) group, and the control (C) group. The aspartame dose as
approved by the FDA (50 mg/kg/day) was given to the rats in
the LD group in their drinking water (17). The rats in the HD
group took 250 mg/kg/day of APM in their drinking water,
which was determined to be an excessive APM consumption
considering the metabolic rate of rats is approximately seven
times higher than the human metabolic rate (18, 19). The
control group drank tap water without APM. The experimental
procedure continued for 10 weeks. At the end of the 10" week,
blood samples were obtained from all of the rats to evaluate
oxidative stress markers and to perform biochemical analysis,
after which the animals were euthanized under anesthesia and
their liver tissues were removed for histological analysis.
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Histological Analysis

Liver tissue samples were fixed in 10% neutral-buffered
formalin for one day. Using the routine light microscope tissue
processing method, the fixed tissue samples were dehydrated
by passing them through graded alcohols. Samples were then
embedded in paraffin after being cleaned in xylol.

Sections of 3-4 um thickness were taken from the paraffin blocks
to positively charged slides using a rotary microtome. A series of
decreasing alcohol concentrations was used to rehydrate these
slides after they had been deparaffinized at 70°C. The slides
were then subjected to hematoxylin-eosin (HE) and Masson’s
trichome (MT) staining after rehydration and examined under a
light microscope (Nikon Eclipse 920248, U.S.A.).

Immunohistochemical Staining

For the immunohistochemistry, the slides were stained for
apoptosis with a terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL)-based apoptosis kit
(ApopTag Plus, In-Situ Apoptosis Detection Kit, S7101,
Millipore). The TUNEL technique was applied according
to the manufacturer’s instructions on the datasheet.

Positive control slides were used with support from
the manufacturer. Under a light microscope at 40X objective
magnification, the apoptotic cells (brown in color) were evaluated
in the liver tissue samples (Nikon Eclipse 920248, US.A.).

Biochemical Analysis

Blood was centrifuged at 3,000 x g for 10 min at room
temperature. Serum samples were separated into a new tube
and stored at -80°C. On the day of the biochemical analysis,
serum samples were brought up to room temperature and then
centrifuged at 12,000 x g for 10 minutes at 4°C. The supernatants
were then collected into new microcentrifuge tubes.

Determining the SOD Protein Levels Using ELISA
Superoxide dismutase (SOD) protein levels were determined by
the human SOD enzyme-linked immunosorbent assay (ELISA)
kit (AFG Bioscience LLC, Northbrook, IL, USA). After applying
the manufacturer’s instructions to the serum samples, the
absorbances (OD) of each sample were measured at 450 nm
using the Multiskan GO ELISA reader (Thermo Fisher Scientific,
Boston, MA, USA).

Determining the Oxidative Stress Marker MDA Level Using
The Colorimetric Assay

Malondialdehyde (MDA) levels were determined using the
thiobarbituric acid reactive substances (TBARS) microplate
assay kit (Biorbyt Ltd, Cambridge, UK). After applying
manufacturer’s instructions to the serum samples, the ODs of
each sample were measured at 535 nm using the Multiskan GO
ELISA reader (Thermo Fisher Scientific, Boston, MA, USA).

Determining the ALT, AST, and Amylase Levels

Alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and amylase 2 (AMY 2) levels in the serum samples were
measured using the Atellica Solution Immunoassay & Clinical
Chemistry Analyzer (Siemens Healthineers, Germany).
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Statistical Analyses

Descriptive statistics of the quantitative data in the study are
given as means and standard deviations. The assumption of
normally distributed data was examined using the Shapiro-
Wilk test, the homogeneity of variance using Levene’s test, and
comparison of the groups’ means using the one-way analysis
of variance (ANOVA) test. The statistical significance level was
taken as p < 0.05, with the study using the program SPSS (ver.
26, IBM Corp., Armonk, NY) to do the calculations.

RESULTS

Histopathological Results
When examining the sections of liver tissue, the livers from the
control group were observed to show a well-defined central
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vein, cord-like array of hepatic cells around the central vein,
and sinusoids between the hepatic cell cords. A few hepatocytes
with heterochromatic nuclei, which can also be seen in a healthy
hepatic cell, were found in the C group (Figure 1A). The sinusoids
and some bile canaliculus in the livers from the LD group were
observed to be larger than that of the C group. Similar to the C
group, a few hepatocytes with heterochromatic nuclei were also
observed in the LD group (Figure 1B). The liver sections of the
HD group were observed to have enlarged sinusoids, just as
in the LD group (Figure 1C). However, enlarged bile canaliculi
were more common in the HD group compared to those in the
LD group. In contrast with the control and low dosage groups,
single cell necrosis was additionally observed in some of the
hepatocytes from the HD group (Figure 1D).

Figure 1. Photomicrographs of liver tissue stained with HE are shown. Figure 1A: Control
group, Figure 1B: Low dosage group, and Figure 1C & 1D: High dosage group. Figure 1A
shows radially arranged hepatocytes around the central vein (CV). Hepatocytes with
heterochromatic nuclei are marked with black arrows. Figure 1B shows enlarged sinusoids
(stars) and bile canaliculi (red arrows). Figure 1C & 1D show enlarged sinusoids (stars) and bile
canaliculi (red arrows) to be visible in both photomicrographs. Also, the photomicrograph in
1D shows single cell necrosis (blue arrows; HE; A, B, C 20X; D 40X).

Figure 2. Photomicrographs of liver tissue with Masson'’s trichome staining. A comparison of the fibrosis levels among the
groups reveals no differences. 2A: Control group, 2B: Low dosage group, and 2C: High dosage group (MTX20).
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Figure 3. Photomicrograph of the TUNEL-performed liver sections. 3A: Control group, 3B: Low dosage group, and 3C: High
dosage group. The distributions of the TUNEL-positive hepatocytes (black arrows) are similar in the C and low dosage groups.
The TUNEL-positive hepatocytes appear much more common in the high dosage group (TUNEL X40).

The study performed Masson’s trichome (MT) staining on liver
tissue sections to observe collagen fibers in blue color in case
of the development of hepatic fibrosis. No difference occurred
in terms of collagen fiber amount and distribution among the
groups regarding the MT-stained sections (Figure 2).
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Figure 4. Activity regarding the serum ALT and AST enzymes
of the rats from all groups (C: Control group, LD: Low dosage
group, HD: High dosage group).
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Figure 5. Aspartame’s effects on SOD and MDA levels. (C:
Control group, LD: Low dosage group, and HD: High dosage
group).

According to the TUNEL immunohistochemical staining, a few
TUNEL-positive hepatocytes were observed in the C group
(Figure 3A). As seen in Figure 3, the amounts and distributions
of the TUNEL-positive hepatocytes are similar in the C and LD
groups (Figure 3B). However, the TUNEL-positive hepatocytes
are noted as being more common in the sections from the HD
group compared to both the Cand LD groups (Figure 3C).

Biochemical Results

Anincrease occurred in the serum ALT and AST levels of the low
and high dosage groups, though not at a statistically significant
level (p = 0.388 & p = 0.204, respectively; Figure 4).

Compared to the control group, a decrease is seen in the SOD-
levels of both experimental groups, though more pronounced
in the LD group and no statistically significant difference (p
= 0.351). Similarly, the increase in MDA levels did not reach
statistical significance (p = 0.890; Figure 5).

DISCUSSION

Aspartame is widely used in around 6,000 packaged foods
and drinks and 500 drugs, including children’s medicines
(20). Instead of allowing frequent use, a daily dosage limit has
been set for aspartame, with a maximum recommended daily
allowance of 50 mg/kg bodyweight of aspartame according to
FDA-approved studies (5).

The current study found no major histopathological changes
except for enlargement of the sinusoids in the low dosage
group. In the high dosage group, however, an observable
change occurred in the liver morphology in the form of
enlarged sinusoids and bile canaliculi. Hepatic sinusoidal
dilatation refers to the expansion of the hepatic capillaries
with discontinuous epithelium and discontinuous basement
membrane. Although appearing unrelated, sinusoidal
dilatation could relate to serious diseases including hepatic
venous outflow obstruction, pericardial diseases, heart
failure, compression or thrombosis of the hepatic veins or
inferior vena cava, and even extrahepatic inflammatory
conditions including cholecystitis, pancreatitis, and intestinal
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bowel disease (21). Although appearing as a non-specific
and innocent finding, bile duct dilatation has been related
to both non-obstructive and obstructive cholestasis (22).
The rats that were included in this study should have been
examined in terms of symptoms and clues regarding these
situations. A detailed examination of the body, blood and
urine analysis, and molecular analysis of liver morphology
using high resolution techniques may provide additional
molecular knowledge about the effects of aspartame at these
doses in future experiments.

Mild changes in the biochemical values related to the hepatic
enzyme activities and oxidative stress markers in the low
dosage group suggest that dosage to be safe with respect
to liver functionality. However, Choudhary et als study (11)
administered 40 mg/kg/day of aspartame and found it toinduce
oxidative stress in the spleen, lymph nodes, bone marrow, and
thymus. On the contrary, this study observed no significant
changes in the lipid peroxidation status as determined by the
MDA levels nor in the levels of the SOD enzyme with regard
to either the low or high aspartame dosage groups. However,
the current study did detect a trend toward increased lipid
peroxidation and decreased antioxidant enzyme levels as
clues/symptoms of increased oxidative stress.

Mohamed et al’s high aspartame dosage (240 mg/kg) study
(23) detected necrosis with an increase in the number of
inflammatory cells in the liver. The current study found no
inflammatory cell infiltration, even in the high dosage (250 mg/
kg) group. However, the study did detect single-cell necrosis
localized in single and separate places among the intact
hepatocyte groups. This crucial result suggests that prolonged
aspartame consumption may even cause severe cell damage,
including necrosis.

In addition to the aspartame-induced cellular changes in the
hepatocytes, another study reported hepatic fibrosis in mice
through oxidative stress due to the long-term administration
of aspartame over 12 weeks at 80mg/kg/day (24). Conversely,
the current study’s dosage over 10 weeks of 50-250 mg/kg/day
did not result in any change being found regarding the amount
ordistribution of collagen in any of the groups, neither through
the HE staining nor with the trichrome staining. This result
parallels findings of no significant change regarding oxidative
stress parameters as a result of aspartame consumption in
drinking water. Previous studies have given aspartame to mice
and rats using an oral gavage, which was shown to be able
to cause a sudden rise in the aspartame metabolites in the
circulating blood. However, the current study had rats consume
the aspartame in small doses throughout the day, similar to
human consumption patterns. As a result, no dramatic changes
were observed in the liver tissue samples.

Apoptosis is a highly regulated programmed cell death that
does not induce any inflammatory response, and the balance
between pro- and anti-apoptotic proteins plays a crucial role in
apoptosis. Ashok and Sheeladevi'simmunohistochemical study
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(25) reported long-term aspartame use to cause apoptosis
due to oxidative stress. The current study found the higher
number of TUNEL-positive hepatocytes in the high dosage
group compared to the other groups to suggest aspartame to
have deteriorating effects when consumed in high doses. One
in vitro study (26) observed aspartame to induce apoptosis
mainly through the mitochondrial pathway due to the high
production of oxygen radicals.

In summary, this study can conclude long-term daily aspartame
consumption in high doses to be able to damage the hepatic
cells by increasing both apoptosis and necrosis. Although this
study provides little hints about the harmful effects of aspartame
on liver morphology and function, future experiments may
perform detailed physical examinations, blood and urine
analyses, and molecular and electron microscopic analyses
of liver morphology, which may provide additional molecular
knowledge about the side-effects of aspartame at high doses.
Nevertheless, this study recommends that people avoid
excessive usage of aspartame in their daily lives.
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ABSTRACT

Objective: Oral submucous fibrosis (OSF) is a disease characterized by abnormal collagen deposition that causes inflammation and
malignancy in oral mucosal tissue. Fibroblasts and myofibroblasts, are the cells that show significant activation in the development of
OSF. Bleomycin (BL) is a chemotherapeutic agent commonly used in cancer treatment that also causes inflammatory changes in the
oral mucosa, initiating fibrosis in the oral submucosal tissue. Sesamol (SE) has antioxidative and anti-inflammatory properties which are
abundant in sesame seeds and sesame oil, and SE has a beneficial effect on the mucosal layer. This experimental study aimed to investigate
SE's effects on BL-induced OSF.

Materials and Methods: The study obtained 18 healthy adult male albino rats aged 3-4 months and weighing 200-250g from Bolu Abant
Izzet Baysal University’s Experimental Animal Application and Research Center. The rats were divided randomly into control, BL, and BL +
SE groups (n = 6 in each group). A model of OSF was established in the rats by administering 0.5 mg/mL of BL and 50 mg\kg of SE to the
BL+SE group each day. The hematoxylin and eosin stain and Masson’s trichrome stain were used to assess histopathological changes in
the oral mucosa.

Results: The results revealed SE to have beneficial effects on BL-induced OSF through its antioxidant and anti-inflammatory properties.
Histopathological evaluations and biochemical analysis of oral submucosal tissue samples also revealed SE to provide statistically
significant protection against fibrosis in the oral mucosa (p < 0.01).

Conclusion: This study has demonstrated oral submucous fibrosis that develops due to BL as well as SE to have an antioxidant effect on
OSF regarding BL-induced reactive oxygen species (ROS) activation and collagen synthesis.

Keywords: Oral submucous fibrosis, bleomycin, sesamol, antioxidant

INTRODUCTION pathogenesis of OSF having been studied in detail in recent

years. Subepithelial fibrosis and hyalinization cause most
Oral submucosal fibrosis (OSF) is a disease characterized  of the clinical characteristic features of this condition, and
by inflammatory collagen deposition that affects human  yhijle many drugs and different therapies are used to treat

oral functionality (1). OSF is thought to be a form of  (sF effective treatment is still a problem (4, 5).
collagen metabolism disorder and reduces quality of life

(2). Fibroblasts and myofibroblasts are active cells that have ~ Bleomycin (BL) is a chemotherapeutic agent commonly
an important role in the development of OSF (3), with the  used in cancer treatment and has limited side effects
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other than pulmonary fibrosis. BL is used in studies to create
an animal model of pulmonary fibrosis, scleroderma, and
submucous fibrosis (6-8). In addition, BL causes inflammatory
changes in tissue that result in fibrosis. Oxidative stress is also
considered a cause of fibrosis through inflammatory responses
and increased fibroblast activation. Oral submucous tissue is
affected by chemotherapeutic agents due to rapid proliferation
(5, 9). This study used BL to make an animal model for
understanding the characteristics of oral submucous fibrosis.

Sesame (Sesamum indicum L) has been used in Eastern
countries for a long time as an anti-aging and nutritional
supplement. Sesame seed oil contains sesamolin, sesamin, and
sesamol (SE) (10), with SE (3,4-methylenedioxyphenol) having
antioxidative and anti-inflammatory effects on mucosal tissue
(11, 12). SE is known to have good antioxidant activity that
scavenges the hydroxyl radical due to the benzodioxol group
it contains (13). A number of studies have reported SE as being
a direct free radical scavenging antioxidant (14-16). SE has a
protective effect on the mucosal layer in gastric ulcers caused
by nonsteroidal anti-inflammatory drugs (17). SE also has
antibacterial and positive antioxidant properties that reduce
lipid peroxidation and free radical damage in oral tissues (12).

Studies examining quercetin, chamomile, dihydroartemisinin,
leflunomide, and resveratrol for preventing fibrosis due to
BL have found these substances to reduce fibrosis with their
anti-inflammatory and antioxidant effects (18-21). However,
the positive effect of SE on oral submucous tissue damage
association with bleomycin is not yet known. The purpose
of this study was to investigate SE's antioxidant effect on BL-
induced oral submucous fibrosis in rats.

MATERIALS AND METHODS

The experimental study was carried out at Bolu Abant Izzet
Baysal University, Experimental Animal Application and
Research Center. The study used 18 healthy male Wistar albino
rats aged 3-4 months and weighing 200-250g in polypropylene
cages and kept them in an environment at an ambient
temperature of 22+2°C on a 12-h light-dark cycle at a humidity
level of 50-60%. Tap water was used with standard pellet feed
until the day of the experiment. Rats were divided randomly
into the control, BL, and BL+SE groups, (n = 6 in each). The
control group was applied 2.5 mg/kg of saline on the first day,
while the BL and BL+SE groups were applied 0.5 mg/mL of BL
on the first day. For 2 h before the BL administration, saline was
given to the BL group while SE (50 mg\kg\day) was given to
the BL+SE group daily over a period of 10 days using an oral
gavage (22). Lastly, the rats were anesthetized with ketamine
(50 mg/kg), xylazine (10 mg/kg) and the blood samples were
taken for biochemical parameters then rats were sacrificed
by over dose anesthetics. The experimental procedures were
approved by The Animal Research Ethics Committee of Bolu
Abant Izzet Baysal University (Decision No. 2018/39).

For the histopathologic analysis, oral mucosal tissues from
the inner surface of the lips were fixed in 10% formalin and
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embedded in paraffin. Thin sections of oral tissue were taken
for hematoxylin and eosin (H&E) and Masson’s trichrome
staining. The stained sections were assessed with a light
microscope and graded histopathologically in line with the
criteria from Pindborg and Sirsat’s study (23): Grade 1 shows
early hyalinization in the juxtaepithelial region, plump
young fibroblasts, enlarged blood vessels and presence of
lymphocytes (mostly mononuclear), eosinophils, and a small
number of inflammatory cells in plasma cells; Grade 2 shows
moderate hyalinization, less prominent fibroblasts, increased
fibrocytes, narrowed vessels, and inflammatory cells; and Grade
3 shows high collagen deposition and absence of fibroblasts
in the mucosal region, narrowed vessels, and inflammatory
cells. A normal mucosal structure was graded as Grade 0.
Histological scoring of the oral mucosa was performed by a
blinded histopathologist.

For biochemical analysis, the oral mucosal tissue samples
were separated into glass tubes and subsequently labeled,
then the PBS-washed samples were kept at -80°C until
the biochemical analysis. Next, each tissue sample was
thawed and homogenized before the assay. The resulting
homogenized tissues were centrifuged at 5000 g and tested
for malondialdehyde (MDA) and glutathione peroxidase (GPx)
concentrations as an indicator of lipid peroxidation levels. The
MDA and GPx measurements were made using tissue-specific
commercial kits according to protocol (Cusabio, Wuhan, China).

Statistical Analyses

The results were expressed as the mean + standard error
of mean (SEM). The two-tailed Student’s t-test was used to
compare the significance of the difference between the two
groups, and the one-way analysis of variance (ANOVA) test
was used with Tukey’s multiple comparison test to compare
the data obtained from the groups. SPSS 21 was used the
analysis program, with a p < 0.05 being considered statistically
significant.

RESULTS

H&E and Masson Staining

In the histopathological examination, the epithelial layer
from the control group with the normal epithelial rete ridges
pattern was seen to be normal with no presence of congested
or obliterated vascular changes or increased fibrosis (Figures
1A, 1D). In the BL group, the epithelial layer was thinner and
the epithelial rete ridges of the oral mucosa were shorter. Also,
a few inflammatory cells were found, as well as narrowing/
shrinking of some vessels in the lamina propria with muscles
that were atrophic in appearance. An increase of hyalinized
collagen, atrophic muscle fibers, and vascular changes were
also observed in the lamina propria (Figures 1B1, 1B2, 1E). In
BL+SE treatment group that was applied sesamol, epithelial
thinning was reduced, but inflammatory cells were still
observed. A slight thin epithelial layer, mild atrophic muscle
fibers, and a few vascular changes were observed in the
buccal mucosa of the BL+SE group. In addition, less collagen
deposition was observed in the submucosal tissue compared
to the BL group (Figures 1C, 1F). The histopathologic grading
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scores for the BL and BL+SE groups were assessed to be higher
than in the control group (p < 0.01), with the BL group scores
also being higher compared to the BL+SE group (Figures 1B1,
1B2, 1C, 1F). In addition, statistically significant differences were
observed in all groups when compared amongst themselves (p
<0.01; Table 1).

Figure 1. The oral submucosal tissues (H&E & Masson's
trichromestains). A, D: Control group.B1,B2, E:The BLgroup,
showing a thinner epithelial layer (), shorter epithelial rete
ridges (), juxtaepithelial hyalinization, collagen deposition
(), and increased inflammatory cells (%) and muscle
atrophy. C, F: The BL+ SE group.

Table 1. Statistical analysis of the histopathologic grading
scores and GPx and MDA levels of all groups.

Histopathologic

Groups Score GPx MDA
Control 0.264+0.111 2(‘)1_ :;)21' 0.751+0.056
BL 2.564 + 0.400% %.329231;—* 1054223; :
BL+SE 1285+ 0.506*° ;gg;*‘—“ :):?‘113 *:r

*p < 0.01 compared to the control group

°p <0.01 compared to the BL group

Biochemical Analysis

Lipid peroxidation in the BL-treated rats’ mucosal tissue were
quantified by evaluating their MDA levels. The MDA levels of
both the BL and BL+SE groups were found to be significantly
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higher than the control group, which indicates increased
oxidative stress in the oral mucosa (p < 0.01). However, when
comparing the BL group to the BL+SE group, a significant
difference was seen between them, with the MDA levels being
found significantly lower in the SE treatment group (BL+SE; p
<0.01).

GPx catalyzes hydrogen peroxide and hydroperoxide reduction
to form non-toxic products, and this was also measured to be
higher in the control group than in the BL and BL+SE groups
(p < 0.01). Also, GPx was found to be significantly lower in the
BL group when compared to the BL+SE group (p < 0.01). The
GPx levels from the oral submucosal tissue samples showed
SE to have provided statistically significant protection against
fibrosis (p < 0.01; Table 1; Figure 2).

B CONTROL [ BL

ZJlmL

Histopathologic score

BL+SE

Figure 2. Histopathologic score of BL group were found to
be significantly higher than the control group and BL+SE
group. The MDA and GPx levels of BL, BL+SE and the
control groups; the graphic indicates increased oxidative
stress in the oral mucosa and also, decreased GPx level in
the BL-treated group compared to other groups (P<0.01).
BL, Bleomycin; BL+SE, Bleomycin+Sesamol, GPx: Glutation
peroxidase; MDA: Malondialdehyde.

DISCUSSION

The present study has provided data regarding SE’s protective
effect against BL-induced submucosal damage in rats. BL
is one of the drugs used in the chemotherapy treatment of
many types of tumors. In addition to complications such
as immuno-suppression and hematopoietic toxicity due to
BL, BL chemotherapy often causes pulmonary fibrosis (24).
Therefore, BL has been widely used in developing animal
models of pulmonary fibrosis (25). Repetitive administration
of BL injections also induces pleural submucosal fibrosis (9).
The current study created oral submucosal fibrosis to appear
in BL-treated rats, similar to the human OSF pathology. This
model allowed the study to examine SE’s antioxidant effects
on oral submucosal fibrosis. The treated rats were observed
to have atrophic epithelial layers, hyalinization just below the
epithelial layer, concentrations of collagen fibrils, and increased
inflammatory cell counts. The increased collagen in the oral
mucosa is the most distinguishing feature of OSF (26). Lamina
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propria enlargement with connective tissue was also observed,
similar to OSF. The rats in whose mucosal tissue the study
wanted to create fibrosis were also observed to have atrophic
epithelial layers, juxtaepithelial hyalinization, deposition of
collagen fibrils, and some inflammatory cell infiltration (27).

This study reduced the development of fibrosis with the
SE treatment, which was quantified by the histopathologic
changes in the submucosal layer. The histopathologic
evaluations showed the fibroblasts to have become active in
the lamina propria of the oral mucosa of the BL-treated rats
due to the deposition of a large amount of collagen fibers. In
addition, the atrophic epithelial cells, epithelial hyalinization,
and inflammatory cell infiltration in the BL-treated groups
resembled OSF (26, 28). However, less atrophic epithelial cells
and inflammatory cells in the lamina propria were observed in
this study.

SE attenuated OSF in the BL-treated submucosa. SE was also
found to be effective at reducing mucosal lipid peroxidation
and hydroxyl radical levels. In addition, SE significantly
maintained the reduced mucosal glutathione levels in the
submucosal tissue of the BL-treated rats. Therefore, SE may
be able to protect the submucosa against BL-induced injury
by inhibiting lipid peroxidation (29). In the current study, SE
played an excellent role in protecting the oral mucosal tissue
form oxidative damage, with the histopathological results
supporting with the biochemical findings.

Therefore, this study indicates SE to be able to reduce mucosal
fibrosis and to ameliorate OSF with its antioxidant effects on
BL-induced OSF rats.

CONCLUSION

The results showed BL to cause an increase in fibrosis in the
oral submucosal tissue and SE to have potent antioxidative
and anti-inflammatory properties on BL-induced apoptosis
and ROS accumulation. This study has also shown SE to have
an antioxidant effect on oral submucosal fibrosis and to inhibit
BL-induced ROS activation and collagen synthesis. Due to the
results obtained from the study on rats, SE may be an alternative
approach to clinical antioxidant treatments for OSF patients.

Note: This study was presented orally at the 2nd International Health
Sciences and Life Congress on April 24-27, 2019 in Istanbul.
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Peer-Review Policy

Manuscripts submitted to Experimed will go through a double-blind
peer-review process. Each submission will be reviewed by at least
two external, independent peer reviewers who are experts in their
fields in order to ensure an unbiased evaluation process. The edito-
rial board will invite an external and independent editor to manage
the evaluation processes of manuscripts submitted by editors or by
the editorial board members of the journal. The Editor in Chief is the
final authority in the decision-making process for all submissions.

Ethical Principles

An approval of research protocols by the Ethics Committee in ac-
cordance with international agreements (World Medical Associa-
tion Declaration of Helsinki “Ethical Principles for Medical Research
Involving Human Subjects,” amended in October 2013, www.wma.
net) is required for experimental, clinical, and drug studies and
for some case reports. If required, ethics committee reports or an
equivalent official document will be requested from the authors.
For manuscripts concerning experimental research on humans, a

statement should be included that shows that written informed
consent of patients and volunteers was obtained following a de-
tailed explanation of the procedures that they may undergo. For
studies carried out on animals, the measures taken to prevent pain
and suffering of the animals should be stated clearly. Information on
patient consent, the name of the ethics committee, and the ethics
committee approval number should also be stated in the Materials
and Methods section of the manuscript. It is the authors’ responsi-
bility to carefully protect the patients’ anonymity. For photographs
that may reveal the identity of the patients, signed releases of the
patient or of their legal representative should be enclosed.

Plagiarism

Experimed is extremely sensitive about plagiarism. All submissions
are screened by a similarity detection software (iThenticate by
CrossCheck) at any point during the peer-review or production
process.Even if you are the author of the phrases or sentences,
the text should not have unacceptable similarity with the previously
published data.

When you are discussing others’ (or your own) previous work, please
make sure that you cite the material correctly in every instance.

In the event of alleged or suspected research misconduct, e.g.,
plagiarism, citation manipulation, and data falsification/fabrication,
the Editorial Board will follow and act in accordance with COPE
guidelines.

Authorship

Each individual listed as an author should fulfill the authorship crite-
ria recommended by the International Committee of Medical Jour-
nal Editors

(ICMJE - www.icmje.org). The ICMJE recommends that authorship
be based on the following 4 criteria:

1 Substantial contributions to the conception or design of
the work; or the acquisition, analysis, or interpretation of data for
the work; AND

2 Drafting the work or revising it critically for important in-
tellectual content; AND

3 Final approval of the version to be published; AND

4 Agreement to be accountable for all aspects of the work

in ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved.

In addition to being accountable for the parts of the work he/she
has done, an author should be able to identify which co-authors
are responsible for specific other parts of the work. In addition,
authors should have confidence in the integrity of the contributions
of their co-authors.

All those designated as authors should meet all four criterias for
authorship, and all who meet the four criteria should be identified
as authors. Those who do not meet all four criterias should be ac-
knowledged in the title page of the manuscript.
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conflict of interest are resolved within the scope of COPE Conflict of
Interest Flowcharts and ICMJE Conflict of Interest guidelines.

Besides conflict of interest, all financial support received to carry
out research must be declared while submitting the paper.

The Editorial Board of the journal handles all appeal and complaint
cases within the scope of COPE guidelines. In such cases, authors
should get in direct contact with the editorial office regarding their
appeals and complaints. When needed, an ombudsperson may be
assigned to resolve cases that cannot be resolved internally. The
Editor in Chief is the final authority in the decision-making process
for all appeals and complaints.

Copyright and Licensing

Authors publishing with the journal retain the copyright to their
work licensed under the Creative Commons Attribution-NonCom-
mercial 4.0 International license ("https://creativecommons.org/
licenses/by-nc/4.0/" CC BY-NC 4.0) which permits unrestricted,
non-commercial use, distribution, and reproduction in any medi-
um, provided the original work is properly cited.

Open Access Statement

The journal is an open access journal and all content is freely avail-
able without charge to the user or his/her institution. Except for
commercial purposes, users are allowed to read, download, copy,
print, search, or link to the full texts of the articles in this journal
without asking prior permission from the publisher or the author.
This is in accordance with the HYPERLINK "https://www.budape-
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of the Creative Commons Attribution-NonCommercial 4.0 Interna-
tional ("https://creativecommons.org/licenses/by-nc/4.0/deed.en"
CC BY-NC 4.0) license.

Disclaimer
Statements or opinions expressed in the manuscripts published in
Experimed reflect the views of the author(s) and not the opinions

of the editors, the editorial board, or the publisher; the editors,
the editorial board, and the publisher disclaim any responsibility or
liability for such materials. The final responsibility in regard to the
published content rests with the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICMJE-Rec-
ommendations for the Conduct, Reporting, Editing, and Publication
of Scholarly Work in Medical Journals (updated in December 2015
- http://www.icmje.org/icmje-recommendations.pdf). Authors are
required to prepare manuscripts in accordance with the CONSORT
guidelines for randomized research studies, STROBE guidelines for
observational original research studies, STARD guidelines for studies
on diagnostic accuracy, PRISMA guidelines for systematic reviews
and meta-analysis, ARRIVE guidelines for experimental animal stud-
ies, and TREND guidelines for non-randomized public behavior.

Manuscripts can only be submitted through the journal’s online
manuscript submission and evaluation system, available at http://ex-
perimed.istanbul.edu.tr/en/_. Manuscripts submitted via any other
medium will not be evaluated.

Manuscripts submitted to the journal will first go through a technical
evaluation process where the editorial office staff will ensure that
the manuscript has been prepared and submitted in accordance
with the journal’s guidelines. Submissions that do not conform to
the journal’s guidelines will be returned to the submitting author
with technical correction requests.

Authors are required to submit the following:

. Copyright Agreement Form,

° ICMJE Potential Conflict of Interest Disclosure Form
(should be filled in by all contributing authors)

during the initial submission. These forms are available for down-
load at http://experimed.istanbul.edu.tr/en/_.

Preparation of the Manuscript
Title page: A separate title page should be submitted with all sub-
missions and this page should include:

. The full title of the manuscript as well as a short title (run-
ning head) of no more than 50 characters,

o Name(s), affiliations, ORCID IDs and highest academic de-
gree(s) of the author(s),

o Grant information and detailed information on the other
sources of support,

o Name, address, telephone (including the mobile phone

number) and fax numbers, and email address of the corresponding
author,

o Acknowledgment of the individuals who contributed to
the preparation of the manuscript but who do not fulfill the author-
ship criteria.

Abstract: A English abstract should be submitted with all submis-
sions except for Letters to the Editor. The abstract of Original Ar-
ticles should be structured with subheadings (Objective, Material
and Method, Results, and Conclusion). Please check Table 1 below
for word count specifications.
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Keywords: Each submission must be accompanied by a minimum
of three to a maximum of six keywords for subject indexing at the
end of the abstract. The keywords should be listed in full without
abbreviations. The keywords should be selected from the National
Library of Medicine, Medical Subject Headings database (https://
www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript Types

Original Articles: This is the most important type of article since it
provides new information based on original research. The main text
of original articles should be structured with Introduction, Material
and Method, Results, and Discussion subheadings. Please check Ta-
ble 1 for the limitations for Original Articles.

Statistical analysis to support conclusions is usually necessary. Statis-
tical analyses must be conducted in accordance with international
statistical reporting standards (Altman DG, Gore SM, Gardner MJ,
Pocock SJ. Statistical guidelines for contributors to medical jour-
nals. Br Med J 1983: 7; 1489-93). Information on statistical analyses
should be provided with a separate subheading under the Materi-
als and Methods section and the statistical software that was used
during the process must be specified.

Units should be prepared in accordance with the International Sys-
tem of Units (SI).

Editorial Comments: Editorial comments aim to provide a brief criti-
cal commentary by reviewers with expertise or with high reputation
in the topic of the research article published in the journal. Authors
are selected and invited by the journal to provide such comments.
Abstract, Keywords, and Tables, Figures, Images, and other media
are not included.

Review Articles: Reviews prepared by authors who have extensive
knowledsge on a particular field and whose scientific background
has been translated into a high volume of publications with a high
citation potential are welcomed. These authors may even be invit-
ed by the journal. Reviews should describe, discuss, and evaluate
the current level of knowledge of a topic in clinical practice and
should guide future studies. The main text should contain Introduc-
tion, Clinical and Research Consequences, and Conclusion sections.
Please check Table 1 for the limitations for Review Articles.

Case Reports: There is limited space for case reports in the journal
and reports on rare cases or conditions that constitute challeng-

es in diagnosis and treatment, those offering new therapies or re-
vealing knowledge not included in the literature, and interesting
and educative case reports are accepted for publication. The text
should include Introduction, Case Presentation, Discussion, and
Conclusion subheadings. Please check Table 1 for the limitations
for Case Reports.

Letters to the Editor: This type of manuscript discusses important
parts, overlooked aspects, or lacking parts of a previously pub-
lished article. Articles on subjects within the scope of the journal
that might attract the readers’ attention, particularly educative cas-
es, may also be submitted in the form of a “Letter to the Editor.”
Readers can also present their comments on the published manu-
scripts in the form of a “Letter to the Editor.” Abstract, Keywords,
and Tables, Figures, Images, and other media should not be includ-
ed. The text should be unstructured. The manuscript that is being
commented on must be properly cited within this manuscript.

Tables

Tables should be included in the main document, presented after
the reference list, and they should be numbered consecutively in
the order they are referred to within the main text. A descriptive
title must be placed above the tables. Abbreviations used in the
tables should be defined below the tables by footnotes (even if
they are defined within the main text). Tables should be created
using the “insert table” command of the word processing software
and they should be arranged clearly to provide easy reading. Data
presented in the tables should not be a repetition of the data pre-
sented within the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as sep-
arate files (in TIFF or JPEG format) through the submission system.
The files should not be embedded in a Word document or the main
document. When there are figure subunits, the subunits should not
be merged to form a single image. Each subunit should be submit-
ted separately through the submission system. Images should not
be labeled (3, b, ¢, etc.) to indicate figure subunits. Thick and thin
arrows, arrowheads, stars, asterisks, and similar marks can be used
on the images to support figure legends. Like the rest of the sub-
mission, the figures too should be blind. Any information within
the images that may indicate an individual or institution should be
blinded. The minimum resolution of each submitted figure should
be 300 DPI. To prevent delays in the evaluation process, all submit-
ted figures should be clear in resolution and large in size (minimum

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit  Reference limit Table limit Figure limit
Original Article 3500 200 (Structured) 30 6 7 or total of 15 images
Review Article 5000 200 50 6 10 or total of 20 images
Case Report 1000 200 15 No tables 10 or total of 20 images
Letter to the Editor 500 No abstract 5 No tables No media
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dimensions: 100 x 100 mm). Figure legends should be listed at the
end of the main document.

All acronyms and abbreviations used in the manuscript should be
defined at first use, both in the abstract and in the main text. The
abbreviation should be provided in parentheses following the defi-
nition.

When a drug, product, hardware, or software program is men-
tioned within the main text, product information, including the
name of the product, the producer of the product, and city and
the country of the company (including the state if in USA), should
be provided in parentheses in the following format: “Discovery St
PET/CT scanner (General Electric, Milwaukee, WI, USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the order
they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original articles
should be mentioned in the Discussion section before the conclu-
sion paragraph.
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