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ABSTRACT

Objective: The etiology of Alzheimer's disease (AD) is affected via
oxidative stress. Antioxidant enzymes are extremely important in
preventing reactive oxygen species (ROS) causing damage in the
cell. The changes in expression levels of oxidant and antioxidant
genes are key factors in cell response to oxidative stress. As a result,
this study investigated the change in expression levels of specif-
ic oxidative stress related genes (solute carrier family 7 member 11
(SLC7AT11), glutathione peroxidase 4 (GPX4), catalase (CAT) and acyl-
coa synthetase long chain family member 4 (ACSL4)) in peripheral
blood of AD patients.

Material and Method: Quantitative reverse-transcription poly-
merase chain reaction (qRT-PCR) was used to assess the expression
levels of oxidative stress-related genes in 25 AD patients and 22
controls, and the findings were statistically evaluated.

Results: SLC7A11, GPX4, CAT, and ACSL4 gene expression levels did
not vary significantly between AD patients and controls. The re-
sults also showed significant negative correlation between age of
onset and ACSL4 expression.

Conclusion: This is the first study that evaluated mRNA expression
levels of SLC7A11, GPX4 and ACSL4 genes in AD. The results sug-
gested that the peripheral blood expression of above-mentioned
genes did not alter in AD. However, due to the small number of
subjects, this findings are preliminary and should be validated with
a larger number of subjects.

Keywords: Alzheimer’s Disease, oxidative stress, SLC7A11, GPX4,
CAT, ACSL4

0z

Amag: Oksidatif stres, Alzheimer hastaliginin (AH) etiyolojisinde
onemli bir rol oynamaktadir. Antioksidan enzimler reaktif oksijen
tlrevlerinin (ROS) hilicreye zarar vermesini 6nlemek i¢in cok Gnem-
lidir. Oksidan ve antioksidan enzimleri kodlayan genlerin anlatim
seviyelerindeki degisimler hiicrenin oksidatif strese karsi verdigi ya-
nitta anahtar faktordir. Bu nedenle ¢alismamizda, AH hastalarinin
periferik kanlarinda spesifik oksidatif stres ile iliskili genlerin (solut
tastyici aile 7 liye 11 (SLC7A11), glutatyon peroksidaz 4 (GPX4), katalaz
(CAT) ve agil-koA sentetaz uzun zincir aile tiyesi 4 (ACSL4)) anlatim di-
zeylerindeki degisimin arastiriimasi amaclanmistir.

Gereg ve Yontem: Periferik kan |6kositlerinde oksidatif stresle ilgili
genlerin ekspresyon dizeylerindeki degisiklikler 25 AH hastasi ve
22 kontrolde kantitatif ters transkripsiyon polimeraz zincir reaksi-
yonu (qRT-PCR) ile belirlenmis ve sonuglar istatistiksel olarak de-
gerlendirilmistir.

Bulgular: SLC7A11, GPX4, CAT ve ACSL4 genlerinin anlatim diizeyleri,
AH hastalari ve kontroller arasinda istatistiksel olarak bir farklilik gos-
termemistir. Ayrica, sonuclarimiz baslangic yasi ile ACSL4 ekspresyo-
nu arasinda anlamli negatif bir korelasyon oldugunu gostermistir.

Sonug: Arastirmamiz, AH hastalarinin periferik kanlarinda SLC7A11,
GPX4 ve ACSL4 genlerinin anlatim dizeylerini degerlendiren ilk ca-
lisma olup, sonuglarimiz s6z konusu genlerin periferik kandaki an-
latimlarinin AH'de degismedigini gostermistir. Bununla birlikte, az
sayida hasta ve kontrol nedeniyle, bu bulgular baslangig niteliginde-
dir ve daha genis calisma gruplarinda dogrulanmasi gerekmektedir.

Anahtar Kelimeler: Alzheimer hastaligi, oksidatif stres, SLC7A11,
GPX4, CAT, ACSL4
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative disease marked
by increasing cognitive dysfunction, as well as accumulated
amyloid plaques and neurofibrillary tangles in the brain. (1).
The increase in the prevalence of AD is one of the major health
problems. Loss of synaptic communication and neuronal death
are among the main underlying causes of AD (2). However, the
mechanisms that underpin neuronal death in AD are not fully
understood and that holds back the improvement of efficient
therapeutic approaches. Data from several studies suggests
that approximately 80% of AD cases are due to genetic factors,
based on twin and family studies (3,4). In addition to genetic
factors, environmental factors are also very important in a spo-
radic form of AD, especially after the age of 65 (5). The oxidative
stress is a common condition that has considerable impact on
AD etiology. Oxidative stress causes oxidative modifications in
nuclear and mitochondrial DNA in AD. Increased reactive oxy-
gen species (ROS) formation, mitochondrial dysfunction, an im-
paired antioxidant activity, or a combination of these elements
are the most common causes (6). ROS can act as a signal mol-
ecule or alter gene expression of signal molecules within the
cell. Increased ROS residuals may affect the molecular mecha-
nism of synaptic activity and neurotransmission causing cog-
nitive dysfunction (7). Also, oxidative stress is associated with
the deposition of B-amyloid (AB) plaque (8), while AB plaque
leads to the formation of free radicals and oxidative stress (9).
Against oxidative stress, the body uses its own defense mech-
anism through antioxidants. Changes in the expressions of
antioxidant enzyme genes are important for the cell response
to oxidative damage (10). One of these antioxidant enzymes is
glutathione peroxidase 4 (GPX4) which needs glutamate, cys-
tine and cysteine for enzyme activation (11). Catalase (CAT),
encoded by the CAT gene, is another important antioxidant
enzyme that basically converts two molecules of hydrogen
peroxide into one molecule of oxygen and two molecules of
water in a two-step reaction (12). A study performed by Habib
et al. showed catalase-amyloid interactions in neurotoxic AB
peptides stimulated oxidative stress (13). Solute carrier family
7 member 11 (SLC7A11) has an important function in the an-
tioxidant mechanism as it supports the survival and growth of
the cell by providing cystine uptake and promoting glutathi-
one synthesis under oxidative stress (14). Ferroptosis, a recently
identified mechanism of cell death, has also been shown to play
arole in oxidative stress and neurodegenerative disorders in re-
cent years. The catalytic enzyme acyl-coa synthetase long chain
family member 4 (ACSL4) is involved in the ferroptosis lipid me-
tabolism pathway. The ACSL4 establishes cell susceptibility to
ferroptosis and leads to ferroptotic cell death (15).

The function of antioxidant enzymes is mostly regulated at
the transcriptional level. Inability to produce sufficient an-
tioxidant enzyme mRNA against ROS accumulation causes
the cell to be unable to defend itself against oxidative stress.
Variations in antioxidant gene expression levels can lead to
oxidative harm in AD patients’ central nervous systems (10). If
oxidative stress increases in AD, an increase in the function of
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antioxidant enzymes and gene expressions can be expected
in AD patients. Yet, conflicting results have been obtained in
postmortem studies in AD brains on antioxidant gene expres-
sions (16) and there are few studies showing the alteration of
antioxidant gene expression levels in AD (10). This study inves-
tigated whether GPX4, CAT, SLC7A11 and ACSL4 gene expres-
sions, which are known to be associated with oxidative stress,
changed in the peripheral blood of AD patients.

MATERIAL AND METHOD

Study Population

The research involved 25 AD patients and 22 healthy controls
who had no background of significant neurologic or men-
tal illness. Participants were recruited from Istanbul Faculty
of Medicine, Istanbul University in the Behavioral Neurology
and Movement Disorders Unit of Neurology Department. The
diagnosis of dementia was made according to the Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV) and the
National Institute of Neurological and Communicative Disor-
ders and Stroke and Alzheimer’s disease and Related Disorders
(NINCDS-ADRDA) criteria. All participants signed informed
consent forms. The Istanbul University’s Ethics Committee gave
approval to the study’s procedures.

Genetic Analysis

Total RNA was collected from leukocytes in the peripheral blood
using trizol reagent (Thermo Fisher Scientific, MA, USA) accord-
ing to the manufacturer’s instructions. The iScript™ cDNA syn-
thesis kit (Bio-Rad, CA, USA) was used to synthesize cDNA from
1ug of total RNA according to the manufacturer’s protocol. The
SYBR Green | Assay (Thermo Fisher Scientific, MA, USA) was
used in a qRT-PCR on the Lightcycler 480 Real-Time PCR sys-
tem (Roche, Basel, Switzerland). The data was normalized using
GAPDH as the housekeeping gene, and the relative expression
levels of SLC7A11, GPX4, CAT, and ACSL4 genes were calculated
using the 272" method.

Data Analysis

Expression levels of SLC7A11, GPX4, CAT and ACSL4 among
groups were compared by the non-parametric two-tailed
Mann-Whitney U test. Spearman’s rho test was performed
to investigate correlations between SLC7AT11, GPX4, CAT and
ACSL4 mRNA expressions and age, age at onset, and mini men-
tal state examination (MMSE) scores. The categorical variables
were compared using Fisher’s exact test. A p value was con-
sidered statistically significant for less than 0.05. All statistical
analysis was performed using SPSS Statistics 23.0 software (IBM
Corp., USA).

RESULTS

Table 1 summarizes the descriptive characteristics of the study
population. There was a significant age gap between AD pa-
tients and controls, and the overall MMSE score in patients was
significantly lower than in controls (Table 1).

The expression levels of SLC7A11, GPX4, CAT and ACSL4 genes
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Table 1. Descriptive characteristics of study population.

AD (n=25) Control (n=22) p-value
(mean+SD) (mean+SD)
Age, years, (range) 77.20+5.058, (67-89) 73.90+6.265, (66-91) 0.035
Age of onset, years, (range) 72.20+5.848, (65-84) -
Gender, % (n) 0.452
Male 48% (13) 59.1% (13)
Female 52% (12) 40.9% (9)
MMSE score (range) 18.39+5.255, (10-26) 27.72+3.232,(17-30) <0.0001

Mann Whitney-U test was used to compare means and Fisher’s exact test for percentages, p values in bold shows statistical significance.

AD: Alzheimer’s disease, MMSE: Mini Mental State Examination, SD: standart deviation, n: number of individuals

in leukocyte did not vary significantly between AD patients
and control subjects. As shown in Figure 1a, the SLC7AT1 ex-
pression level in AD (meanzSEM; 1.21+0.18) was similar to
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Figure 1. mRNA expression levels in study population (a)
SLC7A11 expression in AD and control subjects (b) GPX4
expression in AD and control subjects (c) CAT expression
in AD and control subjects (d) ACSL4 expression in AD and
control subjects. Data are presented with mean+SEM, AD
Alzheimer disease, SEM standard error of the mean.

controls (1.12+0.16, p=0.819). Although GPX4 expression
seems to be increased in AD (1.89+0.17) as compared to con-
trols (1.56+0.20), no significant difference was found (p=0.207,
Figure 1b). In addition, lower CAT expression was observed in
AD patients (0.8940.10) as compared to controls (1.09£0.09)
without any significance (p=0.72, Figure 1c¢). Finally, the ACSL4
expression appears to be higher in AD patients (2.42+ 0.25) as
compared to controls (2.19+0.16, Figure 1d) without statistical
significance (p=0.889).

In AD patients, a correlation analysis was used to show the
relationship between age, age of onset, MMSE score, and the
expression levels of SLC7A11, GPX4, ACSL4 and CAT genes. The
ACSL4 expression and age at onset had a significant negative
correlation, according to our findings (r=-0.458, p=0.028; Fig-
ure 2). Other gene expressions were found to have no signif-
icant correlation with age, age of onset, or MMSE score in AD
patients (Supplementary Figure 1 and 2).
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Figure 2. Correlation between ACSL4 mRNA expression and
age of onset in AD patients.
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DISCUSSION

Several reports have shown the relationship between oxidative
stress and AD etiology (7-9). Oxidative stress tends to increase
in the brain with age. Even so, the role of oxidative stress in the
etiology of AD is still unknown. The main goal of this research
was to investigate whether the expression levels of specific ox-
idative stress-related genes could be identified in peripheral
blood of AD patients. For this purpose, a study was made of the
peripheral expression levels of SLC7AT11, GPX4, CAT and ACSL4
genes that were known to play a role in oxidative stress.

Cell death by apoptosis is known to occur in response to oxi-
dative stress, and GPX4 has been identified as a key regulator
of apoptosis in response to oxidative stress (17). In transgenic
mice, increased expression of GPX4 preserves neurons from ox-
idative stress and amyloid toxicity (17). Furthermore, in a study
by Hambright et al., inactivation of GPX4 gene in neuronal cells
promotes hippocampal neurodegeneration and cognitive dys-
function in a mouse model (18). Studies investigating the rela-
tionship between GPX4 and AD were limited to animal models,
so far there has been only one study in humans, and that study
explored the effect of GPX4 polymorphism on episodic memo-
ry (19). Therefore, this is the first study to investigate GPX4 gene
expression levels in AD patients. The results showed that GPX4
expression increased in the peripheral blood of AD patients, al-
though it was not statistically significant. This increase may be
the result of neuroprotective effect of GPX4 in AD.

SLC7A11 plays a crucial role in antioxidant protection by me-
diating cystine uptake, promoting glutathione synthesis, and
sustaining cell viability against oxidative stress conditions
(14). In the central nervous system (CNS), glutamate export is
particularly important since it is a non-vesicular pathway of
release for this excitatory neurotransmitter, which can play a
role in neuronal signaling or excitotoxic pathology (20). One
study showed that by releasing glutamate through microglia
increased AP toxicity which suggested that since the SLC7AT1
gene was expressed not only in cultured microglia but also
in the reactive microglia inside or around amyloid plaques in
transgenic mice, this could be important to AP toxicity in AD
(21). In a study conducted in the peripheral blood of schizo-
phrenia patients, the significant reduction of SLC7A11 gene ex-
pression supports the hypo-glutamatergic neurotransmission
hypothesis in the pathogenesis of schizophrenia and the role of
SLC7A11 in neurological diseases (22). However, SLC7AT1 gene
expression levels in the peripheral blood of AD patients has not
been investigated so far. Although the results showed that the
peripheral blood expression of SLC7AT1 did not change in AD,
this should be considered preliminary because of the small size
and should be further investigated in a larger study.

Catalase is an antioxidant enzyme which is involved in oxida-
tive stress mechanism (12). It has been suggested that catalase
deficiency or degradation is implicated in the pathogenesis of
degenerative diseases including diabetes mellitus, cancer, AD,
Parkinson’s disease and hypertension which increase in fre-
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quency with age (23). In the analysis of different brain regions
of AD patients, Aksenov et al. found a substantial increase in
CAT expression in brain regions affected by AD pathology (9).
This suggested that this antioxidant enzyme could play an im-
portant role in protecting CNS cells from oxidative stress in AD.
Also, the same study showed that an increased expression of
CAT leads to an increased tolerance of cultured neural cells to
AR toxicity (10). In another study conducted in late-onset AD
(LOAD) patients, it was observed that CAT gene expression lev-
els in peripheral blood were significantly decreased compared
to the controls, but the erythrocyte CAT enzymatic activity was
significantly increased in LOAD patients. This suggests that
even as the expression of antioxidant genes decreased, their
enzymatic activity was not affected (24). Consistent with that
study, we observed a decreased mRNA expression of CAT in
AD patients but without statistical significance. However, since
CAT enzyme activity was not measured, a comparison could
not be made like the study of Gonzalez-Mundo et al.

Considering the fact that the brain is the fattiest organ after
adipose tissue, ACSL4 is regarded as an important enzyme for
neurodegenerative diseases due to its role in lipid metabo-
lism although it has not been fully investigated in AD (25). An
in vitro study of embryonic stem cells showed that the nerve
growth factor, retinoic acid induced neuronal differentiation,
and neurite growth were weakened by a knockout of the ACSL4
gene (26). This study showed a non-significantly decreased ex-
pression level of ACSL4 in AD patients, also a correlation anal-
ysis pointed out that the expression of ACSL4 decreased with
increasing age of onset. The fact that AD patients had higher
ACSL4 expression levels may support the assumption that a
lipid metabolism pathway is involved in the pathogenesis of
oxidative stress in AD. Since our study is the first investigating
the ACSL4 expression levels in AD patients, it is necessary to
replicate our findings in larger patient-control groups and to
support by further in vitro studies.

Aging is a major risk factor for AD, and it is known that the ex-
pression of several genes are altered during aging. Many stud-
ies have shown that the expression of various genes involved in
DNA repair, energy metabolism, oxidative stress response, and
synaptic activity changes with aging (27). Although limited to
animal studies, GPX4 and SLC7A11 gene expressions have been
shown to alter with age, while the effect of age on ACSL4 gene
expression is unknown (28,29). Also, a study by Tatone et al.
showed that the CAT mRNA levels were significantly lower in
women over the age of 38 (30). In this study, we did not find any
correlation between age and the expression of studied genes.
This may suggest that age may not influence the expression of
these genes, but it should not be ruled out since this research
was conducted with a small study group. Although the age of
the patients and controls was similar, we found a statistically
significant difference between them. However, no significant
effect of age was observed in correlation analysis.

Our study has several limitations. First, the current study was
conducted using a small sample size. Second, the activities
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of enzymes that are products of studied genes could not be
measured. Therefore, the ability to investigate the relationship
between extracellular enzymatic activity and mRNA expression
levels was hampered. Lastly, considering AD is a CNS disease,
the whole blood-based mRNA analysis is a limitation factor. Fu-
ture research should focus on mRNA expression in brain tissues
from Alzheimer’s patients and in vitro cell cultures. The present
study laid the groundwork for future research into oxidative
stress related gene expressions in AD.

CONCLUSION

In conclusion, the results showed that peripheral blood ex-
pressions of the GPX4, SLC7A11, CAT and ACSL4 genes were
not altered in AD. However, further studies investigating the
expression of these genes in brain tissue rather than periph-
eral blood will be more informative to elucidate their roles in
AD etiology.
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ABSTRACT

Objective: Glucosylceramide (GC) synthesized by glucosylce-
ramide synthase (GCS) favors cell survival and proliferation in
many cancers. However, it's role in Fms-like tyrosine kinase 3 (FLT3)
non-mutant Acute Myeloid Leukemia (AML) pathogenesis is not
clarified. Midostaurin, a multi-kinase inhibitor, clinically benefits
FLT3-mutated AML, however, its clinical efficacy is under-estimat-
ed in FLT3 non-mutant AML. This study aimed to investigate the
efficacy of combination of midostaurin with GCS inhibitor in FLT3
AML cell carrying wild-type FLT3 and the underlying molecular
mechanisms.

Material and Method: Cytotoxic and cytostatic effects of mido-
staurin, PDMP (GCS inhibitor) alone and in combination on THP1
cells were determined by MTT assay and flow cytometric propidi-
um iodide (PI) staining, respectively. Calcusyn software was used to
calculate combination indexes (Cls). GCS expression was checked
by western blot.

Results: Midostaurin downregulated GCS. Simultaneous inhibi-
tion of FLT3 and GCS resulted in suppression of cell proliferation as
compared to untreated control. Combinations showed synergistic
cytotoxic effects (Cl<1). Co-treatments increased cell cycle popula-
tion at G2/M phase.

Conclusion: Inhibition of GCS enhances the efficacy of midostau-
rin in FLT3 non-mutant AML, which could be a novel therapeutic
approach to increase midostaurin’s limited usage in the clinic after
detailed mechanistic studies.

Keywords: Cell cycle, FLT3 non-mutant AML, glucosylceramide
synthase, midostaurin

0z

Amag: Glukozilseramid sentaz (GSS) tarafindan sentezlenen gluko-
zilseramid (GS) bircok kanser tiirlinde hiicre yasamini ve proliferas-
yonunu saglamaktadir. Ancak, mutant olmayan Fms-benzeri tirozin
kinase 3 (FLT3) pozitif akut miyeloid 16semi (AML) patogenezindeki
rolli agtklanmamustir. Coklu kinaz inhibitéri olan midostaurin mu-
tant FLT3 AML tedavisinde etkili olmasina ragmen mutant olmayan
FLT3 pozitif AMLdeki klinik etkisi gézden kaciriimistir. Bu calismada,
midostaurinin GSS inhibitori ile kombinasyonunun yabanil tip FLT3
ifadesine sahip AML hiicrelerindeki etkisinin belirlenmesi ve mole-
kiler mekanizmalarinin agiklanmasi amaglanmistir.

Gereg ve Yontem: Midostaurin, PDMP (GSS inhibitori) ve kombi-
nasyonlarin THP1 hiicreleri Gzerindeki sitotoksik ve sitostatik etki-
leri sirasiyla MTT testi ve Pl boyamasi ile akim sitometri kullanilarak
belirlenmistir. Kombinasyon indeksleri (Cl) Calcusyn programi ile
hesaplanmistir. GSS ifadesi western blot ile belirlenmistir.

Bulgular: Midostaurin GSS ifadesini baskilamistir. FLT3 ve GSS'In
birlikte inhibe edilmesi kontrolle karsilastirildiginda hiicre ¢ogal-
masini baskilamistir. Kombinasyonlar sinerjistik sitotoksik etki gos-
termistir (Cl<1). Kombinasyon hiicre déngtstiniin G2/M fazindaki
hiicre populasyonunu arttirmistir.

Sonug: Mutant olmayan FLT3 AMLde GSS inhibisyonunun midosta-
urin’in etkisini arttirdigi saptanmistir. Detayli mekanizma calismalari
yapildiktan sonra kombinasyon tedavisinin midostaurin’in sinirh
klinik kullanimini arttirmasi acisindan yeni bir yaklagim olabilecegi
disunulmektedir.

Anahtar Kelimeler: Hiicre dongisu, FLT3 mutant olmayan AML,
glukosilseramid sentaz, midostaurin
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INTRODUCTION

Acute myeloid leukemia (AML) is a genetically complex disor-
der, which results in different prognostic subgroups (1). Fms-
like tyrosine kinase 3 (FLT3) gene is considered as the most
important one among the altered genes in AML, leading to
clinically problematic FLT3 positive AML subgroups in both
newly diagnosed adult patients and pediatric AML (2).

The FLT3 gene is included in the receptor tyrosine kinase family
and commonly found on the plasma membrane of hematopoi-
etic stem and early progenitor cells and over-expressed or mu-
tated on a high percentage of AML blasts (3). Dimerization and
activation of FLT3 is induced after binding of FLT3 ligand, which
leads to activated downstream RAS, PI3K/AKT and STATS5 signal-
ing pathways involved in cell proliferation and inhibition of apop-
tosis (3,4). FLT3 receptor and its downstream pathways become
constitutively active as a result of two common FLT3 mutations,
which are found in tyrosine kinase domain (TKD) and within its
juxtamembrane domain (internal tandem duplication, ITD) (2,4).
Therefore, development of new small molecule inhibitors has
dramatically changed the treatment course of FLT3 positive AML
after defining the critical role of FLT3 signaling in disease patho-
genesis. FLT3 inhibitors include first generation inhibitors such
as midostaurin and sorafenib and next generation inhibitors
such as crenolanib and gilteritinib, which differ in their specificity
and potency (5). Among these inhibitors, midostaurin (PKC412)
was the first one clinically approved for the treatment of new-
ly diagnosed FLT3-mutation carrying patients in combinations
with standard treatment protocols (6). However, some clinical
trials revealed that midostaurin is also effective in non-mutant
FLT3 positive AML, since 70-100% of AML patients overexpress
FLT3 and it has multiple cellular targets in addition to FLT3 (7,8).
Molecular studies investigating this transient effect of midostau-
rin in non-mutant FLT3 AML are very scarce, which clearly indi-
cated that FLT3-independent molecules or pathways might have
arole to regulate its efficacy. In a study, ERK and KIT kinases have
been shown to be targeted by midostaurin and their pharmaco-
logical inhibition enhanced its effect (9). In another study, MEK
was identified as a midostaurin target and co-inhibition of MEK
and FLT3 gave promising results (10). Therefore, we suggest that
one of the mechanisms contributing to midostaurin’s efficacy in
non-mutant FLT3 AML could be the glucosylceramide synthase
(GCS) enzyme involved in ceramide (Cer) catabolism, which has
many therapeutic targets in different cancers.

Sphingolipids including Cer and its phosphorylated or glyco-
sylated forms determine the cell fate, which is either cell survival
or cell death (11). Members of the sphingolipid family affect can-
cer initiation and progression by modulating cell growth, and
division, apoptosis, metastasis and response to therapy (12). The
central molecule Cer derived is known to be an apoptotic lipid
whilst its glycosylated form glucosylceramide (GC) is involved in
cell proliferation and drug resistance (11,13). Cer produced via
de novo or salvage pathway is transferred to cis-Golgi to be gly-
cosylated by GSC, hence this enzyme with its anti-carcinogenic
activities is shown to possess therapeutic importance in cancers
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(14). Inhibition of GCS in head and neck cancer overcame resis-
tance to cisplatin by downregulating p-glycoprotein and upreg-
ulating apoptotic proteins (15). In Chronic Myeloid Leukemia
(CML) cells, GCS was found overexpressed in imatinib-resistant
cells as compared to sensitive partners and targeting GCS sen-
sitized resistant cells to imatinib (16). Delivery of Cer nanolipo-
somes plus simultaneous inhibition of GCS resulted in induction
of the intrinsic pathway of apoptosis in natural killer cell leuke-
mia (17). Therefore, investigation of the involvement of GCS in
midostaurin’s effect on non-mutant FLT3 AML could open a new
route to understand midostaurin’s observed clinical activity and
provide a novel target.

In this study, we hypothesized that inhibiting GCS in combina-
tion with midostaurin would enhance midostaurin’s antileuke-
mic activity in THP1 cells for the first time, and we could sug-
gest a possible combination approach.

MATERIAL AND METHOD

Chemicals and Agents

MTT and midostaurin were commercially supplied (Sigma-Al-
drich, USA). 1-phenyl-2-decanoylamino-3-morpholino-1-propa-
nol (PDMP) was obtained from Cayman Chemicals (Ann Arbor,
MI, USA). Stock solutions (10 mM in dimethyl sulfoxide (DMSO))
were prepared, which do not contain more than 0.01% DMSO in
culture. RPMI 1640 growth medium and all ingredients required
for complete growth medium (Penicillin-streptomycin and fetal
bovine serum) were obtained from Invitrogen (Paisley, UK).

Cell Lines and Culture Conditions

THP1 cell line, representing non-mutant/wild type FLT3 car-
rying AML cell line, was purchased from German Collection
of Microorganisms and Cell Cultures (Germany, DSMZ) and
cultured and maintained in RPMI-1640 growth medium (with
L-glutamine) including 10-20% fetal bovine serum (FBS) and
1% penicillin-streptomycin up to 15 passages at 37°C in a 5%
CO, incubator.

Cell Viability Assay

Cell viability was analyzed by the standard MTT protocol in re-
sponse to increasing concentrations of midostaurin (100-1000
nM), and PDMP (1-80 uM) on THP1 cells (18). 1x10* cells/well
were seeded in 96-well plates for 48 h. Following treatments,
a 20 pl MTT solution (5 mg/mL, Sigma Aldrich) was added.
Then, absorbances were recorded at 570 nm using a spectro-
photometer. Based on the cell proliferation graphs, ICs, values
(concentration inhibiting cell growth by 50%) for midostaurin
and PDMP were calculated by linear regression analysis using
GraphPad software (San Diego, CA).

Combination Index (Cl) Analysis

Midostaurin (200-800 nM) was combined with PDMP (10-40 pM)
at a fixed molar ratio. After 48 h of exposure, cell survival was as-
sessed by the standard MTT assay. The method of Chou and Tala-
lay was used to define whether combinations lead to synergism
(CI<1), additivity (CI:1.0-1.1) or antagonism (CI>1.1) using Cal-
cuSyn software (Biosoft, Cambridge, United Kingdom) (19,20).
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Cell Cycle Analysis

7.5x10° cells/2ml were treated with midostaurin (400-800 nM),
PDMP (20-40 pM) and their combinations (synergistic combi-
nations were chosen based on Cl analysis) for 48 h. Then, the
cells were fixed with cold ethanol overnight at -20°C. The cells
were treated with RNase-A (200 pg/ml, Sigma Aldrich) at 37°C
for 30 min and then with propidium iodide (PI) (1 mg/ml, Sigma
Aldrich) at room temperature for 10-15 minutes (18). Cell cycle
analysis was carried out by BD FACSCalibur flow cytometer (BD
Biosciences). The results were analyzed using BD FACSDiva™
(BD Biosciences).

Western Blot Analysis

5x10°¢ cells were incubated with midostaurin (200 and 400 nM)
for 48 h to detect the changes in the expression of GCS by west-
ern blot. After cell lysis in the RIPA buffer (Sigma-Aldrich, USA),
protein amounts were detected with RC DC™ Protein Assay
Kit (Bio-Rad, USA). 30 ug protein was loaded to SDS-PAGE and
separated proteins were transferred to PVDF membranes. Pri-
mary antibodies for GCS (1:3000, Novus Biologicals, USA) and
Beta Actin (1:3000, Cell Signaling, USA) were used to detect the
proteins and conjugated with secondary antibodies (1:10000,
Jackson ImmunoResearch, USA). The protein bands were visu-
alized with Pierce™ ECL Western Blotting Substrate kit (Ther-
mo Scientific™,USA). Densitometric analysis of immunoreac-
tive bands was carried out by the imaging software (Bio-Rad,
ChemiDoc, Image LabTM 3.0).

Statistical Analysis

Three independent experiments were done where the results
are expressed as meanzstandard deviation (SD). GraphPad
Prism 6.0 was used for statistical analysis. One-way ANOVA was
applied followed by Dunnett's or Tukey’s multiple comparisons
tests. p<0.05 was accepted as statistically significant.

RESULTS

Midostaurin Decreased Glucosylceramide Synthase Level
in THP1 Cells

Changes in GCS protein level in response to sub-toxic con-
centrations of midostaurin (200 and 400 nM) were analyzed.

Midostaurin (uMm)

0 0.2 0.4
GCs | S — .
R CSTEEEE

1 0.95 0.5
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400 nM midostaurin caused a 0.5-fold decrease in GCS expres-
sion compared with the untreated control group (Figure 1) al-
though 200 nM midostaurin did not affect GCS expression sig-
nificantly. Therefore, it could be suggested that GCS might be a
critical enzymatic target involved in non-mutant FLT3 positive
AML pathogenesis.

Co-inhibition of FLT3 and GCS Exerted Synergistic Cytotoxic
Effectin THP1 Cells

It was previously shown that midostaurin alone inhibited the
viability of THP1 cells with an 1C5y: 916 nM (Figure 2A) (21).
PDMP alone did not affect leukemic cell viability significantly
up to 40 uM and its 1C5y was approximately 63 uM (Figure 2B).
To determine whether the inhibition of GCS by PDMP could
affect anti-proliferative action of midostaurin, THP1 cells were
treated with midostaurin plus PDMP by using their sub-toxic
concentrations for 48 h. As shown in Figure 2C, at midostaurin
concentrations of 400 nM and 800 nM, viability of THP1 cells
exposed to 20 and 40 uM PDMP was significantly inhibited as
compared to the control. (Figure 2C). Viability of the cells treat-
ed with 800 nM midostaurin in combination with 40 uM PDMP
was significantly lower than that of the cells treated with 800
nM midostaurin alone (Figure 2C). Cls were also calculated (Fig-
ure 2D). The combination of 400 and 800 nM midostaurin with
20 and 40 uM PDMP, respectively resulted in synergistic toxicity
(Cls: 0.6 and 0.8)

Co-targeting FLT3 and GCS Arrested THP1 Cells at G2/M
Phase

To determine whether the enhanced midostaurin toxicity in
the presence of PDMP was related to changes in distribution
of cell cycle populations, we analyzed the cell cycle percent-
ages of the cells treated with midostaurin and PDMP alone or
their combinations based on CalcuSyn analysis. 400 and 800
nM midostaurin alone blocked cell cycle progression at the
G2/M phase (20.1 and 36.4 vs 9.5%, respectively) as shown in
the previous study (21), whereas PDMP alone did not induce
changes in any of the cell cycle phases as compared to control
(Figure 3A and Figure 3B). Both combinations stopped the cell
cycle at the G2/M phase (37 and 37.1 vs 9.5%, respectively) as

THP1
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Figure 1. Western blot analysis of GCS expression in response to midostaurin in THP1 cells. The results from three independent
experiments were given as mean * SD. "p<0.05 vs. control. GCS: Glucosylcermide synthase; Mido: Midostaurin
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Figure 2. Anti-proliferative effects of midostaurin (A), PDMP (B) and combinations (C) in THP1 cells. Results are shown as
means + SD of three experimental setups performed at different times. Calculation of Cl values based on the method of
Chou and Talalay (D)."p<0.05, **p<0.005, ****p<0.0001 versus control. Mido: Midostaurin

compared to control. 400 nM midostaurin with 20 uM PDMP
arrested the cells at G2/M phase as compared to midostaurin
alone (20.1% and 37%, respectively) (Figure 3A and Figure 3B).
These data further supported the enhancing effect of GCS inhi-

bition on the cytotoxicity of midostaurin alone.

DISCUSSION

The roles of sphingolipid metabolism’s intermediates includ-
ing Cer and its modified forms in carcinogenesis and response
to therapy have been extensively investigated (22). In this
concept, we explored the role of GCS for the first time in mi-
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Figure 3. Cell cycle distribution of THP1 cells treated with midostaurin, PDMP and combinations. Data are shown as the
means * SD of three experimental setups performed at different times. 'p<0.05, **p<0.005, ***p<0.0005 versus control.

dostaurin’s anti-leukemic action in non-mutant FLT3 positive
AML although its clinical approval has been granted for only
patients carrying FLT3 mutations (23). Midostaurin’s activity in
non-mutant FLT3 AML patients was also encouraging based
on a phase Il trial (24), which could suggest the presence of
FLT3-independent targets responsible for its broad activity as
explained previously (9,10).

GCS resides in golgi apparatus and catalyzes the conversion of
Cer into GC by transferring UDP-glucose to Cer. GC is shown
to be overexpressed in various cancers and found to be asso-
ciated with increased cell proliferation and failed treatment

response (14). In this study, we suggest that GCS could be as-
sociated with observed clinical response in phase studies and a
new therapeutic target could be defined if its role in midostau-
rin’s action is enlightened in non-mutant FLT3 positive AML.

The protein level of GCS was decreased after midostaurin treat-
ment as compared to untreated cells (Figure 1) and untreated
cells had also high GCS expression, suggesting that GCS could
be involved in response to midostaurin treatment as well as
having a role in non-mutant FLT3 positive AML pathogenesis.
There are studies regarding the role of GCS in several hema-
tological malignancies. In resistant chronic myeloid leukemias,
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GCS was shown to be upregulated (16,25). Based on this result,
THP1 cells were treated with midostaurin plus PDMP to de-
termine the presence of any synergistic cytotoxic effect. The
results suggested that midostaurin’s growth inhibitory effect
on THP1 cells was enhanced via showing synergistic inhibition
of cell viability (Cls<1 for combinations) (Figure 2C and Figure
2D). Hence, GCS could be defined as a therapeutic target in
THP cells, which is in accordance with the findings in several
cancers. Inhibition of GCS by using a specific inhibitor together
with chemotherapeutics sensitized resistant leukemia cells by
increasing apoptosis (25). In prostate cancer cells, co-treatment
with docetaxel and GCS inhibitor enhanced docetaxel’s cyto-
toxic activity by inducing strong synergism (26). PDMP also po-
tentiated the cytotoxic effect of dasatinib in CML cells with Cl
values lower than 1 (27).

To further investigate the enhanced cytotoxicity of midostaurin
induced by PDMP, cell cycle populations were quantified after
treatment with midostaurin and PMDP alone and in combina-
tions. The results showed that PDMP alone did not cause chang-
es at cell cycle phases, however midostaurin alone arrested the
cells at G2/M (Figure 3).This cytostatic effect of midostaurin was
in accordance with studies comparing the effects of midostau-
rin on cell cycle distribution between non-mutant and mutant
FLT3 positive AML and FLT3 wild type AML (28,21). The studies
related to cell cycle profiles of the leukemic cells treated with
GCS inhibitors showed varying results based on the leukemia
type. In K562 CML cells, PDMP exposure resulted in G1 arrest
and it caused more accumulation together with imatinib (16).
Another GCS inhibitor PPPP did not change cell cycle profiles
of leukemic cells alone, however, combination with vincristine
increased G2/M population (29). In this study, co-treatments
induced G2/M arrest as compared to the control or midostau-
rin alone (Figure 3). There are very limited studies investigating
the contribution of Cer or its metabolites to midostaurin’s effect
in cancer in which liposomal Cer treatment or sphingosine ki-
nase-1 inhibition increased midostaurin’s activity (30,21).

In conclusion, midostaurin’s cytotoxic activity is enhanced in
the presence of PDMP, which supported the involvement of
GCS in midostaurin treatment and non-mutant FLT3 positive
AML pathogenesis through inducing synergistic cell cycle ar-
rest. Even though this preliminary study could suggest a new
target of midostaurin, it is still needed to elucidate the relation-
ship between midostaurin and GCS mechanistically. It would
be suggested to investigate the role of signaling pathways
leading to cell death and to analyze cell cycle regulators in-
volved in G2/M phase regulation in response to co-treatments.
Pre-clinical in vitro models, in vivo mouse studies and ex vivo
patient samples could be studied to reveal the expression level
of GCS after midostaurin treatment.
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ABSTRACT

Objective: Natural ingredients derived from plants (especially ed-
ible ones) continue to be investigated for understanding whether
they have therapeutic/preventive effects on certain ailments, such
as cancer and gastrointestinal disorders. The main goal of the cur-
rent work is to investigate the inhibitory potential of Eremurus (E)
spectabilis M. Bieb. extracts on histone deacetylase (HDAC), xan-
thine oxidase (XO) and urease activities.

Material and Method: Fresh E. spectabilis leaves were obtained
from a local market in Eyup/Istanbul. Inhibitory activities of eth-
anolic and ethyl acetate extracts on HDAC, XO and urease were
examined.

Results: According to our findings, ethanolic and ethyl acetate
extracts of E. spectabilis both have revealed apparent inhibitory
effects against all examined enzymes. Ethanolic extract showed a
better inhibitory effect on HDAC than ethyl acetate extract. On the
other hand, the inhibitory effects of ethyl acetate extract against
both XO and urease were higher than the ethanolic extract.

Conclusion: Consequently, due to the inhibitory effects of the
plant being studied, it might be suggested that it can be used for
medicinal purposes, in raw extract form, or as a source of bioactive
compounds.

Keywords: Eremurus spectabilis, histone deacetylase, xanthine oxi-
dase, urease, inhibitory effect
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Amag: Bitkilerden elde edilen dogal bilesiklerin (6zellikle yenilebilir
olanlar), kanser ve gastrointestinal bozukluklar gibi belirli rahatsiz-
liklar Uizerinde tedavi edici/onleyici etkilerinin olup olmadigi aras-
tinlmaya devam etmektedir. Calismanin temel amaci, Eremurus (E)
spectabilis M. Bieb. ekstrelerinin histon deasetilaz (HDAC), ksantin
oksidaz (XO) ve Uireaz aktiviteleri tizerindeki inhibitor etkilerini aras-
tirmaktir.

Gereg ve Yontem: E. spectabilis'in taze yapraklar, Eytip/istanbul'da-
ki, yerel bir pazardan temin edilmistir. Etanol ve etil asetat ekstreleri-
nin HDAG, XO ve Uireaz tizerindeki inhibitor aktiviteleri incelenmistir.

Bulgular: Elde edilen sonuglara gore, E. spectabilis'in hem etanol
hem de etil asetat ekstrelerinin incelenen tim enzimler lzerinde
belirgin inhibitor etkiye sahip oldugu bulunmustur. Etanol ekstresi,
HDAC Uzerinde etil asetat ekstresinden daha iyi bir inhibisyon et-
kisi gostermistir. Etil asetat ekstresinin ise, hem XO hem de Ureaza
karsi inhibisyon etkisinin, etanol ekstresinden daha yiiksek oldugu
goralmustar.

Sonug: Sonug olarak, incelenen bitkinin gosterdigi inhibitor etkiler
nedeni ile, bu bitkinin tibbi amacla, ham ekstre seklinde veya biyo-
aktif bilesik kaynagdi olarak kullanilabilecegi ileri surilebilir.

Anahtar Kelimeler: Eremurus spectabilis, histon deasetilaz, ksantin
oksidaz, Ureaz, inhibitor etki

Corresponding Author/Sorumlu Yazar: Bertan Boran Bayrak E-mail: bertanb@iuc.edu.tr
Submitted/Basvuru: 12.04.2021 Revision Requested/Revizyon Talebi: 26.05.2021
Last Revision Received/Son Revizyon: 27.05.2021 Accepted/Kabul: 28.06.2021

Content of this journal is licensed under a Creative Commons
BY _NC Attribution-NonCommercial 4.0 International License.



https://orcid.org/0000-0002-0700-5096
https://orcid.org/0000-0003-4185-4363

Bayrak and Yanardag
Inhibitory Effects of E. spectabilis on Enzyme Activities

INTRODUCTION

Plants have been used as beneficial healing options to modern
medicine, as well as being consumed by humans as food for
many years. The investigation of the utility of herbs in the treat-
ment of diseases becomes important, due to the possible side
effects and considerable high cost of synthetic drugs (1). The
genus Eremurus (Xanthorrhoeaceae) comprises 62 species and
is widespread in the mountains of Central Asia and the Middle
East (including Turkey) (2,3). Two Eremurus species are grown
naturally in Turkey. One of them is Eremurus (E) cappadocicus J.
Gay ex Baker and the other E. spectabilis which is named "ciris
otu, yabani pirasa, or giillik" between individuals (3). E. specta-
bilis grows naturally in some provinces of the Eastern Anatolian
region of Turkey (4-6). In these regions, the plant is commonly
used as not only a wild edible plant, but also as a medicinal
plant whose leaves and roots are traditionally used to cure
some disorders including diabetes, antihypertension, and ec-
zema (7-9).

Naturally occurring secondary metabolites are found in vege-
tables and fruits include phenolic acids, flavonoids, and their
derivatives. These compounds have a wide range of therapeu-
tic effects (10). Medicinal plants such as E. spectabilis are good
sources of these molecules. This is why they are frequently used
as a potential inhibitor of enzymes (such as histone deacetyl-
ase (HDAC), xanthine oxidase (XO) and urease) which may play
key roles in the overproduction of free radicals, thereby subse-
quently precipitating oxidative stress, cancer and gastrointesti-
nal disorders (11).

HDAC is an enzyme responsible for removing acetyl groups
from N-terminal Net-lysine residues of histone. In contrast,
acetylation of histone is catalyzed by histone acetyltransferase.
The acetylation and deacetylation of histones are strictly well
balanced, this is because acetylation/deacetylation process is
an important post-translational modification of histone. When
an imbalance of the activities of these enzymes favors HDAC,
deacetylation of histone brings about stronger histone-DNA
interactions-a key factor for the regulation of mammalian gene
expression. In addition, aberrant HDAC activity and/or expres-
sion of HDAC can lead to cancer induction/progression (12,13).

Xanthine oxidoreductase (XOR) is an enzyme with multiple
activities as follows: Xanthine dehydrogenase (XDH), nitrite re-
ductase, NADH oxidase and xanthine oxidase (XO). Owing to
its multiple enzymatic activities, XOR has crucial physiological
functions. Notably, increased XO activity is accompanied by an
overproduction of uric acid, and thus hyperuricemia (14). On
the other hand, the increased activity of XO causes the forma-
tion of free radicals (both oxygen-centered and nitrogen-cen-
tered reactive species) that can degenerate or promote cancer
development. More so, elevated levels of plasma XO activities in
patients with certain disease conditions (e.g. cancer, metabolic
disorder, and diabetes) have been reported (15). From this point
of view, scientists have made great efforts to find new molecules
with fewer side effects than the currently used XO inhibitors.
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Urease belongs to a class of hydrolases enzyme that catalyzes
the hydrolyzation of urea into ammonium ion, thereafter car-
bamate and subsequently converted into carbon dioxide. An
apparent rise in urease activity as a consequence of high pH
levels in human brings about various pathophysiological con-
ditions such as gastrointestinal disorders, peptic ulcers, and
gastric cancer as well. In these cases, ureases are accepted as
a key reason for developing the aforementioned disorders ow-
ing to Helicobacter pylori infection (16,17).

There are insufficient reports about the effects of E. spectabi-
lis inhibitory activities against HDAC, XO and urease enzymes.
Therefore, the main goal of this work was to determine the in-
hibition activities of ethanolic and ethyl acetate extracts of E.
spectabilis against the HDAC, XO and urease enzymes.

MATERIAL AND METHOD

Plant Material and Chemicals

Fresh E. spectabilis leaves were obtained from a local market in
Eyup/Istanbul, Turkey. The leaves were washed with distilled
water and dried at room temperature. The dried plant was
stored at —20 °C until required for use. The plant was inspected
by Prof. Dr. Emine Akalin (Faculty of Pharmacy, Istanbul Univer-
sity). Also, it was registered at the Istanbul University Faculty of
Pharmacy Herbarium (ISTE) with the number 93132.

The HDAC (fluorometric assay kit, CS1010-1KT), XO (from bo-
vine milk), and urease (from jack beans) and their respective
substrates were supplied from Sigma-Aldrich (St. Louis, MO). All
of the chemicals used were of analytical grade.

Preparation of Extracts

The ethanolic and ethyl acetate extracts were prepared by re-
fluxing 20 g of dried E. spectabilis leaves with either ethanolic
or ethyl acetate for 2 hours in Soxhlet apparatus. The extracts
were then filtered at room temperature, the solvents were
evaporated under reduced pressure and controlled tempera-
ture (40-50 °C). The ethanolic (87.32 mg/g dry weight) and eth-
yl acetate (87.84 mg/g dry weight) extracts were obtained from
E. spectabilis and they were kept at —20 °C prior to analysis.

In vitro HDAC Inhibitory Activity

HDAC inhibitory activity was evaluated based on the two-
step enzymatic reaction. This was performed by measuring
fluorescence in a fluorimeter plate reader as prescribed by
the commercial assay kit. Valproic acid (VPA) was used as a
standard. The results were expressed as the average of trip-
licate trials.

The percent inhibition of the HDAC was calculated using the
following equation:

HDAC inhibitory activity (%) = [(A-B)/A] x 100

where A represents the activity of the enzyme without an in-
hibitor, and B is the activity of enzyme in the presence of the
extract (or standard inhibitor).
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In vitro XO Inhibitory Activity

XO inhibitory activity was carried out by the spectrophotomet-
ric method of Abdullahi et al. (18). In brief, the reaction medium
comprising of 0.1 M phosphate buffer, (pH 7.50), a sample at
varying concentrations, and XO solution (0.1 U/mL, in the same
buffer) was mixed and allowed to stand at 25°C for 15 min. Xan-
thine solution (150 uM) was pipetted to the reaction medium
and then incubated at 25°C for 15 min. Thereafter 1 N HCl was
added to the mixture. The absorbance of the samples was re-
corded at 410 nm. Allopurinol was used as a standard inhibitor.
The results were expressed as the average of triplicate trials.

The percent inhibition of the XO was calculated using the fol-
lowing equation:

X0 inhibitory activity (%) = [(A-B)/A] x 100

where A represents the activity of the enzyme without an in-
hibitor, and B is the activity of enzyme in the presence of the
extract (or standard inhibitor).

In vitro Urease Inhibitory Activity

Urease inhibitory activity was assayed by the spectrophoto-
metric method developed by Van Slyke and Archibald (19), in
which urea is hydrolyzed over time to yield ammonia and car-
bon dioxide. Briefly, an assay mixture of a total volume of 1.9
mL, containing extract solution (or standard inhibitor), phos-
phate buffer (100 mM, pH 6.8 and containing 500 mM urea),
and urease solution (16 mg/mL) was pre-incubated at room
temperature for 15 min. The reaction solution was mixed with
appropriate volume of phenol-red solution, thereafter incubat-
ed at room temperature for 15 min again. After incubation, the
absorbance was measured at 570 nm. Hydroxyurea was used
as a standard inhibitor. The results were expressed as the aver-
age of triplicate trials.

The percent inhibition of the urease was calculated using the
following equation:

Urease inhibitory activity (%) = [(A-B)/A] x 100
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where A represents the activity of the enzyme without an in-
hibitor, and B is the activity of enzyme in the presence of the
extract (or standard inhibitor).

For HDAC, XO, and urease inhibitory activities, the extract (or
standard) concentration providing half maximum (50%) inhibi-
tions (IC5q) was calculated by regression equations (by plotting
extract solution concentration versus percentage inhibition).
Low IC5, indicates the higher inhibitory potential of the tested
plant extracts.

RESULTS

The inhibition effects of ethanolic and ethyl acetate extracts
of E. spectabilis as well as that of VPA against HDAC activity are
summarized in Table 1. According to the results, ethanolic ex-
tract, ethyl acetate extracts and the standard had an ICs value
in the range of 0.99-101.83 pg/mL. In addition, ethanolic and
ethyl acetate extracts inhibited HDAC in a dose-dependent
manner with 1Cso values of 0.99+0.32 and 8.60+0.49 pg/mL,
respectively. Considering the high inhibitory activities (associ-
ated with the lower IC5, values) these extracts demonstrated
higher inhibitory activity against HDAC in comparison to VPA
(ICs values of 101.83£1.43 pg/mL). The order for inhibitory ef-
fectis as follows: ethanolic extract > ethyl acetate extract > VPA
(Table 1).

The inhibitory activities and ICs, values of ethanolic extracts,
ethyl acetate extracts, and allopurinol on XO are given in Table
2. It was found that the XO inhibition increased in a concentra-
tion-dependent manner for all the extracts and the standard.
At 500 pg/mL of both extracts, it was observed that the ethyl
acetate extract had approximately 1.5 times more inhibition
value (46.16+2.34%) than ethanolic extract (30.18+1.00%).
Meanwhile, at the same concentration, the inhibition value of
the ethyl acetate extract was very close to that of the standard
inhibitor, allopurinol (52.34+1.37%). However, the ethyl acetate
extract had a lower IC5, value than that of ethanolic extract.
On the other hand, the allopurinol had the lowest ICsy value
(403.87£18.32 pg/mL) in comparison to both ethyl acetate

Table 1. HDAC inhibitory activity of E. spectabilis extracts.

Extracts/Standard Concentrations (pg/mL) Inhibition (%)* 1Cso (ng/mL)*
0.05 5.05%+0.35

Ethanolic Extract 0.10 13.09+3.08 0.99+0.32
0.50 28.84+7.69
1.0 9.64+4.51

Ethyl Acetate Extract 2.0 18.48+2.32 8.60+0.49
5.0 31.24+0.73
5.0 8.08+4.04

Valproic Acid 20.0 14.82+2.50 101.83+£1.43
50.0 27.58+1.86

*Mean=SD; SD: Standard deviation; ICso: Concentration providing half maximum (50%) inhibition
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(524.1348.17 pg/mL) and the ethanolic extracts (658.89+5.55
pg/mL) of E. spectabilis. The XO inhibitory activity of E. spectabi-
lis extracts and the standard decreased in the order of: allopuri-
nol > ethyl acetate extract > ethanolic extract (Table 2).

The inhibitory activities and 1C5, values of the ethanolic, ethyl
acetate extracts, and hydroxyurea on urease are presented in Ta-
ble 3. All of the extracts were found to exhibit urease inhibitory
activities. A comparison indicates that ethyl acetate extract had
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approximately 5 times more inhibitory activity than the ethan-
olic extract. The 1C5, value of hydroxyurea (2422.50+102.43 ug/
mL) (used as standard inhibitor) was found to be much higher
than that of both the ethanolic (269.12+14.19 ug/mL) and the
ethyl acetate extracts (47.15+£1.63 pg/mL), respectively (Table
3). The urease inhibitory activity of E. spectabilis extracts and
the standard decreased in the order of: ethyl acetate extract >
ethanolic extract > hydroxyurea (Table 3).

Table 2. XO inhibitory activity of E. spectabilis extracts.

Extracts/Standard Concentrations (ug/mL) Inhibition (%)* 1C50 (ng/mL)*
100 9.26+2.13
250 18.44+2.26
Ethanolic Extract 500 30.18+1.00 658.89+5.55
750 53.46+1.00
1000 83.03+1.81
100 9.62+0.74
250 23.72+2.46
Ethyl Acetate Extract 500 46.16+2.34 524.13+8.17
750 80.45+1.61
1000 88.14+1.23
0.1 5.26+0.93
1 21.78+2.85
Allopurinol 10 40.65%2.08 403.87+18.32
100 47.47+1.14
500 52.34+1.37
*Mean=SD; SD: Standard deviation; ICsy: Concentration providing half maximum (50%) inhibition
Table 3. Urease inhibitory activity of E. spectabilis extracts.
Extracts/Standard Concentrations (ug/mL) Inhibition (%)* 1C50 (mg/mL)*
5 16.97+2.78
10 24.24+1.05
Ethanolic Extract 50 39.39+2.78 269.12+14.19
100 47.88+2.78
500 66.06+2.77
1 21.24+1.72
5 30.11+1.44
Ethyl Acetate Extract 10 35.90+2.16 47.15+1.63
50 53.07+1.86
100 65.82+1.87
250 12.79+1.34
500 25.62+2.72
Hydroxyurea 1000 37.21+£2.68 2422.50+102.43
2500 55.81+£1.90
5000 80.81+3.49

*Mean=SD; SD: Standard deviation; ICso: Concentration providing half maximum (50%) inhibition
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DISCUSSION

A literature search indicates that there are insufficient pub-
lished reports about the effects of E. spectabilis inhibitory ac-
tivities against HDAC, XO and urease. This encouraged us to
undertake an experiment on the inhibition activities of etha-
nolic and ethyl acetate extracts of E. spectabilis against these
enzymes.

HDAC activities/expressions have been shown to be elevated in
cancer patients. More so, overactivity of this enzyme has been
associated not only with cancer progression (due to enhanced
cell proliferation), but also to cancer induction. Therefore, in-
hibition of HDAC is at the center of research and paramount
for the discovery of new and safe molecules with anticancer
properties (20). In our study, both ethanolic and ethyl acetate
extracts of E. spectabilis were found to have much higher HDAC
inhibitory activity than the VPA. On the other hand, it was re-
ported that the anti-radical activity of ethyl acetate extract of E.
spectabilis was better than the methanolic extract, whereas the
phenolic content was higher in the methanolic extract com-
pared to the ethyl acetate extract (21). Plant-based flavonoids
are well known secondary metabolites that having a wide va-
riety of chemical constituents, thus strong antioxidant prop-
erties (mostly due to their polyphenolic structure). Owing to
the capacity of these molecules to block the distortion/diverse
effects of crucial pathways and cellular signalling (especially in
cancer cells), the molecules are potential and promising anti-
carcinogenic agent (13,22). It was revealed that E. spectabilis
is a rich source of isoorientin (a flavonoid compound), a mol-
ecule which affected cell proliferation of neuroblastoma cells
via cell cycle control (23). In the current study, the HDAC inhibi-
tory activities of both extracts may be associated with the high
amounts of phenolic compounds found in E. spectabilis (24). It
might also be due to the involvement of other secondary me-
tabolites of the medicinal plant.

XO is a key rate-limiting enzyme involved in purine metabo-
lism. Increased plasma XO activity is associated with excessive
synthesis of uric acid. This predominantly results in hyperuri-
cemia, excessive formation of free radicals and subsequent
triggering cancer (25,26). In this case, the most important
strategy may be to find out both safe and new molecules for
the inhibition of XO. According to the outcomes of our study,
ethyl acetate extract exhibited a stronger XO inhibitory ac-
tivity than the ethanolic extract. Moreover, it was found that
ethyl acetate extract exhibited similar effects to allopurinol. E.
spectabilis is reported to contain flavonoids such as rutin and
quercetin (27). Thus, both ethanolic and ethyl acetate extracts
inhibited XO activity possibly due to its rutin and quercetin
content of E. spectabilis. In addition, quercetin may have con-
tributed to the inhibitory effect by forming a chelate-complex
with molybdenum in the active center of XO, hence resulting
in a loss of activity (14,28).

The overproduction of ammonia from urea, as a consequence
of high urease activity leads to an increase in pH value. This pro-
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motes excellent conditions for Helicobacter pylori whose over-
growth comes true, hence the progression of some stomach
ailments (for example peptic ulcers, gastritis, arthritis and pos-
sibly gastric cancer) (29). Herein, the examined extracts exhib-
ited a notable inhibitory activity against urease, with ethyl ace-
tate extract of E. spectabilis having a higher effect. The effective
inhibitory activity of ethyl acetate extract can be attributed to
the high content of phenolics and flavonoids of the Eremurus
species (30,31). Meanwhile, it had been reported that phenolic
compounds and flavonoids naturally occurring in fruits/edible
plants such as the Eremurus species (rather than only synthetic
compounds) are promising novel and potent inhibitors against
urease (32).

The limitation of the study is that the in vitro effects of E. spec-
tabilis extract on enzymes were considered, and since many
disease models are required for in vivo effect.

CONCLUSION

According to the present findings, ethanolic and ethyl ace-
tate extracts of E. spectabilis had apparent inhibitory activities
against all examined enzymes. Meanwhile, the ethanolic ex-
tract showed a better inhibitory effect on HDAC than the ethyl
acetate extract. On the other hand, the inhibitory activities of
the ethyl acetate extract against both the XO and urease were
higher than that of the ethanolic extract. The inhibitory effects
exerted by this plant make E. spectabilis an interesting candi-
date for medicinal use, either in the form of crude extracts or as
a source of bioactive compounds.
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Amag: Bircok enddstriyel sektorde kullanilan polimer malzemeler
saglik bilimlerinde de farkl islemlerde kullaniimaktadir. Bu islem-
lerden biri olan enkapsiilasyon sistemi hiicre nakli gibi terapotik
uygulamalarda tercih edilmektedir. Enkapstilasyon calismalarinda
uygulanacak yaklagima gore kapstil yapisinda kullanilacak polimer
malzeme ve olusan kapsil boyutu degismektedir. Aljinat, kahve-
rengi alglerden elde edilen, icerigindeki farkli polimerik blok oran-
larina bagli olarak degisiklik gosteren dogal polimerlerden biridir.
Bu calismada, kapsulasyon asamasi icin kullanilacak olan degisik
aljinat yuizdeleri uygulanarak paratiroid hiicrelerinde ideal mikro-
enkapslasyon prosedirlerinin belirlenmesi amaglanmaktadir.

Gereg ve Yontem: Calismada sekonder hiperparatiroidi hastasin-
dan alinan bir adet paratiroid hiperplazi dokusundan mekanik ve
enzimatik izolasyon yontemleriyle hiicre eldesi gerceklestirilmis-
tir. iki farkl aljinat yiizdesi kullanarak hem manuel olarak hem de
kapsiilasyon cihazinda otomatize olarak iki farkli akis hizi degerlen-
dirilmistir. Mikroenkapstle edilen hicreler 64-79 gin boyunca in
vitro olarak parathormon miktarlari 6lctlerek takip edilmistir.

Bulgular: Degerlendirilen aljinat ylizdelerinden %2’lik konsant-
rasyona sahip mikroenkapsiillerin olusturulmasinda kapstlasyon
cihazinda kullanilan 2 mL/dk akis hiziyla morfolojik stabilite géz-

ABSTRACT

Objective: Many industrial sectors in the health sciences are using
polymeric materials for different processes. One of these processes
is the encapsulation system mainly preferred in therapeutic ap-
plications including cell transplantation. Depending on the main
approach, the polymer type and sphere properties differ by the en-
capsulation method. Alginate is one of the natural polymers that
show structural changes depending on different polymer ratios. In
this study, our aim is to determine the ideal micro-encapsulation
procedures by evaluating different alginate concentrations for the
capsulation process of parathyroid cells.

Material and Method: In this study, cell isolation of single para-
thyroid hyperplasia tissue from a patient with secondary hyper-
parathyroidism was performed by using two methods including
mechanical and enzymatic isolation. Two different alginate per-
centages were used for micro-encapsulation which created man-
ually, and a capsulation system made with two different flow rates.
Parathormone levels of micro-encapsulated cells were followed for
64-79 days in vitro.

Results: Morphological stability was observed for 2% alginate
concentration with a flow rate of 2 mL/min used group from the
micro-encapsulation system. However, parathyroid hormone re-
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lenmistir. Ayrica parathormon salinimi agisindan hiicre izolasyon tipi ve
aljinat yuzdeleri arasinda benzer sonuclar elde edilmistir.

Sonug: Uzun sireli mikroenkapstilasyon verimliliginin arttirilmasi icin
yapisal ve fonksiyonel acidan bircok parametrenin belirlenmesi gerek-
mektedir. Bu ¢alisma ile enzimatik izolasyon metoduyla elde edilen pa-
ratiroid hlcrelerinin kapsulasyon sistemi kullanilarak artan akis hizinda
daha stabil bir yapi olusturduklari belirlenmistir.

Anahtar Kelimeler: Paratiroid, mikroenkapstilasyon, ultra saf aljinat,
kapstilasyon sistemi, hiicre izolasyonu.

GiRIS

Polimer malzemeler giiniimiizde bircok endustriyel sektorde
yapistirici olarak ayrica paketleme, boyama ve kaplama gibi
farkli amaglarla da kullaniimaktadir (1). Bu kullanim alanlarinin
yani sira, polimer malzemeler farmasotik, gida, kozmetik ve
saglik bilimleri alanlarinda enkapsiilasyon gibi biyomiihendis-
lik uygulamalarinda kullanilmaktadir (2). Enkapsiilasyon islemi
icin kullanilacak olan polimer malzemeler dogal polimerler ve
sentetik polimerler olarak iki grupta incelenmektedir. Sentetik
polimerlere polietilen glikol, polivinil alkol, politiretan, polieter-
stilfon, polipropilen, sodyum aljinat gibi bircok 6rnek verilebilir.
Dogal polimerlerin yapiminda kullanilan dogal kaynaklara se-
liloz, kolajen, kitosan ve aljinat gibi malzemeler 6rnek olarak
gosterilebilir (3). Polimer malzemeler kullanilarak gerceklesti-
rilen enkapstilasyonun ana hedefleri enkapsiile edilen biyolo-
jik maddenin dis ¢evreden korunmasini saglamak ve mekanik
destek ile yapisal stabilite yaratmaktir (4).

Biyouyumluluk, kullanilacak olan malzemenin biyolojik objele-
re ve biyolojik objenin kullanilan malzemeye karsi olusturacadi
tolerans olarak tanimlanmaktadir (5). Hicresel terapi veya ilag
tasinimi gibi calismalarda kullanilacak enkapsiile edilmis te-
rapotik ajanlarin islevini yerine getirebilmesi ve tedavinin uzun
sureli olabilmesi icin kapsulasyon asamasinda kullanilan poli-
mer malzemenin biyouyumluluk 6zelligi 5Snem kazanmaktadir.
Biyouyumlulugu ile 6n plana ¢ikmis olan ve FDA tarafindan da
onayl aljinat polimeri, enkapstlasyon calismalarinda en sik kul-
lanilan biyomateryaldir (3).

Aljinat, kahverengi alglerden elde edilen anyonik bir polisakkarit-
tir. Yapisinda B-D-mannuronik (M) ve a-L-guluronik (G) asit bloklari
icermektedir (6). Yapisinda fazla miktarlarda guluronik asit bloklari
iceren ve aljinatin daha saf hali olan ultra saf aljinat, yapisal olarak
daha sert, stabil ve biyouyumlulugu daha yuksek olmaktadir (2).
Ultra saf aljinat bu 6zellikleri sayesinde tip | diyabet (7,8), deneysel
olarak tiroit dokusunun kapstile edilmesi (9), kalici hipoparatiroidi
tedavisi icin paratiroid hiicrelerinin kapstlasyonu (10, 11) gibi bir-
cok enkapsiilasyon temelli calismalarda tercih edilmistir.

Kalicr hipoparatiroidi (KH), iatrojenik nedenlerden dolay: pa-
ratiroid dokularinin kanlanmasinin bozulmasi yahut paratiro-
idin tamamen alinmasi nedeniyle ortaya ¢ikan bir hastaliktir.
Turkiye'de kalicr hipoparatiroidi hastaliginin goérilme sikhgi,
endemik guatr (lkesi olmasi nedeniyle daha fazladir (12). KH
hastaliginin neticesinde, hipokalsemi, hiperfosfatemi ve diisiik
parathormon (PTH) seviyesi gibi ciddi klinik semptomlar gelis-
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lease showed similar results between cell isolation type and alginate
percentages.

Conclusion: Increasing the long-term micro-encapsulation efficiency,
certain criteria should be determined from structural and functional
aspects. In this study, the micro-encapsulation of parathyroid cells ob-
tained by the enzymatic isolation method formed a more stable struc-
ture at increasing flow rate by using the capsulation system.

Keywords: Parathyroid, micro-encapsulation, ultra-pure alginate, cap-
sulation system, cell isolation

mektedir (13). Hastalarin semptomatik tedavi olarak hayatlari
boyunca ila¢ kullanmasi gerekmektedir. ilac tedavisi kesin ¢c&-
zUm olmamakla birlikte bircok yan etkiyi de icinde barindir-
maktadir. KH hastaligi icin semptomatik tedavi haricinde para-
tiroid nakli kiratif olarak uygulanabilen tek tedavi secenegidir.
Tarihsel seyir acisindan incelenecek olursa, 1911 yilinda ilk pa-
ratiroid nakli gerceklestirilmistir (14). Bu nakilden sonra bircok
farkh gere¢ ve yontem kullanilarak nakil islemleri yapilmistir.
Naklin sagkalim stresini uzatmak amaciyla yapilan ilk kapstule
edilmis paratiroid hiicre nakli 1997 yilinda gergeklestirilmistir
(15). Paratiroid nakli, glinimizde de halen uygulanmakta ve
gelistirilmesi icin bircok calisma yapilmaktadir (3).

Bu calismada, paratiroid hiicrelerinin mikroenkapsulasyon asa-
masinda kullanilacak olan ideal ultra saf aljinat ytizdesinin belir-
lenmesi, hiicre izolasyon metodunun buna bagl verimliligi ve
manuel ve kapsilasyon cihazi kullanilarak olusturulan kapstillerin
verimliliginin karsilastirilarak degerlendirilmesi amaglanmistir.

GEREC VE YONTEM

Calisma, Bezmialem Vakif Universitesi girisimsel olmayan
arastirmalar etik kurulu onayi ile Helsinki Deklarasyonu pren-
siplerine uygun olarak gerceklestirilmistir (Kabul numarasi:
54022451-050.05.04-522). Calisma kapsaminda kullanilan pa-
ratiroid dokusu icin hastadan imzalanmis gonulli onam formu
alinarak deneysel stirecler baglatiimistir.

Hiicre izolasyonu

Calisma stirecinde sekonder hiperparatiroidi hastasindan alin-
mis tek bir paratiroid dokusu kullanildi. Doku esit olacak sekilde
ikiye kesilerek hem mekanik yolla hem de enzimatik yolla hiicre
izole edildi. Hiicre izolasyonlarini gerceklestirmek icin Yucesan
ve ark. uyguladigi prosedirler takip edildi (2,16). Muse hiicre
analiz cihazi (Merck Millipore, Germany) kullanilarak hiicrelerin
canhhk tayinleri belirlendi.

Mikroenkapsiilasyon

Mikroenkapstilasyon asamalarinda kullanilacak olan ultra saf
aljinat maddesi (Pronova UP MVG; Nova Matrix, Oslo, Norway)
%1,5 ve %2 oranlarinda hazirlandi. Her iki oranda hazirlanan al-
jinat maddesi enzimatik ve mekanik olarak iki farkli izolasyon
yontemiyle elde edilen hiicreler ile dnceden yapilmis calisma-
larla belirlenen %28 (hiicre/hlicre+aljinat) oraninda her grupta
10x10° hiicre olacak sekilde ayri ayr karistirildi. Calisma kapsa-
minda mikroenkapsiilasyon islemi manuel bir sekilde ve kapsii-
lasyon cihazi kullanilarak uygulanmistir.
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ik olarak, hazirlanan hiicre-aljinat karisimi kullanilarak manu-
el enkapsulasyon islemi gerceklestirildi. Bu asamada, karisim
300 mOsm CaCl, iceren ¢ozeltiye kiit uglu 15 gauge siringa
ucu kullanilarak el ile yavasca damlatildi. Cozelti icerisindeki
olusan kapsdller izotonik su ile yikanarak ortamdaki fazla kalsi-
yum uzaklastirildi. Kapsuller McCoy's (Gibco, Thermo, MA, USA)
hiicre kiltir medyumu icerisine aktarilarak nemli inklibatérde
37°C'de ve %5 CO,'de 64 giin boyunca klture edildi.

ikinci olarak, kapsiilasyon cihazi (Pump 11 Pico Plus Elite Infu-
sion/Withdrawal Programmable Dual Syringe Pump, Harvard
Apparatus™, Holliston, MA, USA) kullanilarak hiicre-aljinat ka-
risimi 300 mOsm CaCl, iceren ¢ozeltiye 1,5 mL/dk ve 2 mL/dk
hizlarinda damlatildi. Damlatma islemi kit uclu 25 gauge si-
ringa ucu kullanilarak gerceklestirildi. Kapsuller izotonik su ile
yikanip McCoy's (Gibco, Thermo, MA, USA) hiicre kiltiir medyu-
muna alindi. Nemli inkiibatorde 37°C'de ve %5 CO,'de kiiltiire
edilen kapsiiller 79 giin boyunca takip edildi.

PTH Seviyesinin Belirlenmesi

Calisma stiresince manuel olarak, 1,2 mL/dk ve 1,5 mL/dk cihaz
hizlaryla olusturulan %71,5'lik aljinatin kullanildigi kapsuller 1,
7,15, 21, 28, 35, 42, 49, 57 ve 64. giinlerde; %2'lik aljinatin kul-
lanildigi kapsdillerise 1,7, 15, 21, 28, 35, 42, 50, 57, 64, 72 ve 79.
glinlerde stipernatant 6rnekleri toplandi. Degerlendirilen takip
stireci, PTH saliniminin sonlandigi noktaya kadar gerceklestiril-
mistir. Toplanan stipernatantlardan PTH miktarlar insan PTH
ELISA kiti (RayBiotech Inc., Norcoss, GA, USA) kullanilarak belir-
lendi. Absorbans dlclimleri 450 nm'de Mark Microplate Absor-
bance Reader (Bio-Rad, USA) cihazi kullanilarak gerceklestirildi.

istatistiksel Degerlendirme

Calisma kapsaminda belirlenen PTH degerleri hem zaman hem
aljinat yilizdesi ek olarak aljinat ylzdesi ve uygulanan teknik-
ler acisindan karsilastiriimasi, cift yonlic ANOVA testi (Tukey’s
multiple comparisons test ve Sidak’s multiple comparisons test)
ile gerceklestirilmistir. p<0,05 oldugu durum anlamlilik olarak
degerlendirilmistir.

BULGULAR

Calismada sekonder hiperparatiroidi hastasindan alinan bir
paratiroid hiperplazi dokusu kullanildi. Mekanik ve enzimatik
izolasyon yontemleriyle hiicre izolasyonunu gerceklestirmek
icin doku iki esit parcaya boltindi. Akis sitometrisinde mekanik
izolasyon ile elde edilen hiicrelerin %95,7 canliliga ve 67,6x10°
hiicre sayisina sahip oldugu belirlendi (Sekil 1). Devaminda, en-
zimatik izolasyon ile elde edilen hiicreler incelendiginde %94,4
canliliga ve toplam 70,2x10° hiicre sayisina sahip olduklari tes-
pit edildi.

Morfolojik Goriiniimleri

Kapsulasyon, manuel olarak ve kapsiilasyon cihazinda 1,2 mL/
dk ve 2 mL/dk hizlari ile gergeklestirildi. Ardindan, izotonik su
¢ozeltisi ile yikanan kapsdller kultiire edildi. %1,5'lik aljinat kul-
lanilan gruplar 64 giin, %2'lik aljinat kullanilan gruplar 79 giin
boyunca kiiltlir ortaminda takip edildi. Olusturulan kapsiiller,
kilture edilmeden 6nce 15tk mikroskobu ile gézlemlendi (Sekil

Dizenli et al.
Mikroenkapsulasyon Metodunun Optimizasyonu

|
: POPULATION PROFILE VIABILITY PROFILE :
13 Live ead I
= 23%| 1
1 0 -
1 a & = 34 :
» O wl
: "o = o !
T o 1
82y 24 |
g2 @ < 1
] o M
€T 4 a .k i
1 E O % hE o AR TR P v ere e H
Ig 1
! i !
l 0 o 0 sl i
! 0 1 2 3 B 0 1 2 3 4 1
| . VIABILITY o Liv VABILITY  Dess |
1 1
QT T T T T T T T T T T T T T T T T T T T T T T T T T T E T T E T T T T T T |
: 4 POPULATION PROFILE VIABILITY PROFILE :
1 % Live ead| |
! 94.4% 56%| |
1 9 5 @ ; |
B w & !
152 2 : |
NE 9 I !
=8 9 5 !
8 5] |
1 £ o D Tdespesiocanzsnccocazsazeas |
| B = 1
1 c . 1
= 0 — 0 - S .
! 0 1 2 < B 0 1 2 3 4 1
: Live VIABILITY Dead Liv VIABILITY Dead :
L

Sekil 1. Paratiroid dokusundan mekanik ve enzimatik olarak
iki farkli izolasyon tipi kullanilarak izole edilen hiicrelere ait
popdilasyon ve canllik profilleri

2). ilk giine ait gériintiilerde, %1,5'lik aljinat gruplarinda ma-
nuel bir sekilde olusturulan kapstillerin caplari >2mm oldugu
belirlendi. Ayni durum kapsulasyon cihazinda akis hizi 1,2 mL/
dk kullanilarak olusturulan kapsul érneklerinde izolasyon tipi
fark etmeksizin birbirine yakin boyutlarda olustugu gorilda.
Kapstlasyon cihazinda akis hizi 2 mL/dk olan grupta ise kapsiil
boyutlarinin kiclldigiu goézlemlendi. %2'lik aljinat ile hazirla-
nan gruplarda da benzer sonuclar elde edildi. Manuel olarak ve
kapsiilasyon cihazinda akis hizi 1,2 mL/dk olan kapsiil 6rnekle-
rinde kapsillerin boyutlarinin benzer oldugu, akis hizi 2 mL/dk
olan kapsil boyutlarinin hizin artisina bagh olarak kiictldigu
tespit edildi. %2'lik aljinat grubundaki enzimatik izolasyonlu 6r-
neklerde hiicre yogunlugunun daha az oldugu kapsuliin seffaf
bir gériinime sahip olmasindan anlasilmaktadir (Sekil 2).

Takip sureglerinde; %1,5 aljinat konsantrasyonu uygulanan enzi-
matik izolasyonlu hiicrelerin kapsile edildigi grupta kaltiiriin 28.
gliniinden itibaren ylizeysel catlamalar olusmustur. Bu ¢atlama-
larin derinlikleri manuel olarak olusturulan grupta daha fazladir.
%2'lik aljinatin degerlendirildigi grupta ise; mekanik izolasyonlu
hucre gruplarinda 49. giinden sonra catlayan yiizeysel alanlarin
oldugu gozlenmis fakat enzimatik izolasyonlu hiicre gruplarinda
herhangi bir yapisal bozulma belirlenmemistir.

PTH Salinimina %1,5 Aljinat Konsantrasyonunun Etkisi

Mikroenkapsiillerin fonksiyonel olup olmadiklari salinan PTH
miktari ile belirlenmistir. Mekanik izolasyonlu hiicrelerin kul-
lanildigy; ilk grupta manuel yontemle yapilan kapsullerin PTH
seviyesi 1. ve 7. glinde anlaml sekilde artmistir (p=0,0443).
15. glinden itibaren, 21. ve 28. gline kadar devam eden si-
recte PTH seviyesi anlamli bir sekilde azalmaya baslamistir
(p=0,0211). Bu azalan PTH seviyesi ayni sekilde akis hizi 1,2 mL/
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Sekil 2. El ile manuel olarak ve kapstilasyon cihazinda iki farkl akis hizi (1,2 mL/dk ve 2 mL/dk) olusturulan mikroenkapsdillerin
15tk mikroskobu gériintleri (bliyttme orani 4X). Farkli aljinat oranlarinin kullanildigi gruplarda hem mekanik hem de enzimatik
izolasyon ile elde edilen hiicreler kullanilmistir. Ust panelde kapsiilasyon isleminde %1,2'lik aljinatin kullanildigi gruplara
ait kapstller gosterilmektedir. El ile manuel olarak ve kapstilasyon cihazinin 1,2 mL/dk akis hizinda olusturulan kapstllerin
boyutlar arasinda bir fark gortilmemektedir. Cihaz akis hizi 2 mL/dk olarak uygulandiginda kapsul boyutlarinin kiictldig
go6zlemlenmektedir. Alt panelde kapstilasyon isleminde %2’lik aljinatin kullanildigi gruplara ait kapsuller gosterilmektedir. Bu
grupta, %1,2'lik aljinatin kullanildigi grupta oldugu gibi benzer kapsiil formasyonu gézlemlenmistir. %2’lik aljinatin kullanildig
enzimatik izolasyonlu hiicrelerin kapsile edildigi 2 akis hizina ait grupta kapsuller beklenenden kiigiik oldugu icin 0,2um

capindaki hiicre strainer kullanilarak kilttr takibi yapilmistir.

dk olan grupta da 21. glinden itibaren bagslayarak ayni azalma
orintlstiini gostermistir (p=0,0211-35.glin; p=0,0382-49.giin;
p=0,0211-57.glin; p=0,0214-64.gln). Bu degisim akis hizi 2 mL/
dk olan grubu icin azalarak devam eden bir slire¢ gdsterse de
yalnizca 15. glinden 28. gline kadar olan siire icin PTH seviyesi
azalmistir (p=0,0201) (Sekil 3).

ikinci grup olarak enzimatik izolasyonlu hiicrelerin kullanildigs
kapsiillerden elde edilen PTH seviyesi; manuel olarak olusturu-
lan kapsuller icin azalan bir parametre gosterse de 28. glin ve
42. giin araliginda artan PTH salinimi gézlenmis ve istatistiksel
olarak anlamli bulunmustur (p=0,0217). Siiregelen takip bo-
yunca, 42. glindeki artis 64. gline kadar yapilan zaman dilimin-
de tekrar g6zlenmemistir.

Cihazile olusturulan kapsullerden akis hizi 1,2 mL/dk olan grup-
ta 15 ve 28. gunler araliginda anlamli bir sekilde PTH seviyesin-
de azalma gozlenmistir (p=0,0331). Buna bagh olarak 64 gline
kadar diismeye devam etmistir. Morfolojik olarak bu gruplarda
kapsiillerde bir catlama belirlenmemistir. Akis hizinin 2 mL/dk
olarak degerlendirildigi kapsuillerin 15. glinden itibaren PTH sa-
linimi anlamli sekilde azalmaya devam ettigi fakat morfolojik
olarak stabil bir yapi gosterdikleri belirlenmistir (p=0,0211-21.
glin; p=0,0373-28. glin; p=0,0211-35 ve 49. glinler; p=0,0347-
57. glin; p=0,0329-64. giin) (Sekil 3).

PTH Salinimina %2 Aljinat Konsantrasyonunun Etkisi
Salinan PTH miktan acisindan; %2'lik aljinat konsantrasyonu
hiicre izolasyon tipine gore farkliliklar gdstermistir.

Mekanik izolasyonlu hiicreler manuel olarak veya kapstilasyon ci-
hazi kullaniimasindan bagimsiz bir sekilde kiiltiiriin 7. giininden
sonra azalan bir egri gostermistir. Bu azalan parametre istatistik-
sel olarak; manuel yolla tretilen ve akis hizi 2 mL/dk olan grupta
kalttrin 64., 72. ve 79. glinlerinde anlamlilik gézlenmistir (ma-
nuel olarak olusturulan grup icin p=0,0272-64. giin; p=0,0225-
72. glin; p=0,0211-79. giin ve akis hizi 2mL/dk olan grupta ise
p=0,0211-64.,72. ve 79. glinler) (Sekil 3). Istisnai olarak 49. giinde
degerlendirilen Gi¢ metot icin artan PTH seviyesi belirlenmis fakat
istatistiksel olarak anlamli bulunmamistir (p>0,05).

Enzimatik yontemle izole edilen hiicreler; manuel olarak
kapsiilasyon uygulandiginda takip siresince azalan bir PTH
salinimi gostermis fakat istatistiksel olarak anlamli bulunma-
mistir (p>0,05). Kapsiilasyon cihazinin degerlendirildigi grup-
larin ilki olan akis hizi 1,2 mL/dk olan grupta ise 7. glinden 79.
gline kadar olan sure de anlamli sekilde PTH salinimi azalmis-
tir (p=0,0211/tiim zamanlar). Akis hizi 2ml/dk olan grupta ise
21. glinden sonra azalan parametrede anlamlilik belirlenmistir
(p=0,0211-28 ve 42. glin; p=0,0215-49. guin; p=0,0211-57 ve 72.
gun) (Sekil 3).
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Sekil 3. iki farkli aljinat konsantrasyonu ve iki farkl
izolasyon metodu ile elde edilen hucrelerin kullanildigi
mikroenkapsiillerin PTH salinim seviyelerinin takibi. Ust
sol panelde %1,5 aljinat kullanilarak mekanik izolasyona
tabi tutulmus hicrelerin kapsilasyonu gosterilmistir. Alt
sol panelde %1,5 aljinat kullanilarak enzimatik izolasyona
tabi tutulmus hiicrelerin kapsiilasyonu gésterilmistir. Ust
sag panelde %2 aljinat kullanilarak mekanik izolasyona
tabi tutulmus hicrelerin kapsilasyonu gosterilmistir. Alt
sag panelde %2 aljinat kullanilarak enzimatik izolasyona
tabi tutulmus hicrelerin kapsiilasyonu gosterilmistir.
PTH: Parathormon, pg/mL: pikogram/mililitre. *p<0,05. **p<0,001.

Kilttr ortamindaki takip suresince, toplanan siipernatant or-
neklerindeki PTH miktarlarina ait detaylar Tablo 1'de gosteril-
mistir.

TARTISMA

Aljinat, cok sayida alg tiirlinden izole edilebilir ve ana yapila-
r, dalsiz ikili bloktan olusan kopolimerler olarak tanimlanir. Bu
bloklari olusturan yapilar; mannuronik ve guluronik asit blokla-
ndir (3). Divalent katyonlar sayesinde farkli baglanma saglayan
bu bloklar farkli por 6zelliklerine sahip kiire seklinde yapilar
olusturabilirler. Ozellikle bu calisma kapsaminda kullanilan
ultra saf aljinat %60'tan fazla guluronik asit blogu icerigine
sahiptir. Aljinatin bag yapilarini olusturma yetilerine gore diva-
lent katyonlar sirasiyla Pb*>Cu?*>Cd?*>Ba?>Sr**>Ca*>Co?*>-
Ni**>Zn2*>Mn?*"dir (17-19). Bu divalent katyonlar kullanildikla-
rinda ultra saf aljinatin ylksek guluronik asit icerigi sayesinde
yumurta kutusu benzeri (egg-box like) por yapilari saglayan
kire formunu olusturmaktadir (3,17).

Bugiline kadar paratiroid dokusunun/hticrelerinin kapsulas-
yonu in vitro ve in vivo bircok calismada degerlendirilmistir
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(2,10,15,20-25). Paratiroid hucrelerine spesifik calismalariyla
Hasse ve ark. baryum aljinat, mitojenik aljinat ve hem in vitro
hem de in vivo icin amitojenik aljinat dahil olmak tzere farkli
aljinat turevlerini karsilastirmistir. Bu konudaki calismalarin ¢o-
gunda ksenotransplantasyon uygulanmis ve 30 haftaya kadar
takip ederek sonuclari literattre katmistir (10,15,20,21,23,24).

Bunlardan ilki; Hasse ve ark. 1994 yilinda immin sistemden
kagmak icin mikroenkapsiile ettikleri paratiroid dokularini hi-
pokalsemik sicanlara naklettikleri calismadir. Sicanlarin 90 gtin-
Ik takibi boyunca normal degerlerde serum kalsiyum seviyesi
g6zlemlenmistir. Bu bilgiler 1s1ginda, mikroenkapsile naklin
immin yanittan kacarak uzun sureli sagkalimi sagladigi sonu-
cuna ulasilmistir (20). Gilincel olarak son yillarda yapilan iki in
vitro calisma daha bulunmaktadir; Yucesan ve ark. 2017 yilinda
yayinladiklari bir calismada kapsulasyon icin kullanilacak farkh
paratiroid hiicrelerinin sayisini degerlendirmislerdir. 75 giinliik
in vitro takip sonucunda 20x10° paratiroid hiicresinin aljinat ile
kapsiilasyonunun daha kararl bir morfoloji gosterdigini bildir-
mislerdir (2).

Ayrica, kapsule edilmis paratiroid dokusu/hicresi klinik uygu-
lamalarda da kullanilmistir. Kapsiile edilmis paratiroid nakli,
glinimize kadar on iki alici icin uygulanmis ve yalnizca yedi
vaka raporunda bildirilmistir. ik olarak, 1997 yilinda Hasse ve
ark. iki alicrigin ilk mikroenkapstle paratiroid naklini gercekles-
tirmis ve ¢ aylik nakil sagkalimi bildirmistir (22). ikinci nakil,
Zimmerman ve ark!nin 2001 yilinda bir alicricin gerceklestirdik-
leri nakildir. Sagkalim acisindan naklin ticlincli ayindan sonra,
alicida implantasyon alanindan histolojik numune alinmis ve
ne paratiroid doku partikilleri ne de mikrokapsdillere ait bir iz
goézlemlemediklerini bildirilmistir (26). Uciincii calisma, yine
2001 yihnda Tibell ve ark!nin uyguladiklari makrokapsiil ile
paratiroid doku partikillerinin dort alictya naklidir ve bir yila
kadar nakil sagkalimi bildirilmistir (27). Dérdiinct nakil sunu-
munda, Ulrich ve ark. iki alicinin PTH seviyelerinde yikselmeler
oldugunu ve daha sonra iki alicinin guinlik ilag gereksinimini
yari doza diislirdigin bildirmistir (28). 2009'da Cabane ve ark.
bir alicida enzimatik olarak izole edilmis paratiroid hicrelerini
mikroenkapsule ederek nakil gerceklestirdiler ve 20 aylk nakil
sagkalimiile en uzun takip verilerini bildirmistir (29). Daha son-
ra Khryshchanovich ve ark. makroenkapstillenmis paratiroid
doku parcalarini nakletmis ve ¢ aylik takip verilerini literatiire
sunmustur (30). Mikroenkapstile paratiroid hiicre nakli ile ilgi-
li son ve yedinci vaka bildirisi Yucesan ve ark. tarafindan 2019
yilinda bir alici icin gergeklestirilmis ve nakil sonucunda bir yil
boyunca takip edilmistir ve hasta giinliik kullandigi ilaglarin ta-
mamini biraktigi bildirilmistir (11).

Bu calismada elde edilen verilere bakildiginda; manuel kapsdlas-
yon acisindan aljinat yiizdesi fark etmeksizin mekanik izolasyon
gruplar, takip suresinde 15. glinden itibaren PTH saliniminin
anlamli sekilde degistigi belirlendi. Bunun en 6nemli nedenle-
rinden birisi olarak kapsul alani icerisindeki hiicrelerin ve/veya
doku parcalarinin yeterince besine erisim saglayamamalari ih-
timal dahilindedir. Ayrica belirlenen glinlerde azalan 6riintliye

ragmen yeniden bir PTH artisi gozlenmistir. Bu artis morfolojik
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olarak kapsiillerin catlamaya basladigi zaman diliminde belir-
lenmistir ve bu artisin kapsul alani icerisinde hentiz salinmamis
PTH'nin veya kapsiil alanindan ayrilan serbest hiicrelerin agiga
cikmasindan kaynaklandigr distintilmektedir. Benzer bir bakis
acisi ile enzimatik izolasyon degerlendirildiginde aljinat ytizdesi
anlam kazanmistir. DUstik aljinat konsantrasyonunun kullanildigi
grupta (%1,5 aljinat) azalan PTH saliniminin, dalgalanan bir seyir
gosterdigi ve 6zellikle manuel olarak tretilen kapsil gruplarin-
da bu dalgalanma belirgin olarak gorilmustir. Morfolojik olarak
yine bu grubun 28. giinde ortaya ¢ikan yiizeysel catlamalarinin,
dalgalanan seviyeyi etkiledigi distinilmektedir. Daha yiksek
konsantrasyonda degerlendirilen aljinat grubunun (%2) meka-
nik hicrelerin kapstile edildigi ve cihaz sistemi kullanilan grup-
larda da ayni morfolojik diizensizlesmeyle beraber, belirli bir
noktada artis ve yeniden azalan bir PTH salinim sonucu vermistir.
Bu ani artisin, yine kapsul ylizeyinde olusan catlama sebebiyle
oldugu duslnilmektedir. Bilindigi tizere, mekanik izolasyonla
elde edilen hiicrelerin mikro-doku parcalari halinde bulunduk-
lari ve catlama alanlarindan ayrilan bu mikro-doku parcalarinin
stpernatant icerisindeki PTH miktarini dogrudan etkilemesi elde
edilen verilerden de anlasiimaktadir.

Kapstulasyon sistemi kullanilarak olusturulan kapstl grubunda,
aljinat ytzdesinden bagimsiz olarak mekanik izolasyona tabii
tutulan hicrelerin kapsile edildigi grupta PTH salinim seviye-
leri 15 ila 21. guin araligindan baslayarak degismistir. Enzimatik
izolasyonlu hticrelerin kullanildigi gruplarda, aljinat ylizdesi ve
kapsilasyon sisteminin akis hizi morfolojik anlamda farklilik
gOstermistir. %1,5 ve %2'lik aljinat grubunda 21-28 gtinlere ait
zaman diliminde PTH salinimi her iki akis hizinda azalma goés-
termistir. Buna ragmen morfolojik stabilite yalnizca %2'lik alji-
nat ile ve akis hizinin 2 mL/dk oldugu grupta korunmustur. Ay-
rica deneyin yapilan takip stireclerine baktigimizda hiicrelerin
salgiladigi PTH miktari %1,5 aljinat konsantasyonu icin 64 giine
kadar olup, %2'lik aljinat konsantasyonu ise 79 gline kadar ger-
ceklestirilebilmistir. Hiicrelerin beslenebilme siireci %2'lik alji-
nat konsantrasyonu icin daha uzun devam edebilmistir.

Calismanin bazi kisithliklari da mevcuttur. Ozellikle kapsiile
edilmemis hiicrelere ait in vitro takipler PTH seviyesi agisindan
degerlendirilememistir. Bunun tek nedeni, yalnizca bir paratiro-
id dokusundan elde edilen hiicrelerle, butlin gruplarin belirle-
nen limitlerde hem kapstil hem de ¢iplak hiicre kiiltiird icin sa-
yica yeterli gelmemesidir. Ayrica kapsil icerisindeki hiicrelerin
canllik tayinleri icin floresan boyalarinin uygulanarak canlilik
acgisindan gozlenememesi bir baska kisithhktir. Fakat calisma
stiresince hem DAPI (molekdler agirhgi 277,324 g/mol) hem de
Hoechst 33342 (molekiler agirligi 452,6 g/mol) floresan boya-
lari kullanilarak kapstil alani icerisindeki hiicrelerin canhliklari
degerlendirilmek istenmistir. Bu durum boyalarin molekdler
agirliklarinin ultra saf aljinatin por alanlarindan giremeyecek
kadar biyiik olabilecedi ihtimalini diisiindirmektedir. ilerleyen
calismalar icin daha diisiik molekdler agirlikli floresan boyalar
denenmesi planlanmaktadir.

Sonug olarak; kapsulasyon sistemlerinin uzun vadede verimlili-
ginin arttinlmasi icin yapinin korunmasi ve gereken parametre-
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lerin optimize edilmesi saglanmalidir. Ozellikle yiizey alaninin
arttinlmasi ve bunun uygun biyolojik olarak uyumlu polimer
konsantrasyonu ile dengelenerek hiicrelerin etkili beslenme-
sine olanak saglanmasi gerekmektedir. Yapilan calisma ile pa-
ratiroid dokusu hticreleri icin uygun hiicre izolasyon tipinin
enzimatik hiicre izolasyonu oldugu, %2'lik aljinat konsantras-
yonunun daha uzun hiicre sagkalimini destekledigi ve kapsu-
lasyon sisteminin 2mL/dk akis hizi ile daha stabil bir yapi olus-
turdugu belirlenmistir. ilerleyen calismalar ile daha ¢ok sayida
paratiroid hiicresi kullanilarak, belirlenen kriterlerin daha uzun
sureli takiplerle degerlendirilmesi ve optimum kosullarin tespit
edilmesi hedeflenmektedir.
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ABSTRACT

Objective: Helicobacter pylori (H. pylori) is a bacterium that infects
the gastric mucosa of 50% of the world population. It is known that
different regional treatment practices used against the infections
of H. pylori affect both the expression of virulence and antimicrobi-
al resistance genes, giving the bacteria geographic differentiation.
The aim of this study was to perform in silico analysis of virulence,
resistance genes and phylogeny of H. pylori strains obtained from
people living in different continents.

Material and Method: Complete gene sequences of 18 H. pylori
strains from six continents were downloaded from the National
Center for Biotechnology Information (NCBI) database. The phy-
logeny of the strains, resistance and virulence genes were analyzed
by CSI phylogeny, CARD and VFanalyzer, respectively.

Results: African strains were the most distant identity to Europe-
an strains. A2147G single nucleotide polymorphism associated
with clarithromycin resistance was detected in South American
and Asian origin. It was determined that strains were differentiated
by a total of 95 related virulence genes under eight headings. The
cagA, cagk, cagl and vacA genes were found in all strains in Asia.

Conclusion: In conclusion, our study demonstrated that H. pylori
strains, whose data were collected in different continents, differ
from each other in terms of similarities and there is a serious differ-
ence especially in terms of virulence genes.

Keywords: Helicobacter pylori, virulence genes, in silico analysis,
geographic phylogeny

0z

Amag: Helicobacter pylori (H. pylori), tim diinya populasyonunun
%50'sinin mide mukozasini enfekte eden bir bakteridir ve bolgesel
farkh tedavi uygulamalari, hem viriilans genleri, hemde antimik-
robiyal direng genlerini etkileyerek, bakteriye cografik olarak fark-
lllasma kazandirdigi bilinmektedir. Calismamizda, diinyanin farkli
kitalarinda yasayan insanlardan elde edilen H. pylori kokenlerinin
filogeni, viriilans ve antimikrobiyal diren¢ genleri agisindan in silico
analizinin yapilmasi amaglanmistir.

Gere¢ ve Yontem: Alti kitadan, toplam 18 H. pylori kdkenine ait
tim genom dizileri NCBI veritabanindan indirilerek calismamiza
dahil edildi. Kokenlerin evrimsel yakinliklari, direng gen belirtecleri
ve viriilans genleri, sirastyla CSl filogeni, CARD ve VFanalyzer online
yazilimlari ile gerceklestirildi.

Bulgular: Avrupa koékenine gore en uzak benzerlik Afrika kokenle-
riydi. Klaritromisin direnci ile iliskili A2147G tek nokta polimorfizmi
Glney Amerika ve Asya kdkeninde saptandi. Suslarin 8 baslk altin-
da toplam 95 iliskili virtilans geni tasidigi belirlendi. Asya'daki tim
suslarda cagA, cagk, cagl ve vacA genleri bulundu.

Sonug: Sonug olarak, calismamizin verileri, farkh kitalarda tespit
edilen H. pylori kdkenlerinin birbirinden farkhlklar gosterdigi ve
ozellikle virtlans genleri agisindan ciddi farklilik icerdigini ortaya
koymustur.

Anahtar Kelimeler: Helicobacter pylori, virilans genleri, in silico
analiz, cografik filogeni
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INTRODUCTION

Until Warren and Marshall discovered and identified Helico-
bacter pylori (H. pylori) infection in the gastric mucosa in 1983,
it was believed that the stomach was sterile due to its high-
ly acidic content (1). However, it is now known that H. pylori,
which is a spiral-shaped, gram-negative, microaerophilic bac-
terium, infects the gastric mucosa of 50% of the world popu-
lation and may lead to gastritis, ulcer, or gastric cancer (2). H.
pylori infections, which have the ability to colonize the human
gastric mucosa, are usually acquired in the early stages of life
and can survive for a lifetime (3). The manifestation of H. pylori
infections in various clinical presentations is due to bacterial
virulence factors (e.g. cagA, vacA, babA), host genetic character-
istics (e.g. age, immune system) and environmental factors (e.g.
nutrition, geographical region, living and socio-economic con-
ditions). It has been shown that H. pylori may fail to colonize the
gastric mucosa by silencing genes that express virulence fac-
tors such as flagella, urease production or chemotaxis (4,5). It is
understood that different regional treatment algorithms used
against H. pylori give the bacteria geographic differentiation
by affecting both virulence genes and antimicrobial resistance
genes (3,4,6,7). The high throughput data obtained by molec-
ular-based systems such as the next generation sequencing
systems that have been developed in recent years are import-
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ant in terms of revealing this geographic differentiation. In ad-
dition, by sequencing the whole genome of microbial agents
using these systems, virulence factors and resistance genes
can be detected quickly and accurately (8). Thus, in our study,
we aimed to perform in silico analysis of virulence, resistance
genes and phylogeny of H. pylori strains obtained from people
living in different continents.

MATERIAL AND METHOD

Genomic data belonging to a total of 18 H. pylori strains from
six different continents whose gene sequences uploaded to
open databases were downloaded from the National Center
for Biotechnology Information (NCBI, https://www.ncbi.nlm.
nih.gov/) database and included in our study. NCBI accession
numbers and information of these strains obtained from pa-
tients after endoscopy in Africa, South America, North America,
Asia, Europe, and Australia, three from each continent, are pre-
sented in Table 1. The strains included in this study, constitute
the most selected reference strains in many publications. In
addition, although the NCBI database contains data on more
than 2000 strains, the whole genome sequencing of all these
strains has not yet been completed, but the whole genome se-
quencing of all the strains we have included in our study has
been completed.

Table 1. NCBI accession numbers and information of all strains included in this study.

Continent Country Name of the Strain NCBI Accession number
Africa1l Gambia Gambia94/24 NC_017371.1
Africa2 South Africa South Africa7 NC_017361.1
Africa3 South Africa South Africa20 CP006691.1
S.Americal Venezuela v225d NC_017355.1

S. America2 Peru PeCan18 NC_017742.1

S. America3 El Salvador ELS37 NC_017063.1
N. Americal Canada Aklavik117 NC_019560.1
N. America2 USA J99 NZ_CP011330.1
N. America3 Mexico 29CaP NZ_CP012907.1
Asia1l India India7 NC_017372.1
Asia2 Taiwan ML3 NZ_AP014712.1
Asia3 China XZ274 NC_017926.1
Europe1 England ATCC 26695 NC_000915.1
Europe2 France B38 NC_012973.1
Europe3 Germany P12 NC_011498.1
Australia1l Australia ATCC 43504 NZ_LS483488.1
Australia2 Australia BMO012B NZ_CP007605.1
Australia3 Australia BMO012S NC_022911.1

S. America: South America, N. America: North America
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Figure 1. Phylogeny analysis of genomic data of the strains
included in the study. S. America: South America, N. America:
North America

Demirci et al.
In silico Analysis of H. pylori from Different Continents

The evolutionary relatedness of these strains with each other
was revealed with the CSI phylogeny software (https://www.
genomicepidemiology.org/) (9). The presence of antimicrobial
resistance markers in the strains was detected by Comprehen-
sive Antibiotic Resistance Database (CARD - https://card.mc-
master.ca/home) online software (10). Comparative genomic
analysis of virulence genes was performed with the VF analyzer
software (http://www.mgc.ac.cn/VFs/) (11).

RESULTS

When the identities of 18 H. pylori strains from six continents
in our study were evaluated in silico phylogenetically, the
most distant identity to the European1 strain was the strain
of Africa2, North Americal and Africa3, and the identity rates
were 86.5%, 86.86% and 86.90%, respectively. The strains
with the closest identity to the European1 strain were Eu-
rope3 with 94.04% and Australia3 with 92.74% identity rates
(Table 2).

Table 2: Identitiy rates of all strains examined in this study and the distribution of antimicrobials affected according to

resistance gene analysis.

NCBI Accession Affected Resistance
Continent Country Strain name number Identity rate antimicrobials gene and SNP
Africal Gambia Gambia94/24 NC_017371.1 92.26%
Africa2 South Africa South Africa7 NC_017361.1 86.50%
Africa3 South Africa South Africa20 CP006691.1 86.90%
S. Americal Venezuela v225d NC_017355.1 89.61%
S. America2 Peru PeCan18 NC_017742.1 91.51% Clarithromycin ?:;T;\IGA
S. America3 El Salvador ELS37 NC_017063.1 91.48%
N. Americal Canada Aklavik117 NC_019560.1 86.86%
N. America2 USA J99 NZ_CP011330.1 90.92%
N. America3 Mexico 29CaP NZ_CP012907.1 90.51%
Asia1l India India7 NC_017372.1 91.18%
Asia2 Taiwan ML3 NZ_AP014712.1 90.24% Clarithromycin ?:;T;‘:
Asia3 China XZ274 NC_017926.1 91.12%
Quinolone,
Europe1 England ATCC 26695 NC_000915.1 100% tetracycline, HP1181
nitrosamide
Europe2 France B38 NC_012973.1 90.06%
Europe3 Germany P12 NC_011498.1 94.04%
Australia1l Australia ATCC 43504 NZ_LS483488.1 92.35%
Australia2 Australia BMO012B NZ_CP007605.1 92.55%
Australia3 Australia BMO012S NC_022911.1 92.74%

S. America: South America, N. America: North America
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Australial Australia2 Australia3

Figure 2. Distribution of resistance gene identifiers of strains included in this study (Green: Perfect Sequence hit, Red: Strict
Sequence Hit and Yellow: Loose Sequence Hit). S. America: South America, N. America: North America
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In silico analysis of resistance gene identifiers of the genomic
data examined in our study is presented in Table 1 and Figure
2. While resistance to clarithromycin was found strict hit to
South America2 and Asia2 strains, A2147G single nucleotide
polymorphism (SNP) was detected in both strains related to
clarithromycin resistance in 23S rRNA gene region. In EuropeT,
the HP1181 gene, responsible for the expression of resistance
to quinolone, tetracycline, and nitrosamine demonstrated a
perfect hit. In the genomic data of all strains, loose binding
was found against different antibiotic groups at similar levels
(Table 2).

According to the in silico comparative virulence analysis of the
genomic data of the strains examined in our study, it was de-
termined that the virulence of the strains were directed by a
total of 95 related virulence genes under eight headings, in-
cluding acid resistance, adherence, immune evasion, immune
modulator, motility, secretion system, toxin and other factors.
In the strains belonging to the Australian continent, H. py-
lori strains carried 90.1% of these 95 genes containing open
reading frames (ORF) for the virulence genes. In the strains
belonging to the North American continent, this rate was the
lowest with 68.6% compared to the belonging to other conti-
nents. The samples taken from all continents, virulence genes
belonging to seven ORF appeared active for acid resistance
genes. Moreover, among the adhesins, differences were de-
tected in the number of ORF that would carry the virulence
genes of sialic acid-binding adhesins sabA / hopP, sabB / hopT
and the adhesins that would bind blood group antigens, babA
/ hopS and babB / hopT. Strains carrying ORF for the sialic acid
binding adhesin virulence factors, especially in Africa, Asia and
North America were found to contain lower ORF counts than
the other continents. When the ORF that would carry futA,
futB and futC virulence genes from Lipopolysaccharide Lewis
antigens to immune evasion were analyzed, it was found that
their numbers were low in African and European strains. The
immunomodulator and virulence factors involved in motility
were similar between the strains from different continents. A
similarity was found in the strains between the continents in
the napA gene, which forms the neutrophil-activating protein
with an immune modulator effect. In addition to this, the plas-
ticity region was determined as the other virulence factor with
the greatest difference in terms of the number of open reading
frames in the strains obtained from different continents. The
numbers of these regions were the highest in Australian and
African strains. It was observed that virulence genes belong-
ing to the cagPAl type secretion system contained less ORF in
strains belonging to Africa and North America while it was the
highest in the strains of Australia. It was observed that genes
belonging to the cagA, cagE and cagl ORF, which are virulence
genes of the secretion system, were found in all Australian,
South American and Asian strains. When the ORF in association
with toxin production were examined, it was found that vac-
uolated cytotoxin-generating ORF were lowest in Australian
strains and in all strains of Europe, America, and Asia carried
the vacA gene (Table 3). When the geographical distribution
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of virulence genes, which are constantly examined in previous
studies such as cagA, cagk, cagl and vacA, and it was found that
the strains in Australia, Asia and South America often carried
ORFs for cagA, cagE and cagl genes. However, the lowest level
of virulence genes associated with vacA toxin production gene
was detected in strains belonging to Australia (Table 4).

DISCUSSION

Although half of the world population is colonized by H. py-
lori in their gastric mucosa, it is known that only 15% of them
encounter infections, among which only 1% have severe con-
ditions such as gastric cancer. The reason for this situation is ex-
plained as a result of the multifactorial nature of the infection
(12). Compared to the low prevalence rate of H. pylori in geo-
graphical regions such as North America and Australia, this rate
is higher in Africa and Asia. However, despite the high preva-
lence of H. pylori in Africa and Asia, the rates of gastric cancer
formation do not correlate with these results. This remarkable
situation has been defined as the “Asian and African enigma”
The host’s genetic and immune responses, virulence factors of
different H. pylori strains, and environmental factors are used to
explain this enigma (13).

Phuc et al,, reported that Asian strains were mostly similar to
European strains in their study conducted in Vietnam in 2021
(14). Delahay et al,, in their phylogeny geographic study on
H. pylori strains in 2018, reported that North American strains
were distant from Asian strains in terms of similarity and formed
a separate cluster, also they added that European and African
strains formed a separate cluster from Asian strains (12). In our
study, similar to the data of these two studies, we found that
European strains were similar to Australian and Asian strains,
while they had the lowest similarity to the strains of Africa. It
has been concluded that the variations might differ depending
on the genes for which the similarities of the strains are exam-
ined. Qumar et al., reported that the strains originating from
Bangladesh showed 90%-92% similarity with the European
strains, in their study conducted in 2021 (15). In our study, we
also found that the Asian1 strain which is originating from India
was similar to European strains.

Qumar et al. compared the virulence genes of strains obtained
from different continents in 2021 and they reported that cag-
PAl virulence genes could be encoded in the genome in 18 of
20 strains originating from Bangladesh. Moreover, 10 of these
18 strains were found similar to Asian sources while eight of
them resembled European sources. They reported that 90% of
genes that cause virulence factors were found in their strains
originating from Bangladesh (16). Similarly, in the virulence
analysis of the genomic data of our isolates originating from
Asia, we found this rate at the level of 89%.

Saribasak et al. stated that Asian strains have certain types of
cagAin their study (16). In our study, we found that the presence
of the cagA gene appears to be low in the strains belonging to
North America, Africa and Europe, that supports this data.
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Table 3. Distribution of comparative virulence genes analysis of all strains included in the study.

Related
gene

Virulence Factor number Africa S.America N.America Asia Europe Australia
Acid Resistance (1 item)

Urease 7 7 7 7 7 7 7

Adherence (8 Items)

Blood group antigen binding adhesins 2 2 2 1.6 2 1.6 2

Sialic acid binding adhesins 2 1 1.6 1 1 13 2

HopZ 1 1 1 1 1 1 1

adherence-associated lipoprotein AlpA (hopC) 1 1 1 1 1 1 1

AlpB (hopB) 1 1 1 1 1 1 1

H. pylori adhesin A 1 1 1 1 1 1 1

HorB 1 1 1 1 1 1 1

PEB1 1 - - - - - -
Immune evasion (1 Item)

Lipopolysaccharide Lewis antigens 3 23 2.6 2.6 2.6 23 0.3
Immune modulator (2 Items)

Neutrophil-activating protein (HP-NAP) 1 1 1 1 1 1 1

Outer inflammatory protein 1 1 1 0.6 1 1 1
Motility (1 Item)

Flagella 38 36.6 37 37 36.6 36.6 37
Others (2 Items)

DupA (duodenal ulcer promoting) 1 - - - - - -

Plasticity region 3 2 0.3 1 1.6 1 2.6
Secretion system (2 Items)

Cag PAl type IV secretion system 26 8 23.6 8 23.6 16.3 24

T4SS effectors cytotoxin-associated gene A 1 0.3 1 0.3 1 0.6 1
Toxin (2 Items)

Vacuolating cytotoxin 1 0.6 1 1 1 1 0.3
Cytolethal distending toxin 3 - - - - - -
Total ORF gene counts (Mean) 95 65.9 82.8 65.2 834 74.1 85.6
Total gene percentage (%) 69.3 87.1 68.6 89.8 78 90.1

S. America: South America, N. America: North America

Yamaoka et al. reported that geographic differences in gastric  are differences in virulence genes such as oipA and babA, as
cancer cases depend not only on the differences of cagA and  well as differences in cagA and vacA. Erzin et al., in their study
vacA, but also on the differences in other virulence factors such  on Turkish patients in 2006, reported that cagf was an inde-
as 0ipA and babA (17). In our study, we determined that there  pendent variable for duodenal ulcer and gastric cancer. They
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Table 4. The status of the frequently studied virulence genes of the strains included in the study.

Related virulence factor related gene Africa S.America N.America Asia Europe Australia
Adherence babA/hop$S 1.33 1.00 1.33 1.00 1.67 233
Adherence babB/hopT 1.00 1.00 0.67 1.00 1.67 1.00
Adherence sabA/hopP 133 1.00 0.67 1.33 0.67 1.00
Adherence sabB/hopO 0.00 0.67 0.33 0.00 1.00 1.00
Immune evasion futA 0.33 0.67 0.33 0.33 0.33 1.00
Immune evasion futB 1.33 1.00 1.67 133 1.67 1.00
Immune modulator oipA/hopH 1.00 1.33 0.67 1.67 1.00 1.00
Other Plasticity region 2.00 0.33 1.00 1.67 1.00 2.67
Cag PAl type IV secretion system cagA 0.33 1.67 0.33 1.00 0.67 1.00
Cag PAl type IV secretion system cagE 0.33 1.00 0.33 1.00 0.67 1.00
Cag PAl type IV secretion system caglL 0.33 1.00 0.33 1.00 0.67 1.00
Toxin vacA 0.67 1.00 1.00 1.00 1.00 0.33

S. America: South America, N. America: North America

found cagE and vacA as biomarkers in duodenal ulcer patients
and cagE and babA2 as biomarkers in gastric cancer patients
(18). Erzin et al, in 2008, examined host factors and bacterial
virulence factors in their study, emphasized the importance of
babA2 in terms of cancer development and also determined
the protective role of IL-1B 31TT genotype in the host (19).

While our cagE data may explain the low incidence of gastric
cancer in Africa, similar to the results of this study, it contra-
dicts the situation in Asia. Hence the cagE or babA2 alone might
not be the solution to the African-Asian enigma. Demiryas et
al., in their study conducted in 2020, reported that when they
compared the virulence genes of H. pylori strains found in gas-
tric cancer, duodenal ulcer and non-ulcer dyspepsia patient
groups, cagl was significantly different between the groups
(20). The inclusion of different virulence factors in all these
studies indicates that our knowledge about H. pylori's direction
of cancer development is limited. Kocazeybek et al., in 2015,
showed that not only the presence of cagA but also special
motifs or patterns such as EPIYA seen in the cagA region could
cause geographical differences in this carcinogenesis process
(21). In a study conducted in 2020, Saribas et al., showed that
gastrointestinal diseases can be explained not only by EPIYA
patterns but also by including host genetic factors such as
HLAs (22). Kocak et al., reported that in patients with cagl and
cagA positive H. pylori, bacterial virulence factors, as well as
host genetic factors such as HLAs, are also involved in the gas-
trointestinal disease process (23). Like Erzin et al., (19), Saribas
et al, (22) and Kocak et al., (23) emphasized the importance of
host factors in the process. It has strengthened our belief that
our knowledge of the mechanism of cancer development of
H. pylori is lacking. On the other hand, Sun et al., in their study

in 2020, regarding the virB11 protein produced by the virB11
gene located in the H. pylori plasticy region, found that this pro-
tein plays a role in the ATP formation mechanism of H. pylori
and is important for providing energy (24). Yamaoka showed
the protective effect of the plasticity region against gastric
cancer (25). Besides Africa and Asia strains, as well as Australia
strains, the amount of ORF plasticity region carriage was found
high in our study, so this virulence gene alone cannot explain
the Africa-Asian enigma.

In the study Mwangi et al., conducted in 2020, they stated that
the H. pylori strain they isolated from a patient in Kenya was
similar to Asian stains. Although the main virulence factors they
detected were found in other African strains, it was reported
that this strain was not similar to other African strains in terms
of phylogeny (26). In our study, we found that our results were
similar in terms of virulence factors, ORF and phylogenies, but
that African strains we studied generally differed from Europe-
an and Asian strains in terms of both virulence gene prevalence
and phylogeny. Lamichhane et al., reported that they found
subgroups of Australian strains belonging to people coming
from Europe 200 years ago, and the strains they examined were
similar to Australian strains (27). Among the strains we exam-
ined in our study, we found that Australian strains have more
similarities to European strains than other continents.

As Suzuki et al,, pointed out, the geographic differences of H. py-
lori strains may reveal human migrations. They also noted that
the genetic diversity within H. pylori strains was much greater
than in other bacterial strains and 50 times greater than in hu-
man populations. In addition, they reported that with the mo-
lecular epidemiological studies carried out with new molecular
sequencing techniques, we can have more information about
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both virulence genes and resistance genes, and the mecha-
nisms of gastric cancer formation can thus be understood (28).

Boyanova et al. reported that more than 20% of clarithromy-
cin resistance was seen in Asia, Europe and South America, and
above 10% of quinolone resistance was seen in Asia (29). In
our study, we detected clarithromycin resistance and A2147G
SNP in 23S rRNA gene causing this resistance in an Asian and
a South American strain. However, we found a gene associat-
ed with quinolone resistance only in our European strain, this
could be related to the limited number of strains that we in-
cluded in this study. Kocazeybek and Tokman reported that
primary antibiotic resistance detected in H. pylori strains were
affected by geographic differences and crowded population
(3). This is consistent with our resistance data.

The limitations of our study were both not using the genomic
data of all strains in the NCBI database and not having our own
strains in the study. The strains we included in our study appear
to be mostly selected reference strains in many publications. In
addition, although the NCBI database contains data on more
than 2000 strains, the whole genome sequencing of all these
strains has not yet been completed, but the whole genome se-
quencing of all the strains we have included in our study has
been completed.

CONCLUSIONS

In conclusion, our study has revealed that H. pylori strains,
whose data were reported from different continents, vary
from each other phylogenetically and especially in terms of
virulence genes. We believe that it is important to reveal the
virulence genes of these strains by using new molecular se-
quencing techniques, in order to reveal the situation described
as both the African-Asian enigma and the pathogenesis mech-
anisms used by H. pylori during gastric cancer.
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ABSTRACT

Objective: Reproductive biotechnology studies focus on the long-
term storage of embryos (cryopreservation), embryo cultures, ge-
nome editing of embryos and embryo transfer. Micromanipulation
techniques in reproduction biotechnologies have an important
role, especially in studies investigating assisted reproductive tech-
nology in laboratory animals. The aim of the present study was to
investigate the effect of epididymal spermatozoa injected to oo-
cyte by intracytoplasmic sperm injection (ICSl) in different mice
strains. In this study, we evaluated the in vitro development of
post-ICSI derived embryos using cauda epididymal sperm.

Material and Method: Female mice (8-10 weeks) were superovu-
lated using pregnant mare serum gonadotropin/human chorionic
gonadotropin (PMSG/hCG) and ~14h post hCG, the mice were sac-
rificed, and the oocytes were collected. Spermatozoa from the cau-
da epididymal of a 12-week-old were used on the same strain for
ICSI and the in vitro developmental potential was evaluated. Final-
ly, the embryos were cultured for 120 hours at 5% CO, with 37°C.

Results: The results showed that the two-cell embryo of the
B6D2F1 strain (79.31%) was significantly higher than the CB6F1
(56.26%) (p<0.05). While the blastocyst rate was comparable be-
tween both the B6D2F1 strain (68.75%) and CB6F1 strain (69.57%)
(p>0.05).

Conclusion: ICSI using cauda epididymal sperm is a suitable ap-
plication for in vitro embryo development in B6D2F1 and CB6F1
strains. Finally, ICSI success of the B6D2F1 mice strains was found
to be higher than CB6F1 mice strains.

Keywords: Mouse, oocyte, ICS|, development

0z

Amag: Ureme biyoteknolojisi alanindaki calismalar; embriyolarin
uzun siire saklanmasi (kriyoprezervasyon), embriyo kiilturt, emb-
riyolarin genom diizenlenmesi arastirmalari ve embriyo transferi
gibi konular iizerinde yogunlasmaktadir. Ureme biyoteknoloji-
lerinde mikromanipuilasyon teknikleri, 6zellikle laboratuvar hay-
vanlarinda yardimci Greme teknolojisinin arastirildigi calismalarda
onemli bir yere sahiptir. Bu calismanin amaci, farkli fare irklarinda
intrastoplazmik sperm enjeksiyonu (ICSI) ile epididimal spermato-
zoanin oosite enjeksiyonunu arastirmaktir. Bu calismada, kauda
epididimal fare spermi kullanilarak yapilan ICSI uygulamasi sonra-
sinda elde edilen embriyolarin in vitro gelisimi degerlendirilmistir.

Gereg ve Yontem: Disi fareler (8-10 hafta), gebe kisrak serum go-
nadotropini/insan koryonik gonadotropini (PMSG/hCG) kullani-
larak stiperoviile edilmis, hCG'den ~14 saat sonra fareler sakrifiye
edilerek oositler toplanmistir. 12 haftalik erkek farenin kauda epidi-
diminden alinan spermatozoa, ayni irk oositle ICSI icin kullaniimig
ve in vitro gelisim potansiyeli degerlendirilmistir. Son olarak tim
embriyolar 120 saat stire ile %5 CO, ve 37°C'de kiilture edilmistir.

Bulgular: Sonuglar, B6D2F1 (%79,31) irkinin 2 hiicreli embriyo
gelisiminin CB6F1 (%56,26) irkli farelerdeki 2 hiicreli embriyo ge-
lisiminden 6nemli lctide ylksek oldugunu gostermistir (p<0,05).
Blastosist orani B6D2F1 (%68,75) ve CB6F 1 (%69,57) irklari arasinda
karsilastirimistir (p>0,05).

Sonug: B6D2F1 ve CB6F1 fare irklarinda, kauda epididimal sper-
ma kullanilarak yapilan ICSl in vitro embriyo gelisimi icin uygun bir
yontemdir. Sonuc olarak, B6D2F1 farelerde ICSI'nin basarisi, CB6F1
irk farelere gore daha yuksektir.

Anahtar Kelimeler: Fare, oosit, ICSI, gelisim
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INTRODUCTION

Intracytoplasmic sperm injection (ICSI) is the name given to the
method of injecting spermatozoa into the oocytes through mi-
crosurgical methods. It is a common approach in clinical prac-
tice in the treatment of infertility problems with various causes,
and in the production of farm and laboratory animals (trans-
genic and low-reproductive strains) (1,2). There is a need for
a convenient and cost-effective method for long-term sperm
preservation of transgenic mice (3).

It is well known that the genetic background of mouse strains
affects morphological parameters of sperm (4-6) and in vitro
produced embryo development (7). Most common mouse
strains are used for developing new transgenic lines. And their
embryo development results can be compared to the other
strains (4-6). Furthermore, using different mouse strains in ICSI
can affect embryo development (8-10).

The genetic characteristics of different mouse strains affect
embryo development results in mouse embryo studies. Also,
no research was found in literature about results of in vitro de-
velopments of ICSI between oocytes from CB6F1 mouse strain.
The present study analyzes the in vitro development rates of
embryos produced by the application of ICSI in comparison
to the mouse strains of CB6F1 (C57BL/6J x Balb/c) and B6D2F1
(DBA2 x C57BL/6J).

MATERIAL AND METHOD

All mice experiments were approved by Koc University Local
Ethics Committee for Animal Experiments (approval number:
2014-05). The animals were kept in Koc University, Animal Re-
search Facility of Center for Translational Medicine (KUTTAM)
under 12 hours light - 12 hours dark cycle, and a diet of com-
mercial pellet food ad-libitum and automatic water containers
were provided according to the Guide for the Care and Use of
Laboratory Animals.

Superovulation and Oocyte Collection

10 IU of pregnant mare serum gonadotropin (Sigma G4877-
PMSG) was injected by intraperitoneal (IP) to the female mice
between 17:00 and 18:00, and 48 hours later, 10 IU of human
chorionic gonadotropin (Organon-hCG) was injected by intra-
peritoneally between 17:00 and 18:00 hours. Fourteen hours
after the hCG injection, female mice were sacrificed, and the
oocytes were collected by rupturing the oviductal ampullae.
The oocytes were washed in HEPES buffered human tubal flu-
id (HTF) medium with hyaluronidase, and then washed three
times in a hepes buffered-M2 medium supplemented with 4
mg/ml BSA (Sigma Catalog, No A-3311, Fraction V). The culture
media containing the collected oocytes were kept in an incuba-
tor at 37°C and in 5% CO, for 30-60 minutes until the ICSI was
performed (10). 10 pl of embryo culture drops were added to a
petri dish and covered with mineral oil (Lifeguard-Life Global)
in order to avoid the contamination, evaporation and to ensure
integrity of the drops. The petri dishes were then placed in an
incubator at 37°C, in 5% CO, and humidity for gassing at least 2
hours prior to embryo collection.
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Preparation of Spermatozoa

The male mice of each strain were sacrificed, cauda epididy-
mis were removed and incubated in 500 pyl embryo culture
medium (LifeGlobal Media, LGGG-020) at 37°C, 5% CO, for 10
minutes. Then, 100 pl was collected from the top of the tube
and transferred to the cryotube. The spermatozoa were rapidly
frozen in liquid nitrogen which lead to breakage of sperm tail
and head (11,12).

Intracytoplasmic Sperm Injection (ICSI)

After oocyte collection from the petri dish, a 10 cm petri dish
cover was used, the area of which was divided into four sections.
Fifteen pl drops were placed in the petri dish and covered with
7-8 ml of mineral oil (Figure 1),and 3 pl of frozen-thawed sperma-
tozoa were placed in M2+3% polyvinyl-pyrrolidone (PVP) drops.
ICSI working plate prepared with small droplet of manipulation
HEPES buffered HTF medium. The sperm was mixed with five
volumes of a 10% solution of PVP (v/v) in HEPES buffered HTF
medium. A droplet of piezo pipette prepared for washing in vol-
umes of a 3% solution of PVP in HEPES buffered HTF medium.
The spermatozoa were mixed using a manipulation pipette to
ensure individual cell formation. ICSI started 16-18 hours after
hCG injection and performed by using a Nikon Eclipse and an
inverted microscope equipped with Eppendorf TransferMan/
Nk 2 micromanipulators. An Eppendorf CellTram Vario embryo
holding pipette console and an Eppendorf embryo holding
pipette with a 35° angle, 15 um inner diameter and a 100 pm
outer diameter were mounted on the left micromanipulator. An
Eppendorf CellTram Air embryo manipulation pipette console
and an Eppendorf embryo ICSI piezo drill micropipette (Origio/
CooperSurgical, U.S.A, Piezo-6-25) with a 6° angle, 6 um inner
diameter and an 8 um outer diameter were mounted on the
right micromanipulator. The spermatozoa were taken sequen-
tially into the injection pipette (Figure 2A). The injection pipette
was transferred into manipulation drops. Using a holding pi-
pette (Optimas, reference code: OMH1202030) with loaded 2-3
pl mercury, the oocytes were fixed at the 6 or 12 o'clock position
of the MII (Figure 2A). Using a piezo drill (Prime Tech PMM4G)
injection pipette, a single-pulse piezo of 4/4 (intensity/velocity)
was made to puncture the zona pellucida of the oocyte (Figure
2B, 2C). Minimum suction of cytoplasm was applied into the ICSI
injection pipette (Figure 2D, 2E) and a single-pulse piezo of 2/1
(intensity/velocity) was applied to break the cytoplasm and in-
ject the sperm to oocyte immediately (Figure 2F, 2G). The sperm
injection into the cytoplasm was conducted at room tempera-
ture (17-18°C) (11,12).

Post-ICSI Embryo Culture

The ICSI-treated oocytes were transferred into a culture me-
dium, and the embryos were washed in at least three times
and then incubated at 37° C and in 5% CO, for 96-120 hours
respectively. The two cell and blastocyst developments were
evaluated on 2"day and 5™ day, respectively.

Statistical Assessment of Results
IBM SPSS Statistics for Windows (Version 24.0. Armonk, NY: IBM
Corp.) was used for the statistical assessment of the results with
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Working plate

CBGF1 B6D2F1
C57BL/6] X Balb/C DBAX C57BL/6]

(©)
@2
Pow

Figure 1. Schematic depicting the experimental timeline in mouse intrastoplasmic sperm injection (ICSI).

-

Figure 2. Piezo drill of ICSI on mouse oocyte. (A) The sperm was sucked into the injection pipette, (B) the arrow is sperm in
injection pipette and zona pellucida aspirated by injection pipet, (C) a single-pulse piezo was made to puncture the zona
pellucida of the oocyte, (D,E) aspiration of cytoplasm is applied into injection pipette and apply a single-pulse piezo to break to
cytoplasm, (F) the sperm injected to oocyte, (G,I) when withdrawing the ICSI pipette out of the sperm injected mouse oocyte

(20X).

sufficient number of repetitions. ANOVA and Chi-square tests  in CB6F1 and B6D2F1 strain groups, respectively p<0.05, Table
were used for the analysis of variance and differences between 1), The differences of two cell development were found signifi-
groups. The p-values <0.05 were considered statistically signifi-  cantly important between in CB6F1 and B6D2F1 strain groups
cant. All experiments were replicated three times. (p< 0.05). The blastocyst development rates were 68.75% and
RESULTS 69.57%, i.n CB6F1 and B6D2F1 strain groups, respectively (Table

1). The differences of blastocyst development were no found
According to development evaluations done after in vitro cul-  significantly between the CB6F1 and B6D2F1 strain groups (p>
ture, the two cell development rates were 56.26% and 79.31%,  0.05, Table 1).
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Table 1. In vitro development of post-ICSI derived embryos from different mouse strains.

Number of blastocyst from 2-cell

Strain Number of oocytes Number of 2-cell embryos (%) stage embryo (%)
16° 112
CB6F1 27 (56.26+11.33) (68.75+29.46)
23k 16°
B6D2F1 2
6 ? (7931+16.16) (69.57+8.42)

(a,b)-Differences between the same columns with different symbols (a, b) were found to be significant (p<0.05). There was significant difference in B6D2F1 and

CBG6F1 of two cell development rates.

(a)-Same characters (a) in the same column are not significant (p>0.05). There was no significant difference in B6D2F1 and CB6F 1 of blastocyst development rates.

DISCUSSION

The mice are appropriate in research of ICSI-derived embryo
development for improving of laboratory animal reproduc-
tive technologies. ICSl is widely used in both animals and hu-
mans as an effective approach to study the fertility (13). Mice
are considered as model animals in medical research and ICSI
are used to better understand the biology of fertilization (14).
It has been shown that both cauda and caput epididymal
spermatozoa were used in different mouse strains (13). The
aim of this research is to investigate the rates of in vitro de-
velopment of embryos produced by ICSI to different mouse
strains. This present study has investigated the rate of in vi-
tro culture development in ICSI-derived embryos in CB6F1
(C57BL/6J x Balb/c) and B6D2F1 (DBA2 x C57BL/6J) mice by
cauda epididymal spermatozoa.

It is increasingly recognized that ICSI is affected by both age
and subspecies, as the study of BALB/c mice demonstrates a
relationship between ICSI results and species difference (15).
Also, Ogonuki et al. reported about animal strains were signif-
icant effect on two-cell embryo development in ICSI (16). The
present study also establishes a statistically significant differ-
ence in the rates of two-cell embryo development, and we ob-
served strain affect in this study.

In FVB and CD-1 mice, two cell developments are around 80%
as a result of piezo ICSI with cauda and epididymal sperm
(11). Likewise, in our study, similarly, two-cell development
in B6D2F1 mouse race was around 80%. On the other hand,
CB6F1 race had a lower rate of two cell development.

Compared intracytoplasmic sperm injections in inbred
(C57BL/6) and hybrid mice (B6C3F1 and B6D2F1), and although
the fertilization and embryo development rates were found to
be similar in the C57BL/6 and hybrid strains, the post-implanta-
tion rates were poorer in the C57BL/6 strains than in the other
strains, which was believed to be linked to sperm factors (17).

The other study discussed that the reproductive potential of
caput epididymal spermatozoa and carried out comparative
ICSI applications with caput and cauda spermatozoa in FVB

and CD1 strains. Following these applications, the authors
established a blastocyst development rate of 57% with caput
sperms and 63% with cauda sperms (18).

Mallol et al. reported that blastocyst development rate of 57%
in mouse embryos following an ICSI application after a freez-
ing-thawing protocol in hybrid BGCBAF1 (C57BI/6xCBA/J) mice
(12). Moreira et al. reported that achieved a blastocyst develop-
ment rate of 60% with ICSI application (19). The results of the
present study were compared with those of the two commonly
used strains, revealing that the two-cell development rate of
the B6D2F1 strain was significantly higher, and the blastocyst
development rate of the CB6F1 strain, especially after two-cell
development, was also significantly higher.

We compared in vitro development of ICSI derived embryos
with cauda epididymal sperm in two different mouse strains.
The two-cell development were found significantly important
between in CB6F1 and B6D2F1 strain groups (p<0.05). While
the blastocyst developments were not found significantly im-
portant between CB6F1 and B6D2F1 strain groups (p>0.05,
Table 1).

Future studies can focus on comparing strains of ICSI derived
embryos; in vivo development, cryopreservation and embry-
onic gene expression levels. Based on the results of the pres-
ent study, a useful model can be developed for veterinary and
laboratory animal sciences. Also, these findings of ICSI-derived
embryos with biotechnological methods would contribute to
the improvement and development of the national livestock.
The result of this study showed that ICSI with cauda epididy-
mal sperm is a suitable application for embryo development
in both mouse strains. In conclusion, because of its ease of use,
this ICSI technique is considered useful in laboratory animals.
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ABSTRACT

Objective: Lymphoid enhancer-binding factor-1 (LEF1) is one of
the key regulators of lymphocyte proliferation and its aberrant ex-
pression is a prognostic factor for lymphoid or myeloid malignan-
cies. In this study, we focused on the expression of LEF1 isoforms in
several hematological malignancies and found tissue-specific dif-
ferential expression for the full-length (FL)-LEFT gene and its tumor
suppressor (ALEFT) variant.

Material and Method: Fifty-three leukemia/lymphoma patients
were included in this study. Diagnostic samples of “lymphoid
group” patients: Chronic Lymphoblastic Leukemia (CLL) (n=10),
B-cell Acute Lymphoblastic Leukemia (B-ALL) (n=9) and “myeloid
group” patients: Chronic Myeloblastic Leukemia (CML) (n=12),
Acute Myeloid Leukemia (AML) (n=13), and Multiple Myeloma
(MM) (n=9) were studied. Healthy bone marrow, peripheral blood
cells, and CD34 positive cells were used as controls. Total (T) and
FL-LEF1 transcript levels were examined by using quantitative re-
al-time polymerase chain reaction (qRT-PCR). T and FL-LEFT mRNA
ratios were also evaluated for calculation of ALEFT.

Results: LEFT levels were significantly high in lymphoid malignan-
cies, but MM and AML patients have decreased LEFT levels. Al-
though CLL patients have high FL-LEF1 levels, the ratio of the T/FL
levels was significantly decreased.

Conclusion: LEFT is a proliferation factor for lymphocytes and not
only its differential overexpression but also the ratio of T/FL iso-
forms seem to accompany leukemia progress.

Keywords: LEF 1, alternative splicing, lymphoid, myeloid, leukemia

0z

Amag: Lenfositlerin cogalmasindaki 6nemli diizenleyicilerden biri
olan lenfoid gli¢lendirici baglama faktori-1 (LEF1)'in anormal eks-
presyonu, lenfoid veya miyeloid maligniteler icin prognostik bir fak-
tordir. Bu calismada, farkh LEFT izoformlarinin gesitli hematolojik
malignitelerdeki ekspresyonu incelenmis ve tim uzunluktaki LEF1
(FL-LEFT) anlatimi ile timor baskilayici 6zellige sahip kisa izoformu
(ALEFT) icin dokuya 6zgui farkhliklar tespit edilmistir.

Gereg ve Yontem: Calismaya 53 yetiskin 16semi/lenfoma hastasinin
tani ani 6rnekleri dahil edilmistir. Calismaya dahil edilen hastalar,
“lenfoid grubu”; Kronik Lenfoblastik Losemi (KLL) (n=10), B hicreli
Akut Lenfoblastik Losemi (B-ALL) (n=9) ve “miyeloid grubu”; Kronik
Miyeloblastik Loésemi (KML) (n=12), Akut Miyeloid Losemi (AML)
(n=13) ve Multipl Miyelom (MM) (n=9) gruplarindan olusmaktadir.
Saghkl kemik iligi, periferik kan hiicreleri ve CD34 pozitif hiicreler
kontrol olarak kullanilmistir. Total (T) ve FL-LEF1 transkript seviye-
leri, gercek zamanli kantitatif polimeraz zincir reaksiyonu (QRT-PZR)
ile incelenmistir. T ve FL-LEF1 oranlar da ALEF1 hesaplamasi icin
degerlendirilmistir.

Bulgular: LEF1'in lenfoid malignitelerde anlamli derecede yiiksek
oldugu, MM ve AML hastalarinda ise LEFT seviyelerinde azalma ol-
dugu gorulmistir. KLL hastalarinda FL-LEF T seviyeleri yuiksek olma-
sina ragmen, T/FL-LEF1 seviyelerinin 6nemli 6lclide azaldigr tespit
edilmistir.

Sonug: LEF1, lenfositler icin bir cogalma faktoridir ve sadece asiri
ekspresyonu degil, ayni zamanda T/FL-LEFT izoformlarinin oraninin
da 16semi ilerlemesine eslik ettigini distindlrmektedir..

Anahtar Kelimeler: LEF1, alternatif kirpilma, lenfoid, miyeloid, 16-
semi
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INTRODUCTION

Lymphoid enhancer binding factor-1 (LEF1), a member of the
regulatory proteins called high mobility group proteins, is one
of the key regulators in the proliferation of lymphocytes (1,2).
LEF1 is a downstream target of the WNT pathway involved in
regulating cellular proliferation, differentiation, and organ de-
velopment (3). Deregulated LEFT expression was observed in
specific cancer types such as colon and prostate cancer or var-
ious hematological malignancies like acute lymphoblastic leu-
kemia (ALL), Burkitt lymphoma (BL), and Chronic Lymphocytic
Leukemia (CLL) (4-6).

LEF1 has different isoforms caused by alternative splicing and
these alternative isoforms can change transcriptional activity
(7). The full-length LEF1 (FL-LEFT) isoform derives from selective
activation of a promoter that can bind to beta catenin, and the
other short isoform of LEF1 (ALEF1), located within the intronic
promoter of LEFT and acts as a dominant-negative isoform (8).
FL-LEF1 is expressed in mitotically active cells and behaves as a
growth-promoting isoform; ALEFT uses an alternative transla-
tion start site and lacks exons 1 and 2, resulting from the loss of
the beta catenin binding site and acts as an inhibitory isoform
and suppresses cell growth (9). Different LEF1 isoforms are tran-
scribed in harmony under normal circumstances. Studies have
shown that aberrant LEFT activity and differential expression
patterns in different LEFT isoforms were important in leukemia
development (6, 10). FL-LEFT was shown as a pro-survival factor
in B-cell CLL cells, expressing abundant LEF1, but the expres-
sion of LEF1 gene is much lower or absent in low-grade B-cell
non-Hodgkin’s lymphoma (NHL), suggesting differences in the
activity of the LEF genes/isoforms between different malignan-
cies (11,12).

Our previous study showed that pediatric T-cell and B-cell
ALL patients have differential expression of LEFT variants (13).
Therefore, in this study, we focused on LEFT isoforms’ expres-
sion in a group of adult lymphoid and myeloid hematological
malignancies and found tissue-specific differential expression
for LEFT gene variants.

MATERIAL AND METHOD

Study Population

Fifty-three newly diagnosed patients in the hematology clinics
were enrolled in this study. Diagnostic samples of “lymphoid
group” patients: CLL (4) (n=10), B-cell ALL (n=9), and “myeloid
group” patients: AML (n=13), Chronic Myeloblastic Leukemia
(CML) (n=12), and Multiple Myeloma (MM) (n=9) patients were
diagnosed according to WHO criteria (14) at Hacettepe Univer-
sity, Faculty of Medicine, Hematology Department. Twenty-six
males and twenty-seven females with a mean age of 58.5+13.3
for the lymphoid group and 56.6+14.1 for the myeloid group
were selected. Diagnostic samples whose white blood cell
(WBC) count was above 20x10%/uL were included. Patients who
received chemotherapy prior to the study were excluded. The
control group comprised of the bone marrow samples of 10
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healthy individuals, and the CD34 positive cells of nine healthy
donors for allogeneic peripheral stem cell transplantation. Ad-
ditionally, peripheral blood cells (n=5) were also studied. The
study was approved by Hacettepe University Ethics Boards and
Commissions (Project number: LUT 10/45) and all patients and
healthy individuals signed written informed consent.

RNA Isolation and cDNA Synthesis

Mononuclear cells were collected, and total RNA was isolated
according to the manufacturer’s instructions (Qiagen, Ger-
many). RNA quantity was measured by Nanodrop (ND-1000,
Nanodrop Technologies, Inc., USA). 1000 ng RNA was used for
cDNA synthesis by using random primers (20 pM, Roche Diag-
nostics, Germany).

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

Total (T)-LEF and FL-LEF1T mRNA levels were determined in pa-
tients and controls by gRT-PCR. To measure the balance be-
tween the isoforms, the ratio of T- LEF1/FL- LEF1 was also calcu-
lated for each hematologic malignancy. The primer sequences
of LEF1 isoforms and the gqRT-PCR protocol were shown previ-
ously (13). CYPA and BACT genes were used as housekeeping
genes. All runs were performed twice and each sample was run
in duplicate. qRT-PCR analyses were performed on LightCycler
480 (Roche Diagnostics).

Statistical Analysis

The 222% method was used for relative quantification (15).
Groups were compared by using the Mann-Whitney U test and
p-value of < 0.05 was considered significant.

RESULTS

We determined both LEFT isoforms’ expression in control CD34
positive cells, bone marrow cells, and peripheral blood cells
and showed LEF1 variants at variable levels. Each patient sam-
ple was evaluated for T and FL-LEF1 expression levels. T-LEF1
including long and ALEF1 isoforms and T/FL LEFT ratio gives us
ALEF1 isoforms levels. The ratio of total LEF1/ FL LEF1 in the lym-
phoid group (CLL and ALL) and myeloid group (AML, CML, and
MM) patients were also evaluated.

In general analysis, lymphoid group patients had aberrant FL-
LEF1 expression (p=0.01), but T-LEFT levels and the T/FL ratio
were normal compared to healthy control samples. Myeloid
group patients showed decreased T-LEF1 (p=0.0009) and FL-
LEF1 (p=0.003) expression, but the T/FL ratio was found to be
similar compared to the controls. When we compared leukemia
groups, the myeloid leukemia patients showed significantly
decreased T (p=0.008) and FL-LEFT (p=0.004) expression com-
pared to lymphoid leukemia patients, and this deregulated
T and FL-LEFT expression levels caused decreased T/FL ratio
(p=0.03) in these patients.

Although there is no significant difference in T-LEFT expres-
sion, the oncogenic isoform FL-LEF1 showed increased ex-
pression (p<0.0001) compared to healthy bone marrow and
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peripheral blood cells in CLL patients. The ratio of T/FL-LEF1
was also found to decrease in CLL patients (p=0.002) (Figure
1). Differently from CLL patients, adult B-ALL patients showed
increased total (p=0.02) and FL-LEF1 (p<0.001) expression lev-
els (Figure 1).

T-LEF-1 and FL-LEF1T mRNA expression levels were found to be
significantly decreased in AML patients compared to CD34
positive healthy controls. In addition, the T/FL ratio was found
to be similar when compared to the controls (Figure 2A). CML
patients showed slightly decreased FL-LEF1 expression, but the
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ratio of T/FL-LEF1 was similar when compared to the controls
(Figure 2).

The total expression levels of the LEF1 gene and the ratio of 7/
FL-LEF1 were found to be decreased in MM samples (p=0.02,
p=0.02, respectively) (Figure 2).

DISCUSSION

LEF-1 plays a role in the canonical Wnt signaling pathway by
-catenin and the LEF1/TCF complex, and activation of Wnt-tar-
get genes (16). Up-to-date studies point to activation of the
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and adult B-cell acute lymphoblastic leukemia (B-ALL).

Figure 1. Expression analysis of LEF1 isoforms in lymphoid group patients. LEF1 expression in chronic lymphoblastic leukemia

T represents the total expression of LEF1, FL represents full-length LEF7 expression and T/FL represents the total and full-length ratio of
LEF1 expression. T/FL ratio was used for calculating short (ALEF1) isoform. CLL: Chronic Lymphoblastic Leukemia; B-ALL: Adult B-cell Acute
Lymphoblastic Leukemia, HC: Healthy control sample. Statistical significance is shown by *.
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Figure 2. Expression analysis of LEF1 isoforms in myeloid group and multiple myeloma patients.

T represents the total expression of LEFT, FL represents full-length LEFT expression and T/FL represents the total and full-length ratio of LEFT
expression. T/FL ratio was used for calculating short (ALEF1) isoform. AML: Acute Myeloid Leukemia; MM: Multiple Myeloma; CML: Chronic
Myeloid Leukemia; HC: Healthy control sample. Statistical significance is shown by *.
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WNT pathway, and increased LEFT expression as being associ-
ated with the pathogenesis of different leukemia types (17-21).
Not only high LEF1 expression levels, but the existence of dif-
ferent isoforms and their heterogeneous contribution may also
explain its role in malignancy development. The imbalance be-
tween the LEF1 isoforms was shown in the transformation of
malignancies (22,23). The role of the LEF1 gene in cell growth is
not restricted upon the WNT pathway; studies have shown that
ALEFT1 stimulates the TCR alpha enhancer as strongly as FL-LEF1,
which indicates that beta catenin has independent transactiva-
tion of the LEF1 gene (24). In human CD34 positive cells, inhi-
bition of FL-LEF1, but not beta catenin, affects proliferation and
apoptosis of these progenitor cell populations, which supports
that WNT is an independent function of LEFT in early hemato-
poiesis (25).

In our previous study, we showed that pediatric ALL patients
have increased FL-LEF1 expression and an abnormal ratio of
long and short LEFT isoforms have been found in B and T cell
ALL (13). Here we defined the different expression patterns of
LEF1 isoforms among adult lymphoid and myeloid malignan-
cies and showed that although lymphoid and myeloid malig-
nancies had significantly increased LEF1 expression, lymphoid
group patients have significantly aberrant LEFT activity accord-
ing to the myeloid patients’ group. We also further compared
the lymphoid and the myeloid cohort and found that myeloid
patients (including AML, CML, and MM) have decreased T-LEF1
expression levels. These results indicate that although imbal-
anced LEF1 isoforms were seen in both lymphoid and myeloid
series, LEFT activation is more related to lymphoid leukemia.

Guiterrez et. al reported LEF-1 expression in B-cell lymphocy-
tosis previously (11). Recently, we have established that LEF1
is a highly specific marker for the diagnosis of B-CLL (26) and/
or LEFT expression is related to atypical CLL (27). In our study,
CLL cases showed differences in oncogenic FL-LEFT and ALEF1
variants leading to the instability between long and short tran-
script ratio. These findings indicate that LEFT oncogenic activity
might have a role in CLL but due to the limited number of CLL
patients, our results did not show any subtype differences.

Adult B-ALL patients have upregulated total and FL-LEF1 iso-
forms, but the T/FL ratio was not changed indicating that the
upregulation of T-LEF1 expression is related to high FL-LEF1
expression. Kihnl et al., identified that high LEFT expression
is a prognostic factor for adult B- ALL patients, and high LEF1
levels were associated with the outcome of the patients (28).
While full length LEFT acts as an oncogene, a short transcript of
the LEFT gene functions as a tumor suppressor (29). Our results
showed that adult B-ALL patients have increased FL-LEF1 iso-
form expression beside high ALEFT isoform and the balance of
T/FL-LEF1 were not changed.

In addition to the lymphoid group patients, our CML patients
have unaffected LEFT gene expression and LEF1 variant ratios.
CML is a type of cancer resulting mostly from a reciprocal trans-
location t(9;22)(q34;911), which caused the accumulation of an
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active fusion kinase protein called BCR-ABL.The oncogenic role
of BCR-ABL is the dominant causative genetic defect in adult
CML patients, but the WNT pathway activity is associated with
tyrosine kinase inhibitory resistance and acute blast phase in
leukemic stem cells in CML (30). Further studies are needed to
understand the role of the LEFT gene in CML patients.

Unlike CML patients, multiple myeloma patients have de-
creased T-LEF1 expression, resulting in an abnormal T/FL-LEF1
isoform ratio, but no change in FL-LEF1 expression. These find-
ings point to a reduced T/FL-LEF1 ratio occurring by impaired
ALEF1 levels. In addition, AML patients showed decreased total
and FL-LEF1 and a slightly decreased level in ALEFT expression.
Recent studies reported that abnormal ALEF1 levels, but nor-
mal FL-LEF1 levels, were found in AML patients (31). Our results
showed MM patients have similar results compared to AML pa-
tients in the literature.

In conclusion, we reported the LEFT isoform levels in adult lym-
phoid and myeloid leukemia patients and observed impaired
full-length or ALEF 1 expression. Our results point to aberrant LEF1
expression is mostly associated with lymphoid leukemia.
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Amag: Romatizmal kalp kapak hastaliginin (RKKH)'da dahil oldugu
cesitli otoimmiin ve kronik enflamatuvar hastaliklarda, IL-T resep-
tor antagonisti (IL-TRa) A2 allelinin uzun sureli ve siddetli proenfla-
matuvar bagisiklik cevabiyla iliskili olabilecedi yoniinde calismalar
bulunmaktadir. Ancak, RKKH patogenezinde IL-7Ra varyantinin
iliskisi ile ilgili calismalar oldukga sinirlidir. Bu calismanin amaci,
Tirk hastalarda IL-TRa rs2234663 degisken sayida ardisik yineleme
(VNTR) varyantlari ile RKKH duyarliigr ve/veya hastaligin siddeti
arasinda bir iliski olup olmadigini arastirmaktir.

Gereg ve Yontem: Bu vaka-kontrol calismasinda (165 RKKH/300
kontrol) IL-TRa VNTR icin polimeraz zincir reaksiyonu (PZR) yonte-
mi ile genotipleme yapilmistir.

Bulgular: Hastalar ve kontroller arasinda genotip ve allel frekansla-
rinda istatistiksel olarak anlamli fark tespit edilmistir (p<0,001). A1
allel frekansi, RKKH hastalarinda kontrol grubuyla karsilastirldigin-
da, anlaml olarak daha ytiksek bulunmustur (p=0,004; OR=3,821;
%95 GA=1,459-10,005). A3 allel frekansi hasta grubunda kontrol
grubuna kiyasla istatistiksel olarak anlamli sekilde artis goster-
mistir (p=0,034; OR=2,536; %95 GA=1,045-6,152). Siddetli ve hafif
kapak hasari olan hastalar arasinda genotip dagilimlari istatistiksel
olarak anlamli sekilde farkli bulunmustur (p=0,031). A2 alleli sid-
detli kapak hasari olan hastalarda hafif kapak hasari olan hastalara
gore istatistiksel olarak ytiksek olarak tespit edilmistir (p=0,003).

Sonug: /L-7TRa VNTR rs2234663 varyantlarinin Turk toplumunda
RKKH acisindan duyarl bireylerin tanimlanmasinda kullanilabile-
cek uygun bir biyobelirtec olabilecegi dnerilmektedir.

Anahtar Kelimeler: IL-1Ra, rs2234663, polimorfizm, romatizmal
kalp kapak hastaligi, romatizmal ates

ABSTRACT

Objective: There are studies that suggest that the IL-7 receptor an-
tagonist (/L-TRa) A2 allele may be associated with a long-term and
severe proinflammatory immune response in various autoimmune
and chronic inflammatory diseases, including rheumatic valvular
heart disease (RVHD). However, studies on the relationship of the
IL-TRa variant in the pathogenesis of RVHD are very limited. The
aim of this study was to investigate whether there is a relationship
between IL-1Ra rs2234663 variable number tandem repeat (VNTR)
variants and RVHD susceptibility and/or disease severity in Turkish
patients.

Material and Method: In this case-control study (165 RVHD/300
controls), we genotyped IL-TRa VNTR using the polymerase chain
reaction (PCR) method.

Results: There was a statistically significant difference in genotype
and allele frequencies between patients and controls (p<0.001).
The A1 allele frequency was found to be significantly higher in
RVHD patients compared to the control group (p=0.004; OR=3.821;
95% Cl=1.459-10.005). The A3 allele showed a statistically signifi-
cant increase in the patient group compared to the control group
(p=0.034; OR=2.536; 95% Cl=1.045-6.152). Genotype distributions
were statistically significantly different between patients with se-
vere and mild valve damage (p=0.031). The A2 allele was statis-
tically higher in patients with severe valve damage compared to
patients with mild valve damage (p=0.003).

Conclusion: /L-TRa VNTR can be recommended as a suitable bio-
marker that can be used to identify susceptible individuals in terms
of RVHD susceptibility in the Turkish population.

Keywords: IL-1Ra, rs2234663, polymorphism, rheumatic valvular
heart disease, rheumatic fever
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GiRIS

Romatizmal kalp kapak hastaligi (RKKH) otoimmdin bir hasta-
liktir. Romatizmal ates (RA), A grubu B-hemolitik streptokok-
larin neden oldugu bogaz enfeksiyonundan sonra antijenler
ile konak doku proteinleri arasindaki molekdler taklitten
kaynaklanir (1-3). RA’'nin en ciddi belirtilerinden olan kardit,
hastalarin %30-45'inde ilk atak sirasinda gelisebilse de, RKKH
cogunlukla tekrarlayan semptomatik akut RA epizodlarina
bagli kiimulatif kapak hasarindan kaynaklanmaktadir (4,5).
Ozellikle gelismekte olan ilkelerde oldukca ciddi bir saglik
problemi haline gelen RKKH, ¢ocuklarda ve geng yetiskinler-
de kalp yetmezliginin 6nde gelen nedeni olup, sakatlik ve/
veya erken 6limle sonuglanabilir. RKKH'da, hastalar kalp yet-
mezligi ile basvurana kadar tespit edilememektedir. Bu asa-
madaki hastalar icin tek tedavi secenegi olan ameliyat ciddi
komplikasyonlara sahiptir. Bu ciddi komplikasyonlarin énlen-
mesinde niifusun RKKH icin taranmasi ve duyarli bireylerin
belirlenmesi hastaligin erken teshis, hedefe yonelik tedavi
seceneklerinin uygulanmasi icin uygun biyobelirteclerin be-
lirlenmesi oldukca 6nem arz etmektedir. Diger yandan, 3 he-
molitik grup A streptokok enfeksiyonuna maruziyet sonrasin-
da bireylerin yaklasik olarak %3-6'sinda RKKH gelismektedir
ve bu durum &zellikle son zamanlarda yapilan ¢alismalarda
bireyler arasindaki genetik farkhlklara atfedilmektedir (6-8).
Hastaligin patofizyolojisi heniiz tam olarak aydinlatilamamis
olsa da cok sayida sitokin geni RKKH ile iliskilendirilmistir.
Enflamasyona karsi konak yanitinin driinleri olan sitokinler,
enfeksiyonlara karsi savunmada 6nemli rol oynamaktadir.
Enfeksiyonlar sirasinda sitokinler, bagisiklik tepkisinin temel
aracilandir ve bir dizi uyarici veya inhibe edici dizenleyici
sinyaller aciga cikararak cesitli bagisikhk sistemi hicreleri
Uzerinde etki gosterirler. Sitokin genlerinde meydana gelen
varyasyonlarin sitokin tretimini ve salgilanmasini etkileyerek
bireyin hastaliga olan yatkinhigini, hastaligin siddetini ve hat-
ta tedaviye yanitini da etkiledigi bilinmektedir. RA/RKKH has-
talarinda TNF-q, IL-1, IL-6, IFN-y'nin da dahil oldugu proenf-
lamatuvar sitokinlerin plazma seviyelerinin yiksek oldugu
bildirilmistir (9-12). Bizim de 2018 yilinda yapmis oldugumuz
calisma verileri IFN-y varyantlari ve RKKH arasindaki iliski-
yi belgeler niteliktedir (13). interlékin-1 (IL-1) gen kiimesi,
proenflamatuvar sitokin grubundan IL-7a, IL-183 ve bunlarin
rekabetgi inhibitori IL-1 reseptor antagonistini (/IL-1RA) ifade
eden genler kromozom 2 lizerinde yerlesmistir (14). IL-TRa
geni intron 2'de degisken sayida ardisik yinelemelere (VNTR)
sahip bolgeler icermekte olup bu varyasyon hem /L-TRa hem
de IL-1B3 Uretiminde kantitatif farkliliklara neden olabilmek-
tedir (15,16). IL-TRa A2 alleli, uzun streli ve daha siddetli bir
proenflamatuar bagisikhk tepkisi ile iliskilendirilmistir. Cesitli
calismalarda, /IL-TRa A2 homozigotlarin RKKH dahil oldugu
otoimmiin ve kronik enflamatuvar durumlarla baglantili ola-
bilecegi bildirilmistir (17,18). Ancak, RKKH patogenezinde
IL-TRa varyantinin iliskisi ile ilgili calismalar oldukca sinirli-
dir. Biz calismamizda, Tiirk toplumunda IL-1Ra varyantlari ile
RKKH duyarlihgi ve/veya hastaligin siddeti arasinda bir iligki
olup olmadigini belirlemeyi amacladik.
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GEREC VE YONTEM

Calisma populasyonumuz, Giresun Universitesi Tip Fakiiltesi
kardiyoloji poliklinigi tarafindan takip edilen baskin mitral dar-
g1 ve hafif-orta derecede mitral yetersizligi ve eslik eden dar-
Ikl hafif-orta ikinci veya Uciinct kapak hastaligi olan 165 kadin
RKKH hastasindan (yas: 50,14+13,99) ve ekokardiyografide kalp
kapak hastaligi tespit edilmeyen, otoimmiin hastaligi olmayan,
ailede RKKH oykusii olmayan saglikh (yas: 49,72+12,80) 300 ka-
din kontrolden olusmaktadir. Calismaya dahil edilmeden 6nce
her hasta ve kontrolden bilgilendirilmis onam alinmistir. Tim
hastalar transtorasik ekokardiyografi ile 2015 Jones kriterlerine
gore RKKH tanisi agisindan tekrar degerlendirilmistir (19). Kapak
hasarinin ciddiyeti, mitral balon valvotomi (MBV) endikasyonlari
ve mitral kapak replasmani (MVR), ACC/AHA/ASE 2003 Ekokar-
diyografinin Klinik Uygulamasi icin Kilavuz Giincellemesi 2008'e
gore degerlendirilmistir. Kapak lezyonlari, ekokardiyografi ile
teshis edilen romatizmal kalp kapak hastaligi, mitral darlik ve/
veya yetersizlik ve eslik eden hafif-orta dereceli ikinci veya ticlin-
cU kapak hastaligi ile iliskilidir. Calismamizda, dejeneratif aort
darhgi olan hastalar gz ardi edilmemistir. Siddetli kapak hasari
olan MBV ve/veya MVR olan hastalarin klinik ve ekokardiyografik
verileri geriye donik olarak ekokardiyografik verilerden deger-
lendirilmistir. Fonksiyonel kapasite New York Kalp Cemiyeti'nin
(NYHA) sinif Il - Il semptomlari, istirahatte pulmoner arter sisto-
lik basinci >50 mm Hg, mitral kapak alani <1,5 cm?, hi¢ olmayan
veya hafif-orta mitral yetersizligi olan hastalar ve sol atriyal pihtisi
olmayan ve MBV icin uygun kapak morfolojisinin uygun oldugu-
na karar verilmistir. Fonksiyonel kapasitesi NYHA sinif Il - IV, mit-
ral kapak alani <1,5 cm? ve pulmoner arter sistolik basinci >50
mm Hg olan ve orta ila siddetli mitral yetersizligi olan hastalar
MVR gerekliliginin gostergesi olarak alinmistir. Hastalar siddetli
kapak hastaligi (SKH), (n:122, %73,9; yas: 48+13) veya hafif ka-
pak hastaligi (HKH), (n:43, %26,06; yas: 49+13) olarak kategorize
edilmistir. SKH grubu, MBV ve/veya MVR &ykuisii olan hastalar-
dan veya SKH'li hastalardan ve MVR adaylarindan olusmakta-
dir. Hastalarin 30'unda baslangicta MVR, 60'inda (%36,36) MBV,
26'sinda (%15,15) daha sonra MVR gelisti ve 54'U (%32,72) MVR
icin adaydi. HKH grubu, fiziksel muayeneler ve ekokardiyografik
veriler yoluyla hafif-orta siddetli kapak hastaligi belirtileri nede-
niyle tibbi takipte olan asemptomatik hastalardan olusuyordu.
Ekokardiyografik bulgulara gore; hastalik basvurusundaki has-
talarin temel 6zellikleri Tablo 1'de sunulmustur. Bu calismadaki
tlm islemler, kurumsal ve/veya Ulusal Arastirma Komitesinin Etik
Standartlarina ve Helsinki Bildirgesine uyumlu olarak gercekles-
tirilmistir (20). Calismamiz Giresun Universitesi Tip Fakiiltesi Kli-
nik Arastirmalar Etik Kurulu'ndan alinan (Etik Kurul No: KAEK-121)
etik kurul kararinca gerceklestirilmistir.

IL-1Ra Genotip Analizi

Calismaya dahil edilen olgulardan alinan periferik kandan ticari
kit (Roche high pure isolation kit, Germany) ile DNA izole edil-
mis, saflik tayini yapilmis, ve DNA diizeyi hesaplandiktan sonra
calisma zamanina kadar +4°C'de saklanmistir. IL-1Ra gen bdl-
gesinin amplifikasyonu icin klasik polimeraz zincir reaksiyonu
(PZR) yontemi ve F: 5-CTCAGCAACACTCCTAT-3" R: 5°-TCCTG-
GTCTGCAGGTAA-3" oligoniikleotidleri kullaniimistir. 86 bp'lik
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Tablo 1. Calisma gruplarina ait karakteristik bilgiler.

Parametreler Yas (yil)

Kontrol (n=300) 49,72+12,80 p=0,757
Hasta (n=165) 50,14%13,39

Hasta siniflandirmasi n (%)
Mitral kapak lezyonlari

HKH 49+13 43 (%26,06)
SKH 48+13 122 (%73,9)
Mitral kapak 128 (%77,5)
Mitral Kapak + Aort Kapak 37 (%22,4)
Kapak replasmani (KR)

KR+ 65 (%39,3)
KR- 100 (%60,6)
Valvuloplasti (VP)

VP+ 87 (%52,7)
VP- 78 (%47,2)

Ortalama degerler, Student’s t-testi kullanilarak hastalar ve kontroller arasinda
karsilastirlmistir. Niteliksel veriler ki-kare testi ile analiz edilmistir. Veriler
ortalama=S.D ve n (%) olarak sunulmustur. HKH: Hafif kapak hasari. SKH:
Siddetli kapak hasari.
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VNTR iceren IL-TRa geninin intron 2'si icindeki polimorfik bolge
icin PZR protokoli; 95°C'de 5 dakika baslangi¢ denatiirasyonu-
nu takiben; 35 dongi halinde 95°C'de 45 saniye denatiirasyon,
55°C'de 45 saniye baglanma, 72°C'de 45 saniye uzama asamala-
r ve takibinde son olarak 72°C'de 10 dakika olarak gerceklesti-
rilmistir. Elde edilen PZR trtinleri %2'lik agaroz jelde UV altinda
goriintiilenerek genotiplendirme yapilmis ve tekrar sayisina
gore alleller karakterize edilmistir (17). A1 allel (dort tekrar) 410
bp, A2 allel (iki tekrar) 240 bp, A3 allel (bes tekrar) 500 bp'dan
olusmaktadir.

istatistiksel Analiz

Bu calismanin istatistiksel analizi SPSS 20 paket programi kullani-
larak yapilmistir. Tim allel ve genotip frekanslari dogrudan sayma
ile hesaplanmistir. Hardy-Weinberg dengesi (HWE), Arlequin V3.0
yazilimi kullanilarak hesaplanmistir (21). Genotip ve allellerin go-
rilme sikhidginin gruplar arasi farkhiliklarinin degerlendirilmesinde
ki kare (x? testi kullanilmigtir. Gruplar arasi risk etkeninin belirlen-
mesi icin odds orani (OR) ve %95 guiven aralidi (%95 GA) verilmistir.
istatistiksel anlamlilik sinin p<0,05 olarak alinmistir.

BULGULAR

Calismamiza 465 kadin (165 hasta + 300 kontrol) birey dahil
edilmistir. Hasta (yas: 50,14+13,39) ve kontrol (yas: 49,72+12,80)
gruplari arasinda yas agisindan istatistiksel olarak anlamli bir fark
bulunmamaktadir. RKKH hastalarinda ve kontrollerde IL-Ra VNTR
genotip ve allel frekanslari Tablo 2'de gosterilmektedir. Hasta
grubunda Hardy-Weinberg dengesinden sapma go6zlenmistir
(x2=4,32; p=0,645). Bununla birlikte, A1/A1 genotipi RKKH'ya
yatkinlik ile iliskili oldugundan, hasta populasyonunda homozi-
gotluk artisinin HWE'den sapmaya neden olan secimden kaynak-
laniyor olabilecegi varsayilabilir. Calismaya dahil edilen hasta ve

Tablo 2. Hasta ve kontrol gruplarina ait genotip ve allel dagilimlar.

Genotip

A1/A1 A1/A2 A1/A3 A2/A2 A3/A3
Hasta (n=165) 71 (%43,0) 79 (%47,9) 10 (%6,1) 3 (%1,8) 2 (%1,2)
Kontrol (n=300) 155 (%51,7) 104 (%34,7) 19(%3,0) 32(%10,7) 0 (%0,0)
P degeri <0,001
Allel frekanslar

A1 (+) A1 (-) A2 (+) A2(-) A3(+) A3() A4 (+) A5 (+)

Genel (n=465) 0,56 0,44 0,29 0,71 0,03 0,97 0,0 0,0
Hasta (n=165) 0,97 0,03 0,49 0,50 0,073 0,92 0,0 0,0
Kontrol (n=300) 0,89 0,10 0,54 0,03 0,97 0,0 0,0
X2 8,7476 0,814 4,507
P Degeri 0,004 0,367 0,034

Veriler n (%) olarak sunulmustur. Kalin degerler istatistiksel olarak anlamlidir (p <0.05). n: 6rnek sayisi. Tum alleller allel frekansi seklinde sunulmustur.
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kontrol gruplarinda 86-bp'lik tekrar sayisinin farkliliklarina gére
yalnizca Ug IL1-Ra VNTR alleli (A1,A2,A3) g6zlenmistir. Turk top-
lumunda bu allellerin genel populasyondaki frekans dagilimlari
diger populasyonlara benzerlik géstermektedir. A1 (%56,9) en
yaygin alleldir, ardindan A2 (%29,9) ve A3 (%3,2) nadir allel olarak
karsimiza cikmaktadir. Hastalar ve kontroller arasinda genotip ve
allel frekanslarinda istatistiksel olarak anlaml fark oldugu géz-
lenmistir (p<0,001). A1 alleli, RKKH hastalarinda kontrol grubuy-
la karsilastirildiginda, anlamli olarak daha yiiksek bulunmustur
(p=0,004; OR=3,821; %95 GA=1,459-10,005). A2 alleli hasta ve
kontrol grubu arasinda 6nemli bir fark gdstermezken (p=0,8367;
OR=1,191; %95 GA=0,814-1,743) A3 alleli tiim hasta grubunda
kontrol grubuna gore istatistiksel olarak anlamli sekilde artis gos-
termistir (p=0,034; OR= 2,536; %95 GA=1,045-6,152).

Hasta grubumuzun tamami kapak hasari agisindan incelendi-
ginde, siddetli ve hafif kapak hasari olan hastalar arasinda ge-
notip dagilimlari acisindan istatistiksel olarak anlamli farklilik
bulunmustur (p=0,031).

Hafif ve siddetli kapak hasari olan hastalarda /L-Ra VNTR alleli ve
genotip frekanslari Tablo 3'de gosterilmektedir. A2 alleli siddet-
li kapak hasari olan hastalarda hafif kapak hasari olan hastalara
kiyasla istatistiksel olarak anlamli derecede farkhdir (p=0,003).
A1 ve A3 alleli iki grup arasinda istatistiksel olarak anlaml fark
goOstermemigstir (sirasiyla, FE=1,000; p=0,050). /L-Ra VNTR alleli ve
genotip frekanslari kapak replasmani ve valviloplasti acisindan
incelendiginde gruplar arasinda fark bulunmamistir (data goste-
rilmemistir).

TARTISMA

IL- reseptorantagonisti, ILT-ave IL1-Bile rekabet halinde IL- 1 re-
septorlerine baglanabilen, bdylece aktivitelerini inhibe eden ve
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IL-1 ile iliskili cesitli immin ve enflamatuvar aktiviteleri modiile
edebilen 6nemli bir anti-enflamatuvar sitokindir (22,23). IL-1Ra
geninde (IL7-RN), intron 2'de U¢ potansiyel protein baglanma
bdlgesi iceren 86 baz cifti tekrari olan bir VNTR bulunmaktadir.
Bu baglanma bolgesi potansiyel transkripsiyon faktori baglan-
ma bolgesinde bulunur ve bu nedenle bu bélgedeki polimor-
fizmlerin fonksiyonel sonuglara sahip olmasi beklenir (24,25).
Calismalar, RA/RKKH'ya yatkinligin biytik ol¢lide genetik fak-
torler tarafindan belirlendigini gostermistir. Bu nedenle, RKKH’
ya yatkinlikla iliskili konakg¢i genetik belirteclerin belirlenmesi,
duyarli bireylerin saptanmasi icin yararli olabilir. Diger yandan
RKKH ve IL-1Ra varyasyonu ile iliskili yapilan ¢alismalar hem ¢ok
sinirlidir, hem de sonuclari celiskilidir. Bu nedenle, calismamiz-
da Tirk toplumunda bu varyasyonun RKKH ile iliskisini belirle-
meyi amacladik. Calismamiz, Tiirk populasyonu icin RKKH'da
IL7-Ra polimorfizminin etkisini gosteren ilk caismadir. Hasta ve
kontrol gruplari arasinda genotip dagilimlari agisindan anlam-
I fark bulunmustur (p< 0,001). Settin ve arkadaslari, 50 Misirli
cocukta yapmis olduklari calismada A1/A1 genotipi ve mitral
kapak hastaligi arasinda pozitif bir iliski oldugunu gdstermis-
lerdir (17). Bizim ¢alismamizda da bu ¢alismayla uyumlu olarak
A1 allelinde hasta grubu kontrol grubu ile kiyaslandiginda is-
tatistiksel olarak artis tespit edilmistir (p= 0,003). Bu bulgular,
Azevedo ve arkadaslari tarafindan 84 Brezilyali RA hastasinda
A1 tagima orani ile A1/A1 genotipi arasinda negatif bir iligkinin
bildirildigi calisma verileri ile celismektedir (26). Bu durum, bir
genin islevinin genomik baglamina bagli oldugu ve ayni genin
farkliirklarda farkli ifade modellerine sahip olabilecegi seklinde
aciklanabilir. ikinci bir adim olarak hasta grubumuzu siddetli
ve hafif kapak hasari olan hastalar seklinde ayirdigimizda uzun
stireli enflamasyonla iliskili oldugu bilinen A2 allelinin varlig
siddetli kapak hasari olan hastalarda istatistiksel olarak ytiksek
bulunmustur (p= 0,003). Bulgularimiz, Rehman ve arkadaslari-

Tablo 3. Siddetli ve hafif kapak hasari olan hastalarda genotip ve allel dagilimlar.

Kapak hasari
Genotip A1/A1 A1/A2 A1/A3 A2/A2 A3/A3
SKH (n=122) 47 (%38,5) 66 (%54,1) 5 (%4,1) 3(%2,5) 1 (%0,8)
HKH (n=43) 24 (%55,8) 13 (%30,2) 5(%11,6) 0 (%0,0) 1(%2,3)
P degeri 0,031
Allel fraksiyonu

A1 (+) A1(-) A2 (+) A2(-) A3 (+) A3 (-) A4 (+) A5 (+)
SKH (n=122) 0,96 0,03 0,56 0,43 0,049 0,95 0,0 0,0
HKH (n=43) 0,97 0,02 0,30 0,69 0,14 0,86 0,0 0,0
X2 0,098 8,814 3,849
P degeri FE=1,000 0,003 0,050

Kalin degerler istatistiksel olarak anlamlidir (p <0.05). Niteliksel veriler ki-kare testi ile analiz edilmistir. n: 6rnek sayisi. Veriler n (%) olarak sunulmustur. Tiim alleller

allel fraksiyonu seklinde sunulmustur. HKH: Hafif kapak hasari. SKH: Siddetli kapak hasari.
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nin IL-TRa A2 allelini homozigot tasiyanlarda, RKKH ile iligkisini
bildiren bulgulari ile benzerlik gdstermektedir (27). Diger yan-
dan, Cin kokenli Tayvanl hastalarda /L-1Ra VNTR’nin hastaligin
siddetiile iliskisinin olmadigi sonucunu bulan Chou ve arkadas-
larinin sonuclari ile celismektedir (28).

Bulgularimiza gore, A1 alleli RKKH'a yatkinlikla iliskili iken A2
allelinin kapak hasarinin siddeti acisindan énemli oldugunu du-
stindirmektedir. Ancak, bu calismada ele alinmasi gereken bazi
sinirlamalar vardir. Calismamiz; 2019-2020 yillari arasinda Gire-
sun Universitesi kardiyoloji poliklinigine basvuran RKKH hastala-
rindan olugmaktadir. Bu dénem icerisinde klinige basvuru yapan
hasta populasyonu kadin agirliklidir. Bu nedenle istatistiksel glice
ulasmayan erkek hasta populasyonu ¢alismadan cikarnlmistir. Bu
nedenle cinsiyet ve IL.-1Ra VNTR arasindaki iliskiyi belirleyeme-
dik. ikinci sinirlilgimiz, viicut kitle indeksi, enflamasyonla iliskili
biyokimyasal belirte¢ diizeyleri (CRP, ASO gibi) bulunmadigi icin
karsilastirma ve korelasyon yapilamamistir. Ek olarak, serum IL-
1Ra seviyeleri 6lctilememistir. Calismamizdaki diger sinirliigimiz,
nispeten kiiclik olan drneklem buytkligimuzdir. /L-1Ra VNTR
polimorfizminin RKKH gelisimi tizerinde etkisi olup olmadigini
belirlemek icin calismanin daha biyiik drneklem grubunda (has-
ta ve kontrol gruplan) yuruttlmesi gerekmektedir. Bu nedenle,
daha guivenilir sonuglar elde etmek icin /L-TRa ekspresyon sevi-
yeleri ve RKKH riski Gizerindeki etkileri dahil olmak tizere daha bu-
yik 6rneklem biiyikligunde daha fazla calismaya ihtiyac vardir.

SONUC

Sonug olarak calismamiz, /L-1Ra VNTR'nin RKKH'nin patoge-
nezine katkisinin oldugunu dogrulamaktadir. Bireyleri RKKH'a
duyarl hale getiren IL-TRa VNTR polimorfizmi, RKKH ile iliskili
morbidite ve mortaliteyi azaltmak icin profilaktik miidahaleden
fayda saglayacak duyarli bireylerin belirlenmesi icin uygun bir
biyobelirte¢ olarak 6nerilebilir. Ancak, bu konudaki mekaniz-
may! tam olarak a¢ikliga kavusturmak icin dahaileri calismalara
ihtiyac vardir. Bizim calismamiz, ileride yapilacak calismalar icin
bir 6n veri niteligi tasimaktadir.
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ABSTRACT

Objective: In traditional medicine, the Pulicaria species are used
for various disorders such as inflamed wounds, skin diseases, and
bronchitis. This study investigated the antibacterial effect of five
Pulicaria species in Turkey; (Pulicaria (P) arabica (L.) Cass., P. dysen-
terica (L.) Bernh., P. odora (L.) Reichb., P. sicula (L.) Moris, P. vulgaris
(L) Gaertn.) against certain significant pathogenic gram-negative
and gram-positive reference bacteria.

Material and Method: Four extracts (decoction, infusion, aque-
ous, and ethanol (EtOH) extracts) were prepared from the Pulicaria
species. The antimicrobial activity of the samples was examined
against reference organisms; Bacillus (B) subtilis, Enterococcus fae-
calis, Escherichia coli, Klebsiella pneumoniae, Methicillin-resistant
Staphylococcus (S) aureus (MRSA), Proteus mirabilis, S. aureus and
Pseudomonas aeruginosa. The minimal bactericidal concentration
(MBC) and minimum inhibitory concentration (MIC) ranges of the
extract samples were demonstrated based on a microbroth dilu-
tion method.

Results: The EtOH extracts of the studied four Pulicaria species
were found to be weakly active against gram-positive bacteria
such as B. subtilis, MRSA and S. aureus but the EtOH extract of P. dy-
senterica showed exceptionally good activity against the reference
strains of S. aureus, MRSA. No antimicrobial activity was detected in
the infusion, decoction, and aqueous extracts.

Conclusion: The Pulicaria species, especially P. dysenterica could
be evaluated as antimicrobial agents. Further studies with the
extracts and essential oils from Pulicaria sp. on other bacteria and
pathogenic fungi should be performed.

Keywords: Pulicaria, antimicrobial activity, extracts, Turkey

oz

Amag: Geleneksel tipta Pulicaria tirleri iltihaph yaralar, cilt hastalik-
lari, bronsit gibi cesitli rahatsizliklarda kullanilmaktadir. Bu calisma-
da Turkiye'deki bes Pulicaria tirtnin (Pulicaria (P) arabica (L.) Cass.,
P. dysenterica (L.) Bernh., P. odora (L.) Reichb., P sicula (L.) Moris, P. vul-
garis (L.) Gaertn.), bazi 5nemli patojenik gram-negatif ve gram-po-
zitif referans bakterilere karsi etkisi arastiriimistir.

Gereg ve Yontem: Pulicaria turlerinden dort ekstre (kaynatma, in-
flizyon, sulu ve etanol (EtOH) ekstreleri) hazirlandi. Orneklerin, anti-
mikrobiyal aktivitesi referans organizmalara karsi incelendi; Bacillus
(B) subtilis, Enterococcus faecalis, Escherichia coli, Klebsiella pneumo-
niae, Metisiline direncli Staphylococcus (S) aureus (MRSA), Proteus
mirabilis, S. aureus ve Pseudomonas aeruginosa. Ekstre numuneleri-
nin minimum bakterisidal konsantrasyon (MBC) ve minimum inhi-
bitor konsantrasyon (MIC) araliklari, mikrobroth seyreltme yontemi
temel alinarak gosterilmistir.

Bulgular: incelenen dért Pulicaria tiiriinin EtOH ekstrelerinin; B.
subtilis, MRSA ve S. aureus gibi gram pozitif bakterilere karsi genel-
likle zayif aktif oldugu bulunmustur, ancak P. dysenterica'nin EtOH
ekstresi, S. aureus, MRSA referans suslarina karsi cok iyi aktivite gos-
termistir. Inflizyon, dekoksiyon ve sulu ekstrelerde antimikrobiyal
aktivite tespit edilememistir.

Sonug: Pulicaria turleri, 6zellikle P. dysenterica antimikrobiyal ajan
olarak degerlendirilebilir. Pulicaria sp.den elde edilen ekstreler ve
ucucu yagdlar ile diger bakteri ve bazi patojenik mantarlar Gzerinde
dahaiileri calismalar yapiimahdir.

Anahtar Kelimeler: Pulicaria, antimikrobiyal aktivite, ekstreler,
Turkiye
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INTRODUCTION

The genus Pulicaria Gaertn. is represented with about 149 taxa
in the world (1). The Pulicaria species are widely used in tradi-
tional Turkish medicine. For instance: the species are used for
bronchitis, colds, and inflamed wounds in Turkey (2), for dia-
betes, ankle sprains, headaches, and flatulent colic in Yemen
(3), as cicatrizant, anti-inflammatory, for muscular-skeletal dis-
eases, and skin diseases in Spain (4,5), and for abdominal pain
in Mauritania (6). These species are also used in folk veterinary
medicine in Italy as antiparasitics, repellents, and for respirato-
ry ailments (7).

Distinct types of Pulicaria phytochemicals have been reported,
including essential oils, flavonoids, phenolic derivatives, mono-
terpene derivatives, sesquiterpenes, diterpenes, triterpenes,
steroids, and others (8). Mohamed et al. (2020) demonstrated
that methanolic crude extracts of Pulicaria (P) undulata and P.
crispa were rich in coumarins, saponins, sterols, tannins, and
terpenes based on preliminary phytochemical screening (9).
Until that time no flavonoids, alkaloids, and anthraquinones
were found. According to identification of the essential oils of
P. crispa; 1.4-ditert-butylbenzene, carvone, caryophyllene, and
neryl (s)- 2-methylbutanoate were determined as the main
compounds. The percentages of active ingredients are given
respectively; 22.81%, 11.80%, 13.19%, and 10.33%. In the same
study the main compounds of P. undulata essential oil were
determined as camphor, thymyl acetate, bicycle, and azulenol.
The percentages of active ingredients are given respectively
44.48%, 10.31%, 3.46%, and 3.40%. In the literature, there are
several studies on essential oil constituents of Pulicaria species
(10-16).

In the literature, there are several biological activity studies on
Pulicaria species such as antimicrobial, antioxidant, anticholin-
esterase, analgesic, antipyretic, anti-inflammatory, cytotoxicity
(HL-60, MCF-7, Hep-G2 cells), and hepatoprotective (11,14,17-
22).The number of studies on the antimicrobial activities of the
medicinal plant as a potential antimicrobial drug which func-
tions as new antibacterial agents have increased in recent years
(23). The antimicrobial activity of essential oils, plant extracts or
isolated compounds used in traditional medicines is the sub-
ject of several studies. This study was conducted with the idea
of determining the antimicrobial activities of Pulicaria species
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to illuminate the traditional uses of wound healing, bronchitis,
colds, skin diseases, and abdominal pain.

The main goals of this research were to find out how effec-
tive five Pulicaria species (P. arabica (L.) Cass., P. dysenterica (L.)
Bernh., P. odora (L.) Reichb., P. sicula (L) Moris, P. vulgaris (L.)
Gaertn.) were at fighting bacteria. Aqueous extracts, ethanol
(EtOH) extracts, infusion, and decoction of these five Pulicaria
species were evaluated against the reference strains of fore-
mentioned microorganisms.

MATERIAL AND METHOD

Plant Materials

Pulicaria species were gathered between 2018-2019. The stud-
ied species, herbarium numbers, and localities are given in Ta-
ble 1. The plants were identified by Dr. Bahar Giirdal and Dr.
Ebru Ozdemir Nath. The Pulicaria species are stored in Istanbul
University Herbarium of the Faculty of Pharmacy (ISTE).

Extraction of Plant Materials

For each species, four extracts (infusion, decoction, aqueous,
and EtOH extracts) were prepared from aerial parts. The diverse
techniques of extract preparation were chosen to compare the
biological activity of traditionally made decoctions and infu-
sions to water and EtOH extracts prepared under controlled
laboratory circumstances. At room temperature, the plant
materials were air-dried and powdered. For EtOH extracts, 50
grams (g) of each species were macerated with EtOH (250 mL,
Merck) for 24 hours at room temperature and filtered. The sol-
vents were evaporated to dryness under vacuum (Buchi Ro-
tavapor R-210). For aqueous extracts, 5 g of each species were
macerated with distilled water (25 mL) for 24 hours. Then it was
filtered. Infusions were prepared by adding 25 mL of boiling
distilled water to each species (5 g) and allowed to stand at
room temperature for 20 min. For decoction, 5 g of each spe-
cies were added to 25 mL of distilled water and heated for 20
minutes, and then filtered.

Determination of Antimicrobial Activity

The antibacterial effect of the plant extracts was evaluated
against some of the reference bacteria using a standard micro-
broth dilution technique as defined in the guideline of Clinical
Laboratory Standards Institute (24). The test organisms were
provided from the Microorganism Culture Collection of Istan-

Table 1. Studied species information.

Species Locality Herbarium number
P. arabica Mugla: Bodrum, Géltiirkbiikd, 19.vii.2019, B. Giirdal, E. Ozdemir Nath ISTE 116891
P. dysenterica istanbul: Catalca, Subasi, 14.viii.2018, B. Giirdal, E. Ozdemir Nath ISTE 116730
P. odora Yalova: Armutlu, 06.vi.2019, B. Giirdal, E. Abamor ISTE 116747
P sicula Bursa: Niliifer, Gélyazi, 19.x.2019, B. Giirdal, E. Ozdemir Nath ISTE 116910
P.vulgaris Edirne: Enez, Sultanice, 20.viii.2019, B. Giirdal, E. Ozdemir Nath ISTE 116895
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bul University, Department of Pharmaceutical Microbiology.
The reference antimicrobials, Ciprofloxacin (Bayer Turk Kimya
San. Istanbul/Turkey) as antibiotic and dimethyl sulfoxide (Mer-
ck, Darmstadt, Germany) as a solvent and growth mediums
Mueller Hinton Broth (MHB) and tryptic soy agar (TSA) were
obtained from BD Difco (Fisher Scientific, Géteborg, Sweden).

DMSO was used as a solvent for EtOH extracts with a concen-
tration of 10,000pug/mL and as a vehicle control to detect the
possible inhibitory activity of the extract dilution. Ciprofloxa-
cin was used as a reference antibiotic. The minimum inhibitory
concentration (MIC) and minimal bactericidal concentrations
(MBC) were determined for each extract.

Examination of MIC and MBC Assays

Inoculums were prepared from overnight cultures from each
microorganism in MHB medium. The density was adjusted us-
ing McFarland densitometer (Biosan, Riga, Latvia) equivalent to
0.5 McFarland and diluted 1/100 to the final concentration 10°
CFU/m.

After the preparation of inoculums, the microtiter plate wells
were inoculated with 50 pg/mL MHB starting from the sec-
ond until the last well. 10,000 pg/mL from EtOH extracts and
100,000 pg/mL concentration from infusion, decoction, and
maceration extracts were inoculated to the first two wells.
Two-fold serial dilutions were made (starting concentration of
10,000 pg/m L and 100,000 pg/mL in the first well to the mini-
mum concentration 19.52 pg/mL and 195.2 pg/mL in the tenth
well respectively). Finally, bacterial suspensions and 25 pl of re-
sazurin solution (0.001%) were inoculated to each well, except
the negative control well, and the range of 5000-9.76 pug/mL
and 50.000-97.6 ug/mL were achieved, respectively.

The standard antibiotic ciprofloxacin’s 2-fold serial dilutions
were prepared in cation-adjusted MHB (CAMHB), in the ranges
5,120 to 64 mg/L. 50 pL from 32 to 0.03 pg/mL concentrations
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of the antibiotic solution as well as DMSO were directly inocu-
lated to each corresponding microtiter well by serial dilutions
and the microtiter plates were incubated at 37°C for 24 hours.
Microbial growth in the wells was determined as positive which
turned from lilac to pink by resazurin dye. The MIC was defined
as the lowest concentration of the samples that completely in-
hibits the growth of microorganisms. To determine the MBC,
broth samples were removed from the wells with no growth
and placed on the TSA plates overnight at 37°C. MBCs were de-
tected with samples that did not show any bacterial growth.

RESULTS

The EtOH extract of P. sicula showed activity against Enterococ-
cus (E) faecalis, Methicillin-resistant Staphylococcus (S) aureus
(MRSA), and S. aureus and the EtOH extracts of P. arabica, P. vul-
garis and P. odora showed almost the same activity against S.
aureus, MRSA, and E. faecalis. The EtOH extract of P. odora was
also active against Bacillus (B) subtilis. Especially the EtOH ex-
tract of P. dysenterica was found active against most of the ref-
erence organisms. The MIC/ MBC results of the EtOH extract of
P. dysenterica against MRSA, S. aureus, E. faecalis, Proteus mirabi-
lis and Klebsiella (K) pneumoniae are 39/156 pug/mL, 156 pug/mL,
1250 pg/mL, 625/1250 pg/mL, and 625/1250 pg/mL, respec-
tively as shown in Table 2.

The findings show that the EtOH extracts of Pulicaria species in
Turkey are especially active against gram-positive pathogens
such as MRSA, S. aureus and E. faecalis with a decrease up to
2-64 times in MIC values compared to DMSO, as shown in Table
2. In each case, the activities of the EtOH extracts of Pulicaria
species were lower than those of the standard antibiotic cipro-
floxacin. No antimicrobial activity was detected in the infusion,
decoction, and aqueous extracts. It has been also determined
that the Pulicaria extracts have not shown any antibacterial ac-
tivity against some of the clinically important pathogenic bac-
teria such as Pseudomonas aeruginosa and Escherichia (E) coli.

Table 2. The results of antimicrobial assays (Pulicaria EtOH extracts, MICs/MBCs, ug/mL).

Pseudomonas Proteus
Pulicaria sp. E.coli S.aureus MRSA E.faecalis K.pneumoniae B. subtilis aeruginosa mirabilis
P sicula 1250 625 3125 2500 1250 1250 1250 1250
P. arabica 1250 625/1250 625 1250/2500 1250 1250 1250 1250
P.vulgaris 1250 1250 625 1250/2500 1250 1250 1250 1250
P.odora 1250  625/1250 625 1250/2500 1250 625/1250 1250 1250
P. dysenterica 1250 156 39/156  1250/1250 625/1250 1250 1250 625/1250
DMSO 1250 2500 2500 2500 1250 1250 1250 2500
Ciprofloxacin 0.125 1 0.5 0.5 0.5 0.5 0.5 0.5

Reference strains: Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, MRSA (methicillin-resistant S. aureus) ATCC 43300, Enterococcus faecalis ATCC 29212,
Klebsiella pneumoniae ATCC 4352, Proteus mirabilis ATCC 14153, Pseudomonas aeruginosa ATCC 27853, Bacillus subtilis ATCC 6633
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DISCUSSION

In the studies conducted to ascertain the antimicrobial activi-
ties of the Pulicaria species, successful results on gram-positive
and gram-negative, clinically important bacteria were obtained
in different extracts. Nickavar and Mojab, (25) assessed the
methanolic, aqueous, and chloroform extracts of P. dysenterica
aerial parts from Tehran, Iran for their antibacterial effect using
the disc-diffusion technique. The six bacteria - E. coli, Bacillus
cereus, Shigella dysenteriae, Salmonella typhi, Vibrio cholera and
S. aureus - were tested and the most powerful extract against
V. cholera, B. cereus, S. aureus and was the methanolic extract.
All the extracts against Vibrio cholera were successfully active.
Similar to this study, the EtOH extract of P. dysenterica has good
activity against tested gram-positive bacteria. In both studies,
there were not any activity against one of the significant patho-
genic gram-negative bacteria such as E. coli.

Touati et al. (26), researched the antibacterial activity of leaves
and roots of P. odora from northern Algeria. The findings
showed that S. aureus was the most sensitive to the acetonic
root extract, while Pseudomonas aeruginosa was the most re-
sistant to the chloroformic leaf extract. According to Naqvi et
al. (27), the findings of the analysis revealed that EtOH extract
of P. gnaphalode from Quetta, Pakistan demonstrated a maxi-
mum inhibition zone for B. subtilis from all others. The metha-
nol extract (ME) demonstrated a maximum inhibition zone for
S. aureus. Zhanzhaxina et al. (28), analyzed the structure of the
EtOH and CHCl; extracts of P. vulgaris from Akmola, Kazakh-
stan, and determined the biological function of the extracted
compounds. All isolated compounds have been tested against
E. coli, S. aureus, B. cereus, Salmonella enteritidis, and Candida
albicans. The percent inhibition showed negative values in
some cases, indicating that the compound did not decrease
the number of bacteria. The antimicrobial activity of the CH-
5Cl,, MeOH, EtOAc extracts of the P. undulata aerial parts from
Egypt was investigated by Abdel Bar et al. (29). The antimicro-
bial activity was measured against S. aureus, K. pneumoniae, E.
coli, and Pseudomonas aeruginosa, and C. albicans. The pheno-
lic rather than the terpenoidal compounds exhibited remark-
able antimicrobial activity. The research of Foudah et al. (30),
was intended to question the antimicrobial activity of the ME
of P. crispa from Alkharj- the, Saudi Arabia. The antimicrobial
activity was tested against S.aureus, B. subtilis, E. coli, K. pneu-
monaie, Aspergillus niger, Proteus vulgaris, and C. albicans. An-
timicrobial activities were observed which may be due to the
presence of phenols, tannins, and flavonoids in the ME. The
study of El-Shahaby et al. (31) aimed to determine the anti-
microbial potential of ethyl acetate and diethyl ether extracts
of P incisa (Lam.) DC from Egypt. The antimicrobial activities
of extracts against K. pneumoniae, B. subtilis, S. epidermidis, S.
aureus, E. coli, and C. albicans were determined by the disc dif-
fusion technique. As a result of this study, the ethyl acetate ex-
tract has antimicrobial effect on S. epidermidis, S. aureus and C.
albicans while the diethyl ether has activity against B. subtillis
and C. albicans. Nair et al. (32) screened for antibacterial activi-
ty of P. wightiana from Rajkot Gujarat, India. Agar disc diffusion
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assay was used for aqueous extract and Agar disc diffusion
assay used for ME against Staphylococcus epidermidis, Pseu-
domonas testosteroni, B. subtilis, Proteus morganii, Micrococcus
flavus, and K. pneumoniae. The ME showed greater activity
than the aqueous extract. The methanolic extracts are active
against Micrococcus flavus, B. subtilis and Proteus morganii. The
aqueous extract revealed a negligible amount of action. In this
study, the aqueous extracts of studied Pulicaria species also
showed the same results.

CONCLUSION

In this research, the antimicrobial activity of five species of Pu-
licaria in Turkey was investigated by the microdilution meth-
od modified with resazurin. The EtOH extracts obtained from
Pulicaria species were found to be weakly active against the
gram-positive bacteria such as B. subtilis, MRSA, S. aureus, but
the EtOH extract of P. dysenterica showed particularly good
activity against S. aureus, MRSA. These results suggest that
the EtOH extract of P. dysenterica would be a good therapeutic
agent against these bacteria. Further studies such as in vitro an-
timicrobial activity testing are suggested to evaluate antifun-
gal and antibacterial activities of essential oils obtained from
active Pulicaria species in Turkey.
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ABSTRACT

Objective: Human hormones have been shown to regulate antibi-
otic resistance levels, pathogenicity, and growth of bacteria. In our
study, we aimed to detect the possible effects of norepinephrine
(NE) and estradiol (Est) on growth and expression of chromosomal
multiple antibiotic resistance (mar) locus and related genes (ompF,
marA, tolC, acrA, marR and acrB) in Escherichia (E) coli SPC105.

Material and Method: Serum supplemented SAPI (control) and
serum SAPI containing norepinephrine (0.0017 pg/mL, 0.04 pg/
mL, and 100 pg/mL) and estradiol (0.4 ng/mL, 3 ng/mL, 300 ng/mL)
was used to grow E. coli SPC105. Growth alterations were deter-
mined using the turbidimetric method while the gene expression
levels were examined by quantitative polymerase chain reaction
(gPCR).

Results: It was shown that, NE and Est in all concentrations were
shown to affect (reduce/enhance due to incubation periods or
hormone concentrations) the growth of E. coli SPC105 apart from
the high-level Est concentration. Expression levels of all six target
genes were shown to be significantly enhanced in the presence of
all concentrations of both NE and Est.

Conclusion: Our results constitute new data on the possible influ-
ences of these hormones on the growth and expressions of mar
operon on transcriptional levels in the E. coli SPC105 strain.

Keywords: Norepinephrine, estradiol, mar operon, gene expres-
sion, growth, E. coli

oz

Amag: Hormonlarin bakterilerin virulansi, antibiyotik duyarliligi ve
Uremesini diizenledigi bilinmektedir. Bu calismada, norepinefrin
(NE) ve ostradiolin (Est) Escherichia (E) coli SPC105 susunun Greme-
si ve kromozomal cogul antibiyotik direnci (mar) lokusu ve iligkili
genlerin (marA, marR, ompF, acrA, acrB ve tolC) ekspresyonu lzerine
olasi etkileri incelenmistir.

Gereg ve Yontem: E. coli SPC105 susu serum ilave edilmis SAPI
(kontrol olarak) ve norepinefrin (0,0017 pug/mL, 0,04 ug/mL ve 100
ug/mL) ile 6stradiol (0,4 ng/mL, 3 ng/mL, 300 ng/mL) eklenmis se-
rum-SAPI besiyerinde Gretilmistir. Ureme degisimleri turbidimetrik
yontem ile; gen ekspresyon dizeyleri ise kantitatif polimeraz zincir
reaksiyonu (qPCR) ile arastirimistir.

Bulgular: Calismamizin sonucunda yiksek diizey Est disinda tim
denenen hormon konsantrasyonlarinin E. coli SPC105 susunun
Uremesi Uzerine etkisi oldugu (inkiibasyon siiresine veya hormon
konsantrasyonuna bagli olarak baskilama/arttirma yoniinde) gos-
terilmistir. NE ve Est'nin tiim konsantrasyonlarinin incelenen tim
hedef genlerin ekpresyonunu arttirdigi gosterilmistir.

Sonug: Sonuglarimiz incelenen bu iki hormonun E. coli SPC105 su-
sunun Uremesi ve mar operonunun ekspresyonunda, transkripsi-
yonel seviyede, olasi etkileri tizerine yeni bir veri ortaya koymustur.

Anahtar Kelimeler: Norepinefrin, 6stradiol, mar operonu, gen eks-
presyonu, treme, E. coli
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INTRODUCTION

It is well known that not only host cells but also bacteria can
sense and respond to human hormones as a result of a long
coexistence and coevolution (1-3). Moreover, some microor-
ganisms are also known to produce hormones which may be
used to communicate with each other and to recognize their
environment (quorum sensing pathway-QS) (1). It has been
shown that human hormones may affect important biological
processes such as growth, virulence, biofilm formations, anti-
biotic susceptibility, and expression levels of various genes of
bacteria in a host during infection (1,4-6).

The emergence and spread of multiple antibiotic resistances
in bacteria can occur through two different mechanisms: via
the acquisition of genes or chromosomal mutations (7,8) and
via intrinsic multidrug resistance (7) due to the regulation of
chromosomal multiple antibiotic resistance (mar) locus. The
conserved chromosomal marRAB operon in mar locus is found
in Escherichia (E) coli and certain other enteric bacteria (Citro-
bacter spp., Klebsiella spp., Shigella spp., Enterobacter spp., Haf-
nia spp., Salmonella spp.) (7-11).

The marR, marA and marB genes in marRAB operon encode
MarR, MarA and MarB. Although the function of the MarB pro-
tein is not clearly understood, it is known that MarA and MarR
are transcriptional regulatory proteins which are capable of
binding to DNA and regulating the expression of marRAB oper-
on (MarR is an auto repressor, MarA is an auto activator) (7,10).
marR is inactivated by mutations or in the presence of certain
phenolic ligands, antibiotics, and oxidative stress. If marR is in-
active, marRAB becomes depressed and marA expression oc-
curs. So, the organism becomes multiple antibiotic resistant
(quinolones, tetracycline, B-lactams, organic solvents, oxidative
stress agents and household disinfectants) due to the regula-
tion of the efflux pump and outer membrane porin genes by
MarA activations (8,11-13). Specifically, MarA is a global tran-
scriptional activator and it has been shown to regulate nearly
forty different genes including acrA, acrB and tolC encoding
AcrAB-TolC multidrug resistance pump and ompF encoding
outer membrane porin OmpF (10,14-16). Mar phenotypes were
initially detected as being cross-resistant to quinolones, tetra-
cycline, beta-lactams and various phenolic compounds (11).
Bacteria become a mar phenotype when the AcrAB-TolC is over
expressed and OmpF is down regulated (17).

In this study we aimed to detect the effects of norepinephrine
(NE) (a stress hormone) and estradiol (Est) (a sex hormone) as
host factors, on growth and expressions of the acrA, acrB, marA,
marR, ompF and tolC genes associated with mar regulon in E.
coli SPC105. These hormones are known to have specific phe-
nolic groups like many other compounds such as various herbs,
vegetables, and bile salts etc. which have also been shown to
induce marRAB expression in E. coli SPC105 (17). The effects of
these hormones on the expression of marRAB have not been
investigated to date.

Experimed 2021; 11(3): 200-6

MATERIAL AND METHOD

Strain

The E. coli SPC105 strain carrying a chromosomal Pmarll:lacZ
fusion at the A\ attachment site was used. This strain was kind-
ly provided by Dr. Stuart Levy and Dr. Valérie Duval from Tufts
University School of Medicine, USA. The organism was kept at
-80°C for quantitative polymerase chain reaction (qPCR) anal-
ysis.

Medium, Hormones and Experimental Conditions
Previously defined, 30% (v/v) serum supplemented Standard
American Petroleum Institute (serum-SAPI) was used (18). E.
coli was inoculated in a hormone added SAPI medium to show
the influences of hormones. Various levels of NE (0.0017 ug/mL,
0.04 pg/mL and 100 pg/mL) and Est (0.4 ng/mL, 3 ng/mL and
300 ng/mL) were analyzed. The mean blood levels of health
conditions were used to determine the low and medium con-
centrations. In cases of different pathogenic circumstances to
which bacteria may also be exposed, high levels were also se-
lected (18, 19). SAPI with no hormone was used as a control
medium. We kept the hormone concentrations at -20°C before
the experiments and they were kept on ice during the experi-
ments.

Detection of Alterations on Growth

E. coli SPC105 was inoculated in SAPI medium with no sup-
plementation (as a control) and hormone added SAPI as men-
tioned above. The initial bacterial count (4x10® CFU/mL) was
prepared in a four times dilution (1:3) of overnight culture.
Bacteria were incubated at 37°C. Absorbance at 600 nm at the
four, six- and 24-hour periods was measured to detect changes
of growth. These conditions were tested in duplicate, and each
experiment was performed twice.

Detection of Alterations on Gene Expressions

Gene expressions were determined according to transcrip-
tional level of mRNAs in the presence and absence of host hor-
mones (SAPI used as control).

Total RNA Isolation and cDNA Synthesis

E. coli SPC105 was grown in SAPI (control), SAPI+0.0017 pg/mL
NE, SAPI+0.04 pg/mL NE, SAPI+100 pg/mL NE, SAPI+0.4 ng/mL
Est, SAPI+3 ng/mL Est and SAPI+300 ng/mL Est for 16-24 hours
at 37°C while shaking at 200 rpm. 1.5 mL of bacterial cultures
was used in total RNA extraction using 0.5 mL TriPure reagent
(Roche, Swiss). Total RNA extraction was carried out according
to the manufacturer’s recommendations. 0.5 ml Tri-Pure was
added to the mortar and homogenization was completed.
Homogenized liquid samples were transferred to micro tubes.
After the transfer, 100 uL chloroform was added to each sample
and shaken for 15 seconds to remove nucleoprotein complex.
The samples were centrifuged for 15 minutes at 13,000 rpm
and the colorless upper phase was transferred to new micro
tubes. 250 pL isopropanol was added to the colorless phase
and incubated at room temperature for 10 minutes. After the
incubation, samples were centrifuged at 13,000 rpm for 10
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minutes. Total RNA molecules precipitated to the bottom of the
micro tube. The precipitated RNA molecules were solved with
DEPC treated water. The isolated total RNAs were treated with
1 uL DNasel (1mg/mL; Qiagen, Germany) at 37°C for 10 min.
The mixture was treated with TuL EDTA (50 mM) at 65°C for 5
min to stop any reaction. Quantitative and qualitative analysis
of RNAs were performed with 1% agarose gel electrophoresis
and spectrophotometer measurement (Thermo, USA), respec-
tively. 2 ug total RNA molecules were converted with a cDNA
commercial kit (Takara, Japan) according to the manufacturer’s
protocol. gPCR analysis was performed with 4 diluted cDNA.
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RESULTS

Alterations on Growth

The growth of E. coli SPC105 was shown to be affected in the
presence of NE depending on hormone concentrations. The
presence of low-level NE significantly decreased (p<0.001)
the growth of the strain; however the growth was significant-
ly increased (p<0.001) in the presence of both medium and
high concentrations of NE after 4, 6 and 24 hours incubation
(Figure 1).

SPC105 Strain
Quantitative Polymerase Chain Reaction Analysis growth in NE X
Eva Green (Bio-RAD, France) dye binding to double strand DNA ) B
(500ex/530em nm) was used in gPCR analysis. 16s rRNA gene %% . Ls o Sapi
was the selected housekeeping gene. Target genes’ (marA, E 0.06- R . 2 § NE 0.0017 pg/mL
marR, ompF, acrA, acrB and tolC) expressions were normalized 8 004 - - M2 ',;' B NE0.04 pg/mL
by expression of housekeeping gene. The 24 formula devel- 8 R L, 2 NE 100 g/ml
oped by Livak and Schmittgen (20) was used to evaluate the % - : i ° I
expression levels. All analyses were carried out at least three o N o N -0
times. Cp values were recorded and calculated using Quant Time (Hours) v
Studio 5.0 software (Applied Biosystem, USA). gPCR was car-
ried out in 16 pL total volumes containing 1X Eva Green mix, SPC105 Strain
0.5 pmol forward and reverse primer (Table 1) and 2 uL cDNA. growth in Est
Cycling conditions were as reported previously (21). 0.10- — a4
_ 0.08- Ls q Sapi
Table1. *Primers used in the gene expression analysis. E 0.06 o § I8 Est0.4ng/mL
2 = = rz = [ Est3ng/mL
Band size g - g Est 300 ng/mlL
Gene Sequence (5’-3') (bp) - II = II rt =
16S rRNA-f CCA GGATTT GAT YMT GGC 532 0.0 l:. o N -0
16S rRNA-r  GAA GGA GGT GWT CCA DCC Time (Hours)
marA-f TTA GGC CAATAC ATC CGC AG 128 Figure 1. Effects of different concentrations of NE and Est
marA-r AAG GTT CGG GTC AGA GTTTG on growth of E. coli SPC105. SAPI without any of hormones
was used as control.
[T VST i TG TEGH NS G G 134 Growth alterations were performed using a two-way ANOVA
marR-r GTT AAT TCT TGG TGC AGG TCC .
Bonferroni post-test; *: p<0.001
ompF-f GGTGTTGGCGGTTCTATCAG 87
I VIETIEEREE e e e Both low and medium concentrations of Est enhanced the
acrA-f CATTGG TAC AGA ACG GTC AGG growth of the strain significantly at the 4- and 6-hour peri-
acrA-r GTTCTCTTGTTT CAG CGT GC 140 ods (p<0.001). But in contrast, when the incubation time was
extended, the growth was shown to be reduced by low and
acrB-f TTCCATCTT CGC CAGTTC AG 113 medium levels of Est at 24 hours incubation (p<0.001). A high
acrB-r TCATCG CAG AGTTTA ACG GC level of Est was shown to have no influence on growth of E. coli
tolC-f CGGGATTICTGACACCICTTATAG SPC105 (p>0.05) (Figure 1).
tolC-r ACCTGC GAGTTA ACC ATT CC

*Primer sequences were prepared for previous study (22).
(https://eu.idtdna.com/scitools/Applications/RealTimePCR/)

Statistical analysis

The influences of hormones on the growth of standard strains
were detected by two-way ANOVA Bonferroni post-test. Addi-
tionally, gene expression levels (u/down regulations) were cal-
culated using the one-way ANOVA unpaired t-test.

Alterations on Gene Expressions

High quality total RNAs with Aygg/280 ~1.9-2.0 were obtained
using a commercial total RNA isolation kit. Converted RNAs
were subjected to qPCR and Rt-PCR assays. The melting scores
and E values ranged between 90-100% and 1.8-2.1 respective-
ly. These values showed that qPCRs were run efficiently. The
minimum and maximum Cp values ranged between 20.84-
27.80, 21.17-28.20, 20.27-27.17, 20.59-26.86, 20.74-27.48,
20.06-26.26 and 14.80-18.82 marA, marR, acrA, acrB, tolC, ompF
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and 16S rRNA genes, respectively. 22T values changed be-
tween 2.53+0.23-13.92+2.44, 2.96+0.16-15.48+1.3, 2.18+0.22-
14.09+1.7, 1.85£0.004-12.44+0.74, 2.12+0.17-11.91£0.99 and
1.39+0.04-12.27+1.12 for marA, marR, acrA, acrB, tolC and ompF
genes in different experimental conditions.

Fold changes in six target genes’ expressions
Expressions of all six genes were found to have increased in the
presence of both NE and Est in all concentrations. Significant
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differences were detected between the control and included
hormones in SAPI for each gene (p<0.05 - p<0.001) (Figure 2).

DISCUSSION

Bacteria maintain a community behavior and adapt to their
own habitats (host) via various chemical signaling pathways.
These molecules which are known as quorum sensing mole-
cules (QS) are essential for survival and optimizing of their
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Figure 2. Fold-changes in mar expressions on mRNA transcriptional level.
Gene expression levels were determined using the one-way ANOVA unpaired t-test. To determine the effects of hormones, SAPI without NE/Est
was used as a control. Alterations of all genes’ expressions were found to be statistically significant (p<0.05 - p<0.001).
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gene expressions, virulence mechanisms, and antibiotic resis-
tance (23-25). It is well known that, not only bacteria-bacteria
communication but also bacteria-host communication is very
essential, this is known as inter kingdom signaling. According
to previous studies, it is clear that to maintain this cell-to-cell
communication, bacteria may use certain host factors such as
hormones. Stress for instance, is very important to generate
an unfavorable condition for the host which leads to them be-
coming more susceptible to infections and even the immune
functions are induced. Therefore, an emergent research area,
“Microbial Endocrinology”, has gained importance to investi-
gate how these hormones could affect the biological proper-
ties of bacteria (1,18). In our study, the possible effects of NE
(a stress hormone) and Est (a gender hormone) on growth and
expressions of certain genes associated with mar regulon of E.
coli SPC105 were investigated. These were chosen as examples
of human hormones with different effects and they also carry
phenolic groups in their structure.

Previous investigations have also shown that the enteric ner-
vous system in mammalian hosts is the primary site for NE to
reproduce and to be utilized. The gut is the main habitat for NE;
that’s why most of the studies focusing on host-microbe com-
munication target E. coli strains (1,26). Catecholamines such as
NE, regulate the biological properties of microorganisms by
the iron accessing mechanism (1). It is very clear that sex hor-
mones such as Est and progesterone also influence the growth
and gene regulation mechanisms of bacteria because they re-
place vitamin K (1,5,27). Also, they have proven to have pro-
tective activity against infections via induction of bactericidal
activities of proinflammatory cells and innate and adaptive
immune responses of the host (27-29). Previous investigations
have shown that these host derived hormones could also be
metabolized by fecal bacteria to use them as carbon and ener-
gy sources (1,27,29). Numerous studies have reported that host
hormones have certain effects on the various gene expressions
of bacteria related with enzyme metabolism, virulence, iron
uptake systems, stress responses and antibiotic resistance as
mentioned above (21,30-33).

The influence of hormones on the growth of various bacteria
has been shown in many studies (1,4,5,18,21,32-35). GUimds et
al. investigated the SPC105 strain to show the possible effects
of human insulin and glucose on growth and expression levels
of mar operon (22). They have shown that in a rich culture medi-
um (TSB), the growth of SPC105 was shown to have decreased
in the presence of 200uU insulin+0.1% glucose and 0.1% glu-
cose; however, 20 pU insulin and 200 pU insulin did not affect
the growth of bacterium. Therefore, it may be concluded that,
in standard, rich medium the effects of hormones cannot be
detected effectively which led us to select serum-SAPI in this
study.

In the present study we detected alterations of growth depend-
ing on hormone types and/or concentrations. NE for instance,
significantly enhanced the growth of the SPC105 E. coli strain
with medium and high-level concentrations tested at the four,
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six and 24 hours periods. According to previous studies, this
effect may be related to iron acquisition from the transferrin
(serum iron-binding protein) and transferring to the bacteria
(1,26,33,36). Although Kornman and Loeshe reported that Est
could inhibit the growth of Bacteroides species (5), our results
showed enhancement of growth in the presence of low and
medium Est concentrations at 4 and 6 hours; however, when
the incubation time was increased to 24 hours, the growth was
found to be reduced. We found no induction on the growth of
bacteria in the presence of high-level Est. Therefore, we sug-
gest that growth alterations could be associated with exposure
time, hormone concentration, and the strain tested.

Previous studies have shown that host hormones could affect
the expression levels of antimicrobial resistance genes in Can-
dida species, Staphylococcus aureus, E. coli, Edwardsiella (37-
41). Plotkin and Konakieva suggested that microorganisms
sense different environmental signals and develop various
genetic modifications such as chromosomal mutations or up
regulation of efflux pumps to defend themselves (37). Anoth-
er previous study focusing on expression levels of mar operon
located in SPC105 strain which was examined in the present
study showed a significant down regulation in the expression
levels of marA and marR in the presence of 200 pU/mL insu-
lin, 0.1% glucose and 200 pU/ mL insulin + 0.1% glucose. The
expression of acrA was also decreased in the presence of 200
pU/mLinsulin (22) which may be due to a reduction in growth
of bacterium as mentioned above. Cohen et al. showed the
significant six fold increase in 3-galactosidase activity in the
E. coli SPC105 strain in the presence of salicylate and because
it carries mar promoter-lacZ fusion on the chromosome, this
increase also denotes the induction of mar operon (42). The
expression level of mar operon and growth alterations were
also investigated in a study by Maira-Litrdn et al. by compar-
ing two different culture media (LB and CDM; nutrient rich
and poor, respectively) in planktonic and biofilm conditions.
They showed that, -galactosidase levels were higher in CDM
rather than LB. When the E. coli SPC105 was grown in CDM
medium, via biofilm conditions, the expression of mar was
not induced (43). In the present study, gene expression levels
of six target genes (marA, marR, ompF, acrA, acrB and tolC)
associated with chromosomal multiple antibiotic resistance
were found to be increased in the presence of both NE and
Est with all three concentrations. It is known that MarR sup-
presses marRAB operon, but marRAB transcription occurs if
MarR suppression is removed which may be due to mutations
or presence of phenolic compounds, oxidative stress inducers
and antibiotics (11,16). In our study we assumed that these
hormones enhanced the expression of marR, but in the mean-
time MarR may bind to NE and Est which can lead to derepres-
sion of MarR.

Multidrug resistance is associated with marRAB operon due
to the activation of MarA, which yields both up regulations of
the AcrAB-TolC efflux pump and down regulation of the outer
membrane porin OmpF (10,42,44). In the present study, the up
regulations of acrA, acrB, and tolC genes were shown to be con-
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sistent with previous studies; but on the other hand our results
have also suggested that, hormones affected the expression
levels of ompF independently from marA.

In conclusion, our results constitute new data on the possible
effects of these two mammalian hormones (NE and Est) on the
growth and on mar operon’s expressions on the transcriptional
level in the E. coli SPC105 strain. It may be concluded that these
effects depended on hormone concentrations, exposure time,
medium used and strain tested. Also, during exposure to cer-
tain environmental factors, genes associated with mar operon
could be affected independently from each other (marR-marA)
and from the mechanism identified in previous studies (12,13).
As a future perspective, it seems that we are going to look for
an answer as to whether, during an infection, hormones as one
of the environmental factors in a human host could lead to
multi drug resistance in different type of bacteria.
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INSTRUCTIONS TO AUTHORS

Context

Experimed is an international, scientific, open access periodical
published in accordance with independent, unbiased, and dou-
ble-blinded peer-review principles. The journal is the official on-
line-only publication of Istanbul University Aziz Sancar Institute of
Experimental Medicine and it is published triannually on April, Au-
gust, and December. The publication languages of the journal are
Turkish and English.

Experimed aims to contribute to the literature by publishing manu-
scripts at the highest scientific level on all fields of basic and clinical
medical sciences. The journal publishes original articles, case re-
ports, reviews, and letters to the editor that are prepared in accor-
dance with ethical guidelines.

Editorial Policy

The editorial and publication processes of the journal are shaped in
accordance with the guidelines of the International Council of Med-
ical Journal Editors (ICMJE), the World Association of Medical Edi-
tors (WAME), the Council of Science Editors (CSE), the Committee
on Publication Ethics (COPE), the European Association of Science
Editors (EASE), and National Information Standards Organization
(NISO). The journal conforms to the Principles of Transparency and
Best Practice in Scholarly Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the most
important criteria for a manuscript to be accepted for publication.
Manuscripts submitted for evaluation should not have been previ-
ously presented or already published in an electronic or printed
medium. The journal should be informed of manuscripts that have
been submitted to another journal for evaluation and rejected for
publication. The submission of previous reviewer reports will expe-
dite the evaluation process. Manuscripts that have been presented
in a meeting should be submitted with detailed information on the
organization, including the name, date, and location of the orga-
nization.

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
accordance with international agreements (World Medical As-
sociation 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 writ-
ten informed consent of patients and volunteers was obtained
following a detailed explanation of the procedures that they may
undergo. For studies carried out on animals, the measures tak-
en 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 humber should
also be stated in the Materials and Methods section of the manu-
script. It is the authors’ responsibility to carefully protect the pa-
tients’ 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 in-
stance.

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 intellec-
tual 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 re-
solved.

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.
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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.

Experimed requires corresponding authors to submit a signed and
scanned version of the authorship contribution form (available for
download through http://experimed.istanbul.edu.tr/en/_) during
the initial submission process in order to act appropriately on au-
thorship rights and to prevent ghost or honorary authorship. If the
editorial board suspects a case of “gift authorship,” the submission
will be rejected without further review. As part of the submission
of the manuscript, the corresponding author should also send a
short statement declaring that he/she accepts to undertake all the
responsibility for authorship during the submission and review stag-
es of the manuscript.

Conflict of Interest

Experimed requires and encourages the authors and the individuals
involved in the evaluation process of submitted manuscripts to dis-
close any existing or potential conflicts of interests, including finan-
cial, consultant, and institutional, that might lead to potential bias
or a conflict of interest. Any financial grants or other support re-
ceived for a submitted study from individuals or institutions should
be disclosed to the Editorial Board. To disclose a potential conflict
of interest, the ICMJE Potential Conflict of Interest Disclosure Form
should be filled in and submitted by all contributing authors. Cases
of a potential conflict of interest of the editors, authors, or review-
ers are resolved by the journal’s Editorial Board within the scope of
COPE and ICMJE guidelines.

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-NonCommercial
4.0 International license (HYPERLINK "https://creativecommons.org/
licenses/by-nc/4.0/" CC BY-NC 4.0) (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted, non-commercial
use, distribution, and reproduction in any medium, 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-
stopenaccessinitiative.org/read" BOAI definition of open access.

The open access articles in the journal are licensed under the terms
of the Creative Commons Attribution-NonCommercial 4.0 Interna-

tional (HYPERLINK "https://creativecommons.org/licenses/by-nc/4.0/
deed.en" CC BY-NC 4.0) license. (https://creativecommons.org/li-
censes/by-nc/4.0/deed.en)

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 ICM-
JE-Recommendations 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 guide-
lines for experimental animal studies, 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:

e  Copyright Agreement Form,

o 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:

e The full title of the manuscript as well as a short title (running
head) of no more than 50 characters,

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

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

e Name, address, telephone (including the mobile phone number)
and fax numbers, and email address of the corresponding author,

e  Acknowledgment of the individuals who contributed to the
preparation of the manuscript but who do not fulfill the au-
thorship criteria.
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Abstract: A Turkish and an English abstract should be submitted
with all submissions except for Letters to the Editor. Submitting a
Turkish abstract is not compulsory for international authors. The ab-
stract of Original Articles should be structured with subheadings
(Objective, Material and Method, Results, and Conclusion). Please
check Table 1 below for word count specifications.

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
knowledge 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

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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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
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 de-
fined at first use, both in the abstract and in the main text. The abbre-
viation should be provided in parentheses following the definition.

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.

References

While citing publications, preference should be given to the lat-
est, most up-to-date publications. Authors are responsible for the
accuracy of references. References should be prepared according
to Vancouver reference style. If an ahead-of-print publication is cit-
ed, the DOI number should be provided. Journal titles should be
abbreviated in accordance with the journal abbreviations in Index
Medicus/ MEDLINE/PubMed. When there are six or fewer authors,
all authors should be listed. If there are seven or more authors,
the first six authors should be listed followed by “et al.” In the main
text of the manuscript, references should be cited using Arabic
numbers in parentheses. The reference styles for different types of
publications are presented in the following examples.

Journal Article: Rankovic A, Rancic N, Jovanovic M, Ivanovi¢ M, Ga-
jovi¢ O, Lazi¢ Z, et al. Impact of imaging diagnostics on the budget
— Are we spending too much? Vojnosanit Pregl 2013; 70: 709-11.

Book Section: Suh KN, Keystone JS. Malaria and babesiosis. Gor-
bach SL, Barlett JG, Blacklow NR, editors. Infectious Diseases. Phila-
delphia: Lippincott Williams; 2004.p.2290-308.

Books with a Single Author: Sweetman SC. Martindale the Complete
Drug Reference. 34th ed. London: Pharmaceutical Press; 2005.

Editor(s) as Author: Huizing EH, de Groot JAM, editors. Functional
reconstructive nasal surgery. Stuttgart-New York: Thieme; 2003.

Conference Proceedings: Bengisson S. Sothemin BG. Enforcement
of data protection, privacy and security in medical informatics. In:
Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92.
Proceedings of the 7th World Congress on Medical Informatics;
1992 Sept 6-10; Geneva, Switzerland. Amsterdam: North-Holland;
1992. pp.1561-5.

Scientific or Technical Report: Cusick M, Chew EY, Hoogwerf B,
Agrén E, Wu L, Lindley A, et al. Early Treatment Diabetic Retinopathy
Study Research Group. Risk factors for renal replacement therapy in
the Early Treatment Diabetic Retinopathy Study (ETDRS), Early Treat-
ment Diabetic Retinopathy Study Kidney Int: 2004. Report No: 26.

Thesis: Yilmaz B. Ankara Universitesindeki Ogrencilerin Beslenme
Durumlari, Fiziksel Aktiviteleri ve Beden Kitle indeksleri Kan Lipidleri
Arasindaki lliskiler. H.U. Saglik Bilimleri Enstitiisii, Doktora Tezi. 2007.

Manuscripts Accepted for Publication, Not Published Yet: Slots
J. The microflora of black stain on human primary teeth. Scand J
Dent Res. 1974.

Epub Ahead of Print Articles: Cai L, Yeh BM, Westphalen AC, Rob-
erts JP, Wang ZJ. Adult living donor liver imaging. Diagn Interv Radiol.
2016 Feb 24. doi: 10.5152/dir.2016.15323. [Epub ahead of print].

Manuscripts Published in Electronic Format: Morse SS. Factors in
the emergence of infectious diseases. Emerg Infect Dis (serial on-
line) 1995 Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Avail-
able from: URL: http:/ www.cdc.gov/ncidodIEID/cid.htm.

REVISIONS

When submitting a revised version of a paper, the author must
submit a detailed “Response to the reviewers” that states point by
point how each issue raised by the reviewers has been covered
and where it can be found (each reviewer’s comment, followed
by the author’s reply and line numbers where the changes have
been made) as well as an annotated copy of the main document.
Revised manuscripts must be submitted within 30 days from the
date of the decision letter. If the revised version of the manuscript
is not submitted within the allocated time, the revision option may
be canceled. If the submitting author(s) believe that additional time
is required, they should request this extension before the initial
30-day period is over.

Accepted manuscripts are copy-edited for grammar, punctuation,
and format. Once the publication process of a manuscript is com-
pleted, it is published online on the journal’s webpage as an ahead-
of-print publication before it is included in its scheduled issue. A
PDF proof of the accepted manuscript is sent to the corresponding
author and their publication approval is requested within 2 days of
their receipt of the proof.
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YAZARLARA BiLGi

Icerik

Experimed; istanbul Universitesi Aziz Sancar Deneysel Tip Arastirma
EnstitlsU’'niin cift-kor hakemli, elektronik, acik erisimli bilimsel yayin
organidir. Dergi Nisan, Agustos ve Aralik aylarinda olmak Uizere, yilda
3 sayi olarak yayinlanir. Yayin dili Turkce ve ingilizce’dir.

Experimed, temel ve klinik tip bilimlerinin tum alanlarinda orijinal
arastirma, olgu sunumu, derleme ve editore mektup tirlerinde ma-
kaleler yayinlamaktadir.

Yayin Politikasi

Derginin editdryel ve yayin surecleri International Committee of Me-
dical Journal Editors (ICMJE), World Association of Medical Editors
(WAME), Council of Science Editors (CSE), Committee on Publicati-
on Ethics (COPE), European Association of Science Editors (EASE),
ve National Information Standards Organization (NISO) organi-
zasyonlarinin kilavuzlarina uygun olarak bigimlendirilmistir. Experi-
med'’in editdryel ve yayin suregleri, Principles of Transparency and
Best Practice in Scholarly Publishing (doaj.org/bestpractice) ilkeleri-
ne uysun olarak yurtttulmektedir.

Ozgunliik, yiksek bilimsel kalite ve atif potansiyeli bir makalenin
yayina kabull i¢in en énemli kriterlerdir. Gonderilen yazilarin daha
once baska bir elektronik ya da basili dergide, kitapta veya farkli
bir mecrada sunulmamis ya da yayinlanmamis olmasi gerekir. Daha
once baska bir dergiye gdénderilen ancak yayina kabul edilmeyen
yazilar hakkinda dergi dnceden bilgilendirilmelidir. Bu yazilarin eski
hakem raporlarinin Yayin Kuruluna génderilmesi degerlendirme su-
resinin hizlanmasini saglayacaktir. Toplantilarda sunulan calismalar
icin, sunum yapilan organizasyonun tam adi, tarihi, sehri ve Ulkesi
belirtilmelidir.

Degerlendirme Siireci

Experimed’e gonderilen tum makaleler cift-kor hakem degerlendir-
me surecinden ge¢cmektedir. Tarafsiz degerlendirme siirecini sagla-
mak igin her makale alanlarinda uzman en az iki dis-bagimsiz hakem
tarafindan degerlendirilir. Dergi Yayin Kurulu Uyeleri tarafindan gon-
derilecek makalelerin degerlendirme sirecleri, davet edilecek dis
bagimsiz editorler tarafindan yonetilecektir. Bitlin makalelerin karar
verme sureclerinde nihai karar yetkisi Bas Editor'dedir.

Etik ilkeler

Klinik ve deneysel calismalar, ila¢ arastirmalari ve bazi olgu sunum-
lan icin World Medical Association Declaration of Helsinki “Ethical
Principles for Medical Research Involving Human Subjects”, (amen-
ded in October 2013, www.wma.net) cercevesinde hazirlanmig
Etik Komisyon raporu gerekmektedir. Gerekli goérulmesi halinde Etik
Komisyon raporu veya esdegeri olan resmi bir yazi yazarlardan talep
edilebilir. insanlar tizerinde yapilmis deneysel calismalarin sonucla-
rini bildiren yazilarda, calismanin yapildigi kisilere uygulanan prose-
durlerin niteligi timuyle agiklandiktan sonra, onaylarinin alindigina
iliskin bir agiklamaya metin icinde yer verilmelidir. Hayvanlar Gzerin-
de yapilan calismalarda ise agri, aci ve rahatsizlik veriimemesi igin
yapilmis olanlar acik olarak makalede belirtiimelidir. Hasta onamlari,
Etik Kurul raporun alindi§i kurumun adi, onay belgesinin numara-

sI ve tarihi ana metin dosyasinda yer alan Yontemler bashgi altinda
yazilmalidir. Hastalarin kimliklerinin gizliliini korumak yazarlarin so-
rumlulugundadir. Hastalarin kimligini aciga cikarabilecek fotograflar
icin hastadan ya da yasal temsilcilerinden alinan imzali izinlerin de
gonderilmesi gereklidir.

Dergiye gonderilen makaleler, hakem degerlendirme slirecinde ya
da yayina hazirlik asamasinda herhangi bir noktada bir benzerlik
tespit yazilimi (CrossCheck, iThenticate) tarafindan taranmaktadir.
Cumleler ve ifadeler yazar olarak size ait olsa dahi, metnin daha
dnce yayinlanan verilerle kabul edilemez bir benzerligi olmalidir.

Baskalarinin énceki calismalarini (veya kendi calismalarinizi) tartisir-
ken, lutfen materyali her durumda dogru bir sekilde alintiladi§iniz-
dan emin olunuz.

Yayin Kurulu, dergimize gonderilen calismalar hakkindaki intihal, atif
manipulasyonu ve veri sahteciligi iddia ve supheleri karsisinda COPE
kurallarina uysun olarak hareket edecektir.

Yazarlik

Yazar olarak listelenen herkesin ICMJE (www.icmje.org) tarafindan
onerilen yazarlik kriterlerini karsilamasi gerekmektedir. ICMJE, yazar-
larin asagidaki 4 kriteri karsilamasini dnermektedir:

1. Calismanin konseptine/tasariming; ya da c¢alisma icin verilerin
toplanmasina, analiz edilmesine ve yorumlanmasina énemli
katki saglamis olmak; VE

2. Yaz taslagini hazirlamis ya da onemli fikirsel icerigin elestirel
incelemelerini yapmis olmak; VE

3. Yazinin yayindan énceki son halini §6zden gecirmis ve onayla-
mis olmak; VE

4. Calismanin herhangi bir boélimuinin gegerliligi ve dogruluguna
iliskin sorularin uygun sekilde sorusturuldugunun ve ¢éziimlen-
diginin garantisini vermek amaciyla ¢alismanin her yoniinden
sorumlu olmayi kabul etmek.

Bir yazar, calismada katki sagladigi kisimlarin sorumlulug§unu almasina
ek olarak, diger yazarlarin calismanin hangi kisimlarindan sorumilu
oldugunu da teshis edebilmelidir. Ayrica, yazarlar birbirlerinin katki-
larinin bltinltigune gliven duymalilardir.

Yazar olarak belirtilen her kisi yazarligin dort kriterini karsilamalidir
ve bu dort kriteri karsilayan her kisi yazar olarak tanimlanmalidir.
Dért kriterin hepsini karsilamayan kisilere makalenin baslik sayfasin-
da tesekkur edilmelidir.

Yazarlik haklarina uygun hareket etmek ve hayalet ya da lutuf ya-
zarligin onlenmesini saglamak amaciyla sorumlu yazarlar makale
yukleme stirecinde http://experimed.istanbul.edu.tr/tr/_ adresinden
erisebilinen Yazar Katki Formu’nu imzalamali ve taranmis versiyonu-
nu yaziyla birlikte gondermelidir. Yayin Kurulu’'nun génderilen bir
makalede “lUtuf yazarlik” oldugundan siphelenmesi durumunda
sOz konusu makale degerlendirme yapilmaksizin reddedilecektir.
Makale gonderimi kapsaminda; sorumlu yazar makale génderim ve
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degerlendirme surecleri boyunca yazarlik ile ilgili tim sorumlulugu
kabul ettigini bildiren kisa bir 6n yazi géndermelidir.

Cikar Catismasi
Experimed; gonderilen makalelerin degerlendirme slrecine da-
hil olan yazarlarin ve bireylerin, potansiyel ¢ikar ¢atismasina ya da
onyargiya yol acabilecek finansal, kurumsal ve diger iligkiler dahil
mevcut ya da potansiyel ¢ikar ¢atismalarini beyan etmelerini talep
ve tegvik eder.

Bir calisma icin bir birey ya da kurumdan alinan her turli finansal
destek ya da diger destekler Yayin Kurulu’na beyan edilmeli ve po-
tansiyel cikar catismalarini beyan etmek amaciyla ICMJE Potansiyel
Cikar Catismalari Formu katki saglayan tim yazarlar tarafindan ayri
ayr doldurulmalidir. Editorler, yazarlar ve hakemler ile ilgili potansi-
yel ¢ikar ¢atismasi vakalari derginin Yayin Kurulu tarafindan COPE ve
ICMJE rehberleri kapsaminda ¢ozilmektedir.

Derginin Yayin Kurulu, itiraz ve sikayet vakalarini, COPE rehberleri
kapsaminda isleme almaktadir. Yazarlar, itiraz ve sikayetleri icin dog-
rudan Editdryel Ofis ile temasa gecebilirler. ihtiyag duyuldugunda
Yayin Kurulu’nun kendi icinde ¢ézemediSi konular igin tarafsiz bir
temsilci atanmaktadir. itiraz ve sikayetler icin karar verme siireclerin-
de nihai karari Bas Editdr verecektir.

Telif ve Lisans

Yazarlar dergide yayinlanan calismalarinin telif hakkina sahiptirler
ve calismalari  Creative Commons Atif-GayriTicari 4.0 Uluslararasi
(https://creativecommons.org/licenses/by-nc/4.0/deed.tr" CCBY-NC4.0)
https://creativecommons.org/licenses/by-nc/4.0/deed.tr olarak li-
sanslidir. CC BY-NC 4.0 lisansi, eserin ticari kullanim disinda her bo-
yut ve formatta paylasiimasina, kopyalanmasina, ¢ogaltiimasina ve
orijinal esere uygun sekilde atifta bulunmak kaydiyla yeniden du-
zenleme, donustirme ve eserin Uzerine insa etme dahil adapte
edilmesine izin verir.

Acik Erisim ilkesi

Dergi acik erisimlidir ve derginin tim icerigi okura ya da okurun dahil
oldugu kuruma Ucretsiz olarak sunulur. Okurlar, ticari amag haricinde,
yayinci ya da yazardan izin almadan dergi makalelerinin tam metnini
okuyabilir, indirebilir, kopyalayabilir, arayabilir ve link saglayabilir. Bu
HYPERLINK "https://www.budapestopenaccessinitiative.org/translati-
ons/turkish-translation" BOAI acik erisim tanimiyla uyumludur.

Derginin acik erisimli makaleleri Creative Commons Atif-GayriTicari
4.0 Uluslararasi (HYPERLINK "https://creativecommons.org/licenses/
by-nc/4.0/deed.tr" CC BY-NC 4.0) (https://creativecommons.org/li-
censes/by-nc/4.0/deed.tr) olarak lisanshdir.

Sorumluluk Reddi

Dergide yayinlanan makalelerde ifade edilen goérusler ve fikirler
Experimed, Bas Editor, Editorler, Yayin Kurulu ve Yayincrnin desil,
yazar(lar)in bakis acilarini yansitir. Bag Editor, Editorler, Yayin Kurulu
ve Yayinci bu gibi durumlar igin hicbir sorumluluk ya da yukumlalik
kabul etmemektedir. Yayinlanan icerik ile ilgili tUm sorumluluk ya-
zarlara aittir.

MAKALE HAZIRLAMA

Makaleler, ICMJE-Recommendations for the Conduct, Reporting,
Editing and Publication of Scholarly Work in Medical Journals (up-
dated in December 2015 - http://www.icmje. org/icmje-recommen-
dations.pdf) ile uyumlu olarak hazirlanmalidir. Randomize calismalar
CONSORT, gozlemsel calismalar STROBE, tanisal degerli calismalar
STARD, sistematik derleme ve meta-analizler PRISMA, hayvan deneyli
calismalar ARRIVE ve randomize olmayan davranis ve halk sagligiyla
ilgili calismalar TREND kilavuzlarina uyumlu olmalidir.

Makaleler sadece http://experimed.istanbul.edu.tr/tr/_ adresinde
yer alan derginin online makale ylikleme ve degerlendirme sistemi
Uzerinden gonderilebilir. DiSer mecralardan génderilen makaleler
degerlendiriimeye alinmayacaktir.

Gonderilen makalelerin dergi yazim kurallarina uygunlugu ilk olarak
Editoryel Ofis tarafindan kontrol edilecek, dergi yazim kurallarina
uysun hazirlanmamis makaleler teknik diizeltme talepleri ile birlikte
yazarlarina geri gonderilecektir.

Yazarlarin; Telif Hakki Anlasmasi Formu, Yazar Katki Formu ve ICMJE
Potansiyel Cikar Catismalari Formu’nu (bu form, tim yazarlar tarafin-
dan doldurulmalidir) ilk génderim sirasinda online makale sistemine
yuklemeleri gerekmektedir. Bu formlara http://experimed.istanbul.
edu.tr/tr/_ adresinden erisilebilmektedir.

Baslik sayfasi: Gonderilen tim makalelerle birlikte ayrn bir baslk
sayfasi da génderilmelidir. Bu sayfa;

- Makalenin basligini ve 50 karakteri gecmeyen kisa baslgini,

- Yazarlarin isimlerini, kurumlarini, ORCID numaralarini ve egitim
derecelerini,

- Finansal destek bilgisi ve diger destek kaynaklari hakkinda de-
tayl bilgiyi,

- Sorumlu yazarin ismi, adresi, telefonu (cep telefonu dahil ve
e-posta adresini,

- Makale hazirlama slrecine katkida bulunan ama yazarlik kriter-
lerini karsilamayan bireylerle ilgili bilgileri icermelidir.

Ozet: Editére Mektup turiindeki yazilar disinda kalan tum makale-
lerin Tlrkce ve ingilizce dzetleri olmalidir. rijinal Arastirma makalele-
rinin &zetleri “Amac”, “Gerec ve Yontem”, “Bulgular” ve “Sonug” alt
basliklarini icerecek bicimde hazirlanmalidir.

Anahtar Sozciikler: Tim makaleler en az 3 en fazla 6 anahtar ke-
limeyle birlikte gdnderilmeli, anahtar sézcukler 6zetin hemen alti-
na yazilmaldir. Kisaltmalar anahtar sozcuk olarak kullaniimamalidir.
Anahtar sézcukler National Library of Medicine (NLM) tarafindan
hazirlanan Medical Subject Headings (MeSH) veritabanindan segil-
melidir.

Makale Turleri

Orijinal Arastirma: Ana metin “Giris”, “Gerec ve Yontem”, “Bulgular”
ve “Tartisma” alt bagliklarini icermelidir. Ozgiin Arastirmalarla ilgili ki-
sitlamalar igin litfen Tablo 1’i inceleyiniz.
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Sonucu desteklemek icin istatiksel analiz genellikle gereklidir. istatis-
tiksel analiz, tibbi dergilerdeki istatistik verilerini bildirme kurallarina
gore yapilmalidir (Altman DG, Gore SM, Gardner MJ, Pocock SJ.
Statistical guidelines for contributors to medical journals. Br Med J
1983: 7; 1489-93). istatiksel analiz ile ilgili bilgi, Yontemler bolimdi
icinde ayr bir alt baslik olarak yaziimali ve kullanilan yazilim kesin-
likle tanimlanmalidir.

Birimler, uluslararasi birim sistemi olan International System of Units
(Sl)’a uygun olarak hazirlanmadir.

Editoryel Yorum: Dergide yayinlanan bir arastirmanin, o konunun
uzmani olan veya Ust diizeyde degerlendirme yapan bir hakemi ta-
rafindan kisaca yorumlanmasi amacini tasimaktadir. Yazarlari, dergi
tarafindan secilip davet edilir. Ozet, anahtar sdzciik, tablo, sekil,
resim ve diger gorseller kullaniimaz.

Derleme: Yazinin konusunda birikimi olan ve bu birikimleri uluslara-
rasl literatUre yayin ve atif sayisi olarak yansimis uzmanlar tarafindan
hazirlanmis yazilar degerlendirmeye alinir. Yazarlari dergi tarafindan
da davet edilebilir. Bir bilgi ya da konunun klinikte kullaniimasi icin
vardi§l son dlzeyi anlatan, tartisan, degerlendiren ve gelecekte ya-
pilacak olan c¢alismalara yon veren bir formatta hazirlanmalidir. Ana
metin “Giris”, “Klinik ve Arastirma Etkileri” ve “Sonug” bdlumlerini
icermelidir. Derleme tlriindeki yazilarla ilgili kisitlamalar icin lutfen
Tablo 1’i inceleyiniz.

Olgu Sunumu: OIgu sunumlari icin sinirll sayida yer ayriimakta ve
sadece ender gorulen, tani ve tedavisi gli¢ olan hastaliklarla ilgili,
yeni bir ydntem 6neren, kitaplarda yer verilmeyen bilgileri yansitan,
ilgi cekici ve 68retici 6zelligi olan olgular yayina kabul edilmektedir.
Ana metin; “Girig”, “Olgu Sunumu”, “Tartisma” ve “Sonu¢” alt baslik-
larini icermelidir. Olgu Sunumlariyla ilgili kisitlamalar icin litfen Tablo
1’i inceleyiniz.

Editore Mektup: Dergide daha 6nce yayinlanan bir yazinin dnemini,
gézden kagan bir ayrintisini ya da eksik kisimlarini tartisabilir. Ay-
rica derginin kapsamina giren alanlarda okurlarin ilgisini ¢cekebile-
cek konular ve 6zellikle egitici olgular hakkinda da Editére Mektup
formatinda yazilar yayinlanabilir. Okuyucular da yayinlanan yazilar
hakkinda yorum iceren Editére Mektup formatinda yazilarini suna-
bilirler. Ozet, anahtar sdzciik, tablo, sekil, resim ve diger gérseller
kullanilmaz. Ana metin alt basliksiz olmalidir. Hakkinda mektup yazi-
lan yayina ait cilt, yil, sayi, sayfa numaralari, yazi bashgi ve yazarlarin
adlar acik bir sekilde belirtilmeli, kaynak listesinde yazilmali ve me-
tin icinde atifta bulunulmalidir.

Tablolar

Tablolar ana dosyaya eklenmeli, kaynak listesi sonrasinda sunulmali,
ana metin icerisindeki gecis siralarina uygun olarak numaralandiril-
madir. Tablolarin Uzerinde tanimlayici bir baglik yer almali ve tablo
icerisinde gecen kisaltmalarin acilimlar tablo altina tanimlanmalidir.
Tablolar Microsoft Office Word dosyasi icinde “Tablo Ekle” komutu
kullanilarak hazirlanmali ve kolay okunabilir sekilde duzenlenmeli-
dir. Tablolarda sunulan veriler ana metinde sunulan verilerin tekrar
olmamali; ana metindeki verileri destekleyici nitelikte olmalilardir.

Resim ve Resim Altyazilar

Resimler, grafikler ve fotograflar (TIFF ya da JPEG formatinda) ayri
dosyalar halinde sisteme yuklenmelidir. Gorseller bir Word dosyasi
dokimani ya da ana dokiiman icerisinde sunulmamalidir. Alt birim-
lere ayrilan gorseller oldugunda, alt birimler tek bir gorsel icerisinde
verilmemelidir. Her bir alt birim sisteme ayri bir dosya olarak yuklen-
melidir. Resimler alt birimleri belli etme amaciyla etiketlenmemelidir
(a, b, c vb.). Resimlerde altyazilari desteklemek icin kalin ve ince
oklar, ok baslari, yildizlar, asteriksler ve benzer isaretler kullanilabilir.
Makalenin geri kalaninda oldugu gibi resimler de kér olmalidir. Bu
sebeple, resimlerde yer alan kisi ve kurum bilgileri de korlestirilmeli-
dir. Gorsellerin minimum ¢ézunurligt 300DPI olmalidir. Degerlendir-
me surecindeki aksakliklari dnlemek icin génderilen butin goérselle-
rin ¢6zunurligu net ve boyutu blyik (minimum boyutlar 100x100
mm) olmalidir. Resim altyazilari ana metnin sonunda yer almalidir.

Makale icerisinde gecen tum kisaltmalar, ana metin ve 6zette ayr
ayr olmak Uzere ilk kez kullanildiklari yerde tanimlanarak kisaltma
tanimin ardindan parantez icerisinde verilmelidir.

Ana metin icerisinde cihaz, yazilim, ilag vb. Uriinlerden bahsedildi-
ginde Urlnun ismi, Ureticisi, Uretildigi sehir ve Ulke bilgisini iceren
Urdn bilgisi parantez icinde verilmelidir; “Discovery St PET/CT scan-
ner (General Electric, Milwaukee, WI, USA)”.

Tum kaynaklar, tablolar ve resimlere ana metin icinde uygun olan
yerlerde sirayla numara verilerek atif yapilimalidir.

Ozgiin arastirmalarin kisitlamalari, engelleri ve yetersizliklerinden
Sonug paragrafi dncesi “Tartisma” boliminde bahsedilmelidir.

Kaynaklar

Atif yapilirken en son ve en glincel yayinlar tercih edilmelidir. Kay-
naklarin dogrulugundan yazarlar sorumludur. Kaynaklar Vancouver
referans stiline uygun olarak hazirlanmalidir. Atif yapilan erken
cevrimici makalelerin DOl numaralari mutlaka saglanmalidir. Dergi

Tablo 1. Makale tirleri icin kisitlamalar

Makale tiirii Sozciik limiti  Ozet sézciik limiti  Kaynak limiti  Tablo limiti Resim limiti

Ozgiin Arastirma 3500 200 (Alt baslikli) 30 6 7 ya da toplamda 15 resim
Derleme 5000 200 50 6 10 ya da toplamda 20 resim
Olgu Sunumu 1000 200 15 Tablo yok 10 ya da toplamda 20 resim
Editore Mektup 500 Uygulanamaz 5 Tablo yok Resim yok
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isimleri Index Medicus/Medline/PubMed’de yer alan dersi kisaltma-
lari ile uyumlu olarak kisaltiimalidir. Alti ya da daha az yazar oldu-
gunda tum yazar isimleri listelenmelidir. E§er 7 ya da daha fazla
yazar varsa ilk 6 yazar yazildiktan sonra “et al” konulmaldir. Ana
metinde kaynaklara atif yapilirken parantez icinde Arabik numa-
ralar kullaniimalidir. Farkl yayin turleri icin kaynak stilleri asagidaki
orneklerde sunulmustur:

Dergi makalesi: Blasco V, Colavolpe JC, Antonini F, Zieleskiewicz L,
Nafati C, Albanese J, et al. Long-term outcome in kidney recipients
from donors treated with hydroxyethylstarch 130/0.4 and hydrox-
yethylstarch 200/0.6. Br J Anaesth 2015; 115: 797-8.

Kitap boliimii: Sherry S. Detection of thrombi. In: Strauss HE, Pitt
B, James AE, editors. Cardiovascular Medicine. St Louis: Mosby;
1974.p.273-85.

Tek yazarh kitap: Cohn PF. Silent myocardial ischemia and infarcti-
on. 3rd ed. New York: Marcel Dekker; 1993.

Yazar olarak editor(ler): Norman IJ, Redfern SJ, editors. Mental he-
alth care for elderly people. New York: Churchill Livingstone; 1996.

Toplantida sunulan yazi: Bengisson S. Sothemin BG. Enforcement
of data protection, privacy and security in medical informatics. In:
Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92.
Proceedings of the 7th World Congress on Medical Informatics;
1992 Sept 6-10; Geneva, Switzerland. Amsterdam: North-Holland;
1992.p.1561-5.

Bilimsel veya teknik rapor: Smith P. Golladay K. Payment for du-
rable medical equipment billed during skilled nursing facility stays.
Final report. Dallas (TX) Dept. of Health and Human Services (US).
Office of Evaluation and Inspections: 1994 Oct. Report No: HHSI-
GOE 169200860.

Tez: Kaplan Sl. Post-hospital home health care: the elderly access
and utilization (dissertation). St. Louis (MO): Washington Univ.
1995.

Yayina kabul edilmis ancak hentiz basiimamis yazilar: Leshner Al.
Molecular mechanisms of cocaine addiction. N Engl J Med In press
1997.

Erken Cevrimici Yayin: Aksu HU, Ertirk M, Gul M, Uslu N. Succes-
sful treatment of a patient with pulmonary embolism and biatri-
al thrombus. Anadolu Kardiyol Derg 2012 Dec 26. doi: 10.5152/
akd.2013.062. [Epub ahead of print]

Elektronik formatta yayinlanan yazi: Morse SS. Factors in the emer-
gence of infectious diseases. Emerg Infect Dis (serial online) 1995
Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Available from:
URL: http:/ www.cdc.gov/ncidodIEID/cid.htm.

REVIZYONLAR

Yazarlar makalelerinin revizyon dosyalarini génderirken, ana metin
Uzerinde yaptiklari degisiklikleri isaretlemeli, ek olarak, hakemler
tarafindan 6ne sirulen onerilerle ilgili notlarini “Hakemlere Cevap”
dosyasinda gondermelidir. Hakemlere Cevap dosyasinda her hake-
min yorumunun ardindan yazarin cevabi gelmeli ve degisikliklerin
yapildigi satir numaralari da ayrica belirtilmelidir. Revize makaleler
karar mektubunu takip eden 30 giin icerisinde dergiye gonderil-
melidir. Makalenin revize versiyonu belirtilen stire icerisinde ytiklen-
mezse, revizyon secenesi iptal olabilir. Yazarlarin revizyon igin ek
sureye ihtiyac duymalari durumunda uzatma taleplerini ilk 30 gln
sona ermeden dergiye iletmeleri gerekmektedir.

Yayina kabul edilen makaleler dil bilgisi, noktalama ve bicim agisin-
dan kontrol edilir. Yayin streci tamamlanan makaleler, yayin planina
dahil edildikleri sayiyla birlikte yayinlanmadan énce erken cevrimigi
formatinda dergi web sitesinde yayina alinir. Kabul edilen makale-
lerin baskiya hazir PDF dosyalari sorumlu yazarlara iletilir ve yayin
onaylarinin 2 gin icerisinde dergiye iletiimesi istenir.

Bas Editor: Prof. Dr. Bedia Cakmakoglu
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Telefon: 0212 414 2000-33305

Faks: 0212 532 4171

E-posta: bedia@istanbul.edu.tr

Yayinci: istanbul Universitesi Yayinevi

Adres: istanbul Universitesi Merkez Kampiisti,
34459 Beyazit, Fatih / istanbul - Tirkiye
Telefon: 0212 440 0000



