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ABSTRACT

Objective: Juvenile myoclonic epilepsy (JME) is one of the most common childhood types of epilepsy and comprises 5-10% of all
epilepsies. Altered expression levels of microRNAs (miRNAs) have been reported in epilepsy as in many diseases. As is known, miRNAs
regulate gene expression post-transcriptionally and have potential as diagnostic biomarkers due to their stability in clinical samples.
Herein, this study aimed to evaluate miR-1179 levels of JME patients and assess the potential of miR-1179 as a diagnostic biomarker.

Materials and Methods: Twenty patients and 20 healthy controls were recruited in this study and total RNA was extracted from peripheral
blood samples of participants. Quantitative real-time polymerase chain reaction (QRT-PCR) was performed to calculate the relative
expression level of miR-1179. Additionally, receiver operating characteristic (ROC) curve was conducted to evaluate the diagnostic value
of miR-1179 in JME.

Results: Expression levels of miR-1179 were statistically significantly increased in patients with JME compared to healthy controls
(p<0.0001). ROC analysis revealed that miR-1179 is a well diagnostic biomarker with an area under the curve (AUC) of 0.89.

Conclusion: miR-1179 may be considered a remarkable biomarker in the diagnosis of JME. The interaction between miR-1179 and its
target Calmodulin 1 (CALM1) should be reinforced through functional studies. Further research in larger cohorts will help to enlighten the
etiopathogenesis of JME.

Keywords: Juvenile myoclonic epilepsy, miR-1179, ROC curve, biomarker

INTRODUCTION

Epilepsy, which is estimated to affect over 50 million peo-
ple worldwide, is a serious and chronic neurological dis-
ease that impacts public health. Epilepsy is a term that
refers to an enduring predisposition to epileptic seizures
which are a transient occurrence of symptoms caused by
synchronous or abnormal excessive electrical function-
ing in the brain (1, 2). Juvenile myoclonic epilepsy (JME) is
an idiopathic generalized epilepsy syndrome that affects
5-10% of individuals with epilepsy. Onset of JME is related

to age, generally manifests between 12-18 years, with gen-
der bias towards female (3). The genetic inheritance of JME
is not entirely clarified, a multifactorial mechanism is as-
sumed, however, several genes have been associated with
JME (4). The heterogeneous and multifactorial nature of
epilepsy leads to challenges in determining biomarkers for
diagnosis and prognosis. However, determining biomark-
ers is crucial and would help to develop targeted therapies.
In this context, there are several notable studies evaluating
the biomarker potential of microRNAs (miRNAs) in epilep-
togenesis (2).
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miRNAs are small non-coding regulatory RNAs with their role in
regulating post-transcriptional target gene expression through
mRNA degradation or translational repression (5). miRNAs have
a main role in various biological processes and are notable due
to their potential in disease diagnostics and use as therapeu-
tics. In particular, the stability of miRNAs in clinical samples has
drawn attention to be used as disease biomarkers (6, 7). Altered
expression levels of miRNAs have been associated with various
conditions such as cardiovascular diseases, cancer, sepsis, and
neurological diseases (8).

Herein, the expression levels of miR-1179 have been investigat-
ed in patients with JME. According to the miRTarBase database,
Calmodulin 1 (CALMT) is one of the target genes of miR-1179.
It is estimated that hsa-miR-1179 may bind to the 3'UTR se-
quence of the CALM1 gene at positions 1469-1491, 2032-2051,
or 2378-2398 for miRNA-target interaction predicted by mi-
Randa (9). According to the STRING database, the CALM1 pro-
tein and the CACNA1A protein interact which is validated by
experimental determination, text mining, and co-expression
data (Figure 1) (10). Previously, genetic changes in CACNATA
have been associated with the pathogenesis of JME (11).

In the context of this study, peripheral blood samples were
collected from individuals diagnosed with JME and healthy

CACNA2D2

CACNB1

Known Interactions Predicted Interactions Others

Figure 1. Interaction between CACNA1A and CALMI
proteins was visualized by the STRING database. Each color
line indicates different interaction evidence.
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controls, and the relative expression levels of miR-1179 were
compared using the quantitative real-time polymerase chain
reaction (qRT-PCR) method. To the best of this researcher’s
knowledge, miR-1179 has not been analyzed in any neuro-
logical disease yet. The study findings suggest that miR-1179
should be further analyzed with large-scale research to enlight-
en its role in the etiopathogenesis of JME.

MATERIALS AND METHODS

Patients Recruitment

This study protocol was approved by the ethics committee of
Bezmialem Vakif University Faculty of Medicine (06.04.2021-
E.11759), and written informed consent was obtained from all
subjects. In the present study, 20 patients with JME (female:13,
male:7) who were examined in Bezmialem Vakif University,
Faculty of Medicine, Department of Neurology, and 20 healthy
controls (female:12, male:8) without any neurological findings
were recruited.

RNA Extraction and qRT-PCR

Five ml of peripheral blood samples was obtained in EDTA tubes
from all participants (20 sample and 20 controls). Total RNAs
were extracted using the QIAamp RNA Blood Mini Kit (Qiagen
GmbH, Hilden, Germany) according to recommendations of
the manufacturer. The quality and quantity of RNA were as-
sessed via the Multiskan GO (Thermo Fisher Scientific, Boston,
MA, USA). Two hundred fifty ng of the total RNA was converted
to cDNA through a miRNA All-in-One cDNA Synthesis Kit (Ab-
mGood, Vancouver, BC, Canada). The cDNAs were diluted 1:10
and used as templates for qRT-PCR. A gRT-PCR was performed
on the Bio-Rad CFX96 Connect Real-Time PCR instrument (Bio-
Rad Laboratories, Inc., California, USA) using BlasTaq 2X gPCR
MasterMix (AbmGood), and data was obtained by Bio-Rad CFX
Maestro software. The reaction conditions were as follows: 95°C
for 3 min, and 40 cycles of 95°C for 15 s, 60°C for 10's, 72°C for 50
s. The miR-1179 forward primer (#MPHO01026) and universal 3’
miRNA reverse primer (#MPHO00000) were purchased from Ab-
mGood. A RNU6 was used as a reference gene. Relative miRNA
expression levels were calculated by the 22“ method (12).

Statistical Analyses

The GraphPad Prism 8.0 (GraphPad Software, Inc., CA, USA)
was used to perform statistical analyses with a 95% confidence
level and 0.05 significance level. Whether the data were dis-
tributed normally was tested with the Shapiro-Wilk test. When
comparing the data with non-normal distribution between
two independent groups the Mann-Whitney test was used.
Additionally, to assess the diagnostic value of miRNAs, receiver
operating characteristic (ROC) curves were generated, and area
under the curve (AUC) values were calculated.

RESULTS

In the present study, the patients with JME comprise seven
males and 13 females, and age-matched controls comprise
eight males and 12 females. The averages of the cycle
threshold (Ct) values obtained by the gRT-PCR study are
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presented in Table 1. Accordingly, expression levels of miR-
1179 in the samples obtained from peripheral blood were
statistically significantly increased in patients compared to
healthy controls (p<0.0001, Figure 2). The AUC value was
determined as 0.89 at the 95% confidence level by a ROC
curve analysis (p<0.0001, Figure 3).

Table 1. The average expression levels of miR-1179.

miR-1179 RNU6
Ctonean Ctinean ACt 2355
Patients 34.34 28.34 6.00 0.02
Controls 33.56 26.31 7.25 0.01
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Figure 2. Relative expression levels of miR-1179 in patients
and controls. **** indicates p<0.0001.
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Figure 3. ROC curve analysis results reveal the diagnostic
performance of miR-1179.
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DISCUSSION

Epileptogenesis which includes many molecular and cellular
processes is a complex process that has not been enlightened.
Different epilepsy syndromes may have different etiology.
Therefore, the determination of biomarkers associated with
epilepsy is quite important to be used for diagnosis, prognosis,
and treatment (13).

Applications of miRNA-based biomarkers have recently
been an extensive and remarkable field of investigation.
miRNAs are the most investigated subtypes of regulatory
small non-coding RNAs. miRNAs are promising biomarkers
thanks to their stability in extracellular areas, high stability
in pre-clinical samples, and tissue specificity (14). Lots of re-
search suggests that miRNAs have shown altered expression
levels and/or dysfunction in various conditions with different
types of cancer, cardiovascular disease, Parkinson’s disease,
epilepsy, multiple sclerosis, Alzheimer’s disease, glioblasto-
ma, and myasthenia gravis (8).

Studies published in PubMed from 2000 to 2017 to deter-
mine MiRNA biomarkers in epilepsy patients were compiled
by Yihong Ma et al., and according to this review, decreasing
expression levels of miR-134 could be a diagnostic biomarker
for epilepsy. miR-181 level downregulates in the acute stage
of epilepsy, and this data supports that miRNA could be used
to specify the disease phase. In addition, miR-15a-5p, miR-128,
miR-199a, miR-124, and miR-194-5p could be candidate diag-
nostic biomarkers in patients with epilepsy (15). In a recent
study by Ferreira et al.,, serum levels of miR-155 and miR-146a
were found up-regulated in patients with genetic generalized
epilepsy compared to controls, therefore, these miRNAs were
suggested as diagnostic biomarkers (13). Another study indi-
cated that serum levels of miR-106b and miR-146a were statis-
tically significantly increased in patients with focal and gener-
alized epilepsy (16).

Taken together, miRNAs should be considered as remarkable
biomarkers in the diagnosis and prognosis of epilepsy. There-
fore, this study aimed to assess the diagnostic biomarker per-
formance of miR-1179 in JME. To the best of this researcher’s
knowledge, the expression level of miR-1179 has not been
evaluated in any neurological disorders to date. According to
study results, miR-1179 was significantly upregulated in JME
patients compared to healthy controls.

As known, ROC curve analysis is used as an efficient graphi-
cal tool to evaluate the diagnostic significance of biomarkers
by calculating the sensitivity and the specificity of interested
miRNA (17). In the present study, the AUC value was calculated
through ROC curve analysis to evaluate miR-1179 as a diagnos-
tic biomarker. Accordingly, this study suggests miR-1179 as a
useful diagnostic biomarker in JME.

According to miRTarBase, hsa-miR-1179 targets CALMT mRNA
from the 3'UTR (9). CALM1 (ENSG00000198668) encodes
Calmodulin-1 protein (Uniprot ID: PODP23). Calcium (Ca%) flux
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across cell membranes play a key role in the cellular responses
while calmodulin (CaM) perceives Ca** concentration changes.
CaM detects such alteration, and it relays this information to
interaction partners. The accurate Ca?* signaling is driven by
three independent calmodulin-encoding genes (CALM1-3) in
the genome and these three genes encode entirely the same
functional CaM protein (18). CaM regulation of Ca?* channels
is the main point to Ca** signaling (19). The CACNATA encodes
a subunit of the voltage gated Ca?** channel. Further, voltage
dependent Ca** channels are involved in various biological
processes such as releasing a neurotransmitter or hormone,
muscle contraction, gene expression, and pathogenic changes
in CACNA1A that have been associated with numerous diseases
(MIM: 601011).

In 2001, Chioza et al. showed that CACNATA was directly
related to the etiopathogenesis of the idiopathic generalized
epilepsy group which comprises JME (20). According to the
STRING, which is a database that reliably presents protein-
protein interactions based on both experimental and
literature research data, the CACNATA and CALM1 proteins
are directly related (10). Consequently, it may be speculated
that CALM1 contributes to the etiology of JME. Based on this
information, this study suggests that miR-1179 is involved in
the pathogenesis of JME by targeting CALMT mRNA.

CONCLUSION

Considering calcium channelopathies in epilepsy, the low
expression of CALMT due to increased expression of miR-1179
could be arole in the etiopathogenesis of JIME. Additionally, this
study emphasizes that miR-1179 could be a useful diagnostic
biomarker in JME. To this researcher’s knowledge, the present
study may be the first in terms of evaluating miR-1179 in any
neurological disease. Further analysis and functional studies
in larger cohorts may enlighten the effect of miR-1179 on the
pathogenesis of JME and could reveal its diagnostic value
accurately.
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ABSTRACT

Objective: In recent years, especially combined treatment options that will reduce the side effects of drugs have attracted attention.
Carmofur is a new potent agent being investigated in the treatment of cancer. This study aimed to investigate the cytotoxic and apoptotic
effects of carmofur+vitamin C combination in colon cancer cells.

Materials and Methods: Carmofurin the range of 7.8-250 uM, vitamin Cin 7.8 uM-2mM and carmofur+vitamin Cin different concentrations
were evaluated on HCT116 cells by MTT test. In addition, the cell death pathway was determined by an apoptosis-necrosis assay.

Results: The IC5, value of carmofur in HCT116 cells was 8 uM, vitamin C was not effective at low doses, and the 1Cs, value was 2.2 mM.
When carmofur+vitamin C were applied to HCT116 cells, 4 pM carmofur and 125 uM vitamin C together inhibited half of the cells (ICs),
while 4 uM carmofur and 2 mM vitamin C inhibited half of the cells similarly.

Conclusion: Vitamin C doubled the anticancer effect of carmofur. As a result, it was observed that vitamin C supplementation significantly
increased cell death in anticancer drug administration. In addition, it was determined that the addition of vitamin C significantly increased

the apoptotic activity.
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INTRODUCTION

Cancer is the second cause of death in the world and an
important health problem. Colon cancer, which is one of
the most common malignant diseases in humans, is the
third most common cause of cancer mediated mortality in
the most developed countries and worldwide (1). Despite
the numerous approaches to prevent and treat cancer, for
instance, chemotherapy, surgery and radiotherapy, and
some advances in cancer treatment, there is still a neces-
sity to improve effective, leading-edge cancer treatments
(2, 3). However, the widespread side effects and reactions
of the drugs limit the effectiveness of current cancer treat-
ments (4). Therefore, it is necessary to find new approaches

and find novel and effective drugs to reduce side effects
in cancer treatment (5). In recent years, one of the drugs
researched in cancer treatment is carmofur, which is a ce-
ramidase inhibitor and a new potent candidate in cancer
therapy. Carmofur, a masked form of 5-Fluorouracil (FU), is a
pyrimidine analog used as an antineoplastic agent (6). Un-
like 5-FU, carmofur is destroyed by the extrahepatic route
as well as the hepatic route and its level in the blood may
increase to higher rates (7). Carmofur has also been used as
adjuvant chemotherapy for breast and colorectal cancer in
some countries (7, 8). In addition, it is a very strong acid ce-
ramidase (AC) inhibitor and causes ceramide accumulation
in cancer cells. Ceramide acts as a messenger that activates
apoptosis and cell differentiation (9, 10). In addition, some
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researchers reported that carmofur was more effective in tar-
geting 5-FU resistant cells (11). However, the exact mechanism
of carmofur on cancers is not known.

Vitamin C is an essential nutrient that our body needs for nor-
mal function and it has anticancer and antioxidant activities.
Although vitamin C cannot be synthesized by the body, it is
plentiful in many natural sources and can be taken as a dietary
supplement. Moreover, it scavenges reactive oxygen species
(ROS) and induces cytotoxicity against tumor cells, prevents
glucose metabolism, acts as an epigenetic regulator, and plays
an important role in preventing cancer development by many
mechanisms (4). In in vitro studies, it has been observed that
high concentrations of vitamin C inhibit cell migration and an-
giogenesis (12). Accordingly, vitamin C can inhibit the metasta-
sis and proliferation of tumor cells. In addition, vitamin C is not
significantly toxic to normal cells (13) and is low-cost and read-
ily available, so it may be an excellent candidate to improve an
effective anticancer agent.

Numerous approaches and materials are being researched for
dealing with cancer. In this context, carmofur, an anticancer
drug whose efficacy is not fully known, has recently emerged
as a potential candidate. In addition, in order to reduce the side
effects of cancer drugs and increase their therapeutic effect,
the combination of natural compounds such as vitamin Cis be-
ing investigated as a treatment option.

This study focuses on the importance of vitamin C in reducing
the side effects while increasing the cytotoxic effect of anti-can-
cer drugs. The present study aimed to develop a new, more ef-
fective possible treatment strategy, besides reducing the side
effects of carmofur in colon cancer, and examined the effect of
the combination of vitamin C with carmofur on colon cancer
cells. In the light of this information, in this study, the cytotoxic
effect and death pathway of carmofur and vitamin Cin HCT116
colon cancer cells, separately and combined, were investigated.

MATERIALS AND METHODS

HCT116 colon cancer cell lines obtained from ATCC were
used in the present study. Dulbecco’s-Modified-Eagle-Medi-
um (DMEM; Sigma, D2902), NaHCO; (Sigma, S5761), penicil-
lin-streptomycin (10,000 U/mL, 15140148), Fetal Bovine Serum
(FBS, Sigma F4135) was used to prepare cell media. Cells were
removed with trypsin (Sigma, T9935). MTT (Sigma, M2128) and
Dimethyl sulfoxide (DMSO; Merck, 102952) were used for cyto-
toxicity determination. Cancer cells were treated with vitamin
C (Sigma, A4403) and carmofur (Glentham, GP5925). Annexin
V-FITC apoptosis Kit (Beckman Coulter, IM2375) was used for
the determination of apoptosis.

Cell Culture Studies

HCT116 cells were cultured at 37°C in an atmosphere of 95%
0,, 5% CO,, DMEM containing 100.000 U/L penicillin, 100.000
g/L streptomycin, 10% FBS was used as the medium. The medi-
um of the cells was refreshed at least twice a week. Cells were
passaged when they were 70-90% confluent.

Experimed 2022; 12(1): 6-11

Evaluation of Cell Viability by MTT Test

The MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium
bromide) is a quantitative, colorimetric method which is used
to quantitate cytotoxic activity based-on in vitro metabolism
viability (14). In this study, stock solutions of the drugs were
prepared for carmofur and vitamin C in dimethylsulfoxide
(DMSO) (with DMSO ratio below 1%). Carmofur and vitamin C
were then diluted to different concentrations with DMEM and
incubated with HCT116 colon cancer cells for 72 hours in a 5%
CO, incubator. 96-well culture plates were used and 90 pl of
the cells 10° per milliliter were taken into wells. Then, carmofur
was added in the range of 7.8-250 uM, vitamin C in the range of
7.8 UM-2 mM, and carmofur+vitamin C combined in different
concentrations and added 10 pl separately to wells on the plate
and incubated for 72 hours. After incubation, MTT (5 mg/ml,
PBS) was added and incubated for 3 hours, and the absorbance
was measured at 570 nm in an ELISA plate reader. According
to dose/response curves, half-maximal inhibitory concentra-
tions (ICsp) of the compounds were determined. Each test was
repeated at least 3 times.

Determination of Apoptosis/Necrosis

In HCT116 cells, the rates of viable, apoptotic/necrotic cells
were evaluated via the annexin V-FITC/propidium iodide.
HCT116 cells were cultured in a 6-well plate as 3x10° cells per
well with IC5, doses of the compounds. Evaluation of apoptosis
and necrosis was performed at IC;5, doses and for 72 hours to
be compatible with MTT tests: Carmofur 8 uM, vitamin C 2.2
mM, carmofur (4 uM) + vitamin C (250 uM), carmofur (4 uM)
+ vitamin C (2 mM) concentrations were prepared for combi-
nation treatments. These concentrations were added to each
well and incubated for 72 h. The cells were centrifuged for 10
minutes. The cell pellet was washed with 1 mL of PBS and cen-
trifuged again. This procedure was repeated 3 times. Then, 100
pL of the cell pellet was stained by 5 pL annexin V-FITC and 2.5
uL propidium iodide. After 15 minutes, cells were measured on
a Beckman Coulter flow cytometer, showing viable, early apop-
tosis (Annexin positive/Pl negative), and late apoptosis (both
Annexin/Pl-positive) cells. The results were evaluated with the
Kaluza analysis program.

Statistical Analysis

Data were first evaluated for normality via Shapiro-Wilk test.
Samples were compared with one-way analysis of the vari-
ance (ANOVA) test, and Tukey, as a post-hoc-test, was utilized.
p<0.05 was considered as statistical significance level and anal-
yses were evaluated with GraphPad software.

RESULTS

Cytotoxic Effects of Carmofur and Vitamin C on HCT116
Cells

HCT116 colon cancer cells were incubated with carmofur
alone, vitamin C alone, and combined concentrations of the
two compounds. When carmofur was applied to colon cancer
cells at 7.8, 15.6, 31.5, 62, 125 and 250 uM concentrations, the
cell viability was 51%, 48%, 42%, 32%, 35%, and 26%, respec-
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Figure 1. Cell viability effect of different concentrations of
carmofur on HCT116 colon cancer cells. Cell viability tests
were evaluated by MTT test after 72 hours of incubation.
Experiments were repeated at least 3 times.

Statistical significance is shown with **p<0.01 compared to the
untreated control group.

Figure 2. Cell viability effect of different concentrations
of vitamin C on HCT116 colon cancer cell lines. Cell
viability tests were evaluated by MTT test after 72 hours of
incubation.

Statistical significance is shown by *p<0.05 and **p<0.01 compared to
the untreated control group.

tively. When vitamin C is applied at 7.8, 15.6, 31.5, 62, 125 and
250,500 uM, T mM, 2 mM and 4 mM concentrations, the viabili-
ty of colon cancer cells was determined as 98%, 99%, 96%, 98%,
96%, 94%, 84%, 73%, 64%, 53% and 35% respectively (Figure
1, Figure 2).

It was observed that low-doses of vitamin C alone were not
effective in cancer cells. The ICso value of carmofur alone on
colon cancer cells was determined at 8 pM, and the ICs, value
of vitamin C alone was 2.2 mM. When carmofur and vitamin C
were applied as a combination, 4 uM carmofur+125 uM vita-
min C inhibited half of the cells (ICs), while 4 uM carmofur+2
mM vitamin C had a similar effect (Figure 1, Figure 2, Figure
3, Figure 4).

Combined Cytotoxic Effects of Carmofur and Vitamin C on
HCT116 cells
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Figure 3. Cell viability effect of 4 uM carmofur concentration
and different concentrations of vitamin C combination on
HCT116 cells. Cell viability tests were evaluated by MTT test
after 72 hours of incubation.

Statistical significance is shown with **p<0.01 compared to the drug-
free control group. CAR: Carmofur.
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Figure 4.1C;, values of vitamin Cand carmofur on HCT116 cells. Calculations were performed with “AAT bioquest ICs, calculator”

program.
1C50: Concentration that inhibits 50% of the cells.
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Figure 5. Morphological changes on HCT116 cells when
carmofur and vitamin C were administered alone or
together (Light microscope: 200X) (CAR: Carmofur).
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Figure 5 shows the morphological changes in the untreated
control group and treated HCT116 cells. It is observed that the
cells of the untreated control group are fusiform, connected to
each other, and adhered to the surface. There was a remarkable
decrease in the number of cells in the groups where carmofur
and vitamin C were administered together or alone. Shrinkage
and rounding are observed in some cells, and the decrease in
cell number and intercellular connections is noteworthy. In fig-
ure 5, images of the treated groups with approximate ICsq val-
ues are given. According to the findings obtained in this study,
morphological changes are compatible with cytotoxicity and
apoptosis tests.

Evaluation of Apoptotic-Necrotic Effects by Flow Cytome-
try Analysis on HCT116 Cells

Figure 6 shows the apoptotic and necrotic effects of carmofur
and vitamin C alone or combined in HCT116 cancer cells. To see
cell death in the apoptosis-necrosis assay, concentrations that
inhibited about half of the cells (ICs,) were studied. Apopto-
sis-necrosis findings were consistent with cytotoxicity findings
(Figure 6).

In addition, when we evaluated the apoptotic effect of carmo-
fur alone at the I1C5y concentration, 51% of the cells were alive,
while 11% were under early apoptosis, 23% late apoptosis, and
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Figure 6. Flow cytometry analyses of HCT116 cells after incubations with C armofur and vitamin C alone and combined.
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Table 1. Apoptotic necrotic rates (%) of carmofur alone, vitamin C alone, and carmofur+vitamin C combination on HCT116

colon cancer cells.

Live (%) Early Apoptosis (%) Late Apoptosis (%) Necrosis/Dead (%)
Control 96.72 0.32 1.04 1.92
Carmofur 50.95 11.21 22.96 14.87
Vitamin C 46.86 14.02 22.56 16.66
Carmofur (4 uM) +
vitamin C (250 uM) 44.55 25.29 25.28 4.88
Carmofur (4 uM) + 56.65 17.49 17.78 8.09

vitamin C (2 mM)

14% necrosis. When we evaluated the apoptotic effect of vita-
min C alone at the IC5, concentration, 47% of the cells were
alive, while 14% had early apoptosis, 22% had late apoptosis,
and 16% had necrosis. Moreover, as a result of the combina-
tion of carmofur with low dose vitamin C (250 uM), it caused
45% cell viability, 25% early apoptosis, 25% late apoptosis, 4%
necrosis, while vitamin C is used in high doses (2.2 mM) com-
bined, 56% viable cells, 17% early apoptosis, 17% late apopto-
sis, 8% necrosis rate were observed (Figure 6, Table 1). Accord-
ing to these findings, when carmofur was used in combination
with vitamin C, it was determined that apoptosis on cancer
cells increased significantly.

DISCUSSION

In this study, the cytotoxic effects of carmofur and vitamin C
at different concentrations on HCT116 colon cancer cells were
evaluated. Carmofur, an acid ceramidase inhibitor (9), was quite
effective in these cells, and the ICs, value was found to be 8 uM.
For vitamin C, uM and mM concentrations were studied. Vita-
min C alone did not show significant cytotoxicity in colon can-
cer cells at doses of 250 uM and below. The IC5, value obtained
by the application of vitamin C alone, which is the concentra-
tion that inhibits 50% of the cells, was determined to be 2.2 mM
(Figure 1, Figure 2). In addition, when 4 uM, which is half of the
ICso concentration of carmofur, and different concentrations of
Vitamin C (in the range of 62 pM- 2 mM) are combined, it is
observed that especially the concentrations of 125 uM vitamin
C and above significantly increase cytotoxicity (Figure 3). Half
of the HCT116 cells were inhibited (IC5o) when 4 uM carmofur
(half the 1C5, value) was co-administered with 125 pM vitamin
C. In other words, with the support of vitamin C, the concentra-
tion of the chemotherapy drug decreased by half and showed
the same effect. Vitamin C and carmofur showed a synergistic
effect. Interestingly, similar cytotoxicity was detected when the
vitamin C concentration was increased up to 2mM in combina-
tion treatment with carmofur.

Most interestingly, while vitamin C alone shows toxicity at high
doses such as 2 mM, when used in combination with carmofur
anticancer drug, it reaches the highest cytotoxicity at 125 pM

concentrations, and there is no significant difference in com-
bination between high doses such as TmM and 2mM. While 8
MM carmofur had the IC5, value, 4 uM carmofur + 125 pM vi-
tamin C shows the same effect. Similar to this study, Ghavami
et al. reported that when they used vitamin C and cisplatin in
combination, the addition of vitamin C increased cell death
in gastric cancer cells (15). In another study, Lee et al. evaluat-
ed the combined effect of different anticancer drugs such as
tamoxifen, fulvestrant, trastuzumab, and vitamin C on MCF-7,
and MDA-MB-231 breast cancer cells. It has been reported that
the combined use of vitamin C and anticancer drugs provides a
therapeutic advantage in breast cancer cells (16).

The development of effective pro-apoptotic agents with drug
discovery studies and understanding the mechanism are of
great importance for cancer treatment (17). In this study, it is
clearly seen that combined treatment with vitamin C triggers
apoptotic activity. When we evaluate the apoptotic effect,
when carmofur and vitamin C are applied alone, it is seen that
some necrosis is triggered along with apoptosis (Figure 6, Ta-
ble 1). When low dose (250 uM) vitamin C is applied combined
with carmofur, it is seen that apoptotic effect is increased sig-
nificantly (50%) and necrosis is decreased (4%). In addition to
stimulation of apoptosis, vitamin C alone at a high dose (2.2
mM) also caused significant necrosis. However, when carmofur
+ vitamin C was combined, especially with low-dose vitamin
C (250 pM), it is noteworthy that apoptosis increased signifi-
cantly. According to these results, the addition of vitamin C in
anticancer drug use induces apoptosis in cell death. Although
there are some studies investigating the anticancer effect of
carmofur alone, these are very limited, moreover, there is no
study based on the use of carmofur together with vitamin C
in the literature. In a study by Comlekgi et al., the ICsy value of
carmofur was 16 uM in A549 lung cancer cells (18), while it was
reported in the range of 4.6-50 uM in pediatric brain tumors in
another study (19). The cytotoxic activity found in this study is
also consistent with other studies.

The high level of acid ceramidase in cancer cells increases re-
sistance to treatment and complicates treatment (10). Carmo-
fur is a very strong acid ceramidase inhibitor and can reduce
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drug resistance, which is the biggest problem in treatment, by
inhibition of acid ceramidase, especially in treatment-resistant
cancers such as colon cancer (20). For this reason, in this study,
it was shown that carmofur has a very strong anticancer effect
on HCT116 cells, which are highly resistant to treatment, and
this effect can be further enhanced with vitamin C. When we
compared the effect of other anticancer drugs in many studies
conducted to date, we showed that carmofur can be a power-
ful anticancer drug for colon cancer and this effect is multiplied
by vitamin C.

Vitamin C and its derivatives are compounds that need further
investigation with their potential to aid treatment. Vitamin C
and its derivatives can offer important therapeutic options
in cancer treatment with their advantages such as easy avail-
ability, low toxicity and low cost. However, further studies are
needed on the dose and clinical benefits of vitamin Cin cancer
treatment.

CONCLUSION

This study demonstrates that co-administration of vitamin C
and carmofur could be developed in the future as an innova-
tive, effective therapeutic strategy for colon cancer patients.
The combination of carmofur with vitamin C significantly in-
creased cytotoxicity and apoptotic activity in colon cancer cells.
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ABSTRACT

Objective: Salicylicacid (SA) is a keratinolytic agent also used as preservative in cosmetic products. Green chemistry, known as sustainable
chemistry, is the design of products and processes eliminating the use of chemicals. It is applicable throughout a chemical product's life
cycle, including its design, manufacture, use, and final disposal. The aim of this study was to synthesize SA with green chemistry methods
using different amounts of wintergreen oil and to optimize the relevant steps in this path.

Materials and Methods: The SA was synthesized from natural wintergreen oil using green chemistry methods. First laboratory-scale
synthesis was developed and 15 laboratory-scale synthesis trial patterns, using reaction temperature, wintergreen oil-sodium hydroxide
molar ratio, sodium hydroxide-water weight ratio, reaction time and pH were performed. Purity was analysed with gas chromatography-
mass spectrometry (GC-MS) and moisture analysis was performed.

Results and Conclusion: As a result of pilot production run with 1 kg, 5 kg, and three batches of 20 kg of wintergreen oil, SA was produced
with a yield range of 91.06-93.92 %. The resulting SA batches had a purity of approximately 99%. This is a sufficient degree of purity for SA
to be used as a raw material in cosmetics products. Filtering the SA solution using a filter press reduced crystal drying time and brought
down the total production time to eight days.

Keywords: Salicylic acid, green chemistry, wintergreen oil, cosmetic

INTRODUCTION been produced via industrial synthesis. In this method,

phenol (which is a highly toxic chemical) is used as a raw
Salicylic acid (SA) is a beta-hydroxy acid, and its name orig-  material. The synthesis reaction of SA is presented in Figure
inates from the Latin word salix, which means “willow tree.” 1, Industrial SA synthesis creates certain impurities in the
As an ingredient in Aspirin, SA has numerous health bene-  end product which have toxic effects as indicated in the
fits. It has a therapeutic effect on various skin conditions, pharmacopeia. In contrast, the natural synthesis method

such as acne and eczema (1). It is used in the production of  ;ses the oil of wintergreen, which has a methyl salicylate
cosmetic care products, such as creams, masks, shampoos

and tonics (2). Moreover, SA has an exfoliating effect on
skin, which helps to remove dead cells (3). © OH

OH
As a raw material, it is used in the production of food and 1) CO,, NaOH OH

textiles, as well as pharmaceuticals and cosmetic products
(4). Although it has been widely used in cosmetic products
in recent years due to its protective properties and derma-
tological effects, the SA contained in these products has

2) H,S0,

Figure 1. Industrial synthesis of SA.
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content of over 99%. Oil of wintergreen is first hydrolysed with
sodium hydroxide and then further hydrolysed with hydro-
chloric acid to obtain crystal SA free from toxic impurities (5).

SA and its derivatives have long been recognized as important
pharmacological agents. Salicin, the active ingredient in willow
bark, was isolated in 1828. Hippocrates, the father of medicine,
prescribed willow bark to reduce fever and pain during child-
birth in the fifth century B.C. Salicylate levels have been found
to be high in a variety of plant species other than willow. An-
other medicinal derivative known as wintergreen oil also con-
tains methyl salicylate. Medicinal plants high in salicylates have
been used by various cultures around the world for thousands
of years and continue to be used today (6).

Chemical peeling is a technique used to improve, smooth, and
revitalize the skin through controlled removal of epidermis/
dermis, enabling healthy skin formation (7). The aim of chemi-
cal peeling is to cause damage to skin layers up to the desired
depth, in order to treat various skin lesions and conditions by
leveraging the increased collagen and elastin production trig-
gered by wound healing (8). The most common chemical peel-
ing agents are alpha-hydroxy acids (AHA) (lactic acid, glycolic
acid, and fruit acids), trichloroacetic acid (TCA), beta-hydroxy
acids (BHA, SA), Jessner solution, and their combinations (9).
SA affects the epidermis and is generally used in the treatment
of acne, acne scars, blackheads, and photo-aging, as well as in
the secondary treatment of skin spots. It penetrates into the
pores of the skin, preventing sebum build-up and balancing
skin tone. Marczyk et al. compared the effects of 50% pyruvic
acid and 30% SA peels on skin lipids and found that SA had a
greater sebumetric impact than pyruvic acid (10). In the 1860s,
it was discovered that SA could soften and exfoliate the stra-
tum corneum. With its comedolytic properties, SA works to
dissolve dead skin cells, and has an anti-inflammatory effect
in lower concentrations, which helps to treat acne and reduce
acne scars (11). SAis also a desmolytic agent because it disrupts
cellular junctions rather than breaking intercellular keratin fila-
ments (12). Imayama et al. concluded that peeling with SA can
cause changes in the underlying dermal tissue without directly
wounding the skin (13, 14). Its anti-inflammatory and anti-irri-
tant properties enable SA to be well-tolerated by all skin types
(15). It also soothes painful acne and sensitive skin (16).

Acne vulgaris is a common condition that can cause both
physical and psychological problems, such as redness after
acne, hyperpigmentation after inflammation, acne scars, and
affects the quality of life. SA acts on normal keratinization, re-
duces inflammation, and regulates sebum production with a
comedolytic action. The SA concentration used to treat acne
is 0.5-5% (17). SA has been shown to reduce the lipid content
of the sebocytes cell line (SEB-1) to suppress the inflammatory
response in SEB-1 by inhibiting the NF-kB pathway (16). SA is
also effective in the treatment of dandruff, caused by keratino-
cyte hyper-proliferation as it loosens the bonds between the
corneocytes, allowing them to be washed away (18, 19).
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Green chemistry is a novel method in chemistry that aims to
minimize the environmental impact during the production and
use of chemicals (20). It is based on ecological concerns and
takes into account economic and technological factors. It fa-
vours the most ecologically-economically advantageous solu-
tion of existing alternatives (21).

The foundation of this philosophy was laid with the enactment
of the Environmental Protection Act in the United States (US)
in 1990. This act focused on the prevention of polluting waste
and was followed by the establishment of the Office of Pollu-
tion Prevention and Toxics within US Environmental Protec-
tion Agency (EPA) (22). The twelve green chemistry principles
were presented as the first guidebook on green chemistry by
Anastas, a US EPA representative, and Warner (23). The history
of green chemistry was initiated by the pollution prevention
movement in 1990. Then it was formalized with the establish-
ment of EPA in 1991“Presidential Green Chemistry” awards
were given for the first time in 1996. The “Green Chemistry and
Engineering” conference was first held in 1997 (24).

The goals of green chemistry are schematized in Figure 2. To
achieve these goals, the principles of green chemistry include
preventing waste, maintaining atom economy and synthesis
of less toxic chemicals, and developing safer chemicals, safer
solvents, and auxiliaries. Energy efficiency should also be main-
tained through the use of renewable feedstocks. Derivatization
is aimed to be reduced, minimized, or avoided, as these steps re-
quire additional reagents and can cause waste. Chemical prod-
ucts should be designed so that when they reach the end of
their useful life, they degrade into harmless degradation prod-
ucts and do not persist in the environment. Analytical meth-
odologies that enable real-time, in-process monitoring and
control prior to the formation of hazardous substances must be
developed further. Finally substances used in a chemical pro-
cess should be selected to reduce the likelihood of chemical
accidents such as releases, explosions, and fires (24, 25).

N

* Waste

» Material

* Hazard

* Risk

* Energy

* Environmental impact

* Cost
/

Figure 2. Goals of green chemistry.
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In the light of this information, the aim of our study was to
synthesize SA with green chemistry methods using different
amounts of wintergreen oil and to optimize the relevant steps
in this path.

MATERIALS AND METHODS

Salicylic Acid Synthesis using Green Chemistry

Developing Laboratory-Scale Synthesis

SA was synthesized from natural wintergreen oil using organic
synthesis and green chemistry methods. First, sodium salic-
ylate was synthesized and then it is crystallized as described
below. The main synthesis steps were schematized in Figure 3.

Filtration and
washing (solid
product)

Wintergreen
Essential Oil

Asidic
Precipitation

Creating a

slurry Salicylic Acid

Filtration
(reaction
solution)

Alkaline

Hydrolysis

Figure 3. The main steps of SA synthesis.

Sodium Salicylate Synthesis

Sodium hydroxide solution (5M) was slowly added to winter-
green oil over 10-15 minutes. White precipitates formed. Reflux
was commenced by turning on the heater and stirrer. A homo-
geneous solution was formed within one hour; heating contin-
ued for a further two hours for three hours of total reflux. After
three hours, the solution was left to cool at room temperature.
The reflux equipment system is shown in Figure 4.

Crystallization of Salicylic Acid

At room temperature, to the reaction solution the HCl solution
(6M) was slowly added over 30 minutes to reduce its pH to be-
tween 2 and 1.5. The addition of HCl created an exothermic re-
action. The solution was cooled continuously while the HCl was
added. The solution was left overnight to allow precipitates to
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Figure 4. Reflux equipment system.

form.Then it was washed and filtered under vacuum. The crys-
tals were washed using water and dried at 40°C for 3-4 days.
The filtration equipment is shown in Figure 5 (26, 27).

Blchner funnel

filter paper

to vacuum
\ source

Figure 5. Filtration equipment.

Laboratory-Scale Synthesis Trial Pattern
In our studies a total of 15 trials were made, using the parame-
ters in Table 1. The optimum parameters with the highest reac-

Table 1. Laboratory-Scale Synthesis Trial Pattern of SA.

Parameter 1 Reaction Temperature

80°C, 90°C, 100°C

Parameter 2

Wintergreen oil-sodium hydroxide molar ratio

1:3,1:5,1:7

Parameter 3 Sodium hydroxide-water weight ratio

1:5,1:7,1:10

Parameter 4 Reaction Time

2 hours, 3 hours, 4 hours

Parameter 5 pH (HCl precipitation)

15,1.7,2.0
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tion yield were reaction temperature: 90°C; 1:7 wintergreen oil-
sodium hydroxide molar ratio; 1:5 sodium hydroxide - water
weight ratio; reaction time of 3 hours, and pH of 1.5. The result-
ing SA was analysed for purity using gas chromatography-mass
spectrometry (GC-MS), which revealed a purity of 99%.

GC-MS Analysis

For the GC-MS analysis a HP-5ms ultra inert, 30 m x 250 pm x
0.25 pum column was used. Temperature program was arranged
as follows: beginning: 60°C, final 260°C, and the temperature
increase rate was 3°C per minute. Inlet temperature was 250°C
and the MS detector temperature was 230°C. Analysis duration
was 66.6 minutes. Helium flow rate and the split ratio were 1.1
ml/minute and 20:1, respectively.

Sample Preparation

5 mg of SA was dissolved in 1.5 ml of methanol. Injection volume
was 1l and SA retention time was 20.3 minutes. SA MS peaks
were determined as 138, 120, 92, 64, 53 in molecular weight.

Moisture Analysis

The samples were placed in moisture analyser at 95°C, and it
was observed that samples that were dried at 40°C for four days
had a moisture content of under 0.5%.

Pilot-Scale Synthesis Optimization

Pilot-scale production was optimized by gradually increasing
wintergreen oil amounts (1 kg, 5 kg, 20 kg). Synthesis param-
eters (caustic ratio, acid amount, drying time) were taken into
account to obtain laboratory-scale synthesis data. Yield and
impurity analyses were performed after each batch. The Pi-
lot-Scale synthesis trial pattern of SA is given in Table 2.

Yield and Purity Analysis Criteria for Pilot-Scale Salicylic
Acid Production

The criteria include the fulfilment of the following criteria: a
yield of a minimum 80% raw material input, a minimum 95%
purity as analysed by GC-MS and a maximum loss of 0.5 % on
drying analysis through moisture analyser.
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RESULTS

Results of Salicylic Acid Synthesis from 1 kg of Wintergreen
oil

At the end of sodium salicylate synthesis and crystallization
steps, the product was dried for 14 days at 40°C to obtain 0.84
kg of SA with a yield of 92.47%. The resulting SA was analysed
for purity using GC-MS, which revealed a purity of 98.25%. The
product’s moisture content was analysed at 95°C, showing that
samples that were dried at 40°C for 14 days had a moisture con-
tent of under 0.5%.

Results of Salicylic Acid Synthesis from 5 kg of Wintergreen
oil

4.18 kg of SA with a yield of 91.96% was obtained. The resulting
SA was analysed for purity using GC-MS, which revealed a pu-
rity of 97.95%. Moisture analysis revealed that samples dried at
45°C for 10 days had a moisture content of under 0.5%.

Results of Salicylic Acid Synthesis from 20 kg of Winter-
green Oil (20 kg batch)

For the first batch, 17.07 kg of SA with a yield of 93.92% was
obtained. The resulting SA was analysed for purity using GC-
MS, which revealed a purity of 99.16%. The product’s moisture
content was analysed at 95°C, showing that samples that were
dried at 50°C for 14 days had a moisture content of under 0.5%.

For the second batch, 16.93 kg of SA with a yield of 93.19%
was obtained. The resulting SA was analysed for purity using
GC-MS, which revealed a purity of 99%. Moisture content was
analysed at 95°C, showing that samples that were dried at 50°C
for 7 days had a moisture content of under 0.5%.

For the third batch, 16.96 kg of SA with a yield of 93.34% was
obtained. The resulting SA was analysed for purity using GC-
MS, which revealed a purity of 99%. Moisture content was ana-
lysed at 95°C, showing that samples that were dried at 45°C for
7 days had a moisture content of under 0.5%. The pilot produc-
tion results are given in Table 3.

Table 2. Pilot-Scale Synthesis Trial Pattern of SA.

Parameter 1 Amount of wintergreen oil

1kg, 5 kg, 20 kg

Parameter 2 SA drying temperature

40°C, 45°C, 50°C

Parameter 3 SA drying time

7 days, 10 days, 14 days

Table 3. Pilot Production Results of SA.

1 kg batch

Total production time 15 days

Yield 92.47%, purity 98.25%

5 kg batch

Total production time 15 days

Yield 91.96%, purity 97.95%

First 20 kg batch

Total production time 15 days

Yield 93.92%, purity 99.16%

Second 20 kg batch (press filtered)

Total production time 8 days

Yield 93.19%, purity 99%

Third 20 kg batch (press filtered)

Total production time 8 days

Yield 93.34%, purity 99%
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Pilot production runs with 1 kg, 5 kg and three batches of 20
kg of wintergreen oil produced SA with a yield range of 91.06-
93.92% using green chemistry methods. The resulting SA
batches had a purity of approximately 99%. This is a sufficient
degree of purity for the SA to be used as a raw material in cos-
metics products. Filtering the SA solution via a filter press had
a reduced crystal drying time and brought down total produc-
tion time to eight days.

DISCUSSION

SA is one of the most common active ingredients used in cos-
metic products. It is an organic compound. It is a colourless
crystal found naturally in various plants, such as willow bark or
wintergreen. SA used in skin care products can be either natu-
ral or synthetic.

According to a report by the Regional Network Coordinating Or-
ganizations (RNCOs), which is an Indian based market research
company, the world cosmetics market was valued at $233 billion
in 2012, and is projected to reach $ 480,4 billion by 2030, with a
compound annual growth rate of 4.6% (28, 29). In response to
such anticipated growth, cosmetic brands are expected to keep
abreast of customer needs and develop innovative products if
they want to maintain their position in the market (28).

In 2012, global SA consumption was at 79,725 tonnes, and this
figure is expected to climb to 149,652 tonnes in 2023. This indi-
cates a compound annual growth rate of 6.5%. Total global sale
revenue of SA was $239.5 million in 2012, and this is expected
to rise to $546.8 million in 2023. This indicates a compound an-
nual growth rate of 8.6%. The regional breakdown of the SA
market for the year 2013 was as follows: North America 27.9%,
Europe 34.9%, Asia-Pacific 25.3%, and other regions 11.9%.
Natural cosmetic products account for around 1% of global
cosmetics market (28, 30).

In addition to skin care products, SAis also included in hair care
formulations to treat excessive oil and dandruff (31). It cleanses
the scalp. It is used as an anti-dandruff agent in hair products
(conditioners, shampoos) and in baby shampoos to prevent
cradle cap. It is also used as a preservative to extend the shelf
life of products (32). It inhibits the growth of various types of
bacteria. SA is considered safe when used as a preservative in
cosmetic products at a concentration of 0.5%, according to the
Scientific Committee on Consumer Safety. SA has a strong an-
tifungal effect. SA produced protein leakage into the medium,
significant lipid degradation, and intracellular disarray in the
pathogen. Having keratolytic effect and dissolving the super-
ficial layers of the epidermis, SA has an important therapeutic
effect on oily and problematic skin. It is also used in medicine
for its analgesic and anti-inflammatory properties (33).

Using alternative solvents, reducing waste, increasing the effi-
ciency of the different processes, improving economy in energy,
and using safe chemicals are the main concepts of green chem-
istry. Solvents are required in these reactions to dissolve solids,
enable transfer of material (extraction), stabilize transition states
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and to facilitate precipitation. Non-toxicity alone does not indi-
cate that a certain product is compatible with green chemistry.
Solvent reclamation, solubility, lack of toxic formations, atom ef-
ficiency, separation of product and solvent and ineffectiveness
of solvent on end product are required factors to be compatible
with green chemistry. Water as a molecular solvent offers high
solubility with polar compounds besides being clean, cheap
and having low reactivity. On the other hand, organic solvents
are toxic, costly and flammable. 15 million kg of organic solvent
is used globally every year. The primary mission of green chem-
istry is to find alternatives to these solvents.

Different from our study, Molleti and Yadav (34) prepared a new
sulphated Fe,03-ZrO, catalyst with altered iron loadings using
the combustion technique and utilized in methyl salicylate
preparation from SA and dimethyl carbonate. The methyl salic-
ylate produced was reported to be widely useable in food and
pharma industries. They also evaluated the effect of different
kinetic parameters on the esterification rate of SA. They report-
ed that optimum conditions for the 99% conversion of SA with
the 100% selectivity to be 120°C after 150 min at a molar ratio
of 1:10, SA to dimethyl carbonate.

In our study, filtering the SA solution via a filter press led to a re-
duced crystal drying time, and brought down total production
time to eight days. As the SA production size increases (from 1
kg to 20 kg), one of the biggest problems is getting more moist
solids after filtration. The filter press device is a special filtering
device. During filtration, air is applied to the crystals, resulting
in drier solids. In this way, the drying time of the solid is signifi-
cantly reduced. Accordingly one of the most important param-
eters of green chemistry is to shorten the process time.

To obtain a marketable product, it is essential to create the
necessary conditions for pilot production. Data obtained from
laboratory-scale synthesis is used to increase production grad-
ually to factory-scale. For this purpose, in our study, different
batches of (1 kg, 5 kg, 20 kg) oil of wintergreen was prepared
for the production of SA. Our results revealed a sufficient de-
gree of purity for the SA to be used as a raw material in cos-
metics products. Accordingly evaluation of production purity
with GC-MS stands out as an important feature to support the
results of our study.
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ABSTRACT

Objective: Serum proteins are indicators for certain diseases. However, detection of the biomarkers is difficult because the more abundant
proteins mask the less abundant ones. The depletion of abundant serum proteins will help in the discovery and detection of less abundant
proteins that may prove to be informative disease markers. Dye ligands have attracted great attention because of their cost-effectiveness,
easy immobilization, stability, and high binding capacity. Due to these advantageous properties, dye ligands have also been chosen as an
alternative for biological ligands such as antibodies, enzymes, etc.

Materials and Methods: Poly (ethylene glycol dimethacrylate) [p (EGDM)] nanoparticles were prepared using the surfactant-free
emulsion polymerization technique. Then, Reactive Red 120 (RR 120) dye was immobilized to nanoparticles in a nucleophilic substitution
reaction. The RR120 attached nanoparticles were characterized.

Results: The size/size distribution of p (EGDM) nanoparticles was measured with a Zeta sizer. The scanning electron microscope (SEM)
images were found to support a measurement of around 100 nm.The maximum adsorbed amount of albumin was observed at pH 6.0. The
maximum depleted albumin concentration was found to be 453.9 mg/g nanoparticles according to the experimental results. Desorption
studies were carried out by addition of 0.5 M of KSCN to the albumin solutions. The desorption results showed that the binding of albumin
to the nanoparticle was reversible.

Conclusion: Our results demonstrated that dye attached nanoparticles have the potential for depleting albumin from serum in proteomics.

Keywords: Proteomics, dye ligand, nanoparticles, Reactive Red 120, biomolecules, albumin

4). Indeed, one major challenge of plasma protein analy-
sis is that as few as 0.2 % of the proteins make up 99 % of
the total protein content of serum. Albumin, for example,
represents more than half of the whole blood protein mass
in serum (5). Nevertheless, the timely detection of misex-
pressed proteins in the early stages of a given disease is
extremely challenging (6). This is especially important in
proteomic studies where potential biomarkers are investi-

INTRODUCTION

Proteomics is focused on the study of proteins, particularly
their structures and functions. Serum proteins are indica-
tors for certain diseases and these proteins have been used
as biomarkers for these disorders (1).

Serum contains 60-80 mg of protein/mL, in addition to var-

ious molecules, |nclud!ng .l'p'ds' ele?ctrolytes, etc. (2). The  gated. Therefore, the first step when examining serum pro-
total number of proteins is approximately ten thousand, teome analysis in general is to reduce sample complexity
but this number can reach several times this amount in 3).

normal and diseased cells as each protein undergoes many

post-translational modifications. However, the more abun-
dant proteins make proteome analysis very challenging
because these proteins mask the less abundant ones (1, 3,

It is very important that any methods developed in the
depletion of highly abundant proteins should be low-cost
and involve high-throughput techniques. There have been
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many techniques developed for the depletion of albumin in
the literature. Among these techniques, affinity technologies
draw much attention.

Dye ligands have attracted great attention because of their
cheapness, easy immobilization properties, stability, and high
adsorption capacity. Due to these advantageous properties,
dye ligands have also been chosen as an alternative for the bi-
ological ligands such as antibodies, enzymes, etc. (6-11). These
dye ligands are structurally very similar to some biological mol-
ecules (cofactor, substrate, etc). Because of this similarity, dye
ligands can easily interact with the active center of some en-
zyme structures. Therefore, these dye ligands are called affinity
ligands. Many reactive dyes which are also used as textile dyes
have been used for the adsorption of proteins. These dyes gen-
erally contain a reactive group (mono- or dichloro triazine ring)
with a chromophore group (azo, anthroquinone or phthalocy-
anine). Due to the complex structures of dye molecules and
protein molecules, the interactions between them are usually
secondary interactions. In general, hydrophobic interactions,
electrostatic bonds and hydrogen bonds are quite dominant
among these interactions (12).

Adsorption capacity of polymeric support material increases
when the particle size of the support is decreased (13-15). In
the case of the surface adsorption concept, when the particle
size decreases, its surface area tends to be wider and therefore
shows higher adsorption capacities (16). Synthesis and devel-
opment of new nano-sized materials is a way to increase the
adsorption capacity. Also, the physical and chemical properties
of the nano-sized polymer demonstrate atypical change be-
cause of their small size and large surface area (17-19).

Various sorbent systems containing different dye ligands were
used for the depletion, purification, and separation of aloumin.
Reactive Green HE-4BD containing hollow fibers (20); Cibacron
Blue F3GA immobilized poly (GMA) microbeads and chitosan
microspheres (21,22); and Reactive Green 19 immobilized p
(HEMA) cryogel disks could be listed as examples (23).

In this study, firstly, RR 120 dye was attached to poly(ethylene
glycol dimethacrylate) [p (EGDM)] nanoparticles. At the end
of the synthesis procedure, characterization studies were
completed. Then, reusability of the RR 120 attached p (EGDM)
nanoparticles was also investigated.

MATERIALS AND METHODS

RR 120 Attachment to the p (EGDM) Nanoparticles

P (EGDM) nanoparticles were synthesized using a surfac-
tant-free emulsion polymerization technique (24). Dye ligand
RR 120 was covalently attached to the synthesized nanopar-
ticles. For this, 70.0 mL of RR 120 solution was added on 0.1 g
p (EGDM) nanoparticles. (3.0 mg/ml; in 4.0 g of NaOH) for 4 h.
After this incubation period, dye attached nanoparticles were
washed with distilled water and methanol several times in or-
der to remove physically attached RR 120 molecules. RR 120-at-
tached poly (EGDM) nanoparticles were stored at 4°C.
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Characterization of RR 120 Attached Nanoparticles

Fouirer transform infrared spectroscopy (FTIR) analysis was per-
formed to show the binding of RR 120 onto p (EGDM) nanopar-
ticles. For this purpose, 0.1 g nanoparticles were mixed with
0.1 g of KBr homogeneously, and then pressed into pellets. The
FTIR spectra of dye ligand-bound and non-dye ligand-bound
nanoparticles were examined using an FTIR (Perkin Elmer
Spectrum 100, USA).

Assessment of surface morphology and size of the synthe-
sized nanoparticles was carried out using a scanning electron
microscope (SEM). The SEM images were obtained by coating
the dry p (EGDM) nanoparticles with a thin gold layer (Philips,
XL-30S FEG, The Netherlands). Particle size of the synthesized
nanoparticles was analyzed with a nano zetasizer (Nanos, Mal-
vern Instruments, London, UK).

Adsorption of Bovine Serum Albumin (BSA) onto RR 120
Attached Nanoparticles

In our study, BSA binding studies were carried out in a batch
system. In this system, synthesized nanoparticles were mixed
with BSA solution, and the adsorption experiment was con-
ducted at 25°C for 2 h with a 100 rpm stirring rate. The effects of
time, medium pH, BSA concentration, and temperature on the
BSA binding capacity of RR 120 attached nanoparticles were
also investigated. For these purposes, some adsorption condi-
tions were changed. For example, binding experiments were
performed for different adsorption times (5-150 minutes) to
show the effect of time for BSA adsorption. In addition, the pH
of the solution was changed between 4.0 and 8.0 using various
buffer systems. The effect of BSA concentration on adsorption
was investigated by changing the BSA concentration in the
range of 0.2-8.0 mg/mL and performing binding experiments.
Adsorbed BSA amount was calculated by the determination
of the initial and final BSA concentration using the Bradford
method (25).

Desorption Studies

To evaluate the reusability of the RR 120 attached p (EGDM)
nanoparticle, first the adsorbed BSA was removed. To do this,
a 0.5 M KSCN solution was used as a desorption agent. The
nanoparticles loaded with BSA were incubated with the 0.5 M
of KSCN solution for 1 h at 25°C with constant shaking at 150
rpm. BSA desorption ratios from the dye attached nanoparti-
cles were calculated by the following equation:

Desorbed BSA amount

x 100
Adsorbed BSA amount

Desorption ratio (%) =

When the reusability of the RR 120 bound nanoparticles were
evaluated, experiments were performed over five adsorption/
desorption cycles with the same nanoparticles.

RESULTS AND DISCUSSION

Recently, nanotechnology has become an important research
area and very significant developments have occurred in var-
ious areas of science and technology. When considering the
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biotechnology fields, collaboration between nanomaterials
and biomolecules has attracted great interest (26). Their wide
surface areas present great binding spaces for biomolecules
and they can also be easily derivatized with a number of li-
gands. Even with their small particle size, nonporous nanopar-
ticles can bind over 100 mg of biomolecules per gram of wet
particles (27).

Especially in recent years, when the literature is examined, it
was seen that nano-sized polymeric materials have frequently
been used for the isolation and purification of biomolecules.
This is due to their extremely high surface area, nano-sized
materials that offer large surface area for increased adsorption
capacity of biomolecules. Functional surface groups of the
nano-sized polymers allow easy derivatization with various li-
gands which have different character and functionalities. Dye
ligands have been used as an alternative for biological ligands
such as antibodies, enzymes due to cost-effective, easy immo-
bilization, stability and high binding capacity.

After the nanoparticles were synthesized by emulsion polym-
erization technique, RR 120 was covalently bonded to the sur-
faces of nanoparticles in a nucleophilic substitution reaction
between the triazine chloride of RR 120 and hydroxyl groups of
EGDM. The hypothetical representation of p (EGDM) nanopar-
ticles with RR 120 attached is shown in Figure 1.

The dye ligand adsorption capacity of p (EGDM) nanoparticles
increases with increasing the dye concentration. Nanoparticles

3
} + RR120 ————3 035@
N

p(EGDM) nanoparticle 035 “ W

e N;%@ " jj

Cl

P(EGDM)-RR120

Figure 1. Schematic presentation of RR 120 attached p
(EGDM) nanoparticles.
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reach the maximum adsorption capacity whereas free -OH
groups on the surface of nanoparticles reach saturation. Fig-
ure 2 demonstrates the FTIR spectra of RR 120, RR 120 attached
nanoparticles and p (EGDM).

The O-H stretching vibration band was observed to be 3200-
3600 cm™. With the addition of RR 120 to p (EGDM), absorption
was significantly increased because of the existence of N-H
bending in the RR 120 structure. At p (EGDM) polymer spec-
trum, the stretching vibrations band of carbonyl (C=0) groups
was observed around 1720. Characteristic stretching vibrations
bands of ester (C-O) were around 1000-1200 cm™. The bands
were seen at 1080 cm™ and 1160 cm™ in the p (EGDM)-RR 120
and RR 120 spectrums were due to the symmetrical stretching
of the S=0 bond and the asymmetric stretching of the S=0O
bond in RR 120. As a result, the obtained spectra supports that
RR 120 participates in the p (EGDM) nanoparticles.

The size and shape of RR 120 attached nanoparticles were de-
termined by examining the SEM photographs (Figure 3). When

[ HYV WD | mag O
3.00 .0 /9.1 mm | 150 000 x

Figure 3. SEM images of p (EGDM)-RR 120 nanoparticles.
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Figure 2. (a) RR120, (b) p (EGDM)-RR120, (c)p (EGDM) spectrum of FTIR.
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the SEM photographs were investigated, it was seen that the
nanoparticles were relatively spherical, non-porous and ap-
proximately 100 nm in width.

In addition, the size/size distribution of p (EGDM) nanoparti-
cles was measured with a Zeta sizer. A measurement of approx-
imately 100 nm was found to support the size recorded in the
SEM images (Figure 4).
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Figure 4. Zeta-size analysis of the RR 120 attached p (EGDM)
nanoparticles.
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To determine the effect of time on albumin binding, adsorp-
tion studies on dye-attached nanoparticles were performed
between 0 and 150 minutes. When Figure 5 is examined, it is
seen that albumin adsorption increases over time and reach-
es a plateau value at 120 minutes. Since it reached the plateau
value in 120 minutes, all experiments were carried out for 120
minutes.
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Figure 5. BSA adsorption and time curve. (BSA initial:
2mg/mL, pH:6, T=25°C).

As shown in figure 5, BSA adsorption and time studies were done
at5,10, 15,30, 45, 60, 120 and 150 minutes (BSA initial: 2 mg/mL,
pH:6, T=25°C). Adsorption capacity values Q increased with time
and reached a maximum value (453.9 mg/g) in these conditions.

Albumin adsorption experiments were performed with various
pH and the pH effect on albumin binding is shown in Figure 6.

Figure 6 shows the pH effect on BSA adsorption to dye attached
p (EGDM) nanoparticles. According to the graph, from the acid-
ic to the neutral region, the adsorption capacity of p (EGDM-
RR120) nanoparticle increases. Maximum BSA adsorption was
found at pH: 6 to be 453.9 mg/g. The important point here is
the non-specific adsorption to the nanoparticles. According to
Figure 6, the non-specific adsorption to the p (EGDM) nanopar-
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Figure 6. pH effect on BSA binding (Concentration of BSA:
2mg/mL, adsorption time: 2 hours) (Blue line: non-specific
adsorption; red line: RR 120 attached p (EGDM)).

ticles was negligible. The interactions between albumin and RR
120 molecules attached on the nanoparticle surface are weak
interactions. When the structure of albumin and RR 120 mole-
cules is examined, hydrophobic, electrostatic and/or hydrogen
bonds may occur between these two molecules. These inter-
actions may increase further due to the presence of sulfonate,
amine, and cyclic hydrophobic groups on the dye molecules
and a few ionizable groups on the amino acid side chains on
the albumin molecule.

The effect of albumin concentration on the binding capacity
of RR 120 attached p (EGDM) nanoparticles is shown in Figure
7. When the initial albumin concentration was increased, the
adsorbed amount of albumin onto dye-attached nanoparticles
increased rapidly. The saturation value was 6.0 mg/mL of albu-
min concentration and generally takes place in affinity adsorp-
tion studies because all active biomolecules binding regions
are busy with previously bound biomolecules. It can also be
concluded from Figure 7 that affinity between the RR 120 and
albumin molecules was very high.

500
400
300
200

100

Q (mg BSA/ g Nanoparticle)

0 1 2 3 4 3 6 7 8 9

-100
BSA concentration (mg/mlL)

Figure 7. Effect of concentration on BSA binding (pH: 6,
adsorption time: 2 hours) (Blue line: non- specific adsorption;
red line: RR 120 attached p (EGDM)).

Figure 8 presents temperature effect on the albumin binding
onto RR 120 attached p (EGDM) nanoparticles. As can be seen
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Figure 8. Temperature effect on the BSA adsorption
(Concentration of BSA: Tmg/mL, pH: 6, adsorption time: 2 hours).

in Figure 8, the amount of adsorbed albumin increased with
increasing temperature. This adsorption behavior can be ex-
plained by the hydrophobic interaction between the albumin
and RR 120 attached nanoparticles. In hydrophobic interaction
chromatographic techniques, the adsorbed amount of adsor-
bent generally increases with increasing temperature. Albumin
adsorption capacity of the RR 120 attached nanoparticles de-
creased at temperatures higher than 25°C. When considering
the protein adsorption, the adsorbed amount of proteins gen-
erally decreases because of the three dimensional conforma-
tional changes occurred at high temperatures.

The results of the presented study show that RR 120 attached
nanoparticles are very valuable polymeric materials which can
be used for adsorption of BSA and therefore can be applied in
the depletion of albumin. The high albumin adsorption capaci-
ty of the prepared nanoparticles can increase its usage for bio-
technological and biomedical applications.

As we mentioned before, in the experiments in which the reus-
ability of RR 120 bound nanoparticles were evaluated, the exper-
iments were performed by performing five adsorption/desorp-
tion cycles with the same nanoparticles. The albumin adsorbed
RR 120 attached nanoparticles were desorbed with 0.5 M KSCN.
Desorption rates were found to be between 70-85 %. It should
be noted that at the end of the applied five adsorption/desorp-
tion cycles, there was no significant decrease in the adsorption
capacity of albumin to dye-attached nanoparticles (Figure 9).

120
100
80

60

% Adsorption

40

20

Number of Cycle

Figure 9. Reusability of p (EGDM)-RR 120 nanoparticle
(Desorption agent: 0.5 M KSCN, concentration of BSA: Tmg/
mL, pH: 6, adsorption time: 2 hours, desorption time: 1 hours).
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CONCLUSIONS

In our study, RR 120 was used for the affinity adsorption of al-
bumin which is a highly abundant protein in serum. p (EGDM)
nanoparticles were synthesized as a depletion material and
derivatized with RR 120. The effect of pH, albumin concentra-
tion, and temperature on albumin adsorption onto RR 120 at-
tached nanoparticles was investigated. Our findings from this
study indicate that RR 120 attached nanoparticles can be easily
used for the adsorption and depletion of albumin from plas-
ma/serum. This nanoparticle, which was developed for the first
time in our study for albumin depletion, has the advantages
of high binding capacity and relatively low cost compared to
other systems.
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ABSTRACT

Objective: The aim of this study was to determine the factors affecting outcomes in patients who underwent hematopoietic stem cell
transplantation (HSCT) with the diagnosis of severe combined immunodeficiency (SCID). Furthermore, our aim is to share our single-
center experience of HSCT among SCID patients.

Materials and Methods: The data of patients who underwent HSCT with the diagnosis of SCID between January 2014 and January 2021
in the pediatric bone marrow transplant unit of Istanbul Medipol University were retrospectively analyzed. Demographic and clinical data,
treatment regimens, donor source, type of transplantation, pre- and post-transplantation infections, and complications were evaluated.
Results: Among fifteen patients who underwent HSCT, 5 (33%) were female. The mean age at diagnosis was 3 months (1-6 months), and
at transplantation 6 months (3-10 months). The mean time from diagnosis to transplantation was 3 months (2-9 months). There was a
history of consanguineous marriage in thirteen (87%) and sibling death in eight (53%) cases. As donors, six (40%) were siblings and five
(33%) were unrelated, while four (27%) patients underwent haploid transplantation. Four (27%) patients died during the first 100 days of
transplantation. The median follow-up period was 23 months (9-61 months). Overall survival probability was calculated as 73%.
Conclusion: SCID should be considered as an emergency in pediatrics. Devastating complications, including severe organ damage, life-
threatening infections, and even death, could appear in case of diagnostic delay. HSCT is a currently available curative treatment option.
Subjects with a confirmed diagnosis should be referred to the appropriate bone marrow transplant center and treated as soon as possible.
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INTRODUCTION groups, according to the status of B lymphocytes. The fre-

quency of PID in the community is estimated to be between
Primary immunodeficiencies (PID) are defined by the inher-  1/50000 and 100000 (2). In a study conducted in our coun-
ited deficiency and/or dysfunction of components of the  try, it was reported as 1/10000 (3). While the X-linked form is
immunity. Today, more than 430 gene disorders have been  more frequent in western countries, the autosomal recessive
reported to cause congenital defects of the immune system  form is more commonly seen in our region. More than 18

(1). Severe combined immunodeficiency (SCID) represents  gene disorders have been reported to cause SCID, so far.
the most severe form of PIDs. SCID is a heterogeneous dis-

ease group caused by the development disorder and dys-  Hematopoietic stem cell transplantation is the most effi-
function of both T and B cells. It is divided into T-B- or -B+  cient treatment option for patients with SCID, although
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several medical treatments and gene therapies have provid-
ed significant improvements in overall survival and quality of
life for PID patients. Allogeneic hematopoietic stem cell trans-
plantation (HSCT) has been performed for about 50 years in
patients with PID, and the first successful bone marrow (BM)
transplant was performed in 1968 (4).

Factors affecting prognosis include transplant age, pre-trans-
plant infections and organ damage, human leukocyte antigen
(HLA) compeatibility, and preparation regimen. If the diagnosis
is made in a timely way and HSCT is performed from a sibling
with full HLA compatibility, the survival rate is over 90% (4).

MATERIALS AND METHODS

The file data of fifteen patients who underwent HSCT trans-
plantation with the diagnosis of SCID between January 2014
and January 2021 in the pediatric BM transplant unit of Istan-
bul Medipol University were retrospectively analyzed. Diag-
nosis of the patients was established by laboratory evaluation
(complete blood count, immunoglobulin (Ig) G, A, M levels,
CD3*, CD4* and CD8* T lymphocyte, CD19* B lymphocyte and
CD16/56" NK cell counts by flow cytometry) and confirmed by
genetic testing. Age at diagnosis, transplantation age, gender,
family history, HSCT type, donor type, stem cell source, prepa-
ratory regimen treatments, engraftment time and complica-
tions (pre- and post-transplantation infections), veno-occlu-
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sive disease (VOD), and graft versus host disease (GVHD) were
recorded.

The local ethics committee of the hospital approved the study
(June 2020-Decision no: E10840098). Written informed consent
was obtained from the parents of all individuals.

Statistical Analysis

For statistical analysis, Statistical Package for Social Sciences
(SPSS) package program V28.0 was used. For mean, median
standard deviation data, continuous variables were used. Cat-
egorical variables were used for the frequency and percentage
data. p<0.05 was considered significant.

RESULTS

Characteristics of the Patients

Of fifteen patients, five (33%) were girls and ten (67%) were
boys. The median age of symptom onset was 2 months (1-3
months), at diagnosis 3 months (1-6 months), and at transplan-
tation 6 months (3-10 months). The mean time from diagnosis
to transplantation was 3 months (range: 2 and 9 months). The
most common presentation findings were growth retardation
and lower respiratory tract infection (LRTI). There was consan-
guinity among parents in thirteen (87%) patients, and a history
of sibling death in eight (53%) patients. Clinical findings of the
patients are shown in Table 1.

Table 1. Demographic and HSCT characteristics of the patients.

Age at Age at Stem
Patient diagnosis HSCT SCID HSCT HLA cell Preparation
No (months) (months) Sex Consanguinity phenotype Mutation type compatibility source regimen
1 2 5 M Yes T-B-NK+ RAG1 MSD 10/10 BM None
2 3 6 F Yes T-B-NK- ADA MSD 10/10 BM FLU/BU/ATG
3 1 3 M Yes T-B+NK- JAK3 HAPLO 5/10 BM FLU/BU/ATG
4 3 5 F Yes T-B-NK+ RAGT HAPLO 5/10 BM FLU/BU/ATG
5 6 9 F Yes T-B-NK+ RAGT MUD  10/10 PBSC  None
6 5 9 M Yes T-B-NK- ADA MUD  10/10 BM TREO/FLU/ATG
7 2 5 M Yes T-B-NK+ RAGT MUD 10/10 UCB None
8 1 3 M Yes T-B-NK- ADA HAPLO 5/10 PBSC  TREO/FLU/ATG
9 2 3 F Yes T-B-NK+ Unknown MSD 10/10 BM None
10 4 6 M Yes T-B+NK- FOXN1 MSD 10/10 PBSC  TREO/FLU/ATG
11 3 7 M No T-B-NK+ Unknown MUD  10/10 PBSC  TREO/FLU/ATG
12 5 9 F Yes T-B-NK+ Unknown MUD 10/10 PBSC  TREO/FLU/ATG
13 4 10 M No T-B+NK- IL2RG MSD 10/10 BM FLU/BU/ATG
14 2 6 M Yes T-B+NK+ Unknown HAPLO 10/10 BM TREO/FLU/ATG
15 4 8 M Yes T-B-NK- ADA MSD 10/10 BM TREO/FLU/ATG

ADA: Adenosine-deaminase, ATG: Antithymocyte globulin, B: B cell, BM: Bone marrow, BU: Busulfan, F: Female, FLU: Fludarabine, FOXN1: Forkhead box protein N1
(FOXN1), HLA: Human leukocyte antigen, HSCT: Hematopoietic stem cell transplantation, IL2RG: Interleukin-2 receptor gamma, JAK3: Janus kinase 3 (JAK3), M: Male,
MSD: Matched sibling donor, Haplo: Haploidentical, MUD: Matched unrelated donor, NK: Natural killer cell, PBSC: Peripheral blood stem cell, RAG1: Recombination
activating gene 1, SCID: Severe combined immunodeficiency, T: T cell, Treo: Treosulfan, UCB: Umbilical cord blood.
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Genetic analysis was performed in all the patients, and mutation
was detected in eleven of them. There was no registered mu-
tation in four patients. Adenosine-deaminase (ADA) mutations
were found in four cases and recombination activating gene 1
(RAGT) mutations were registered in four cases. Interleukin-2
receptor gamma (IL2RG), forkhead box protein N1 (FOXN1), and
janus kinase 3 (JAK3) mutations were recorded in one case.

Transplantation

As a donor source, six (40%) patients were transplanted from a
fully matched sibling donor (MSD), five (33%) from a matched
unrelated donor (MUD), and four (27%) from a haploidentical
donor. BM samples were used in nine (60%) patients, while pe-
ripheral blood stem cell (PBSC) was used in five (33%) and cord
blood in one patient as stem cell source.
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While eleven (73%) cases were treated with reduced intensity
conditioning (RIC) (intravenous treosulfan 14g/m?%/day, fluda-
rabin 30 mg/m?/day, busulfan 3.5 mg/kg/day, anti-thymocyte
globulin 10 mg/kg/day), and prophylaxis for GVHD (cyclospo-
rine A 3 mg/kg/day, methotrexate 10 mg/m?), no regimen treat-
ment was applied in four (27%) cases. Before transplantation,
six (40%) cases had Cytomegalovirus (CMV) infection and four
of them were intubated in the intensive care unit (ICU). Stem
cells were applied to these cases in the ICU without regimen
treatment. While three patients died during the first 28 days
after transplantation, one patient died on the 45™ day from
sepsis and organ failure. The common features of deceased pa-
tients were poor general condition before transplantation and
disseminated CMV infection. Bacillus Calmette-Guérin (BCG)

Table 2. Complications related to HSCT.

Pre-HSCT

Patient BCG BCG Pre-HSCT general Acute

No Clinical features vaccination activation infection condition GVHH Outcome
Pneumonia, growth Poor,

1 ! N N MV ' N Fatal
retardation ° ° c intubated ° ata

2 Pneumqnla, diexh Yes No Good No Alive
retardation
G h ion, .

3 rovx./t. r.etardatlon No No Good Yes Alive
moniliasis

4 Pneumqnla, growih Yes No Good Yes Alive
retardation
Pneumonia, growth Poor,

E retardation, diarrhea i e Sl intubated O el

6 Grovx./t.h r.etardat|on, Yes No Good No Alive
moniliasis

7 Pneumonia, growth No No MV Poor, No Fatal
retardation, eczema intubated

8 Pneumqnla, growth No No Good Yes Alive
retardation, eczema

9 Pneumonia Yes No CcMV !’oor, No Fatal

intubated

10 Fever, diarrhea Yes Yes Good No Alive

11 Grovx'/t.h r.etardatlon, No No Good No Alive
moniliasis

12 Pneumqnla, growih No No Good No Alive
retardation

13 Pneumqnla, ey Yes No Good No Alive
retardation
Pneumonia, growth

14 retardation, eczema, No No [@\% Poor Yes Alive
moniliasis

15 Pneumonia, eczema Yes Yes cMV Good No Alive

BCG: Bacillus Calmette-Guérin, CMV: Cytomegalovirus, GVHD: Graft-versus-host disease, HSCT: Hematopoietic stem cell transplantation
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vaccine was administered in seven (47%) cases. Anti-tubercu-
losis prophylaxis was applied to these cases during the trans-
plantation process. BCG reaction developed only in one case.

While acute GVHD was developed in four (27%) patients who
underwent transplantation from a haploidentical donor,
chronic GVHD with chronic skin involvement developed in one
patient. Lymphoproliferative disease and VOD did not develop
in any patient. No patient required intravenous immunoglobu-
lin (IVIG) infusion.

Engraftment took place in all patients, except for three patients
who died during the first 28 days after transplantation. Eleven
(73%) surviving cases are still being followed up in our clinic
as fully chimeric. The overall survival probability was calculated
as 73%.

DISCUSSION

SCID represents an urgent condition with fatal outcome in case
of diagnostic and treatment delay. HSCT is the only available
option for treatment of SCID patients (5,6). The aim of our study
was to understand the factors affecting survival and mortality
at the time of diagnosis in SCID patients who were treated with
HSCT.

Early diagnosis significantly affects the survival of patients with
SCID (7,8). Diagnosis is delayed in countries where newborn
screening tests are not applied. Patients with suspected SCID
should be referred to immunology specialists as soon as pos-
sible. If the diagnosis and treatment is delayed, severe organ
damage and/or death can occur.

In some cases of partial SCID, such as Omenn’s syndrome, im-
munologic laboratory markers could be observed in the range
of normal values due to maternal engraftment, resulting in di-
agnostic delay (9,10). Two of our cases with Omenn syndrome
(RAGT mutations) were late-diagnosed because the total lym-
phocyte count, lymphocyte subgroup, and immunoglobulin
levels were found to be normal. CD45RO (memory T cell) marker
should be checked in terms of maternal engraftment in patients
with suspected SCID, with normal first-line immunological tests.

In general, positive family history leads to timely diagnosis. In
a previous study, it was reported that patients with PID who
were diagnosed at birth due to a positive family history were
diagnosed earlier than their family members (11). In our study,
53% (n=8) of cases had a history of sibling death, and conse-
quently they were diagnosed earlier than the patients without
a family history.

One of the most important factors affecting survival in HSCT
is early transplantation. Patients transplanted during the neo-
natal period (first 28 days of life) had better survival rates than
those transplanted later (95% vs 76%; respectively) (12). T cell
development was reported to be significantly improved in pa-
tients with HSCT in the first 3.5 months (13). The mean age of
transplantation of our patients was six months.
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Selection of a suitable donor for transplantation in patients is
of critical importance. In general, stem cell source, condition-
ing treatment, and GVHD prophylaxis depend on the type of
donor (14). HLA typing to evaluate potential donors should be
performed in all family members immediately with the diagno-
sis of SCID. A sibling or related donor that is perfectly matched
with HLA is preferred. When the patient does not have a suit-
able relative, an unrelated matched donor or haploidentical
donor may be selected.

RIC therapy should be preferred in the pre-transplant regimen
treatment. It is less toxic when compared to full myeloablative
regimens. In one study, survival four years after HSCT was 94%
in the RIC group versus 58% in the myeloablative conditioning
group (15). A full myeloablative regimen was applied in none
of our patients. Therefore, no side effects related to regimen
therapy were observed.

Disseminated CMV infection was present in five (33%) cases
before transplantation, and four of them died. Infections are
responsible for most of the deaths that occur before or short-
ly after transplantation. While 5-year survival is 50% in infants
with active infection, it is 82% in infants without infection (16).
The most frequently detected organisms are CMV, Epstein-Barr
virus (EBV), and adenovirus (17). Other important viral patho-
gens include respiratory syncytial virus, parainfluenza, entero-
viruses, hepatitis viruses, and herpes simplex viruses (18). Ad-
ministration of live vaccines to patients with SCID could cause
severe infection (19). The live attenuated BCG vaccine causes
disseminated mycobacterium infection. It is recommended to
give anti-tuberculosis prophylaxis during the transplantation
process to patients who have received the BCG vaccine. Live
vaccines should not be administered in cases with a positive
family history or suspected SCID (20). The polymerase chain
reaction (PCR) method should be used in the diagnosis and
follow-up of viral infections. Serological tests should not be
used in the diagnosis because patients with SCID cannot form
antibody responses and may have positive IgG titers reflecting
maternal or exogenously administered IgG (21).

CONCLUSION

When the diagnosis and treatment of SCID is delayed, severe
organ damage develops, or the patient dies from infections.
Early diagnosis and transplantation in the early period have a
significant positive effect on the survival rate. Patients should
be screened for appropriate donors as soon as they are diag-
nosed and referred to an experienced transplant center for
transplantation.
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ABSTRACT

Parathyroid auto/allotransplant (PA) may be a valuable alternative in the treatment of permanent hypoparathyroidism which is defined
by insufficient levels of parathyroid hormone (PTH). Here, we aimed to investigate a possible association between the PTH levels of the
patients who had undergone PA and their psychological stress conditions. The three patients with hypoparathyroidism were reported
before and after PA for three-month-follow-up period. The examinations of patients were assessed by biochemical parameters [intact PTH
(iPTH), Ca, and P]. The anxiety and stress levels of patients were assessed by self-report measures: State-Trait Anxiety Inventory (STAI-S/T)
and Perceived Stress Scale (PSS). Although iPTH levels of all patients had a tendency to increase after PA, one of the patients with a low
level of anxiety and stress only reached the normal range of PTH levels. The recovery of the serum iPTH levels at month 1 post-PA was
negatively correlated with PSS scores of patients (r =-0.999, p=0.028). The outcomes of this report showed for the first time that insufficient
PTH release, even after PA, might be related to the stress level of patients. By taking all results into consideration, PTH could be speculated
as a stress biomarker.

Keywords: Parathyroid allotransplantation, parathyroid hormone, psychological stress, STAI, PSS

INTRODUCTION

Hypoparathyroidism is an uncommon endocrine disorder
related to hypocalcemia, hyperphosphatemia, and low
levels of parathyroid hormone (PTH) in the blood (1). The
extended or complicated thyroidectomy operations often
result in permanent hypoparathyroidism (2). Untreated hy-
poparathyroidism results in some complications such as
nephropathy, cataract, muscle dysfunction, myositis, fasci-
itis, basal ganglia and/or cerebellar calcifications, and teeth
malformations (3). Treatment with calcium and vitamin D
replacement is recommended for deficient patients, yet
this therapy may be inadequate (4).

Parathyroid allo/autotransplant is a valuable alternative
strategy in treating hypoparathyroidism (5-8). Living pa-
tients or cadavers have been selected as donors in para-

thyroid transplantation. For many years, Aysan and his
colleagues have been using new techniques to describe
parathyroid allotransplantation (PA). According to one of
their methods, after the mechanical disruption, the small
pieces of parathyroid glands obtained from donors with
parathyroid hyperplasia are grafted onto the patients with
hypoparathyroidism (6). Another technique which is used
by Goncu et al. (9) is a laparoscopic transplantation of cul-
tivated parathyroid cell suspension into omentum rather
than transplantation of tissue fragments.

During 12-month follow-up, success in the allograft func-
tion has been observed in most patients (8). However, in-
creasing PTH levels after transplantation have suddenly
declined in some of the patients. When the patients with
altered PTH levels were questioned about their daily rou-
tines to investigate their psychosomatic problems, it was
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revealed that they had stressful/fatiguing events during those
days. These conjectural findings turned our attention to dis-
cover the possible interaction between levels of PTH and psy-
chological stress. The limited available information related to
the levels of PTH and stress showed that patients with primary
hyperparathyroidism were frequently associated with psycho-
sis as well as with other psychiatric symptoms like dementia,
anxiety, depression, lethargy or apathy, stupor, or coma (10).
The current literature has also described secondary hypopara-
thyroidism accompanying mental disorders commonly with a
picture of delirium, anxiety, or depression (11, 12). In a study,
Tigranian and his colleagues found a remarkable increase in
the PTH level, as well as an increase in blood pressure, in stu-
dents before an examination (13). However, confirmatory ev-
idence on the association between psychological stress and
PTH remains insufficient to draw definitive conclusions at pres-
ent. Therefore, we reported here, for the first time, the possible
association between the PTH levels of three patients who had
undergone PA and their psychological stress conditions.

CASE REPORT

This study describes three patients with chronic symptomatic
hypocalcaemia and hypoparathyroidism who were admitted
to our outpatient clinic. They all had a similar history that hy-
poparathyroidism emerged in the postoperative early stage
after total thyroidectomy. The local human ethics commission
of Bezmialem Vakif University approved the study, and in-
formed consents were taken from the patients. Then, they were
scheduled for PA. Following successful surgical interventions,
all three patients were able to leave the hospital without any
problems.

The three patients were assessed with the State-Trait Anxiety
Inventory (STAI-S/T) (14) and Perceived Stress Scale (PSS) (15)
tests. In a single session, patients completed both of the scales
without assistance. There was no time limit, and all queries
about the items were addressed. The STAI-S assesses a per-
son's current level of anxiety, whereas the STAI-T assesses a
person’s long-term anxiety level and overall feeling. The STAI
had a Cronbach’s alpha reliability coefficient, ranging from 0.83
to 0.87 for STAI-S and from 0.26 to 0.68 for STAI-T. The STAI-S
and STAI-T have scores ranging between 20 and 80. A higher
test result suggests a higher level of anxiety. The three patients
performed the Turkish version of both STAI-S and STAI-T (16)
before PA and after PA for three-month follow-up period.

The PSS (a 14-item version) is the most validated psycholog-
ical instrument for assessing stress perception. The perceived
stress is a measure of stress based on stressful situations, and
the ability to cope with them at an individual level over the
previous month. The seven negative items in PSS are designat-
ed to examine a lack of control and unpleasant affective reac-
tions, whereas another seven positive elements test the ability
to cope with the current stressors. The ratings ranged from 0
to 56, with higher scores suggesting higher stress levels and
the lower scores suggesting lower stress levels (17). The total
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score from the scale suggests the individual's level of stress, in-
dicating a low level between 11 and 26, a middle level between
27 and 41, and a high stress level between 42 and 56 (18). We
demonstrated the occurrence of post-operation stress-related
symptoms by assessing with the PSS at month 1 post-PA.

Statistical Package for Social Sciences (SPSS) 19.0 for Windows
software was used for statistical analysis. Pearson’s correlation
test was performed to examine the relationship among the
recovery of serum iPTH level and STAI-S, STAI-T, PSS scores at
month 1 post-PA. p<0.05 was considered for significant differ-
ences.

The serum PTH levels and the psychological conditions of three
patients before and after PA were presented in Table 1. The
iPTH levels of all patients were increased following PA. How-
ever, the levels of iPTH did not reach to the normal physiologic
levels in the patients 1 and 3 (normal range for iPTH: 15 - 68.3
pg/mL). In contrast to the patients 1 and 3, the iPTH level of
patient 2 reached to the normal range after PA. It was 10.7 pg/
mL before PA, then increased to 16.4 pg/mL at month 1 after
PA, 18.1 pg/mL at month 2 after PA, and 17 pg/mL at month 3
after PA. In addition, we did not notice any change for three-
month follow-up period after PA in both calcium (normal range
for Ca: 8.4 - 10.2 ng/mL) and phosphorus (normal range for P:
2.3 - 4.7 ng/mL) levels of patients were compared to the levels
of those before PA.

Lastly, the STAI-S/T and PSS scores of patient 2 (STAI-S/STAI-T/
PSS: 28/44/17) were lower than those of other two patients
(STAI-S/STAI-T/PSS: 37/46/31 for patient 1; STAI-S/STAI-T/PSS:
51/57/43 for patient 3) at month 1 post-PA (Table 1). In addi-
tion, according to the results of Pearson’s correlation test, the
recovery of serum iPTH level at month 1 post-PA was negatively
correlated with the PSS scores of patients (r=-0.999, p=0.028)
(Table 2).

DISCUSSION

The role of the adrenergic system in the regulation of PTH se-
cretion has not been clarified yet. However, it was observed
that the secretion of PTH may be related to the presence of
beta-adrenergic receptors and the sympathetic nerve endings
on the parathyroid cells as a psychological stress response (19).
The study began with observations in an outpatient clinic to
determine which psychological risk factors were linked to al-
terations in PTH levels of patients who had undergone PA. We
assumed that psychological factors and PTH levels had a causal
relationship.

The effects of psychological stress on low graft function or re-
jection in organ transplantation are poorly understood, and
this issue is valid for parathyroid gland transplantation, too.
Most research on depression and/or anxiety looked at it pre- or
early post- transplantation, and how it might affect post-trans-
plant mortality risk. A growing body of evidence suggests that
stress influences immune system that could lead to reduced
lymphocyte function, especially in T-cell response to mitogens
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Table 1. The results of three- month- follow-up for recipients.

pre-PA month 1 post-PA month 2 post-PA month 3 post-PA

iPTH (pg/mL) 10.3 13.1 13.9 13

Ca (mg/dL) 8.5 7.5 7.3 7.3

P (mg/dL) 5.7 5 5.6 5.3
Patient 1

STAI-S 37 37 42 41

STAI-T 46 46 51 49

PSS 31

iPTH (pg/mL) 10.7 16.4 18.1 17

Ca (mg/dL) 8.4 74 7.8 7.2

P (mg/dL) 4.1 4.1 5 4.8
Patient 2

STAI-S 42 28 39 44

STAI-T 36 44 48 43

PSS 17

iPTH (pg/mL) 10.4 10.3 11.7 12.6

Ca (mg/dL) 7.3 7.7 6.7 7.3

P (mg/dL) 4.7 4.5 5.6 5.7
Patient 3

STAI-S 58 51 58 48

STAI-T 61 57 54 57

PSS 43

iPTH: Intact parathyroid hormone; Ca: Calcium; P: Phosphorus; STAI: State and Trait Anxiety Scale; PSS: Perceived Scale Test; PA: Parathyroid allotransplantation.

Table 2. Statistical evaluation by Pearson’s correlation
among the recovery of serum iPTH level (pg/mL) at month 1
post-PA and STAI-S, STAI-T, PSS scores.

Time month 1
post-PA
iPTH (pg/mL) correlations with r p
STAI-S -0.992 0.079
STAI-T -0.929 0.242
PSS -0.999* 0.028

iPTH: Intact parathyroid hormone; PSS: Perceived Scale Test; PA: Parathyroid

allotransplantation.*p< 0.05.

(20). In addition, depression appears to lead to higher C-reac-
tive protein and pro-inflammatory cytokines levels (21), each
of these factors raises the chance of death in the general popu-
lation and in people with severe organ disease (22). Therefore,
those aforementioned conditions might also adversely affect

the adherence, and thereby undermine effective immuno-
suppression after organ transplantation. In an early study on
11 patients with acute rejection of a corneal graft which had
occurred just after emotional stress, it was clearly evidenced
that there was a relationship between psychological stress and
graft rejection (23). Furthermore, depression was linked to a
two-fold increased risk of graft failure, dialysis, and mortality
with a working graft among kidney transplant patients (24).

In our study, all surgical interventions were successful due to
the following factors: First, the patients were discharged from
the hospital without any complications. In addition, they all
had a tendency to increase their PTH levels after PA, too. Inter-
estingly, the PTH level of patient 2 started to reach the normal
range at month 1 post-PA and continued during the follow-up
period. This patient had the lowest STAI-S and PSS scores im-
plying low anxiety and stress level at the month 1 post-PA. Fur-
thermore, we found that the recovery of iPTH levels of patients
were negatively correlated with their perceived stress, rather
than their anxiety levels at the month 1 post-PA. The findings of
this study were in line with our previous animal study in which
we discovered a negative connection between levels of iPTH
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and corticosterone in acute restraint stress (25). In summary, all
these observations suggested that there is a cross-connection
between stress and PTH release.

CONCLUSION

This study concluded that PTH could be speculated as a stress
biomarker. Thus, clinicians and psychiatrists should be alerted
by the outcomes of this study to the possibility of stress as a
risk factor for irregularity/alterations in the PTH levels among
recipients after parathyroid transplantation.
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title must be placed above the tables. Abbreviations used in the
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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
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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
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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
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