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ABSTRACT. Autoimmune diseases (ADs) are chronic conditioitsated by the loss of
immunological tolerance to self-antigens. The aifrthis study was to detrmine how
polymorphisms of glutathione S-transferases T1 iid(GSTT1 and GSTM1) genes
influences on the occurrence of two autoimmuneadies: multiple sclerosis (MS) and
Hashimoto’s thyroditis (HT). A multiplex polymeraséain reaction (PCR) was used to
detect the deletions in GSTT1 and GSTM1 genes.r€sults showed that patients with
ADs had significantly higher (p < 0.05) frequendyGSTM1 null genotype compared to
controls (44.4% vs. 0.0%, respectively). Howevére homozygous deletion of both
analyzed genes (GSTT1 null/GSTM1 null) showed rgnificant differences between
these genotypes in the patients and controls (1¥4%.0%, respectively). Our results
showed that observed differences in the distrilmubbGSTT1 and GSTM1 null genotype
in patients depending on the diagnosis (MS or Hiignvcompared to the same frequency
of genotypes in control, were not statisticallyngiigant (p > 0.05). This study suggests
the potential role of GSTM1 deletion on ADs susit#iity, but on the other hand this
study should be repeated in other patients witts#ime or similar diagnosis of ADs.

Keywords: polymorphisms of GSTT1 and GSTM1 genes, multiplekymerase chain
reaction, multiple sclerosis, Hashimoto's thyragditi

INTRODUCTION

Autoimmune diseases (ADs) are chronic conditiongiabed by the loss of
immunological tolerance to self-antigens ofOROVIC-DILAS et al., 2011). It is a
heterogeneous group of disorders in which multgilanges in the immune system can be
specific to a particular tissue or organ or maysistemic, non-specific, involving multiple
tissues or organs MR et al., 2012). Literary data indicate that more than cB@ically
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different diseases have been identified, includimgtiple sclerosis (MS) and Hashimoto’s
thyroiditis (HT) (ANTONIOU et al., 2010).

MS is a demyelinating, inflammatory disease of @@nbervous system (CNS) that
affects young adults @E et al., 2015). HT is characterized by lymphocytic iméilion that
leads to disruption of the tissue architecturehef thyroid gland, resulting in a progressive
loss of thyroid function (BRHARYA €t al., 2014). It is one of most frequent ADs responsibile
causes of morbidity in women, with four femalesl @me male person in 1,000 inhabitants a
year diagnosed with autoimmune thyroid inflamati@uricA and VUKSANoOVIC, 2005;
GERENOVA and G\DJEVA, 2007).

ADs have a multifactorial etiology, so the undentyifactors in the development of
autoimmunity are genes of susceptibility such awmdm leucocyte antigen (HLA) genes that
affect the loss of tolerance ¢BGH and SvMMONDS, 2007). The environmental factors that can
trigger autoreactive lymphocytes are infectiongN@ER and REeEr 2007), exposure to
chemicals, xenobiotics, toxins, or stressRNENN and FATHMAN, 2001; ReEGER and
GERSHWIN, 2007).

Numerous studies reported that oxidative stress) (Pldy a mayor role in
pathophysiology of various diseases, including AR&ST, 2000; GLENSEK €t al., 2012;
ADAMCZYK et al., 2017). OS is the result of an imbalance betweenatnount of reactive
oxygen species (ROS) and the capacity of antioxidafence systems (AEN and TRESINI,
2000). Glutathione S-transferases (GSTs) are alyadetoxifications enzymes that are
essential for the biotransformation of xenobiotesl carcinogens as well as cell protection
against OS. The products of GSTT1 and GSTM1 geneseazymes glutathione S-
transferases T1 and M1, which carry out importatoxificatious processes of xenobiotics in
organism. Homozygous deletion of these genes @aumbtype) results in the total absence of
enzymatic activity and leads to an inability of gbiotics elimination from organisms, it
accumulates and manifest their harmful effectsRtE et al., 2001).

Considering that oxidative damages to biomolecieseased the risk of ADs as well
as that GST enzymes are the main endogenous at#igxprotection system in eliminations
of free radicals, the aim of this study was to exenthe association of GSTT1 and GSTM1
polymorphisms influences on the occurrence of oiidkases, MS and HT.

MATERIALS AND METHODS

Patients

Polymorphisms of GSTT1 and GSTM1 genes was analyset8 persons: eight
patients of ADs and eight healthy individuals whregsgented control sample. In sample ADs
patients it was four patients with MS and five pats with HT diagnosis, mean age
44.89+9.71; and range 32-60. The control group efamean age 46.11+7.51; range 36-58,
without past histories of neurodegenerative dissrd€&€he study was approved by Ethical
Committee of the Clinical Centre Kragujevac. Alltipats and control subjects gave written
informed consent according to the Helsinki Declarat

Genomic DNA isolation and genotype analysis of GSTT1 and GSTM1
polymorphisms

Genomic DNA from whole peripheral blood was extealchutomatically by Biorobot
EZ1. After that, the concentration of DNA in eadnmple was calculated by biphotometer
(Eppendorf, Hamburg, Germany), and polymerase chaiaction, PCR (Eppendorf,
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Hamburg, Germany) was carried out. Visualizationaofplified products was achieved by
electrophoresis on 2% agarose gel.

Genomic DNA was isolated from 35@l of whole peripheral blood using
automatically a Biorobot the EZ1 DNA Blood 350 Kit (Qiagen, Hilden, Germany) and
BioRobot EZ1 (Qiagen, Hilden, Germany), followirgetmanufacturer's instructions.

To determine the GSTT1 and GSTM1 genotypes a neXtiPCR method was carried
simultaneously, as described iBFEL-RAHMAN et al. (1996) with little modifications. In 50
ul PCR reaction mix containing 30 pmol of each affars (GSTT1, GSTM1 and CYP1A1l,
Invitrogen, California, USA), 20uM of each deoxynucleotide triphosphate (Invitrogen,
California, USA), 1.5 mM of MgGl 1X PCR buffer, two units of Taq polymerase
(Invitrogen, California, USA), 5% dimethyl sulfoad(DMSO), 5% glycerol, 50 ng of
template DNA was amplified. PCR cycles consistecmfinitial denaturation at 98 for 5
minutes,35 cycles of denaturation at @ for 2 minutes, annealing for 1 minute afG&nd
extension at 7Z for 1 minute, followed by a final extension stigp 10 minutes at 7Z,
were performed, after initiative denaturation &t®4#or 5 minutes.

PCR products were separated and analyzed on 2%sa&ggel stained with SYBER
Safe DNA gel stain (Invitrogen, California, USA)hd presence of 480 bp band corresponds
to GSTT1 positive genotype while 215 bp band cpueds to GSTM1 positive genotype.
The band of internal control CYP1A1 (312 bp) wasaals present (Table 1).

Table 1. Primers for PCR (oligonucleotide sequenses! for amplifications
and detection GSTT1 and GSTM1 polymorphisms).

Gene Primer Sequence (5’-3’) PCR
product size/bp

forward TTCCTTACTGGTCCTCACATCTC 480
GSTT1 reverse TCACCGGATCATGGCCAGCA

forward GAACTCCCTGAAAAGCTAAAGC 215
GSTML  \everse  GTTGGGCTCAAATATACGGTGG

forward GAACTGCCACTTCAGCTGTCT 312
CYP1Al

reverse  CAGCTGCATTTGGAAGTGCTC

Statistical analysis

The data are expressed as mean * standard errdr $&fHistical significance was
determined using the Chi-squarg’)(test. A p < 0.05 was considered significant. The
magnitude of correlation between variables was dsieg a SPSS (Chicago, IL) statistical
software package (IBM SPSS Statistics 20).

RESULTS

The results of GST polymorphism analyses in théeept with ADs are presented in
Table 2 and 3, and Figure 1.

Table 2 shows distribution of GSTT1 and GSTM1 padyphism, alone or in
combinations in patients with ADs, and in the Healtontrol. The obtained results indicate
that the difference in the distribution of GSTT1llngenotype between ADs patients and
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control is pretty similar (11.1% vs. 0.0%, respesly), so that the observed difference in
distribution of this genotype was not statisticaignificant (p > 0.0p Results distribution of
deletion polymorphism GSTT1 and GSTM1 gene indgatee significant frequency of
GSTM1 null genotype in patients with ADs, in conipan with the control (44.4% vs. 0.0%,
respectively) and that the observed differencéasssically significant (p < 0.05The results
analyses of the combined genotypes indicate thatT&Spositive/GSTM1null genotype is
slightly less, as compared to the distribution ehgtype GSTT1 positive/GSTM1 positive
(33.3% vs. 55.6%, respectively), but the obseniéfdrénce in distribution of this genotypes
was not statistically significant (p > 0)05

Table 2. Distrubution of GSTT1 and GSTM1 genotyesatients
with autoimmune diseases and in control sample.

Polymorphisms Patients (%)  Controls (%) p
GSTT1
positive 8 (88.9 9 (100% v2=1.059, p>0.C
null 1(11.1 0 (0.0%
GSTM1
positive 5 (55.6 9 (100% v2=5.143, p < 0.0¢
null 4 (44.4 0 (0.0%
GSTT1/ GSTM:
positive/positive 5 (55.6 9 (100% v2=5.143,p>0.C
positive/null 3(33.3 0 (0.0%
null/positive 0 (0.0% 0 (0.0%
null/null 1(11.1 0 (0.0%

Reference group is GSTT1/GSTML1 positive/positiveajgpe;
* statistically significant difference

Table 3.Distribution of GSTT1 and GSTM1 genotypes in paBatepending on the diagnosis of
autoimmune disease and in control sample.

Patients Controls (%)
Polymorphisms Sclerosis Hashimoto’s p
multiplex (%) thyroiditis (%)
GSTT1
positive 4 (100% 4 (80.0% 9 (100% x2=2.75% p > 0.0}
null 0 (0.0% 1 (20.0% 0 (0.0%
GSTM1
positive 2 (50.0% 3 (60.0% 9 (100% v2=5.27; p > 0.0!
null 2 (50.0% 2 (40.0% 0 (0.0%
GSTT1/ GSTM:
positive/positive 2 (50.0% 3 (60.0% 9 (100% x2=7.97;p > 0.0
positive/nul 2 (50.0% 1 (20.0% 0 (0.0%
null/positive 0 (0.0% 0 (0.0% 0 (0.0%
null/null 0 (0.0% 1 (20.0% 0 (0.0%

Table 3 shows the distribution of GSTT1 and GSTMiymorphism in patients
diagnosed according to the ADs, in comparison ® dbntrol sample. Differences in the
distribution of GSTT1 null/GSTM1 null genotypes matients, depending on the diagnosis
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when compared with the control sample, were ndissizally significant. Patients diagnosed
with HT had a higher frequency of GSTT1 null/GSTMall genotypes, compared to the
control sample (20.0% vs. 0.0%, respectively), Wwith no statistical significance. Those
patients were used to observe twice the size GSWlllgenotype compared to the control
sample, but also without statistical significanicepatients who were diagnosed with MS the
GSTT1 gene deletions were observed, and regardenfréquency of GSTM1 deletion there
was also no statistically significant differencemgmared to the control sample. In relation to
the diagnosis, the distribution of GSTM1 null gerpat is almost equally represented.

Figure 1. Multiplex PCR products separated andyaed on 2% agarose gel:
Lines 1 and 4 patients with GSTT1 positive and G3TiMIl genotypes;
line 2 patient with GSTT1 null and GSTM1 null geyps;
lines 3, 5 and 6 patients with GSTTL1 positive ai8T®1 positive genotypes.

DISCUSSION

In this preliminary study we investigated the pbksiinfluence of GSTT1 and
GSTML1 null genotypes on the risk of development APvious studies have observed that
their mutations could associated with differenedses, including cancer A6l and HhRMER,
2004; GLENSEK €t al., 2012; SosSK et al., 2014; MLOSEVIC-DJORDJEVLC et al., 2017). What
might be important in different diseases is thegaghione S-transferases (GSTs), as the main
enzymes of antioxidant defense. The inactivation tatic endogenous products and
xenobiotic agents, the removal of ROS and catalg$iseactions in metabolic pathway
beyound the detoxification are some of the rolethefGSTs in cells (&ENAN et al., 2001,
HAYES et al., 2005). A number of studies report that ROS pdakey role in myelin
phagocytosis, contributing to several of the preessinderlying MS pathogenesiag§EET et
al., 2012; ERREIRA et al., 2013; QiL et al., 2016). The impact of GSTs detoxification
pathway on complex pathogenesis and heterogenkitiinical findings in MS, particulary
the exact correlation between indicators of clihgmverity and different GST genotiypes, has
not yet been fully elucidated fB1C BARONICA et al., 2014).

Several studies have examined associations betw&&TT1 and GSTT1
polymorphisms and ADs, but the results reportedcargradictory, possibly because of the
low statistical power of individual studiéisee et al., 2015). While some authors suggest that
there is an association of GSTT1 and GSTM1 polymisrps and these diseasesa(M et
al., 2000;Zivkovi ¢ et al., 2013), other authors indicate that there is nocaton between
them (SAvRopPouLoU et al., 2007).

Our results showed that the difference in distrdoubf GSTT1 null genotype between
ADs patients and control sample is quite similay, teke observed difference was not



158

statistically significant (p > 0.05) and there i association between occurance of ADs and
deletion of GSTT1 gene. These results were in @ecme with results13VvROPOULOU €t al.
(2007) which investigated polymorphism of theseageim sample of 47 patients with MS (18
males and 29 females), and in the control sampléeafthy donors. These authors also
showed no significant difference in distribution T332 null genotype between patients
(19.1%) and control sample (18.8%).

On the other hand, the results of our study cleiadjcate the statistical significantlly
difference in distribution of GSTM1 null genotypetlveen ADs patients and control sample
(44.4% vs. 0.0%, respectively) which can indicétat texistsassociation between occurance
of ADs and deletion of GSTM1 gene. On the conttarthese findings, B\WROPOULOU et al.
(2007) showed that there is no significant diffeeenn the distribution of GSTM1 null
genotype between patients with MS and the con®812% vs. 38.8%, respectively). In
addition, the same authors found the higher in@desf GSTM1 null genotype observed in
female patients, suggests a possible role of thEMASdetoxification pathway in a gender-
dependent manner.

However, the homozygous deletion of both analyzateg (GSTT1 null/GSTM1 null)
showed no significant differences between the ggmest in patients with ADs and control
sample (11.1% vs 0.0%, respectively). Statisticsigynificant difference in the distribution of
GSTM1 null genotype in the sample of patients imparison to the control is lost, when
analyzing the same polymorphism, giving due comnsaiilen to the diagnosis, which can be
explained by small sample size. The fact that tili G and GSTML1 null genotypes were
associated with severe disability in patients vatklisease duration of more than 10 years,
MANN et al. (2000) pointed out that long-term prognosis in M fluenced by the ability to
remove the toxic products of oxidative stresaNM et al. (2000) showed that the GSTT1 and
GSTM1 null genotypes were associated with sevesabdity in patients with a disease
duration of more than 10 years. These results @&eithat long-term prognosis in MS is
influenced by the ability to remove the toxic prothuof oxidative stress.

ZIvkovI ¢ et al. (2013) in recently conducted study have shown plagients with MS
have significantly higher frequency of GSTT1 nudingtype in relation to the control group
(37.36% vs. 21.86%, respectively)This study has shown that there is a significant
association between a MS and deletions GSTT1 geme.same authors also detected the
significantly higher frequency of double deletig@&STM1 null/GSTT1 null) in patients with
MS compared to controls.

Our results showed that observed differences in dis¢ribution of GSTT1 and
GSTM1 null genotype in patients, depending on tlagrbsis (MS or HT) when compared to
the same frequency of genotypes in control growgrewot statistically significant (p > 0.05).
In our study the patients with HT had a highegérency of GSTM1 null genotype compared
to the control group (20.0% vs. 0.0%, respectivabyt without statistical significance. The
same patients were used to observe double higlegudncy of GSTM1 null genotype
compared to control sample, but also without dtaéiksignificance. In patients with MS the
deletion of GSTT1 gene was not observed, and tkane statistical significant difference in
frequency of GSTML1 deletion compared to contol damiRecently conducted meta-analysis
demonstrates that the GSTT1 null genotype is aatmutiwith MS in Caucasian populations
(LEEet al., 2015).
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CONCLUSION

Based on the results of this study we conclude@®@&IM1 gene has a importal role in
development of ADs. Most likely, this gene affetite incidence of ADs by a reduced or
complete dysfunction of encoded enzyme. Futurearebes of both polymorphisms (GSTT1
and GSTM1) on a larger sample will contibute toettdr understanding of their participation
in ethiopathology of these diseases. Consideriegfdlt that these diseases are not so rare,
future studies should explore not only the rolegehotype of both genes (GSTT1 and
GSTM1), but also the potential role of other polyptosms as genetic factors that lead to
ADs.
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