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ABSTRACT

This study investigated the immunohistochemicahistg characteristics of glutathione-S-transferg§&&ST) pi(P),
mu(M), theta(T), omega(O) and kappa(K) cytochrod8®P(CYP) Al, B1 and 2E1 isoenzymes in thyroid laodu
hyperplasia (NH) and papillary thyroid cancer (PTG3sues. For immunohistochemical studies, tisftera 18
patients with thyroid nodular hyperplasia, 28 pat with papillary thyroid cancer at the Kecioremaihing and
Research Hospital, Ankara, Turkey, were used. Ralsitips between GST and CYP isoenzyme expre&sidisé
and PTC tissues were examined by the Mann-Whitnest)and clinicopathological data were examingdthe
Pearson Correlation Test and Regression Analysleeithe NH and PTC tissues from these cases werpased
with respect to their staining intensity, GSTP1,TG%, GSTK1, CYP1Al, CYP2EL expressions in PTC wells
significantly higher than those in NH epitheliallsgp<0.05). There were no statistically signifitedifferences in
the CYP1B1, GSTT1l and GSTM1 expressions betwedgnband tumor epithelium (p>0.05). There were
significant association between GSTO1, GSTK1 exmmes and sT3 levels in PTC (p<0.05) and CYP1B1
expression in NH. There was a significant assoamtbetween GSTO1 expression and smoking statu#in N
(p<0.05). There was no statistical relationship weén the GSTM1, GSTT1, GSTP1, GSTO1, GSTK1, CYP1Al,
CYP1B1, CYP2EL1 isoenzyme expressions and theogatimwlogical data (age, TSH, sT4 levels, tumoges}a
(p>0.05). GSTP1, GSTO1, GSTK1, CYP1A1l and CYP2aiehigmes may have roles in the carcinogenesisof th
papillary thyroid cancer.

Keywords: thyroid nodular hyperplasia, papillary thyroid cen glutathione-S-transferase, cytochrome P450
enzymes, immunohistochemistry

INTRODUCTION

Thyroid cancer is the most common endocrine matignand its incidence has been growing steadilyThjroid
cancer occurs in 5-10% depending on age, gendkaticn exposure history, family history, and otfators[1].

Although the etiology of thyroid cancer is still kimown, exposure to ionizing radiation, dietary ioalideficiency
are the cause of thyroid carcinogenesis in hum2ud§.[However, individuals without previous expasto ionizing
radiation can also develop thyroid cancers [5],gesting that other risk factors could also be ingdl in the
etiology of thyroid cancers.

The expression of both phase | (cytochoromes P450P)) and phase Il (glutathione-S-transferases (BST
enzymes in the target organ cells can be impoitatetermining the occurence of carcinogenesisetsted to
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carcinogen exposure. Among the human CYP enzymasmierd, CYP1Al, 1A2, 2E1 and 3A4 are generally
recognized to be the major forms involved in thévation of most of the procarcinogens in humamidiand lung
microsomes [6]. The GST family includes phase Ryenes that detoxify carcinogens and reactive oxygpeties
[7]. The GST family has been assigned to eightirdistclasses: GSTA, GSTM, GSTT, GSTP, GSTS, GSTK,
GSTO, and GSTZ [8, 9].

The carcinogen metabolizing enzymes are involvedthi@ activation and deactivation of diverse cheimica
carcinogens. Inter-individual and inter-racial aions in the expression of these CYP and GST eagymtarget
tissues may explain the differences in suscepiilbserved in clinical and epidemiological studi&g].

In this study, we assessed the cellular prevalamck distribution of GSTP, GSTM1, GSTO1, GSTK1, G&TT
CYP1Al, CYP1B1 and CYP2EL1 isoenzymes in nodularehyfasia (NH) and papillary thyroid carcinoma (PTC)
tissues. The statistical analysis were studied éetvthe patients’ clinical parametres (age, gersiteoking status,
TSH, sT3, sT4 levels, tumor stage) and isoenzympressions.

MATERIALS AND METHODS

Patients

NH (n=28) and TPC (n=18) tissue samples were téile@n 40 male and 6 female patients (46 in totdipwere
diagnosed at Kecioren Training and Research HdspMakara, Turkey, between 2009-2012, were stained
immunohistochemically with the antibodies. Fortients, total serum sT3, sT4, TSH levels, tuntages patient
age, were known. Operation material was examinettasaopically by two pathologists in each casesdés were
fixed overnight. Two sections were taken from eggttient: one from the tumor tissue and one from the
macroscopically normal tissue peripheral to thedutissue.

Immunohistochemical staining

The tissues were fixed in 10% buffered formalin @mbedded in paraffin blocks. Sections 4 pm thiekeacut,
and one section was stained with hematoxylin arginet» observe the tissue morphology and tumorescdéor
immunohistochemistry, endogenous endogenous persidctivity was blocked by incubating the section£%
hydrogen peroxide (v/v) in methanol for 10 minusgsroom temperature (RT). The sections were suleseiyu
washed in distilled water for 5 minutes, and antigetrieval was performed for 3 minutes using 0.0tilate
buffer (pH 6.0) in a domestic pressure cooker. 3dwtions were transferred in 0.05M Tris-HCI (pH)&t6éntaining
0.15M sodium chloride (TBS). After washing in watdre sections were incubated at RT for 10 minutiéls super
block (SHP125) (ScyTek Laboratories, USA) to bloaknspecific background staining. The sections vikes
covered with the primary antibodies diluted 1:500 &nti-GSTP1, 1:500 for anti-GSTK1, 1:100 for &R&TM1,
1:500 for anti-GSTT1, 1:400 for anti-GSTO1, 1:50 fnti-CYP1Al, 1: 300 for anti-CYP1B1, 1:300 fortian
CYP2EL1 in TBS at & overnight (Anti-GSTK1 (EPR1939) was from Origefhechnologies Inc., USA; GSTM1
(ab113432) and GSTT1 (ab96592) were from Abcam MBA; GSTO1 (ab88604) was from Abcam Inc., USA;
Anti-CYP1A1 (sc-20772) and Anti-GSTP1 (sc-28494)revédrom Santa Cruz Biotechnology Inc., USA; Anti-
CYP1B1 (sc-32882) was from Santa Cruz Biotechnology, USA; Anti-CYP2E1 (PA1116) was from BOSTER
Biological Technology., Ltd. USA). After washing ifBS for 15 minutes, the sections were incubateRTator
biotinylated link antibody (SHP125) (ScyTek Labaorés, USA). Then, treatment was followed with
Streptavidin/HRP complex (SHP125) (ScyTek Laboiatgr USA). Diaminobenzidine was used to visualise
peroxidase activity in the tissues. Nuclei werédtlig counterstained with haemotoxyline, and themghactions were
dehydrated and mounted. Both positive and negatiwerols were included in each run. Positive cdatoonsisted
of sections of liver tissues for GSTP1, GSTK1, GITMing tissues for GSTT1, CYP2E1, colon tissums f
GSTO1, gall bladder tissues for CYP1Al and skeletascle tissues for CYP1B1. TBS was used in plddbe
primary antibody for negative controls.

Light microscopy of immunohistochemically stainesttsons was performed by a pathologist and a bisipgho
were unaware of the patients’ clinical informati@istribution, localization and characteristicsimimunostaining
were recorded. Brown colour in cytoplasm and/orleug of epithelial cells of the thyroid tissue weasluated as
positive staining. Scoring was also performed bgeokers unaware of the patients’ clinical informati Scoring
differences between observers were resolved byeosns. For each antibody, the intensity of the tieae-
negative (-), weak (1+), moderate (2+) or strong){3was determined in order to describe the immuaciiens.

Statistical Analysis

In the study, MINITAB 14 statistical software (MINAB®release 14.12.0, MINITAB Inc., State Collage,
Pennsylvania,United States) was used for statisggaluations. In the study and control group #ssuthe
differences between protein expressions were sediop Pearson correlation test with 95% accuracinvestigate

98
http://www.easletters.com/issues.html



Serpil Oguztuzunet al Entomol. Appl. Sci. Lett.,2016, 3 (5):97-103

the relations between clinical data, such as Marmtwy U-test; CYP1Al, CYP1B1, CYP2E1, GSTO1, GSTK1
GSTP1 and GSTTL1 expressions of patients’ thyroidufar hyperplasia, papillary thyroid cancer tissaad their
ages, gender, and smoking habits. The results feerg to be significant fgp < 0.05.

RESULTS AND DISCUSSION

The median patient age was 52 years (minimum: B&imum: 81), the normal value of patient's TSH Isweas
0.3-3.6mlU/I; the normal value of sT3 was 2.2- 4.2 pg/rtiie normal value of sT4 was 0,65-1,7 ng/dl. Scofarg
each patient's TSH, sT3, sT4 levels was performse(la for lower than normal values, (2) for normalues, (3)
for higher than normal values. Ten cases were dtagjecases were stage Il, and 4 cases were stiagapillary
thyroid carcinoma.

Papillary thyroid carcinoma from twenty-eight patie and thyroid nodullar hyperplasia tissues frdnphtients
were examined. The CYP1Al (100%), CYP1B1 (55.56@¥P2E1 (72.22%) expressions were higher in PTC
epithelium than that in NH epithelium in thyroidgues (Table 1) (Fig.1).

L
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Figure 1. Immunohistochemical expression of GST ismzymes in patients with papillary thyroid cancerA: strong (+3) GSTP1
expression in papillary thyroid carcinoma (x200), Bweak (+1) GSTP1 expression in nodular hyperplasié100), C: strong (+3) GSTO1
expression in papillary thyroid carcinoma (x200), D weak (+1) GSTO1 expression in nodular hyperplaai(x100), E: strong (+3) GSTK1

expression in papillary thyroid carcinoma (x200), Fweak (+1) GSTK1 expression in nodular hyperplasi#x200).

Table 1. The number and percentage of patients withlodullar Hyperplasia and Papillary Thyroid Carcinoma that seen CYP isoenzymes

expressions
CYP1Al | CYP1B1 | CYP2E1l
n/%n° n/%n n/%n
NH* (n=28) | 23/82.14 | 10/35.71| 9/32.14
(a-3y (-3 -2
PTC’ 18/100 | 10/55.56 | 13/72.22
(n=18) (1-3) (1-3) (1-2)

a: Nodular Hyperplasia,Rapillary thyroid carcinome: Percentages are by rows in positively staindtsae min. and max. Staining intensity
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CYP1Al and CYP2EL expressions were statisticaljghdi in PTC than NH thyroid tissugg—=0.0003,p=0.023;
respectively) but, there was no statistically défeces in CYP1B1 isoenzyme expression (p> 0.03)I€T2).

Table 2. Statistically Differences of CYP isoenzynseexpressions between patients with Nodullar Hypetasia and Papillary Thyroid

Carcinoma

CYP1Al CYP1B1 CYP2E1
PTC? (n=18) | 2.33+0.21% 0.94+0.24 0.89+0.16

-3y (0-3) (0-2)
NHP (n=28) | 1.14#0.14 0.64+0.19 0.39+0.12

(0-3) (0-3) (0-2)
PTC/NH® 2.04 1.47 2.28
p value® 0.0003 0.2953 | 0.023

Differences of CYP isoenzymes expression betwediera with Nodullar Hyperplasia and Papillary Toig
Carcinoma were examined by the Mann-Whitney Uuétst 95% confidence level.

a: Papillary thyroid carcinoma

b: Nodular Hyperplasia

c: Rate of PTC and NH

d: p value less than 0.05 was considered statistisadiyificant.
e: MeanzStandart Error Mean

f: min. and max. Staining intensity

According to the GST isoenzymes immunohistochemis&ning results, GSTP1(100%), GSTM1(83.3%),
GST01(94.44%) and GSTK1(88.88%) expressions weghehiin PTC epithelium than that in NH epithelium i
thyroid tissues. However, GSTT1(100%) expressios kigher in NH epithelium than PTC (Table 3) (F)g.2

Figure 2. Immunohistochemical expression of CYP igmzymes in patients with papillary thyroid cancerA: strong (+3) CYP1Al
expression in papillary thyroid carcinoma (x200), Bweak (+1) CYP1A1 expression in nodular hyperplasi (200X), C: strong (+3)
CYP2E1 expression in papillary thyroid carcinoma (200), D: weak (+1) CYP2E1 expression in nodular ipgrplasia (x100).
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Table 3. The number and percentage of patients withlodullar Hyperplasia and Papillary Thyroid Carcinoma that seen GST isoenzymes

expressions
GSTP1 | GSTM1 GSTT1 GSTO1 GSTK1
n/%n° n/%n n/%n n/%n n/%n
NH 27/96,42| 24/85,71 28/100 23/82,14 | 13/46,42 (1-2)
(n=28¢ | (1-3Y (1-2) (1-3) (1-3)
PTC 18/100 | 15/83,33 | 15/83,33 | 17/94,44 16/88,88
(n=18Y | (2-3) (1-3) (1-3) (1-3) (1-3)

a Nodular Hyperplasia,Papillary thyroid carcinome: Percentages are by rows in positively staindtbak min. and max. Staining intensity

GSTP1, GSTK1 and GSTO1 expressions were statistibégher in PTC than NH thyroid tissuep=0.0047,
p=0.0001, p=0.0001; respectively) but, there was no statibjiadifferences in GSTM1 and GSTT1 isoenzyme
expression (p> 0.05) (Table 4).

Table 4. Statistically Differences of GST isoenzymseexpressions between patients with Nodullar Hypetasia and Papillary Thyroid
Carcinoma

GSTP1 GSTM1 GSTT1 GSTO1 GSTK1
PTC *(n=18) | 2,83+0,09| 1,67+0,23| 2,22+0,29| 2,56+0,22| 1,94+0,25

(2-3) (0-3) (0-3) (0-3) (0-3)
NH®(n=28) | 2,18+0,15| 1,25+0,13| 2,68+0,12] 1,18+0,16] 0,5¢0,11
(0-3) (0-2) (1-3) (0-3) (0-2)
PTC/NH® 1,30 1,34 0,83 2,17 3,88
p value® 0,0047 0,1076 0,4308 0,0001 0,0001

Differences of GST isoenzymes expression betwediers with Nodullar Hyperplasia and Papillary Taigr
Carcinoma were examined by the Mann-Whitney Uuétst 95% confidence level.

a: Papillary thyroid carcinoma

b: Nodular Hyperplasia

c: Rate of PTC and NH

d: p value less than 0.05 was considered statistisatyificant.
e: MeanzStandart Error Mean

f: min. and max. Staining intensity

There was a statistically significant relationshiptween CYP1A1l, CYP1B1 and GSTM1 expressions in PTC
patients §p<0.05) however, there were no relationships betvis@nzymes in NH patientp>0.05).

The clinical and pathologic characteristics of FFEC cancers and the levels of GSTP1, GSTM1, GSTGREI 01,
GSTK1 and CYP1A1, CYP1B1, CYP2EL, expressions wereclated separately. There was a significant thega
correlation between sT3 level of patients and GSBBA GSTK1 expression in PTC tissues (r=-0.486).037
respectively), CYP1B1 expression in NH tissuesQr512;p=0.030 respectively). There was a significant {posi
correlation between smoking status and GSTO1 esgjoresn NH tissues. There was no statistical retehip
between GSTM1, GSTT1, GSTP1, GSTO1, GSTK1, CYPXMMP1B1, CYP2EL1 isoenzyme expressions and the
clinicopathological data (age, TSH, sT4 levels,austage) (p > 0.05).

In this study, we investigated the association ebplastic transformation in thyroid tissue and fietein
expression of CYP and GST isoenzymes. CYP enzymidize cytotoxic and carcinogenic agents, yieldiagctive
epoxide intermediates, which can covalently bind alter DNA structure [11]. GST enzymes catalyagathione
(GSH) conjugation of these intermediates, theredgrehsing their DNA-damaging effects [12]. Variatdn the
expression of CYPs and GST could potentially expthe observed difference in vulnerability to tlainogenic
effects of these carcinogens. The alpha, mu, ml,thata subclasses are mostly expressed in mamnmigiues,
with GSTP (the major class of the GSTs) being thestnabundant in the urinary, respiratory, gastesitihal
systems and thyroid [13,14].GSTP protein plays a role in toxin excretion andabelism. Loss of GSTP function
may render thyroid cells vulnerable to genome daagdiated by environmental carcinogens that mag $€P
substrates, including oxidants, such as thosengrisbm thyroid inflammation, and electrophiles,igthmay be
contributed via dietary exposure to heterocyclmnaatic amine carcinogens [15].

Tissue metabolism of carcinogens by these locatjyressed enzymes may be a more important detertngian
carcinogenesis than metabolism in the more digiegdns, such as the liver. Several studies asséisseatsk of
thyroid cancer in relation to CYP and GST genotypesiset al. [16] found no significant association of CYP1Al
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null genotype with thyroid diseases but they showet the null genotypes of GSTM1 and GSTT1 genesew
predominant in patients with nodules. Bufalbal [17] showed that CYP1A1 null genotype might becgsated
with reduced risk to papillary thyroid carcinomamang smokers. Moramt al [18] suggested that GSTT1 and
GSTM1 null genotypes were associated with an iree@ausceptibility to thyroid cancer. Sietjal.[19] found no
relationship between the risk of thyroid carcinoaral CYP1Al, GSTP1 enzymes, but they indicated fogimit
risk of developing thyroid cancer compared to GSTard GSTM1 enzymes. Gasper al [20] showed that
GSTM1 null, GSTTInull, and GSTP1 lle/lle polymorphisms lead to ademate increased risk for thyroid papillary
cancer. Hernandeet al. [21] and Kweon et al. [22] did not find any asstioa between the polymorphism
at GSTM1 GSTT1land GSTPIenes and thyroid cancer incidence. Morrial [23] and Granjeet al [24, 25]
suggested that GSTT1, GSTM1, GSTP1, but not GSir@deased the risk of thyroid cancer.

Interindividual variations in the expression andivéiy of GST are dependent on genotypic and pasgcriptional
factors, which may be tissue specific [26-28]. Efiere, the most direct method to evaluate the &ffeE GST on
the carcinogenic effects of tobacco is to evaltlageenzyme expression in the tissue of interesbirdknowledge,
the present study represents the first compreherd@scription of the three classes of CYPs and dlasses of
GSTs in thyroid nodular hyperplasia and papilldryroid cancer tissues. We observed higher staimitegsity for
GSTP1, GSTO1, GSTK1, CYP1Al and CYP2E1 isoenzymetuinor epithelial cells compared with nodular
hyperplasia cellsp<0.05). However, there was no statistically siguifit differences in CYP1B1, GSTM1 and
GSTT1 isoenzyme expression (p> 0.05). Inductiothefenzymes in thyroid cancers could be an adapgsfgonse
to stress or to chemical agents. Cancer cells fewvedtiple genetic alterations resulting in morpbgic and
functional differences from normal cells. Tumoutlsenay lose some of their functions (eg, expresgib some
proteins) in the malignant transformation procdssan be hypothesized that higher levels of GS@ &yP
expressions in tumour cells are the result oftrlaissformation.

CONCLUSION

These results suggest that the GST, CYP populatiwimg to higher expression of multiple GSTs, C¥Bpecially
GSTP1, GSTO1, GSTK1 CYP1Al and CYP2E1, can plapla in tumor growth and carcinogenesis of the
papillary thyroid cancer.

This study demonstrates the wide variability in G&Td CYP enzymes expression in papillary thyroidcea
Incorporating such an approach in larger trials melp elucidate the roles of these enzymes in mageinesis and
identify potential targets for chemoprevention.
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