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Possible Impact of RET Polymorphism and Its Haplotypic
Association Modulates the Susceptibility to Thyroid Cancer
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ABSTRACT

Rearranged during Transfection (RET) gene polymorphisms act to influence thyroid cancer in a polygenic and low-penetrance manner and no
study regarding RET alterations in thyroid cancer has undergone from this part of the world (North India). We evaluated RET G691S
(rs1799939), L769L (rs1800861), and S904S (rs1800863) polymorphisms to elucidate their possible role as risk factors in papillary thyroid
cancer (PTC) and follicular thyroid cancer (FTC). Polymorphic analysis of RET gene was performed by polymerase chain reaction (PCR),
followed by restriction fragment length polymorphism (RFLP). In RET G691S polymorphism, the overall distribution of variant alleles
(GA + AA) in cases was 62.9% as against 44.5% in controls (P < 0.05) whereas frequency of RET L769L variant alleles (TG + GG) in cases was
70% versus 88% in controls (P < 0.05). In RET S904S, frequency of variant alleles (CG + GG) in cases was 56% versus 44% in controls
(P < 0.05). Interestingly, G691S/L769L variant showed increased risk for the non-smokers (P < 0.05). RET S904S variant showed association
with benign thyroid disease as against those with no history. The over-representation of homozygotes in G691S and L769L polymorphic
variants was not observed, which suggest a “Dominant mode of inheritance.” The S904S polymorphism heterozygote lies almost in the middle
of the two homozygotes confirming an “Additive mode of inheritance.” In conclusion, RET gene G691S/S904S polymorphisms were over-
represented and L769L polymorphism was under-represented in PTC and FTC patients. RET polymorphic variants could act synergistically in
the development or progression of PTC and FTC. J. Cell. Biochem. 116: 1712-1718, 2015. © 2015 Wiley Periodicals, Inc.
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Thyroid cancer is the most common malignancy of the
endocrine system. It accounts for approximately 2% of all
newly diagnosed cancer cases and majority of endocrine cancer-
related deaths each year [Hundahl et al., 1998; Sarlis, 2000; Sarlis
and Benvenga, 2004]. Thyroid cancer incidence has increased
significantly during the past decades [Davies and Welch, 2006] and
site among top 10 leading cancer types in females in the United
States [Jemal et al., 2011]. Thyroid cancer is the 8th most common
cancer in Kashmir valley and its frequency has increased from 2.3%

in 1995 to 5.4% in 2010, keeping overall frequency of 3.2% in the vale
of Kashmir [Pandith and Siddiqi, 2012]. Genetic polymorphisms are
reported to be an important cause of the predisposition to several
human cancers including thyroid cancer. The Rearranged during
Transfection (RET) proto-oncogene encodes a membrane tyrosine-
kinase receptor and is expressed in cells originating in the neural crest
[Grogan et al., 2010]. However, the RET tyrosine kinase domain may
also be expressed in thyroid follicular cells [Bunone et al., 2000]. It is
not only the high penetrant germline RET mutations, which have a key
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role in disease development, but also RET polymorphisms exist that
are believed to be genetic modifiers and might be associated with an
increased relative risk for the development of disorders derived from
neural crest cells. The most frequently investigated RET poly-
morphisms in association studies and most frequent in terms of minor
allelic frequency are the non-synonymous variant G691S (G2071A) in
exon 11 and the synonymous variants L769L (T2307G) in exon 13,
S836S (C2508T) in exon 14, and S904S (C2712G) in exon 15. This
panel of SNPs are being referred to as disease modifiers owing to the
observation that they were found more often in patients with sporadic
medullary thyroid cancer (MTC), papillary thyroid cancer (PTC), and
follicular thyroid cancer (FTC) [Baumgartner-Parzer et al., 2005;
Cebrian et al., 2005; Machens et al., 2012]. It has recently been
suggested that silent RET polymorphisms A45A in exon 2 and L769L
in exon 13 may represent low-penetrance risk alleles for PTC [Lesueur
etal., 2002]. RET polymorphic haplotypes and risk of PTC and FTC was
also described by some studies [Ho et al., 2005]. In case of G691S non-
synonymous SNP, the two amino acids, glycine in the wild-type RET
protein and serine in the polymorphic RET variant, confer different
electrochemical and conformational structures to the RET protein, and
consequently influence the processing, folding, subcellular local-
ization or function of the protein [Robledo et al., 2003]. The
mechanism by which the silent polymorphisms may act in the
development of thyroid cancer may include transcript stability, RNA
splicing, and DNA protein binding and protein folding [Ho et al.,
2005]. Because polymorphisms are comparatively common in the
population, they could bestow a much higher attributable risk on the
general population as compared with rare mutations in high-
penetrance disease susceptibility genes such as RET.

Owing to the fact that RET gene polymorphisms have not been
studied in PTC and FTC patients of India especially northern region
and since RET gene polymorphisms play an important role in
modulation of thyroid cancer, we conducted a population-based case-
control study to investigate distribution of RET gene polymorphism in
G691S (rs1799939), L769L (rs1800861), and S904S (rs1800863) to
elucidate the possible role of these polymorphisms as risk factor in
thyroid cancer development and to examine its correlation with the
various demographic and clinicopathological variables.

PATIENTS AND CONTROLS
Blood samples were collected from 140 post-thyroidectomy patients
diagnosed with PTC and FTC attending Department of Nuclear

Medicine for undergoing radioiodine ablation, at Sher-I-Kashmir
Institute of Medical Sciences (SKIMS), besides blood samples were
obtained from 180 healthy controls free from any tumor or benign
thyroid disease (BTD) from the Out Patients Departments of SKIMS.
The power of study was calculated to be 80% using nMaster2.0
statistical software. A written pre-informed consent was obtained
from all cases and controls. Demographic and clinicopathological
characteristics of each patient were recorded in a questionnaire. This
study was approved by the Institutional Ethical Committee (Protocol
No. 0990-0279), Sher-I-Kashmir Institute of Medical Sciences,
Soura, Srinagar (IEC-SKIMS).

EXTRACTION OF GENOMIC DNA

DNA was extracted from the blood of PTC and FTC patients by using
DNA Extraction kit (Zymo Research Corporation, USA) while as
salting out method was used for the extraction of DNA from control
blood samples.

POLYMERASE CHAIN REACTION FOR AMPLIFICATION OF RET GENE
To amplify RET gene, exons 11, 13, and 15, we used genomic DNA:
250 ng/pl, 10x PCR buffer: 100 mM Tris-HCI, pH 8.3; 500 mM KCI;
15 mM MgCl,; 0.1% gelatin; 1% Triton X-100, deoxyribonucleotide
triphosphate (Cinnagen Co., Tehran, Iran): 10 mM dATP; 10 mM
dCTP; 10 mM dGTP; 10 mM dTTP, primers (Sigma-Aldrich, USA):
10pM in sterile deionized water and Tag DNA polymerase 5U/pl
(Biotools, Madrid, Spain). The set of primers and thermal conditions
used to amplify various exons of RET gene and the respective
restriction enzymes are given in Table L.

RESTRICTION FRAGMENT LENGTH POLYMORPHISM (RFLP)

For RFLP, the PCR products were subjected to restriction digestion
with Banl, Taql, and Rsal (Thermo Scientific, USA) for RET codons
691, 769, and 904, respectively. Restriction digestion mixture
consisted of 18.5 wl of distilled water, 2 pl of 10x buffer G, 10 pl of
PCR product, and 5U of restriction enzyme according to
manufacturer’s protocol. Incubation temperature and time for
Banl, Taql, and Rsal was 37°C for 12h. For RET codon 691, the
homozygous wild type (GG) has one Banl site and is characterized by
267 and 187 bp fragments while the (AA) homozygote presented a
single fragment of 454 bp and heterozygous form (G/A) displayed
454, 267, and 187 bp. For RET codon 769, the homozygous wild type
(TT) has one Tagl site and is characterized by 270 and 190 bp
fragments while the (GG) homozygote presented a single fragment of
460 bp and heterozygous form (T/G) displayed 460, 270, and 190 bp.

TABLE I. Primers and Restriction Enzymes Used for Screening the Various SNPs

RET amplicon Primer sequence At (°Q) Product (bp) RE® DPP (bp)

Exon 11 G691S (G2071A) F-5'-CAGAGCATACGCAGCCTGTAC-3’ 60 454 Banl 267 and 187
R-5'-GCCTCGTCTGCCCAGCGTTG-3'

Exon 13 L769L (T2307G) F-5'-CCTGTCCACTGATCCCAAAG-3’ 64 460 Taql 190 and 270
R-5'-CACTCAGCCCGTGGACTC-3'

Exon 15 S904S (C2712G) F-5-GGTCTCACCAGGCCGCTAC-3’ 62 332 Rsal 224 and 108
R-5-TCGGTATCTTTCCTAGGCTTC-3'

“RE, restriction enzyme.

"DP, digestion product.

JOURNAL OF CELLULAR BIOCHEMISTRY RET POLYMORPHISM AND THYRoD Cancek 1713



In case of RET codon 904, the homozygous wild type (CC) presented a
single fragment of 332 bp and the (GG) homozygote has one Rsal site
and is characterized by 224 and 108bp fragments while as
heterozygous form (C/G) displayed 332, 224, and 108 bp fragments.
The DNA fragments were detected and confirmed by comparing with
a 100 bp DNA marker ladder (Thermo Scientific) by electrophoresis
on 3% agarose gel containing ethidium bromide (0.5 wg/ml) in a
mini gel system (Scie-Plas Ltd., Cambridge UK) and visualized in UV
illuminator (Flourchem HD2; Cell Bioscience, Inc., CA). For quality
control, each PCR reaction used distilled water instead of DNA as a
negative control, and more than 10% of the samples were analyzed
twice to confirm the reproducibility of results.

STATISTICAL ANALYSIS

Statistical analysis was performed using independent #-test and
paired t-test for continuous variables; Pearson’s X2 test, Fisher’s
exact test or x” test (trend) for discrete variables. An exact test for
Hardy-Weinberg equilibrium was performed to examine the
statistical significance of the differences in allele frequency and
genotype distribution between the cases and controls. The odds
ratios (ORs) and 95% confidence intervals (CIs) were obtained using
logistic regression analysis. ORs with 95% CIs were used as estimates
of the relative risk or degree of association between certain
genotypes or other related risk factors of thyroid cancer. P-value
was calculated by Pearson’s method. Since the expectation max-
imization algorithm (EM) does not accurately estimate haplotypes
frequencies below 1%; haplotype frequency <1% in both groups
were not considered. All reported P values were based on two-sided
tests. Statistical tests were performed using the software SPSS 16.0
(SPSS, Inc., Chicago, IL).

A total of 140 thyroid cancer cases (PTC-118 and FTC-22) and 180
healthy controls were studied for polymorphic analysis of G691S
(rs1799939), L769L (rs1800861), and S904S (rs1800863) SNPs in
RET gene. There were no significant differences among cases and
controls in terms of mean age and smoking. The mean age of the
patients and controls were 35+ 13 years and 384 14 years,
respectively. BTDs were found in 84 of 140 (60%) patients out of
which 52.3% (44 of 84) patients were having thyroid adenomas,
34.5% (29 of 84) and 13.2% (11 of 84) were having thyroiditis and
multinodular goitre, respectively. The demographic and risk factors
of study subjects are summarized in Table II. The three poly-
morphisms have significant difference in the genotype distributions
between cases and controls (P < 0.05) as shown in Table III.

In RET G691S (rs1799939) polymorphism, the overall distribution
of variant alleles (GA + AA) in cases was 62.9% as against 44.5% in
controls with a significant association (P < 0.05) and an O.R (95% CI)
of 2.1 (1.0-3.9). Association between RET G691S phenotypes and
clinicopathological characteristics is shown in Table IV. For different
groups of pathological classification of thyroid cancer, our study
found higher distribution of variant genotypes (GA 4+ AA) in female
thyroid cancer cases as compared to healthy controls (63.2% vs.
42.0%) (P<0.05). Cases with no smoking status had higher

TABLE II. Frequency Distribution Analysis of Selected Demographic
and Risk Factors in Thyroid Cancer Cases and Controls

Cases Controls
Characteristics (n=140 (%)) (n=180 (%)) x>-Value P-value
Age group
<45 100 (71) 130 (72) 0.025 >0.05
>45 40 (29) 50 (28)
Sex
Female 114 (81) 104 (58) 20.2 <0.05
Male 26 (19) 76 (42)
Dwelling
Rural 112 (80) 98 (54.4) 22.8 <0.05
Urban 28 (20) 82 (45.6)
Smoking
Never 124 (89) 140 (77.8) 6.3 <0.05
Ever 16 (11) 40 (22.2)
Benign thyroid disease
Yes 84 (60)
No 56 (40)
TSH levels
Elevated 100 (71)
Normal 40 (29)
Histological types
Papillary 118 (84)
Follicular 22 (16)
Tumor grade
WDTC 134 (96)
PDTC 06 (04)
Stage, <45 years
Stage I 94 (67)
Stage 11 06 (4.3)
Stage, >45 years
Stage I and II 36 (25.7)
Stage III and above 04 (03)
Vascular/capsular invasion
Yes 68 (48.5)
No 72 (51.5)
Lymph node metastasis
Yes 52 (37)
No 88 (63)

TSH, thyroid-stimulating hormone; WDTC, well-differentiated thyroid cancer;
PDTC, poorly differentiated thyroid cancer.

frequency of variant genotype than non-smoker controls (71.4%
vs. 42.99%) (P < 0.05) (Table IV).

In RETL769L (rs1800861) polymorphism, the overall distribution
of variant alleles (TG + GG) in cases was 70% as against 88% in
controls, which is significant (P < 0.05) with an O.R (95% CI) of 0.3
(0.17-0.6). Association between RET L769L phenotypes and
clinicopathological characteristics is shown in Table IV. For further
classification, our study found lower distribution of variant alleles
(TG + GG) in thyroid cancer cases <45 years of age as compared to
healthy controls (68% vs. 88%) (P < 0.05). Cases with no smoking
status had lower frequency of variant genotype than non-smoker
controls (67.7% vs. 87.0%; P < 0.05). A lower frequency of variant
alleles (62%) was found in PTC and FTC patients having history of
BTD when compared to patients having no history of BTD (82.1%)
and the difference was significant (P < 0.05) (Table IV).

In RET S904S (rs1800863) polymorphism, the overall distribution
of variant alleles (CG + GG) in cases was 56% as against 44% in
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TABLE III. Genotype Frequencies of RET Gene Polymorphisms in Cases and Controls

SNP Cases (n = 140 (%)) Controls (n= 180 (%)) OR (95% CI) P-value
G691S (G2071A)
Genotype
GG 52 (37.1) 100 (55.5) 1.0 (ref)) <0.05
GA 64 (45.7) 64 (35.5) 1.9 (1.1-3.2)
AA 24 (17.2) 16 (09) 2.9 (1.2-6.6)
Allele type
G 168 (60) 264 (73.3) 1.0 (ref.) <0.05
A 112 (40) 96 (26.7) 1.8 (1.2-2.5)
L769L (T2307G)
Genotype
T 42 (30) 22 (12) 1.0 (ref) <0.05
TG 70 (50) 110 (61) 0.32 (0.17-0.57)
GG 28 (20) 48 (27) 0.30 (0.15-0.6)
Allele type
T 154 (55) 154 (42) 1.0 (ref)) <0.05
G 126 (45) 206 (58) 0.61 (0.44-0.82)
$904S (C2712G)
Genotype
cc 62 (44) 102 (56) 1.0 (ref.) <0.05
CcG 64 (46) 70 (40) 1.5 (0.93-2.4)
GG 14 (10) 08 (04) 2.8 (1.1-7.0)
Allele type
C 188 (67) 274 (76) 1.0 (ref)) <0.05
G 92 (33) 86 (24) 1.5 (1.0-2.1)
TABLE IV. Association Between RET G691S (G2071A), L769L (T2307A), and S904S (C2712G)
G691S (G2071A) Cases, n (%) GG, n (%) GA + AA, n (%) Controls, n (%) GG, n (%) GA + AA, n (%) OR (95% CI) P-value
Overall genotype n=140 52 (37.1) 88 (62.9) n=180 100 (55.5) 80 (44.5) 2.1 (1.3-3.2) 0.001
Sex
Female 114 (81) 42 (36.8) 72 (63.2) 104 (58) 60 (58) 44 (42) 2.3 (1.3-3.9) 0.002
Male 26 (19) 10 (38.5) 16 (61.5) 76 (42) 40 (53) 36 (47) 1.8 (0.72-4.4) 0.2
Smoking status
Never 124 (89) 42 (28.6) 82 (71.4) 140 (77.8) 80 (57.1) 60 (42.9) 2.6 (1.5-4.5) 0.0001
Ever 16 (11) 10 (62.5) 06 (37.5) 40 (22.2) 20 (50) 20 (50) 0.6 (0.1-2.8) 0.4
L769L (T2307A) Cases, n (%) TT, n (%) TG + GG, n (%) Controls, n (%) TT, n (%) TG + GG, n (%) OR (95%(CI) P-value
Overall genotype n=140 42 (30) 98 (70) n=180 22 (12) 158 (88) 0.3 (0.17-0.6) 0.0001
Age group
<45 100 (71) 32 (32) 68 (68) 130 (72) 16 (12) 114 (88) 0.3 (0.14-0.5) 0.0004
>45 40 (29) 10 (25) 30 (75) 50 (28) 06 (12) 44 (88) 0.4 (0.13-1.2) 0.1
Dwelling
Rural 112 (80) 36 (32.1) 76 (67.8) 98 (54) 10 (10) 88 (90) 0.23 (0.1-0.5) 0.0002
Urban 28 (20) 06 (21.4) 22 (78.5) 82 (46) 12 (15) 70 (85) 0.6 (0.2-1.8) 0.4
Smoking
Never 124 (89) 40 (32.2) 84 (67.7) 140 (78) 18 (13) 122 (87) 0.3 (0.16-0.55) 0.0002
Ever 16 (11) 02 (12.5) 14 (87.5) 40 (22) 04 (10) 36 (90) 1.1 (0.16-6.2) 0.8
BTD
Yes 84 (60) 32 (38) 52 (62) 0.35 (0.15-0.78) 0.01
No 56 (40) 10 (17.8) 46 (82.1)
S904S (C 2712 G) Cases, n (%) CC, n (%) CG + GG, n (%) Controls, n (%) CC, n (%) CG + GG, n (%) OR (95%(CI) P-value
Overall genotype n=140 62 (44) 78 (56) n=180 102 (56) 78 (44) 1.6 (1.0-2.4) 0.02
Age group
<45 100 (71) 40 (64.5) 60 (35.5) 130 (72) 66 (51) 64 (49) 1.5 (0.9-2.9) 0.1
>45 40 (29) 22 (55) 18 (45) 50 (28) 36 (72) 14 (28) 2.1 (0.84-5.0) 0.09
Sex
Female 114 (81) 54 (47) 60 (53) 104 (58) 58 (56) 46 (44) 1.4 (0.8-2.4) 0.2
Male 26 (19) 08 (31) 18 (69) 76 (42) 44 (43) 32 (57) 3.1 (1.2-8.0) 0.02
BTD
Yes 84 (60) 30 (36) 54 (64) 2.4 (1.2-4.8) 0.01
No 56 (40) 32 (57) 24 (43)
Genotypes and clinicopathologic characteristics.
BTD, benign thyroid disease.
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TABLE V. Inheritence Models for RET Gene Polymorphisms

Genotypes and alleles Cases Controls OR
SNP (patients vs. controls) (n = 140) (n=180) (95% CI) P-value
G691S (G2071A) Dominant model (AA + GA vs. GG)
GG 52 100 1.0 (ref) 0.001
AA +GA 88 80 2.11 (1.3-3.3)
L769L (T2307G) Dominant model (GG + TG vs. TT)
TT 42 22 1.0 (ref) 0.000
GG +TG 98 158 0.32 (0.2-0.6)
S904S (C2712G) Additive model (GG vs. CC)
cC 62 102 1.0 (ref)
GG 14 08 2.8 (1.1-7.2) 0.021

controls with a significant association (P < 0.05) having OR (95% C.I)
of 1.6 (1.0-2.4). Association between RET S904S phenotypes and
clinicopathological characteristics is shown in Table IV. For further
stratification, our study found higher distribution of variant
genotypes (CG + GG) in thyroid cancer cases >45 years of age as
compared to matched healthy controls (45% vs. 28%) and this
difference between two groups was observed to be statistically
significant (P < 0.05). Higher distribution of variant alleles (CG +
GG) in male thyroid cancer patients as compared to healthy controls
(69% vs. 57%) was found (P < 0.05). A higher frequency of variant
alleles (64%) was found in thyroid cancer patients having BTD when
compared to patients having no history of BTD (43%) and the
difference was significant (P < 0.05) (Table IV). We did not find any
other clinicopathological characteristic showing any significance
with RET gene G691S, L769L, and S904S polymorphisms.
Adjusted ORs were assessed using different inheritance models.
We found Dominant inheritance model appropriate for analysis of
RET G691S and L769L polymorphism while as Additive inheritance
model appropriate for analysis of RET S904S polymorphism. The
results of the single SNP association analysis are shown in Table V.
Haplotype analyses were conducted to evaluate the combined effect
of the three polymorphisms on thyroid cancer risk. All haplotypes
have frequencies >5% among both cases and controls. The most
common haplotype was the G2071/2307G/C2712 (GGC) haplotype,
with frequencies of 24% in cases and 33% in controls. The overall
distribution of different haplotypes between cases and controls
showed a marked difference (P < 0.0001). Table VI shows the
haplotype pattern for the three SNPs. Haplotypes of frequency <1%
was excluded from the analysis. Haplotype frequencies were

estimated from the genotyping data after stratified by gender, age,
and smoking status. Table VI demonstrates the frequencies for the
estimated 3-marker haplotypes among patients and controls.

Pathogenesis of thyroid cancer involves multiple genetic alterations
among which RET and BRAF are most predominant. While BRAF
inhibitors show promise in mouse models by reducing their
proliferative index, RET being targeted by receptor tyrosine kinase
inhibitors is currently in early phase trials [Nehs et al., 2010;
Chakravarty et al., 2011; Huyck and Agulnik, 2011].

RET polymorphisms act to influence thyroid disease in a complex,
polygenic, and low-penetrance manner [Borrego et al., 1999, 2000].
Incidence of RET rearrangements are observed in 2.5-600% of
sporadic PTC tumors [Grieco et al., 1990; Bongarzone et al., 1996;
Cinti et al.,, 2000]. RET polymorphisms have a relatively strong
association with various disease phenotypes.

So far, only a few studies have evaluated the association between
RET SNPs and thyroid cancers arising from the follicular cells
[Lesueur et al., 2002; Ho et al., 2005; Stephens et al., 2005]. Since the
role of these polymorphisms in relation to PTC and FTC risk has not
been reported from this region particularly in the backdrop of the
fact that scenario of cancers is different from the most parts of the
world [Pandith and Siddiqi, 2012] therefore, we investigated the
influence of RET variants, isolated or in combination, on risk and
clinical presentation of thyroid cancer cases and controls.

In case of G691S SNP (G2071A), we found significant difference in
the distribution of three genotypes G/G, G/A, and A/A as 37.19%,

TABLE VI. Haplotype Frequencies Estimation and Haplotype Association With Disease (Adjusted by Gender + Age + Smoking Status)

G2071A T2307G C2712G Total frequency Cases Controls Cumulative frequency OR (95% CI) P-value
G G C 0.3061 0.2498 0.3337 0.3061 1.00 (ref.) —

G T C 0.2122 0.2004 0.2321 0.5183 0.94 (0.48-1.84) 0.86
A G C 0.1224 0.1084 0.1503 0.6407 1.26 (0.55-2.87) 0.59
A n G 0.0999 0.1442 0.0657 0.7406 0.24 (0.10-0.57) 0.0012
A T C 0.0843 0.1129 0.0506 0.8249 0.38 (0.17-0.83) 0.016
G T G 0.0817 0.0925 0.0738 0.9066 0.23 (0.08-0.64) 0.0051
G G G 0.075 0.0573 0.0938 0.9816 1.59 (0.59-4.31) 0.36
A G G 0.0184 0.0345 0 1 0.05 (0.00-1.37) 0.076

The OR (95% CI) of thyroid cancer associated with each haplotype was estimated by comparison with the common reference haplotype. ref., reference. Bold signifies the

statistical significance.
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45.7%, and 17.2% in cases and 55.5%, 35.5%, and 9%, respectively, in
control group, which is in accordance with most of the published work
in other ethnic groups [Robledo et al., 2003; Lonn et al., 2007]. The
frequency of the rare “A” allele (serine) observed in cases was 40%
versus 26.7% in controls (P < 0.05) and this observation is supported
by previous studies conducted in different populations [Stephens
et al., 2005; Lonn et al., 2007; Fugazzola et al., 2008]. Hence, our
results seem to indicate that the G691S infrequent “A” allele is more
frequent in PTC and FTC patients and may be associated with a
predisposition to develop thyroid cancer. The G691S polymorphism
has been reported to be more frequent in patients with sMTC when
compared with normal subjects [Elisei et al., 2004b; Costa et al., 2005]
suggesting a possible role of this variant in RET activation. In
addition, we observed higher frequency of variant alleles (GA + AA)
in PTC and FTC cases with no smoking status as compared to controls
(71.4% vs. 42.9%), which is in agreement with many studies [Ericsson
and Lindgrade, 1991; Fisher et al., 1997]. A mechanism by which
cigarette smoking might reduce the risk of thyroid cancer is by
lowering the endogenous levels of TSH [Ericsson and Lindgrade, 1991;
Fisher et al., 1997]. Although not all studies have reported this effect
[Karakaya et al., 1987], it has been suggested that increased levels of
TSH are associated with an increased risk of thyroid cancer [Ron,
1996] Thus, an agent, which lowers TSH would then potentially
protect against the disease. In case of L769L SNP (T2307G), the
frequency of the “G” and “T” allele observed in cases was 45% and
55% compared to 58% and 42% in controls, respectively (P < 0.05),
which follows the studies in other ethnic groups [Lonn et al., 2007].
The frequency of the “G” allele found in our study almost coincides
with study conducted by Lesueur et al. [2002] and Stephens et al.
[2005] in PTC and FTC but in contrary with study conducted by Ho
et al. [2005] who have reported higher frequency of “G” allele in PTC
and FTC cases. Hence, our results seem to indicate that in L769L
(T2307G) SNP, frequent “T” allele is more common in PTC and FTC
patients thus showing a protective role of variant alleles in thyroid
cancer risk. Further, we observed lower frequency of variant alleles
(TG+ GG) in cases with age group of <45 years as compared to
controls (68% vs. 88%) (P < 0.05), which is in contrast to the study
conducted by Fugazzola et al. [2008]. The frequency of variant alleles
is more in patients having no history of BTD (P < 0.005) thus depicting
aprotective role in predisposing a person to BTD, which is a major risk
factor for thyroid cancer and this finding is in consistency with study
conducted by Ho et al. [2005]. In case of S904S SNP (C2712G), we
found a significant difference in the distribution of genotypes C/C, C/
G, and G/G as 44%, 46%, 10% in cases and 56%, 40%, 04% in controls,
respectively, which is in coherence with several studies conducted by
Lesueur et al. [2002] and Elisei et al. [2004a] who have reported a
higher frequency of S904S polymorphism in patients with medullary
carcinoma but in contrast with the study conducted by Ho et al. [2005].
Our study observed higher frequency of variant alleles (CG + GG) of
S904S in thyroid cancer patients >45 years of age as compared to
controls of same age group (45% vs. 28%), which is in discordance
with a study conducted by Fugazzola et al. [2008]. No study other than
our study has separately correlated various clinicopathological
characteristics with S904S polymorphism. Although, linkage between
G691S and S904S has been suggested previously [Borrego et al., 1999;
Gil et al., 2002].

In G691S (rs1799939) and L769L (rs1800861) polymorphic
variants, we found a difference between frequency of variant alleles
(homozygous mutant and heterozygous mutant) and wild allele in
thyroid cancer cases and controls. It is interesting that a single copy
of an allele appears to mediate this effect (i.e., over-representation of
homozygotes is not observed), which might suggest a “Dominant
mode of inheritance.” The S904S (rs1800863) polymorphism
heterozygote lies almost in the middle of the two homozygotes,
with homozygous variant allele (C/C) having the maximum
susceptibility of being diseased and homozygous wild allele (G/G)
having the least, so, there is “additivity” in this polymorphism,
hence, following an “Additive mode of inheritance.”

The effect of a single polymorphism is unlikely to be substantial in
studies of complex diseases. Thus, the approach based on combining
multiple polymorphisms or genetic variants that interact in the same
pathway may amplify the effect of single variants and enhance
the predictive power of polymorphisms analysis for multifactorial
disease [Joseph and Nicole, 2004; Beuten et al., 2009; Schottenfeld,
1986]. To confirm whether RET polymorphic variants could act
synergistically in the development or progression of thyroid cancer,
we analyzed if some variants of this gene, or a combination of them,
might predispose to PTC and FTC. For this reason, we looked for an
association of haplotype(s) of RET variants (G691S/L769L/S904S) in
PTC and FTC cases and healthy controls from Kashmiri population,
matched for sex, age, and smoking status. We found the most over-
represented haplotype is AT G followed by GT G and AT C depending
upon their Akaike information criteria (P-value), which is in
coherence with a study conducted by Lesueur et al. [2002], who
observed that G T C G haplotype in A45A/L769L/S836S/S904S
variants is over-represented in French PTC patients but in disagree-
ment with the study conducted by Ho et al. [2005], who compared RET
polymorphism haplotype frequencies in A45A/A432A/S691S/L769L/
S$836S/S904S but did not demonstrate a statistically significant
association between control subjects and thyroid cancer (PTC and
FTC) cases. However, they found GAGTCCandGGATCG
haplotypes as predisposing alleles for the development of BTD.

In conclusion, we found G691S/S904S polymorphisms to be over-
represented and L769L polymorphism to be under-represented in
PTC and FTC patients. Further, G691S/S904S polymorphisms were
more pronounced in females bearing a significant association
(P < 0.05). Interestingly, G691S variant shows increased risk for the
non-smoker cases. Our data suggest that some specific haplotypes (A
TG, GTG, and AT C) of RET are over-represented and may act as low
penetrance alleles in the predisposition to PTC and FTC. These
correlations need to be authenticated in a large sample study in the
future to determine the course of thyroid cancer.
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