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OBSERVATIONAL STUDY

Association Between Genetic Polymorphisms in the
Promoter Regions of Let-7 and Risk of Papillary
Thyroid Carcinoma

A Case-Control Study

Yichao Wang, MD, Tao Wei, MD, Junjie Xiong, MD, Peng Chen, PhD, Xunli Wang, MD,
Lin Zhang, PhD, Linbo Gao, PhD, and Jinggiang Zhu, MD

Abstract: The aim of this study was to investigate the association
between 2 polymorphisms (ie, rs10877887 and rs13293512) in the
promoter regions of let-7 and the risk of papillary thyroid carcinoma
(PTC).

A case-control study of 618 PTC patients and 562 controls was
conducted. The rs10877887 polymorphism was genotyped by using
polymerase chain reaction-restriction fragment length polymorphism
and the rs13293512 polymorphism was genotyped by using a TagMan
Genotyping Assay. The results were confirmed by DNA sequencing.

The rs10877887 polymorphism had reduced risks of PTC in hetero-
zygous comparison, dominant model, and overdominant model (TC vs
TT: adjusted odds ratio [OR]=0.73, 95% confidence interval [95%
CI]=0.58-0.94, P=0.01; TC/CC vs TT: adjusted OR=0.79, 95%
CI=0.63-1.00, P=10.047; TC vs TT/CC: adjusted OR =0.73, 95%
CI=0.57-0.92, P=0.007, respectively). Stratified analyses showed
that PTC patients carrying the rs10877887 CC genotype were more
likely to have multiple tumors (adjusted OR =1.71, 95% CI=1.03—
2.86, P=0.04), and PTC patients carrying the rs13293512 TC 4+ CC or
CC were more likely to develop NO status (TC/CC vs TT: adjusted
OR =0.64, 95% CI=0.43-0.94, P=0.02; CC vs TC/TT: adjusted
OR =0.50, 95% CI=0.33-0.77, P =0.001, respectively).
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Our study suggests that the rs10877887 polymorphism may be
associated with the risk of PTC and the rs13293512 polymorphism
may correlate to lymph node metastasis in PTC.

(Medicine 94(43):¢1879)

Abbreviations: CIs = confidence intervals, OR = odds ratio, PCR-
RFLP = polymerase chain reaction-restriction fragment length
polymorphism, LN = lymph nodePTC papillary thyroid carcinoma,
SNP = single-nucleotide polymorphism, TNM = tumor node
metastasis.

INTRODUCTION

apillary thyroid carcinoma (PTC), accounting for more than

80% of the thyroid cancer, is the most common endocrine
carcinoma among women.' The incidence of PTC is sharply
increasing worldwide in recent years.>* Although PTC shows
relatively good prognosis, cervical lymph node metastases and
aggressive subset are highly associated with the risk of recur-
rence or death.*> In addition, the etiology and pathogenesis of
PTC are not fully clarified.® These issues, therefore, have driven
the development of molecular biomarker for the diagnosis and
prognosis of PTC.

MicroRNAs (miRNAs), known as a class of endogenous
noncoding small RNAs, can suppress gene expression at the
posttranscriptional level by binding to the 3’-untranslated region
of target messenger RNAs.” Increasing evidence has identified
that miRNAs are involved in cell proliferation, apoptosis,
and differentiation.” " Previously, the expression of let-7f-1
has been demonstrated to be downregulated in PTC.'* Over-
expression of let-7 in TPC-1 cells can suppress tumor cell
proliferation,'® indicating that let-7 plays key roles in PTC
carcinogenesis.

Recently, 2 single-nucleotide polymorphisms (SNPs) (ie,
rs10877887 and rs13293512), located in the promoter regions of
let-7, have been predicted to affect the affinity with transcrip-
tion factor and interferon regulatory factor binding site.'*!* Xie
et al'® found that the rs10877887 was associated with survival
of hepatocellular carcinoma. Liang et al'” demonstrated that the
rs10877887 and rs13293512 had correlation with the suscepti-
bility of major depressive disorder. To date, however, no
analyses have been conducted to assess the association between
the 2 polymorphisms and PTC risk. The aim of this case-control
study was to investigate the possible correlation of the 2
polymorphisms with the susceptibility to PTC in a Chinese
Han population.
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MATERIALS AND METHODS

Study Population

Between January 2010 and October 2014, a total of 618
consecutive patients with PTC at West China Hospital, Sichuan
University, were enrolled. Patients were diagnosed on the basis
of pathological result of an ultrasonography-guided, fine needle
aspiration biopsy or resected specimens. The exclusion criteria
in the case group were patients combined with other cancers.
Detailed clinical data, including age, gender, tumor node
metastasis (TNM) status, and multiplicity of tumor, were
retrieved from medical records. In addition, 562 healthy sub-
jects who came to the hospital for routine physical examination
were recruited at the same institution during the same period.
The controls were frequency-matched to the cases by age and
gender. Individuals with thyroid disease or a personal or family
history of cancer were excluded from the control group. All
subjects were unrelated ethnic Han Chinese. The study was
approved by the ethics committee of the hospital, and written
informed consent was obtained from all subjects enrolled in
this study.

Genotyping

According to the manufacturer’s protocol, whole-genomic
DNA was obtained from 200 L ethylene diamine tetraacetic
acid-anticoagulated peripheral blood using a commercial iso-
lation kit (Bioteke, Beijing, China). The rs10877887 poly-
morphism was analyzed by polymerase chain reaction-
restriction  fragment length polymorphism (PCR-RFLP)
method, using the following primer sequences: 5'-AAC-
CAGTTGGTGTCTGACTGC-3' (forward) and 5'-CCACCGC
TCTGAAGAGAGAA-3' (reverse). DNA template was ampli-
fied in a total volume of 10 pL reaction mixture including 5 pLL
2 x Power Taq PCR MasterMix, 0.5 mM of each primer. The
PCR reaction conditions were as follows: 94 C for 2 minutes,
followed by 35 cycles of 30seconds at 94 °C, 30seconds at
59°C, and 30seconds at 72 °C, with a final elongation at 72°C
for 10 minutes. PCR product was digested at 55 C for 2 hours
with Fau 1 restriction enzyme (New England BioLabs Inc,
Beverly, MA). The Fau I for allele C is cuttable, manifesting
2 fragments of 106 bp and 31 bp, and the Fau I for allele T is
uncuttable, manifesting 1 fragment of 137 bp. Gel pictures were
visualized by 2 independent researchers with a blindness of
cases and controls. Genotyping of the rs13293512 polymorph-
ism was detected using a TagMan SNP genotyping assay. The
genotyping results were verified by DNA sequencing.

Statistical Analysis

All statistical analyses were carried out using SPSS soft-
ware (SPSS version 17.0; SPSS Inc., Chicago, IL). Genotype
and allele frequencies of the 2 SNPs were obtained by direct
computing. Hardy-Weinberg equilibrium was tested by Chi-
square test. SNPstats were applied to obtain genotypic associ-
ation tests in a case-control pattern.18 Odds ratios (ORs) and
95% confidence intervals (Cls) were calculated to evaluate the
association between the rs10877887 and rs13293512 poly-
morphisms and PTC risk.

RESULTS
The clinical characteristics of the cases and controls are
presented in Table 1. There were no significant differences in
age and gender between the 2 groups (P > 0.05). The genotype
distributions of the 2 polymorphisms in the control group
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TABLE 1. Characteristics of the Study Population in the 2
Groups

Variable PTC (N=618) Controls (N=7562) P
Age, y 444+ 13.1 439+9.5 0.48
Sex 0.13
Female 464 (75.1%) 400(71.2%)
Male 154 (24.9%) 162 (28.8%)
T classification
Tx 42 (6.8%)
T1 and T2 199 (32.2%)
T3 and T4 377 (61.0%)
N classification —
NO 241 (39.0%)
Nla 250 (40.4%)
N1b 127 (20.6%)
M classification
MO 603(97.6%)
Ml 15(2.4%)
Multiplicity of tumor
No 418 (67.6%)
Yes 200 (32.4%)

PTC = papillary thyroid carcinoma.

conformed to Hardy-Weinberg equilibrium. The genotype
and allele frequencies of the 2 polymorphisms in the promoters
of let-7 are summarized in Table 2. For the rs10877887 poly-
morphism, reduced risks of PTC were observed in heterozygous
comparison, dominant model, and overdominant model (TC vs
TT: adjusted odds ratio [OR]=0.73, 95% confidence interval
[95% CI]=0.58-0.94, P=0.01; TC/CC vs TT: adjusted
OR=0.79, 95% CI=0.63-1.00, P=0.047; TC vs TT/CC:
adjusted OR =0.73, 95% CI=0.57-0.92, P =0.007, respect-
ively). No significant differences were observed in the genotype
distributions of the rs13293512 between the 2 groups.

Stratification analyses were performed according to lymph
node metastasis status and multiplicity of tumor. As summar-
ized in Table 3, the frequency of the rs10877887 CC genotype in
PTC patients with multiple tumors was higher than that in
patients with a single tumor (adjusted OR=1.71, 95%
CI=1.03-2.86, P=0.04). Moreover, the frequency of the
rs13293512 TC/CC or CC genotype was significantly lower
in Nla+ N1b group than that in NO group in a dominant model
and recessive model (TC/CC vs TT: adjusted OR = 0.64, 95%
CI=0.43-0.94, P=0.02; CC vs TC/TT: adjusted OR =0.50,
95% CI1=0.33-0.77, P=0.001, respectively).

DISCUSSION

To the best of our knowledge, this is the first study to
investigate the association between the rs10877887 and
rs13293512 polymorphisms in the promoter regions of let-7
and PTC risk in a Chinese population. We found that the
rs10877887 TC heterozygote was significantly associated with
a decreased risk of PTC. Stratified analyses demonstrated that
PTC patients carrying the rs10877887 CC genotype were more
likely to have multiple tumors, and PTC patients carrying the
rs13293512 TC 4 CC or CC were more likely to develop NO
status. These results implied that the rs10877887 and
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TABLE 2. Genotype Distributions of the rs10877887 and rs13293512 Polymorphisms in PTC Patients and Controls

Controls PTC Crude OR Adjusted OR

Models Genotypes N=562 (%) N=618 (%) 95% CI) 95 % CI)* P Adjusted P~
rs10877887
Codominant TT 262(46.6%) 325 (52.6%) 1.00 1.00

TC 248 (44.1%) 224 (36.2%) 0.73(0.57-0.93) 0.73(0.58-0.94) 0.01 0.01

cC 52 (9.2%) 69 (11.2%) 1.07(0.72—-1.59) 1.07(0.72-1.60) 0.74 0.71
Dominant TT 262(46.6%) 325 (52.6%) 1.00 1.00

TC/CC 300 (53.4%) 293 (47.4%) 0.79 (0.63-0.99) 0.79 (0.63-1.00) 0.04 0.047

Recessive TT/TC 510 (90.8%) 549 (88.8%) 1.00 1.00

CcC 52 (9.2%) 69 (11.2%) 1.23 (0.84-1.80) 1.23 (0.84-1.80) 0.28 0.28
Overdominant TT/CC 314 (55.9%) 394 (63.8%) 1.00 1.00

TC 248 (44.1%) 224 (36.2%) 0.72 (0.57-0.91) 0.73 (0.57-0.92) 0.006 0.007
rs13293512
Codominant TT 165 (26.7%) 158 (28.1%) 1.00 1.00

TC 333 (53.9%) 300 (53.4%) 0.94 (0.72-1.23) 0.95 (0.72—1.24) 0.66 0.63

cC 120 (19.4%) 104 (18.5%) 0.91 (0.64-1.27) 0.90 (0.64—1.27) 0.57 0.49
Dominant TT 165 (26.7%) 158 (28.1%) 1.00 1.00

TC/CC 453 (73.3%) 404 (71.9%) 0.93 (0.72-1.20) 0.93 (0.72-1.21) 0.59 0.61

Recessive TT/TC 498 (80.6%) 458 (81.5%) 1.00 1.00

cC 120 (19.4%) 104 (18.5%) 0.94 (0.70—1.26) 0.94 (0.70—1.26) 0.69 0.67
Overdominant TT/CC 285 (46.1%) 262 (46.6%) 1.00 1.00

TC 333 (53.9%) 300 (53.4%) 0.98 (0.78—1.23) 0.99 (0.78—1.24) 0.86 0.90

}Eoldface indicates significantly different. CI = confidence interval, OR = odds ratio, PTC = papillary thyroid carcinoma.
Adjusted for age and gender.

TABLE 3. Stratified Analyses of Association Between the 2 Polymorphisms in the Promoters of Let-7 and Clinical Features of PTC
Patients

Genotype Dominant Model Recessive Model

Variant TT TC CC Adjusted OR (95% CI)* P*  Adjusted OR (95% CI)" P~
rs10877887
T classification

T1 and T2 107 (53.8%) 74 (37.2%) 18 (9.1%)

T3 and T4 195 (51.7%)  195(51.7%) 195 (51.7%) 1.08 (0.77-1.53) 0.66 1.39 (0.78-2.47) 0.25
N classification

NO 118 (49.2%) 97 (40.4%) 25 (10.4%)

Nla and N1b  206(54.6%)  127(33.7%) 44 (11.7%) 0.80 (0.57-1.12) 0.19 1.15 (0.67-1.97) 0.60
Multiplicity of tumor

No 215(51.4%)  164(39.2%) 39 (9.3%)

Yes 110 (55%) 60 (30%) 30 (15%) 0.86 (0.61-1.21) 0.39 1.71 (1.03-2.86) 0.04
rs13293512
T classification

T1 and T2 56 (28.1%)  100(50.2%) 43 (21.6%)

T3 and T4 98 (26%) 211 (56%) 68 (18%) 1.11 (0.76—1.64) 0.59 0.79 (0.52-1.22) 0.3
N classification

NO 52 (21.7%) 126 (52.5%) 62 (25.8%)

Nla and N1b 113 (30%) 207 (54.9%) 57 (15.1%) 0.64(0.43-0.94) 0.02 0.50(0.33-0.77) 0.001
Multiplicity of tumor

No 106 (25.4%) 235 (56.2%) 77 (18.4%)

Yes 59 (29.5%) 98 (49%) 43 (21.5%) 0.81 (0.55-1.18) 0.27 1.20 (0.79-1.83) 0.39

?oldface indicates significantly different. CI = confidence interval, OR = odds ratio, PTC = papillary thyroid carcinoma.
Adjusted for age and gender.
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rs13293512 polymorphisms may play a critical role in the
etiology of PTC.

It is well known that let-7 is considered as a tumor
suppressor gene, which is involved in the tumorigenesis of
several cancers, including PTC."* ! Regarding let-7 related
polymorphisms, previous studies have identified that the let-7
binding site rs712 polymorphism was associated with the risk of
gastric cancer, colorectal cancer, non-small cell lung cancer,
and oral squamous cell carcinoma,>~% but not with the risk of
PTC and nasopharyngeal carcinoma.’®?” These results indi-
cated that the rs712 polymorphism may play different roles in
diverse human cancer types. Recently, Xie et al'® found that the
rs10877887 polymorphism in the promoter of let-7 was associ-
ated with overall survival of hepatocellular carcinoma. Shen
et al*® reported that the rs10877887 polymorphism was associ-
ated with an increased risk of lung adenocarcinoma risk. The
increased risk was also observed in patients with major depress-
ive disorder.'” In agreement with these positive results, we
found that rs10877887 polymorphism was associated with a
decreased risk of PTC, indicating that the rs10877887 poly-
morphism in the promoter of let-7 may have a critical role in the
susceptibility to PTC.

With regard to the mechanism of the 2 polymorphisms in
PTC risk, Pallante et al'? reported that the expression of let-7f-1
was significantly downregulated in PTC as compared with
normal thyroid tissues. Wang et al*> demonstrated that miR-
let-71 was downregulated in PTC group with lymph node (LN)
metastasis compared with the group without LN metastasis
group. Over-regulation of let-7 can reduce proliferation and
dedifferentiation of TPC-1 cells in vitro by suppressing mito-
gen-activated protein kinase activation.'® It is evident that SNP
in the promoter, primary, or precursor of miRNA may affect the
expression of mature miRNA, and finally play key roles in
human cancer susceptibility.>°~3* Taken together, we specu-
lated that the rs10877887 TC genotype may result in higher
expression of let-7, which contribute to the risk of PTC. The
positive results in stratification analyses indicated that the
rs10877887 and rs13293512 polymorphisms may be used as
biomarkers for tumor multiplicity and lymph nodule metastasis.
However, the molecular mechanism needs to be done.

This study has several limitations. Firstly, relatively small
number of sample size was included in this study, which may
limit the statistical power. Secondly, we were unable to inves-
tigate the correlation between the genotype and serum level of
let-7, due to lack of available data of the expression of let-7 in
PTC. Finally, subjects enrolled in the study were all ethnic Han
Chinese, which cannot be applicable to other populations.

In conclusion, the results of this study demonstrated that
the rs10877887 polymorphism in the promoter of let-7 may
contribute to the risk of PTC in the Chinese population.
Stratified analyses revealed associations between the
rs10877887 and rs13293512 polymorphisms and lymph nodule
metastasis and multiplicity of tumor. However, further inves-
tigations with larger volume are still needed to confirm our
findings in different populations.
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