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Abstract

Purpose T cell immunoglobulin and mucin domain-con-

taining molecule 3 (TIM-3) could weaken the Th1-medi-

ated anti-tumor responses and accelerate the tumor cell

proliferation by inhabiting the production of IL-2 or IFN-c.

This study was to assess the association between TIM-3

genetic variations and the development of gastric cancer.

Patients and methods Five polymorphisms located in the

promoter or encoding region of TIM-3 gene were geno-

typed in 212 gastric cancer patients and 252 controls who

matched with the patients on the frequency of age, gender,

smoking, and drinking. Logistic regression was used to

determine whether the inherited variations within TIM-3

gene were associated with gastric cancer risk. Linkage

disequilibrium and Haplotype analyses were performed by

using SHEsis program.

Results By the individual genotype analysis, three poly-

morphisms (-574G/T, -882C/T, and -1516G/T) within

TIM-3 gene were significantly associated with gastric

cancer in the study population [ORs (95% CIs): 2.74

(1.21–6.20), 3.19 (1.29–7.91), and 2.03 (1.15–3.59);

respectively]. Among the gastric cancer patients, the rela-

tionship between the -1516 polymorphic genotype and

the distant metastasis of tumor was found (OR = 2.21,

95% CI = 1.05–4.63). Under the analysis of haplotypes,

an even stronger association with haplotype TTGCT was

observed in gastric cancer risk (OR = 5.57, 95% CI:

1.04–29.80, P = 0.024).

Conclusion These results indicated that the three genetic

variations within the TIM-3 gene promoter may be asso-

ciated with the increased susceptibility to gastric cancer,

especially among the haplotypes with the risk.

Keywords TIM-3 gene � Susceptibility � Gastric cancer

Introduction

Gastric cancer is one of the most common causes of

cancer-related deaths worldwide, causing an estimated

700,000 deaths annually. In recent decades, although the

incidence and mortality rates have been declining in most

European countries, gastric cancer is still one of the most

commonly diagnosed malignancies in China [1, 2]. Both

genetic and environmental factors, including Helicobacter

pylori infection, have been implicated in the genesis of

this deadly disease [2, 3]. However, the detailed genetic

mechanisms involved in this lethal cancer have not yet

been fully elucidated. TIM-3, which was identified as a

specific cell surface marker of Th1 CD4? T cells and

was preferentially expressed on fully differentiated Th1
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lymphocytes, but not on Th2 cells, was one of the Ig

superfamily members [4]. In this process, TIM-3 was

expressed at a late stage, suggesting that TIM-3 might not

contribute to the T cell differentiation, but might perform a

critical function in the Th1 cells transportation [5]. The

inhibitor activity of TIM-3 was first described in a series of

autoimmune diseases. In the autoimmune disease model,

the administration of TIM-3 antibody would result in the

activation and expansion of macrophage population, and

then the more severe clinical symptom would be occurred

[4]. Another research showed that the administration of

TIM-3-Ig in vivo would result in T cell hyperproliferation

and would abrogate the induction of tolerance during the

development of immune response [6]. When TIM-3 was

interacted with its ligand, galectin-9, the Th1 responses

would be blockade by promoting the death of IFN-c-

inducing Th1 cells [7]. In the previous functional study,

experimental data demonstrated that the soluble form of

TIM-3 would reduce the antigen-specific T cell responses

and down-regulate the anti-tumor immunity in vivo by

inhibiting the Th1 responses [8]. Despite TIM-3 had been

usually thought to express in T-cells, it was not limited. In

a series of normal tissue cells and malignant epithelial

tissues, the TIM-3 expression was detected and had been

proved to accelerate the tumor cell proliferation by

inhabiting the production of IL-2 and IFN-c which were the

pivotal cytokines to induce the CTL and NK cells differ-

entiation [9]. Moreover, the agonism of TIM-3 would

significantly exacerbate Th1-mediated pathology, suggest-

ing that it possessed a potential negative regulatory role for

the endogenous Tim3–Tim3 ligand in vivo [8]. These data

suggested that the TIM-3–TIM-3 ligand pathway would

contribute to the attenuation of Th1-mediated anti-tumor

responses and would be in charge of the development of

cancer. In this study, we investigated the five polymorphisms

located in the promoter region (-574G/T, -882C/T,

-1516G/T, and -1541C/T) and in the encoding region

?4259T/G (amino acid substitution: arginine to leucine) of

TIM-3 gene to assess whether the genetic variants would be

involved in the gastric cancer susceptibility in the Chinese

population.

Patients and methods

Patients and controls

This hospital-based case–control study was performed in

Chinese Han population, which comprised of 212 gastric

cancer cases and 252 normal controls. All of the subjects

were of unrelated Han nationality. Patients with gastric

cancer were confirmed histopathologically by endoscopic

biopsy or surgical specimen and consecutively recruited

from Beijing Friendship Hospital and Shandong Qianfu-

shan Hospital between 2005 and 2010. The individuals

with secondary, recurrent malignancies, and who accepted

blood transfusion from non-self were excluded. The tumor

location showed that there were 7 gastric cancers located in

cardia, 116 in non-cardia, 5 in upper third, 46 in middle

third, and 38 in lower third. During the same time of case

collection, cancer-free controls were selected amongst

inpatients from the same hospital. The recruited criteria

included non-neoplastic diseases, and matched to gastric

cancer cases by gender and age (within 5 years). Control

subjects with severe clinical symptoms, previous diagnosis

of cancer, and genetic disease were excluded. In the two

groups, individuals who formerly or currently smoked ten

cigarettes per day on average were defined as smokers, and

who consumed wine or liquor 150 ml per day on average

were defined as drinkers. The mean age of the gastric

cancer and control group was 41.78 ± 13.20 and 40.02 ±

14.67 (mean ± standard deviation), respectively. There

were 92 females and 120 males in the gastric cancer group,

and 116 females and 136 males in the control group.

Detailed information on lifetime tobacco use, alcohol

consumption, and demographic background was recorded

during a personal interview and exhibited in Table 1. Every

participant had signed an informed consent approved by

the Local Committee on Clinical Investigation. After the

written consent was obtained, 2 ml peripheral intravenous

blood was obtained from all the participants.

SNP selection and genotyping methods

As previous study described [10], genomic DNA was

extracted from blood samples using sodium dodecyl sulfate

lysis and proteinase K digestion, followed by the standard

phenol–chloroform extraction. The five polymorphisms

within TIM-3 gene promoter and encoding region were

identified by the polymerase chain reaction–restriction

fragment length polymorphism (PCR–RFLP) assay [11].

The primers and PCR conditions were as described previ-

ously and listed in Table 2 [12–14]. PCR was performed in

a 20 ll total reaction volume containing 2 ll 109 PCR

buffer (Qiagen Inc., Hilden, Germany), 1.5 mM MgCl2,

0.5 lM each primer (shown in Table 2), 0.2 mM dNTP,

1.2 U Taq polymerase (Qiagen Inc., Hilden, Germany) and

200 ng of genomic DNA. After an initial denaturation at

95�C for 5 min, the DNA was amplified for 35 cycles at

94�C for 30 s, 55–60�C for 40 s (detailed annealing tem-

peratures shown in Table 2), and 72�C for 45 s, with a final

elongation at 72�C for 10 min on the Gene-Amp PCR

System 9700 (PE Applied Biosystems, Foster City, CA,

USA). PCR products were purified using a MultiScreen-

PCR purifying plate (Millipore Company, Billerica, MA,

USA). The purified PCR products including the five
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polymorphic sites were then digested with restriction

enzymes Taqa I, BsoB I, Bsl I, BsaJ I, and Pst I (New

England Biolabs, Beverly, MA, USA), respectively, by

using the conditions recommended in the manufacturer’s

instructions. The digested PCR products were fractionated

on 2% agarose Tris–borate–EDTA gel (Agarose 1000;

Gibco BRL, Rockville, MD, USA) and stained with ethi-

dium bromide (product size after digestion shown in

Table 2). All assays were conducted blindly by two

researchers without the knowledge of the case or control

status. About 10% of the samples were randomly selected

and retested, and the results were 100% concordant.

Additionally, DNA direct sequencing was determined to

confirm the RFLP result in ten patients and controls for all

of the five polymorphic sites.

Statistical analysis

The Pearson chi-square test was used to assess the differ-

ence in the distributions of categorical variables and allele

frequencies between cases and controls. Distribution of age

variable was compared by the Mann–Whitney U test.

Hardy–Weinberg equilibrium in cases and controls was

assessed by using the chi-square test. For all genotypes or

Table 1 Characteristics of the

study sample and the

distribution of genotype and

allele frequencies in TIM-3 gene

a Mann–Whitney test
b v2 test
c Logistic regression model,

adjusted by gender, age,

smoking and drinking

Variables Case n (%) Control n (%) v2 value P ORs (95% CIs)

Mean age (±SD; years) 41.78 (±13.20) 40.02 (±14.67) – 0.063a

Gender

Male 120 (56.60) 136 (53.97) 0.323 0.570b

Female 92 (43.40) 116 (46.03)

Smoking

No 155 (73.11) 194 (76.98) 0.925 0.336b

Yes 57 (26.89) 58 (23.02)

Drinking

No 153 (72.17) 192 (76.19) 0.976 0.323b

Yes 59 (27.83) 60 (23.81)

TIM-3 (-574G/T)

G 404 (95.28) 495 (98.21) 6.536 1 –

T 20 (4.72) 9 (1.79) 0.011b 2.72 (1.23–6.05)

GG 192 (90.57) 243 (96.43) 1 –

GT 20 (9.43) 9 (3.57) 0.016c 2.74 (1.21–6.20)

TIM-3 (-882C/T)

C 407 (95.99) 497 (98.61) 6.277 1 –

T 17 (4.01) 7 (1.39) 0.012b 2.97 (1.22–7.22)

CC 195 (91.98) 245 (97.22) 1 –

CT 17 (8.02) 7 (2.78) 0.012c 3.19 (1.29–7.91)

TIM-3 (-1516G/T)

G 386 (91.04) 481 (95.44) 7.255 1 –

T 38 (8.96) 23 (4.56) 0.007b 2.06 (1.21–3.52)

GG 176 (83.02) 229 (90.87) 1 –

GT 34 (16.04) 23 (9.13) 0.015b 2.03 (1.15–3.59)

TT 2 (0.94) 0 (0.00) – –

TIM-3 (-1541C/T)

C 410 (96.70) 488 (96.83) 0.012 1 –

T 14 (3.30) 16 (3.17) 0.913b 0.96 (0.46–1.99)

CC 198 (93.40) 236 (93.65) 1 –

CT 14 (6.60) 16 (6.35) 0.968c 0.99 (0.47–2.08)

TIM-3 (?4259T/G)

T 386 (91.04) 465 (92.26) 0.454 1 –

G 38 (8.96) 39 (7.74) 0.501b 0.85 (0.53–1.36)

TT 174 (82.08) 213 (84.52) 1 –

GT 38 (17.92) 39 (15.48) 0.425c 0.82 (0.50–1.34)
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allele, the homozygote of the common allele was used as

the referent. Unconditional logistic regression was used to

calculate the odds ratios (ORs) and 95% confidence inter-

vals (CIs) for the association between genotypes and gas-

tric cancer adjusted by age, gender, cigarette smoking, and

alcohol consumption. The statistical analyses were con-

ducted by using the SPSS/Win statistical package (version

11.5.1 for Windows; SPSS Inc, Chicago, IL, USA). All

tests were two-sided at the 0.05 significance level. The

SHEsis program was used to assess the pair-wise linkage

disequilibrium (LD) among the polymorphisms within

TIM-3 gene [15]. Haplotypes were reconstructed from

genotype data and were statistically analyzed by the

SHEsis program (http://analysis.bio-x.cn/myAnalysis.php).

Results

Demographic information and polymorphism

associated analysis

As expected, cases and controls did not differ with respect

to age at enrolment (the continuous data was in normal

distribution), gender distribution, cigarette smoking, and

alcohol consume, all of which were matching variables (for

all, P [ 0.05; data shown in Table 1). The results for the

five polymorphic alleles or genotypes of the TIM-3 gene in

cases and controls were summarized in Table 1. All the

genotype distributions among cases and controls were in

coincidence with Hardy–Weinberg equilibrium (for all,

P value [ 0.05). Among the five examined polymor-

phisms, three polymorphisms -574G/T, -882C/T, and

-1516G/T which were located in the TIM-3 gene promoter

were significantly associated with gastric cancer risk

(Table 1). Compared to the carriers of all copies of the

common genotype, carriage of one or two copies of the

minor allele were associated with a risk of gastric cancer

after adjusting for age, gender, alcohol consumption, and

smoking status. The ORs and 95% CIs were 2.74

(1.21–6.20), 3.19 (1.29–7.91), and 2.03 (1.15–3.59),

respectively (all P value \ 0.05). However, the partici-

pants who possessed -1541C/T polymorphism in the

promoter region and ?4259T/G polymorphism in the

encoding region were not observed to increase the risk for

gastric cancer (for both, P value [ 0.05). The association

between the clinical pathological characteristics such as the

tumor size, degree of differentiation, TNM stage, lymph or

distant metastasis of the gastric cancer and the polymor-

phism distributions were shown in Table 3. Under the

multivariate unconditional logistic regression analysis, the

statistical results eventually revealed that only the TIM-3

-1516 (G/T) polymorphism was more closely associated

with the tumor distant metastasis (P = 0.036, OR = 2.21,

95% CI: 1.05–4.63).

Association between TIM-3 haplotype and gastric

cancer

To illustrate whether the specific TIM-3 gene alleles might

be associated with gastric cancer development, the haplo-

types were constructed by using SHEsis program

(http://analysis.bio-x.cn/myAnalysis.php) [15]. Haplotypes

were derived from the patient group, the control group and

the combined patient–control cohort. The analysis results

assessed by SHEsis program demonstrated that -574G/T,

-882C/T, -1516G/T, -1541C/T, and ?4259T/G poly-

morphisms were in tight LD in case and control popula-

tions. As expected, we observed pronounced differences in

the LD map, depending on the LD statistic data (Fig. 1).

When LD was estimated with |D0|, the five contiguous

polymorphisms were clustering in block, the strong LD

was observed among the five polymorphisms (D0[ 0.80).

Meanwhile, only a few infirm LD was represented

(0.50 \ D0\ 0.80). These data were shown in Table 4.

Table 2 Primer sets used for amplification of the five polymorphisms within TIM-3 gene

Polymorphisms

position

Primer sequence (sense/antisense) Annealing

temperature (�C)

Product

size (bp)

Restricted

enzyme

TIM-3 (-574G/T) 50-AGAAGAAGGATGAGAGTGAGGCTTATGCTGGGAGTTTC-30 60.0 169 Taqa I

50-ACTCAAATCAGTCCCTTCATC-30

TIM-3 (-882C/T) 50-CTTTTGCTTTTAAGGTGTC-30 55.0 273 BsoB I

50-TTCAAACTTCCAACTCTTC-30

TIM-3 (-1516G/T) 50-GCCTTGACCAAGTTCATGCT-30 60.0 404 Bsl I

50-ACCACCCCGGATAATTTTGT-30

TIM-3 (-1541C/T) 50-GCTTATGCTCTCATTCTAAATCACC-30 58.0 199 BsaJ I

50-GTTTCTCCATGTTGGTCAGGCTGTT-30

TIM-3 (?4259T/G) 50-CACTCTCAACGTAGGTCTGCAGGCAG-30 60.0 196 Pst I

50-GCATCCTTGGAAAGGCAGCAG-30
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Because no complete linkage disequilibrium (D0 = 1) was

detected among the five polymorphisms, all of them were

included in haplotype analysis by using the same program.

A total of 15 haplotypes whose frequency was more than

0.1% were obtained, and two haplotypes significantly

presented the relation to gastric cancer (Table 5). The

frequency of haplotypes GCGCT and TTGCT was notably

greater in the patients than in the controls (OR = 2.25,

95% CI: 1.44–3.52, P \ 0.001; OR = 5.57, 95% CI:

1.04–29.80, P = 0.024, respectively).

Discussion

TIM-3 gene located on human chromosome 5q33.2 (Gen-

Bank accession nos. NT 023133.12) was described as a

transmembrane protein gene and expressed preferentially

on Th1 cells. The mature human TIM-3 protein consisted

of a 181 amino acid extracellular domain, a 21 aaT
a
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Fig. 1 Pair-wise LD analysis across the five TIM-3 polymorphisms.

Black strong LD, dark and light gray moderate to low LD, white
almost no significant LD between the polymorphisms

Table 4 D0 values of pairwise linkage disequilibrium between five

polymorphisms identified in TIM-3 gene

D0 -882C/T -1516G/T -1541C/T ?4259T/G

-574G/T 0.992 0.887 0.953 0.833

-882C/T – 0.861 0.897 0.903

-1516G/T – – 0.998 0.569

-1541C/T – – – 0.562

Linkage disequilibrium was calculated independently by using the

software SHEsis
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transmembrane segment, and a 78 aa cytoplasmic tail [4].

TIM-3 protein was expressed on the surface of activated

Th1 cells, dendritic cells, or malignant epithelial tissues,

and could trigger the apoptosis pathway of Th1 cells by

binding galectin-9 to the TIM-3 extracellular domain [7, 9].

The higher TIM-3 level might result in an elevated CD80

expression of cell, and then the CD80 would preferentially

interact with the inhibitory molecule CTLA-4 (cytotoxic T

lymphocyte-associated antigen-4). This would eventually

lead to a local immunosuppression [16]. The elevated

expression of TIM-3 in cancer cells would reduce its

adhering capacity and would contribute to the development

of cancer. Therefore, TIM-3 probably functioned as a

pivotal immunoregulatory molecule in carcinogenesis. As

soluble TIM-3 had been shown to bind to TIM-3 ligand on

CD4? T cells and could inhibit the anti-tumor immunity,

the increased numbers of full-length TIM-3 molecule on

mast cells could also exert a similar effect [6]. Being a

regulative factor of autoimmunity, TIM-3 should lead to be

a specific induction of nuclear factor jB (NF-jB), which

was confirmed to be an inductive molecule of the tran-

scription factor cascade [6, 17, 18]. When the blocking

anti-TIM-3 was used, the 75% inhibition of galectin-9-

mediated TNF-a secretion from human monocytes was

observed [18]. Above of these evidences, TIM-3 was

speculated that it would contribute to the expansion of

tumors.

In our present study, we performed a polymorphic

screening experiment of TIM-3 gene in the Chinese

population to detect the association with gastric cancer

development. As a result, the genotypes and alleles of

these three polymorphisms, -574G/T, -882C/T, and

-1516G/T located in TIM-3 promoter region, were

significantly greater in the patients than in the controls,

suggesting that the three polymorphisms might be asso-

ciated with the increased risk of gastric cancer. More-

over, under the clinical pathological characteristics

analysis such as the tumor size, degree of differentiation,

TNM stage, lymph node status and the distant metastasis

in the gastric cancer group, the relationship between the

-1516 polymorphic genotype and the distant metastasis

was prominently found. In the next haplotype analysis,

although 15 haplotypes were preliminarily constructed

by the five polymorphisms and revealed significant fre-

quency difference between the two groups, only the

haplotypes GCGCT and TTGCT were much more in

gastric cancer patients than in the controls, suggesting

that it might be a genetic risk factor for gastric cancer

development. These findings also strongly supported

the previous conclusions that the common variations in

TIM-3 gene were associated with the immune deficiency

disease or malignancy in the Chinese or other European

population [14, 19–22].

In summary, the present study was for the first time to

determine the polymorphisms within TIM-3 gene as a risk

factor for gastric cancer development in the Chinese pop-

ulation. Our statistical results suggested that the risk

genetic variants located in TIM-3 gene promoter region

would be involved in the susceptibility of gastric cancer.

These findings were preliminary due to the small sample

size in our present study. Further research should be per-

formed in larger samples and different ethnic groups. It

will be helpful to elucidate the molecular epidemiology

of gastric cancer. Meanwhile, it should be essential to

demonstrate the functional mechanisms of these genetic

variants in vitro.

Table 5 Frequencies of the

haplotypes constructed by the

five polymorphisms within

TIM-3 gene between controls

and gastric cancer patients

a Haplotypes were constructed

by the -574G/T, -882C/T,

-1516G/T, -1541C/T, and

?4259T/G polymorphisms

Haplotypea Case frequency Control frequency Fisher’s P Pearson’s P ORs (95% CIs)

GCGCT 0.908 0.815 0.000296 0.000295 2.25 (1.44–3.52)

TCGCT 0.029 0.013 0.083375 0.083318 2.31 (0.87–6.09)

GTGCT 0.025 0.012 0.139462 0.139387 2.13 (0.76–5.95)

GCTCT 0.018 0.020 0.807415 0.807400 0.88 (0.32–2.46)

TTGCT 0.017 0.003 0.024255 0.024234 5.57 (1.04–29.80)

TCTCT 0.003 0.001 0.506511 0.506498 2.21 (0.20–24.39)

GCTCG 0.000 0.059 – – –

GCGTG 0.000 0.031 – – –

GCGCG 0.000 0.023 – – –

GCGTT 0.000 0.014 – – –

TCTCG 0.000 0.004 – – –

TTTCT 0.000 0.001 – – –

GTGCG 0.000 0.001 – – –

GTGTG 0.000 0.001 – – –

TCGTG 0.000 0.001 – – –
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