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Abstract Lung cancer is the leading cause of death world-
wide. Non-small-cell lung cancer (NSCLC) accounts for most
of these cases. T-cell immunoglobulin- and mucin-domain-
containing molecule 3 (TIM-3) has been established as a
negative regulatory molecule and plays a critical role in im-
mune tolerance. Studies have shown that polymorphisms in
TIM-3 gene can be associated with various diseases. The aim
of this study was to investigate whether polymorphisms in the
TIM-3 gene were associated with susceptibility to NSCLC.
Three polymorphisms in TIM-3 gene (−1516G/T, −574G/T,
and +4259T/G) were identified by polymerase chain reaction–
restriction fragment length polymorphism in 432 NSCLC
patients and 466 healthy controls. Results showed that frequen-
cies of TIM-3 +4259TG genotype for cases and controls were

10.9 and 4.1 %, respectively; subjects carrying the +4259TG
genotype had a 2.81-fold increased risk of NSCLC compared
to the wild-type genotype (P<0.0001). The TIM-3 −1516G/T
and −574G/T polymorphisms did not show any correlation
with NSCLC. In addition, when analyzing the survival time of
NSCLC patients with TIM-3 +4259T/G polymorphism, cases
with +4259TG genotype had significantly shorter survival
time compared to the wild-type patients (15.2 months vs.
26.7 months, P00.007). These results suggested polymor-
phism in TIM-3 gene is associatedwith increased susceptibility
to NSCLC and could be used as prognostic factor for this
malignancy.
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Introduction

Lung cancer is the leading cause of death worldwide; more
than a million people die from this disease each year [1]. Non-
small-cell lung cancer (NSCLC) accounts for up to 80% of all
lung cancer cases. Despite the development of antitumor
therapy, the prognosis for patients with lung cancer remains
poor, with a 5-year survival rate of less than 20 % [2]. Recent
studies have provided evidence that genetic factors may in-
fluence the development and the prognosis of NSCLC.

T-cell immunoglobulin- and mucin-domain-containing
molecule 3 (TIM-3) is expressed on Th1, Th17 cells, and
CD8 T cells, but not Th2 cells [3–5]. Interaction between
TIM-3 and its ligand galectin-9 inhibits Th1 and Th17
responses [6] and induces peripheral tolerance [7, 8], suggest-
ing an inhibitory role of TIM-3 in T cell responses. TIM-3
expression has also been identified in exhausted T cells during
chronic infection [8]. TIM-3-expressing CD4+ and CD8+ T
cells produce reduced amounts of cytokines or are less prolif-
erative in response to antigen [9]. Blockade of the TIM-3
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signaling pathway restores proliferation and enhances cytokine
production in HIV-1-specific T cells [9]. Recent studies have
shown an important role of TIM-3T cell exhaustion in cancer.
Tim-3 and PD-1, another marker of T cell exhaustion, are co-
expressed on CD8 tumor infiltrating lymphocytes (TILs) in
mice-bearing transplanted tumors as well as on NY-ESO-1-
specific CD8+Tcells in patients with advancedmelanoma [10,
11]. TIM-3+PD-1+ T cells exhibit the most severe exhausted
phenotype as defined by failure to proliferate and produce IL-
2, TNF, and IFN-gamma. Blockade of both Tim-3 and PD-1
pathways is more effective in controlling tumor growth than
targeting either pathway alone, suggesting these two pathways
work synergistically in establishing T cell exhaustion [10, 11].
TIM-3 may play important roles in the development of
NSCLC [12, 13]. It has been shown that TIM-3 is expressed
on tumor cells and TILs in lung cancer tissues. The expression
levels of TIM-3 may be correlated with patients’ survival [12].
In this study, we tested three single-nucleotide polymorphisms
(SNPs; −1516G/T, −574G/T, and +4259T/G) of TIM-3 gene
and analyzed whether the genetic variants would be involved
in the susceptibility to NSCLC in the Chinese population.

Materials and methods

Patients and controls

The study group included 432 NSCLC cases recruited from
the Affiliated Hospital of Academy of Military Medical
Sciences and the East Hospital. The histological type of
lung cancer was identified according to the World Health
Organization classifications. The pathologic stage was de-
termined according to the International System for Staging
Lung Cancer [14]. Samples from the healthy control popu-
lation were collected from individuals residing in the same
geographic areas without histories of malignancy or other
major diseases. The healthy control group included 302
males and 164 females. To exclude the possible effects of
ethnicity, only Han Chinese were included in this study. In-
formed consent was obtained from all study participants
according to the Helsinki Declaration. This studywas approved
by the institutional review boards of the Affiliated Hospital of
Academy of Military Medical Sciences and the East Hospital.

DNA extraction and genotyping

Genomic DNAwas extracted from 5 ml frozen whole blood
using the DNAExtraction Kit (Qiagen Inc., Hilden, Germany)
according to the manufacturer’s protocol. The three polymor-
phisms within the TIM-3 gene promoter and encoding regions
were identified by the polymerase chain reaction–restriction
fragment length polymorphism (PCR–RFLP) assay. The pri-
mers and PCR conditions are listed in Table 1. PCR was

performed in a total reaction volume of 20 ul containing 2 ul
of 10X PCR buffer (Qiagen Inc., Hilden, Germany), 1.5 mM
MgCl2, 0.5 uM of each primer (shown in Table 1), 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 DNAwas amplified for 35 cycles at 94 °C
for 30 s, 55–60 °C for 40 s (detailed annealing temperatures
shown in Table 1), 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
containing the three polymorphic sites were then digestedwith
the restriction enzymes Bsl I, Taq I, and Pst I (New England
Biolabs, Beverly, MA, USA), respectively, by using the con-
ditions 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 ethidium bromide (product size
after digestion shown in Table 1). To confirm the genotyping
results, more than 15% of PCR-amplified DNA samples were
examined by DNA sequencing. Results between PCR and
DNA sequencing analysis were 100 % concordant.

Statistical analysis

The SPSS statistical software package ver.13.0 (SPSS Inc.,
Chicago, USA) and the Prism 5.0 were used for statistical
analysis. Demographic data between the study groups were
compared by the chi-square test and by the Student t test.
Hardy–Weinberg equilibrium was analyzed using the chi-
square test. For SNP analysis, genotype and allele frequen-
cies of TIM-3 were compared between groups using the chi-
square test, and odds ratios (OR) and 95 % confidence
intervals (CIs) were calculated using unconditional logistic
regression. P values less than 0.05 were considered signif-
icant. A survival curve was drawn with the Kaplan–Meier
method for each of the different genotypes. Comparisons
were made with the logrank test. Hazard ratios of death with
95 % CI were estimated using the multivariate Cox model.

Results

A total of 432 NSCLC cases and 466 controls were recruited
for the present study. All subjects were ethnic Chinese.
Demographic and other selected characteristics of the cases
and controls are presented (Table 2). Cases and controls did
not show statistically significant differences with regard to
age (P>0.05) and sex (P>0.05), while those established risk
factors such as smoking status and pack-year value showed
significant differences (P<0.001 and P<0.001; Table 2).
Most of the patients received chemotherapy (78.9 %),
whereas others received radiotherapy (9.3 %), chemoradio-
therapy (7.2 %), or other therapies.
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Genotype and allele frequencies of the TIM-3 −1516G/T,
−574G/T, and +4259T/G polymorphisms in NSCLC cases and
controls are summarized in Table 3. The genotype distributions
of these SNPs among the controls were in agreement with the
Hardy–Weinberg equilibrium (P>0.05). The homozygous var-
iants of the three TIM-3 polymorphisms, −1516TT, −574TT,
and +4259GG, were not detected in our study population. The

−1516G/T and −574G/T SNPs did not show any association
between NSCLC cases and controls (Table 3). As for the TIM-
3 +4259T/G SNP, prevalence of TT genotype and TG geno-
type were, respectively, 89.1 and 10.9 % in patients and 95.9
and 4.1 % in controls. The +4259TG genotype and A allele

Table 1 Primers, amplicon
conditions, and restriction
enzymes used in this study

Primers Annealing (°C) Amplicon size (bp) Restriction enzyme

TIM-3 (−1516G/T)

F: 5′-GCCTTGACCAAGTTCATGCT-3′ 60.0 G: 404 Bsl I
R: 5′-ACCACCCCGGATAATTTTGT-3′ T: 338+66

TIM-3 (−574G/T)

F: 5′-AGAAGAAGGATGAGAGTGAGG
CTTATGCTGGGAGTTTC-3′

60.0 G: 169 Taq I

R: 5′-ACTCAAATCAGTCCCTTCATC-3′ T: 37+132

TIM-3 (+4259T/G)

F: 5′-CACTCTCAACGTAGGTCTGCAG
GCAG-3′

60.0 T:196+21 Pst I

R: 5′-GCATCCTTGGAAAGGCAGCAG-3′ G: 160+36+21

Table 2 Characteristics of NSCLC patients and controls

Characteristics NSCLC
(n0432) (%)

Controls
(n0466) (%)

P value

Age

≤50 175 (40.5) 183 (39.3) >0.05

>50 257 (59.5) 283 (60.7)

Gender

Male 290 (67.1) 302 (64.8) >0.05

Female 142 (32.9) 164 (35.2)

Smoking status

Non-smokers 128 (29.6) 223 (47.9) <0.001

Smokers 304 (70.4) 243 (52.1)

Pack-years value

<30 90 (29.6) 143 (58.8) <0.001

≥30 214 (70.4) 100 (41.2)

Clinical stage

I 63 (14.6)

II 67 (15.5)

III 163 (37.7)

IV 139 (32.2)

Histological cell type

Squamous cell carcinoma 150 (34.7)

Adenocarcinoma 237 (54.9)

Others 45 (10.4)

Treatment

Chemotherapy 341 (78.9)

Radiotherapy 40 (9.3)

Chemoradiotherapy 31 (7.2)

Others 20 (4.6)

Table 3 The distribution of TIM-3 SNPs in NSCLC cases and
controls

Polymorphisms Cases
(N0432) (%)

Controls
(N0466) (%)

OR (95 % CI)a P value

TIM-3 −1516G/T

Genotype

GG 359 (83.1) 401 (86.1) Ref.

GT 73 (16.9) 65 (13.9) 1.07 (0.73–1.89) 0.346

Allele

G 791 (91.6) 867 (93.0) Ref.

T 73 (8.4) 65 (7.0) 1.05 (0.77–1.81) 0.368

TIM-3 −574G/T

Genotype

GG 405 (93.8) 443 (95.1) Ref.

GT 27 (6.2) 23 (4.9) 1.16 (0.65–2.16) 0.422

Allele

G 837 (96.9) 909 (97.5) Ref.

T 27 (3.1) 23 (2.5) 1.15 (0.66–2.02) 0.461

TIM-3 +4259T/G

Genotype

TT 385 (89.1) 447 (95.9) Ref.

TG 47 (10.9) 19 (4.1) 2.81 (1.59–4.91) <0.0001*

Allele

T 817 (94.6) 913 (98.0) Ref.

G 47 (5.4) 19 (2.0) 2.67 (1.60–4.82) 0.0001*

Haplotypes

GGT 727 (84.1) 828 (88.8) Ref.

TGT 66 (7.6) 62 (6.7) 1.19 (0.75–1.79) 0.362

GGG 40 (4.6) 17 (1.8) 2.33 (1.41–4.63) 0.001*

GTT 23 (2.7) 21 (2.3) 1.22 (0.56–2.12) 0.521

*P value <0.05
a Data were adjusted for age and sex
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revealed significantly increased frequencies in patients than in
controls (OR02.81; 95 % CI, 1.59–4.91, P<0.0001 and
OR02.67; 95%CI, 1.60–4.82,P00.0001, respectively). Also,
we generated the haplotypes of the SNPs. The four most
common haplotypes are shown in Table 3. There were no
linkage disequilibrium observed and the frequency of GGG
haplotype was higher in cases (P00.001). These data sug-
gested that TIM-3 +4259T/G polymorphism is associated with
increased susceptibility to NSCLC in the Chinese population.

We further analyzed the overall survival rates of NSCLC
patients using Kaplan–Meier method and Log Rank Test
(Fig. 1). Data from 381 cases were included for survival
analysis whereas the remaining 61 cases were excluded due
to loss of follow-up. The follow-up time ranged from 0 to
56 months. Data showed that the mean survival rates were
statistically different based on the TIM-3 +4259T/G geno-
types. Patients carrying the TG genotype presented a signifi-
cantly lower survival rate than those with wild-type TT
genotype (15.2 months vs. 26.7 months, P00.007). Thus,
individuals with TG genotype indicated a worse prognosis
of NSCLC. Results of Cox multivariate regression survival
analysis are shown in Table 4. We found a decreased overall
survival time for +4259TG genotype patients compared with
wild-type, with age, sex, smoking status, tumor stage, and
histological type as covariates (hazard ratio (HR), 1.43; 95 %
CI, 1.15–1.81; P00.015). From analysis of other potential
factors, data revealed that smoking status and tumor stage also
contributed to survival rate (P00.018 and P00.012, respec-
tively). These results indicated that TIM-3 +4259TG genotype
is an adverse indicator for NSCLC prognosis.

Discussion

TIM-3 is a molecule expressed on terminally differentiated
Th1 cells but not on Th2 cells, which negatively regulate
Th1 immunity [15], and it is also a phosphatidylserine

receptor to mediate phagocytosis of apoptotic cells [16].
The polymorphism studies have suggested that SNPs of
TIM-3 are associated with rheumatoid arthritis [17, 18],
gastric cancer [19], pancreatic cancer, atopic disease [18]
and diabetes [20], etc. Our study indicated that +4259T/G
SNP was associated with increased risk of NSCLC. This
result was coincident with recently published papers about
TIM-3 polymorphism with gastric cancer and pancreatic
cancer, in which the +4259T/G SNP was associated with
metastasis or vascular infiltration of these cancers [19].
These data indicated that +4259T/G SNP of TIM-3 might
play important roles in affecting the metastasis of cancers.

The effect of TIM-3 on cancer is poorly understood. It is
possible that TIM-3 plays a significant role in tumor pro-
gression by maintaining the tumor immunosuppressive en-
vironment via regulatory T cells (Tregs). Study has
suggested that TIM-3+ Tregs in lung cancer tissues could
be derived from natural Tregs upon chronic TCR stimula-
tion by tumor antigens [13]. PD-1 ligand B7-H1 and TIM-3
ligands such as galectin-9 and apoptotic cells within the
tumor tissue might be important for maintaining the number
and function of TIM-3+PD-1+ Tregs. In the transplantation
setting, Tim-3 has been shown to regulate allo-specific Treg
activation [8]. It has been reported that Tim-3-Tim-3L-sensitive
pathway is involved in the functional generation of donor-
specific Tregs upon administration of tolerating treatments
[8]. Recent study has revealed high levels of TIM-3 expression
on Tregs within human lung tumor, which suggests that TIM-3
might play a direct role in the functional maturation of tumor
infiltrating Tregs in the development of NSCLC. In addition,
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 [21, 22]. A recent research has
demonstrated that NSCLC patients with TIM-3-positive tumor
cells had a significantly shorter survival time than those with
TIM-3-negative tumors [23]. Similarly, our data observed that
patients carrying the TIM-3 +4259TG genotype presented a
significantly lower survival rate than those with wild-type TT
genotype (15.2 months vs. 26.7 months, P00.007; Fig. 1). All

Fig. 1 Kaplan–Meier survival analysis for non-small cell lung cancer
(NSCLC) patients by TIM-3 +4259T/G polymorphism. Comparison
by log-rank test

Table 4 Cox regression analysis of variables in NSCLC patients

Variable HR 95 % CI P value

+4259T/G genotype 1.43 1.15–1.81 0.015*

Age 0.77 0.63–1.42 0.546

Sex 0.86 0.46–1.39 0.729

Smoking status 1.33 1.07–2.06 0.018*

Stage 1.57 1.29–1.91 0.012*

Histological type 1.08 0.66–1.82 0.433

*P<0.05
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the results indicated that TIM-3 may play important roles in the
prognosis of this cancer.

TIM-3 has emerged as a promising target for cancer immu-
notherapy [20]. Recent studies have focused on the role of
TIM-3 expression on CD8+ Tcells in peripheral blood as well
as within tumors [10, 11]. This case–control study demon-
strates for the first time that the TIM-3 SNP is associated with
increased risk of NSCLC and could be a prognostic factor of
the malignancy in the Chinese population. Our results provide
important insights for understanding the genetics of NSCLC
and would be helpful for the development of TIM-3 as a
possible therapeutic approach to this disease.
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