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Abstract. The present study aimed to investigate the role of 
T cell immunoglobulin domain and mucin‑3 (Tim‑3) in its 
gene and protein forms in colorectal cancer (CRC), and to 
verify the significance of Tim‑3 expression in patients with 
CRC. A prospective analysis of 258 patients with CRC and 
246 normal controls was conducted between December 2012 
and June 2015. Intestinal samples were collected, including 
of CRC tissues, paracancerous tissues and normal colon 
mucosa tissues. Peripheral venous blood samples were also 
collected. Polymerase chain reaction (PCR) amplification, 
reverse transcription‑quantitative PCR (RT‑qPCR) and 
western blot analysis was performed for the detection and 
evaluation of Tim‑3 gene and protein in various tissues. PCR 
analysis indicated that the T and G alleles of ‑882C/T and 
4259T/G are associated with a significantly increased risk 
of CRC. Following the confirmation of Tim‑3 expression in 
CRC tissues, RT‑qPCR detection and western blot analysis 
revealed clear downregulation of Tim‑3 mRNA and protein 
expression in the blood and tissue samples obtained from 
patients with CRC, as compared with in the corresponding 
control samples. Similar trends of decreased Tim‑3 mRNA 
levels and protein expression were observed in CRC tissues 
compared with in the paracancerous and the normal colon 
mucosa tissues. In addition, the mRNA and protein expression 
levels in the paracancerous tissues were lower than those in 
the normal colon mucosa tissues. Furthermore, significantly 
lower Tim‑3 mRNA levels were observed in patients with 
a tumor size >5 cm, a poor differentiation degree, higher 
tumor‑node‑metastasis stage (stage III‑IV), and lymph node 
and distant metastasis. Collectively, genetic changes to 
Tim‑3, expressed as polymorphisms in Tim‑3, and decreased 

mRNA/protein expression may be partially responsible for the 
incidence and development of CRC.

Introduction

Colorectal cancer (CRC) is a cancer that originates from parts 
of the large intestine (such as the colon or rectum) due to the 
abnormal proliferation of tumor cells, which have the ability 
to invade and migrate to other sites in the body (1,2). CRC is 
a major cause of cancer‑associated mortality worldwide, and 
is estimated to be the third most commonly diagnosed cancer, 
as well as the leading cause of cancer‑associated mortality, 
in females and males (3). The incidence and mortality rates 
of CRC vary substantially based on different countries and 
ethnicities, with the rates in developing countries and in 
African‑Americans being relatively higher than those in 
developed countries and in Asians, which may be associated 
with the disproportionately low socioeconomic status (4,5). A 
rapid increase in the incidence and mortality rate of CRC in 
China has been witnessed over the past few decades (6,7). In 
previous years, a large number of patients with CRC were diag-
nosed at an advanced stage; however, due to the widespread 
implementation of colonoscopy screening and improvements 
in treatment  (8,9), diagnosis has now improved. However, 
prognostic outcomes remain poor, with a 5‑year survival rate 
of <15% (10), as over 50% of all diagnosed cases are likely 
to develop metastases, and the majority of these patients have 
unresectable tumors (11,12). Notably, major non‑risk factors 
associated with the development of CRC include age, gender, 
diet, alcohol consumption, obesity, smoking, lack of physical 
exercise, diabetes and atherosclerosis, economic status and 
methods of diagnosis  (13‑15). Furthermore, at the cellular 
level, CRC is a biologically heterogeneous disease, and the 
progressive accumulation of genetic changes and epigen-
etic alterations may perform critical roles in inducing the 
pathological changes involved in transforming normal colonic 
epithelium into malignant tumors (16‑18).

Proteins in the T cell immunoglobulin domain and mucin 
(Tim) family are transmembrane glycoproteins that possess 
common structural motifs, including immunoglobulin V, 
mucin, transmembrane and cytoplasmic domains  (19,20). 
Members of the Tim family, which were initially recognized 
as specific surface molecules of T helper (Th)1 and Th2 cells, 
can provide co‑stimulatory signals targeting the functional 
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role of Th1 and Th2 cells regarding the regulation mecha-
nism of differentiation (21,22). The Tim family encodes eight 
members in mice (Tim‑1 through Tim‑8), which are located 
at 11B1.1, and gene loci of the three members in humans 
(Tim‑1,‑3 and ‑4) mapped on chromosome 5q33.2  (23). 
Members of the family are critical for Th1‑ and Th2‑mediated 
immunity, and they are implicated in various autoimmune and 
allergic‑associated diseases, cancer types and viral infections 
in humans (24‑26). Tim‑3 is selectively and highly expressed 
by well‑differentiated Th1 cells, but not by Th2 cells (27). 
Following interaction with its ligand, galectin‑9, Tim‑3 may 
induce a positive or negative stimulus for the activation and 
differentiation of T cells, so exerting immunomodulatory 
properties  (28,29). Similarly, Tim‑3 may stimulate tumor 
cells to escape immunosurveillance. Previous evidence has 
documented the inhibitory effect of Tim‑3 on Th1‑mediated 
immunity  (30,31). Furthermore, Tim‑3 can cause innate 
immune cells, including macrophages/monocytes and 
natural killer (NK) cells, to inhibit tissue damaging immune 
responses (32) and can release inflammatory mediators, such 
as tumor necrosis factor‑α and interleukin‑6, to participate 
in the occurrence and development of inflammation (33,34). 
The mechanisms underlying Tim‑3‑mediated T cell activity 
in mediating immune‑ or inflammation‑associated diseases 
are relatively clear; however, it remains to be clarified whether 
Tim‑3 is expressed on tumor cells or tissues in patients with 
CRC. In addition, the mechanisms by which Tim‑3 is involved 
in human CRC remain unclear. In the present study, the genetic 
mutations and expression activities of Tim‑3, and how these 
affect the clinical features of patients with CRC, were investi-
gated in order to clarify the role of Tim‑3 in the incidence and 
development of CRC.

Materials and methods

Ethical statement. The present study was approved by the Ethics 
Committee of The First Affiliated Hospital of Harbin Medical 
University (Harbin, China). All procedures performed in the 
present study involving humans were conducted in accordance 
with the ethical standards of the institutional and/or national 
research committee in the First Affiliated Hospital of Harbin 
Medical University (Harbin, China), and with The Declaration 
of Helsinki (1964) and its later amendments (35). All patients 
enrolled in the present study were Chinese. The experimental 
objectives and details regarding the procedures involved in 
the present study were presented to all patients enrolled, and 
corresponding written informed consent was provided prior to 
the initiation of the experiments.

Patients. A prospective study was conducted based on the 
collection and analysis of a total of 258 patients diagnosed 
with CRC between December 2012 and June 2015 at The 
First Affiliated Hospital of Harbin Medical University. All 
patients were inquired in detail in terms of medical history 
and examined carefully prior to inclusion in the present 
study, and the diagnosis of CRC was determined following 
consideration of the physical condition of each patient, the 
results of clinical laboratory tests and X‑ray imaging. Of all 
the patients included, 136 were male and 122 were female, 
all ranging between 28 and 72 years old, with a mean age 

of 57.46±10.23 years. The inclusion criteria were as follows: 
i) Patients were confirmed to have CRC histologically by 
pathologists blinded to the clinical outcome; ii)  patients 
did not receive any prior preoperative treatment over the 
past 6  months, including chemotherapy, radiotherapy or 
Traditional Chinese Medicine treatment; iii)  patients had 
no history of other malignant tumor types; iv) patients were 
willing to be involved in the study and could cooperate with 
the experimental procedures to provide complete clinical data. 
The Dukes' (36) and tumor‑node‑metastasis (TNM) staging 
systems, recommended by the Union for International Cancer 
Control and the American Joint Committee on Cancer (7th 
Ed.) (37), were applied for the histological pattern classifica-
tion of included patients. During the same period at the same 
hospital, 246 cases of normal controls from healthy volunteers 
who were examined were collected. Of these, 140 were male 
and 106 were female, ranging between 26 and 78 years of age 
(mean, 56.50±12.00 years). The controls were confirmed to 
have no history of CRC or other malignant tumor types, and 
could provide complete clinical information relevant to the 
experiment.

Separation of peripheral blood mononuclear cells (PBMCs) 
and sample collection/processing. After 12 h of overnight 
fasting, peripheral venous blood samples (10 ml) were drawn 
from each patient via clean venipuncture in the early morning, 
and collected in heparin‑anticoagulant tubes. Collected 
blood was diluted (1:1) and a 20 ml suspension was prepared. 
Subsequent to adding the Ficoll separating liquid (Tianjin 
Haoyang Biological Products Science and Technology Co., Ltd., 
Tianjin, China) to the centrifuge tube, Ficoll density gradient 
centrifugation was performed (447 x g, 20 min, 18‑20˚C). The 
liquids were then divided into four layers from top to bottom. A 
straw was gently inserted into the annular white cloud layer (the 
second layer) to absorb the PBMCs. PBS (5:1) was added to the 
PBMCs, followed by centrifugation (1,500 rpm/min, 15 min, 
18‑20˚C). The supernatant was discarded, and the centrifuga-
tion procedure was repeated. High purity PBMCs were obtained 
subsequent to discarding the supernatant. Mononuclear cell 
purity of ≥80% was achieved through density gradient centrifu-
gation and the adherence method (38).

In addition, intestinal samples were collected from each 
patient during surgery, including CRC radical cancerous 
tissues, paracancerous tissues (<2.0 cm beyond the cancer 
tissue) and normal colon mucosa tissues (>5.0 cm beyond the 
cancer tissue). All blood and tissue specimens were rapidly 
placed into liquid nitrogen and maintained at ‑80˚C for 10 min. 
All tissue samples were prepared for the extraction of RNA 
and proteins for polymerase chain reaction (PCR) amplifica-
tion, reverse transcription‑quantitative PCR (RT‑qPCR) and 
western blot analysis. Furthermore, immunohistochemical 
staining was performed following paraffin embedding and 
sectioning, according to the manufacturer's protocols. All 
related experimental procedures were performed in accor-
dance with the protocol provided by the manufacturer (Boster 
Bioengineering Co., Ltd., Wuhan, China). Subsequently, mouse 
anti‑human TIM-3 monoclonal primary antibody (dilution ratio, 
1:100; cat. no. 1315, Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany) was added to the sections overnight at 4˚C. The 
samples were then maintained at room temperature for 30 min, 
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followed by washing with PBS, and incubation with a rabbit 
anti-mouse secondary antibody (cat.  no: abs20002; Absin 
Biotechnology Co., Ltd. Shanghai, China) for 30 min at 37℃. 
After further washing with PBS, DAB staining was performed 
and the samples were mounted after another hematoxylin 
counter-staining and visualized on an inverted microscope 
(IX71, Olympus, Tokyo, Japan). In the course of the experiment, 
PBS was used as in place of the primary antibody as a negative 
control. Positive cells were defined as brown or yellow brown 
granules. The pathologists and laboratory personnel involved 
were blinded to the case/control status of all collected and 
extracted samples.

PCR amplification. Genomic DNA was isolated from the 
collected whole blood samples using the Wizard Genomic DNA 
Purification Kit® (Promega Corporation, Madison, WI, USA), 
according to the manufacturer's protocol. Genotyping of Tim‑3 

polymorphisms was performed with a PCR‑restriction fragment 
length polymorphism. According to the sequences of human 
β‑actin (GI:168480144) and Tim‑3 (GI:354681988) obtained 
from the National Center for Biotechnology Information 
GenBank (https://www.ncbi.nlm.nih.gov/), PREMIER Primer 
5.0 software (PREMIER Biosoft, Palo Alto, CA, USA) was used 
for the design of specific primers. The capture probe sequences 
were as follows: Tim‑3 forward, 5'‑CCA​AAT​CCC​AGG​CAT​
AAT‑3' and reverse, 5'‑AAG​CGA​‑CAA​CCC​AAA​GGT‑3'; 
β‑actin forward, 5'‑CGA​AAC​TAC​CT‑T​CAA​CTC​CAT​C‑3' 
and reverse, 5'‑AGT​GAT​CTC​CTT​CTG​CAT​CCT‑3'. PCR was 
performed in a total volume of 15 µl: DNA template (0.5 µl), 
Taq DNA polymerase (1.25 unit; Appligene‑Oncor, Heidelberg, 
Germany), 10X Taq buffer (1.5 µl; Shanghai Pharmaceutical 
Industries Co., Ltd., Shanghai, China), 2.5 mmol/l dNTP mix 
(1.0 µl), upstream/downstream primers (per 0.2 µl) and sterile 
double‑distilled water added up to a final volume of 15 µl. The 

Table I. Baseline characteristics of 258 patients with colorectal cancer.

	 mRNA levels of Tim‑3 (n)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low levels	 High levels	 Z‑value	 P‑value

Total	 148	 110		
Gender				  
  Male	 75	 61	 ‑0.709	 0.448
  Female	 73	 49		
Age				  
  <60 years	 64	 59	‑ 1.650	 0.099
  ≥60 years	 84	 51		
Tumor size				  
  ≤5 cm	 66	 65	 ‑2.299	 0.022
  >5 cm	 82	 45		
Family history				  
  With	 68	 57	 ‑0.932	 0.352
  Without	 80	 53		
Differentiation				  
  Well‑moderate	 59	 58	‑ 2.048	 0.041
  Poor	 89	 52		
TNM stages				  
  I‑II	 58	 62	 ‑2.730	 0.006
  III‑IV	 90	 48		
Lymph node metastasis				  
  With	 88	 50	‑ 2.226	 0.026
  Without	 60	 60		
Distant metastasis				  
  With	 78	 43	 ‑2.163	 0.031
  Without	 70	 67		
Clinical stages				  
  I‑II	 78	 63	 ‑0.728	 0.467
  III‑IV	 70	 47		

Tim‑3, T cell immunoglobulin domain and mucin‑3; TNM, tumor‑node‑metastasis. Nonparametric test was used for statistical analysis.
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PCR reaction was conducted under the following conditions: 
Pre‑degeneration at 95˚C for 4 min, followed by 20 cycles of 
95˚C for 30 sec, 68˚C for 45 sec and 72˚C for 60 sec, and then 
another 20 cycles of 95˚C for 30 sec, 58˚C for 30 sec and 72˚C 
for 40 sec. Following the completion of PCR, 3 µl of the PCR 
products were separated and analyzed via 2% agarose gel and 
SDS‑PAGE. PCR products were digested overnight with XhoI 
and PstI to identify the Tim‑3‑882C/T and 4259G/T genotypes. 
All PCR products were confirmed with DNA sequencing 
in an automatic DNA sequencer ABI 3100 Avant (Applied 
Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA), and the single nucleotide polymorphism genotypes were 
auto‑analyzed using Sequence Detection System 1.4.0 software 
(Applied Biosystems; Thermo Fisher Scientific, Inc.).

RT‑qPCR detection. Total RNA extraction from blood samples 
was performed using a TRIzol® kit (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
Total RNA was purified with a NanoVue™ Plus spectropho-
tometer (GE Healthcare, Chicago, IL, USA) at wavelengths 
of 260 and 280 nm. The extracted RNA from each sample 
was then reverse transcribed into cDNA via an RT‑PCR assay 
(Qiagen GmbH, Hilden, Germany), according to the manufac-
turer's protocol, followed by preservation at ‑20˚C. The relative 
expression of Tim‑3 levels was measured using RT‑PCR, as 
described previously  (39), and the TaqMan‑based qPCR 
reagent kit was provided by Exiqon A/S (Vedbaek, Denmark). 
The primer sequences were as aforementioned. The reaction 
conditions were: Pre‑denaturing for 5 min at 95˚C, followed by 
10 sec at 95˚C and 1 min at 60˚C, for 40 cycles in total. β‑actin 
was used as the internal control, and the 2‑ΔΔCq method (40) 
was applied for the detection of Tim‑3 and the corresponding 
control. Experiments were performed three times to stabilize 
the final results.

Western blot analysis. Total protein was extracted using a Total 
Protein Extraction kit (Nanjing KeyGen Biotech Co., Ltd., 
Nanjing, China) in accordance with the manufacturer's protocol, 
and the standard bicinchoninic acid (BCA) method was used for 
protein determination, as previously reported (41). Subsequent 
to calculating the amount of BCA detection reagent according 
to the number of samples, 50 µg total protein was resolved by 
10% SDS‑PAGE and transferred to a polyvinylidene fluoride 
membrane, which was blocked for 1 h at room temperature with 
5% skimmed milk. All antibodies used in this experiment were 
purchased from Abcam (Cambridge, MA, USA). Subsequently, 
the rabbit anti‑human AGR2 polyclonal (dilution, 1:1,000; 
catalog no. ab76473) and rabbit anti‑human β‑actin polyclonal 
(dilution, 1:200; catalog no. ab6276) primary antibodies were 
added and incubated overnight at 4˚C on an agitating table. 
Primary antibodies were purchased from Abcam. On the 
second day, following washing in PBS at 37˚C for 1 h (three 
times) and three washes with TBS‑Tween‑20 buffer, a horse-
radish peroxidase‑labeled goat anti‑rabbit secondary antibody 
(catalog no. ab181658; dilution, 1:10,000; Abcam) was added 
and incubated at 37˚C for 1 h, followed by membrane rinsing 
(three times, 5 min each). Positive bands were developed and 
visualised by autoradiography following the addition of a 
chemiluminescent reagent (Sigma‑Aldrich; Merck KGaA). 
Quantitative analysis (Quantity one analysis system software; 
Bio‑Rad Laboratories, Inc., Hercules, CA, USA) was performed 
by estimating the gray value ratios of the target protein Tim‑3 
and the reference protein β‑actin.

Statistical analysis. All data files were processed using SPSS 17.0 
statistical software (SPSS, Inc., Chicago, IL, USA). Measurement 
data are presented as the mean  ±  standard deviation and 
categorical data were tested using t‑test and nonparametric test. 
All the tests in the present study were two‑sided. Furthermore, 

Table II. Distribution of the frequency and distribution of ‑882C/T and 4259T/G alleles in the T cell immunoglobulin domain and 
mucin‑3 gene between the case and control groups.

	 Case group	 Control group	 	 	
Site	 (n=258)	 (n=246)	 χ2	 P‑value	 OR (95% CI)

‑882C/T					   
  CC	 150	 168			   1.00
  CT	 86	 74	   1.844	 0.175	 1.302 (0.889‑1.905)
  TT	 22	 4	 12.024	 0.001	 6.160 (2.076‑18.282)
  CT+TT	 108	 196	   8.680	 0.003	 0.617 (0.447‑0.852)
  C	 386	 410			   1.00
  T	 130	 82	 11.026	 0.001	 1.684 (1.236‑2.295)
4259T/G					   
  TT	 148	 172			   1.00
  TG	 88	 69	   4.047	 0.044	 1.482 (1.009‑2.177)
  GG	 22	 5	 12.368	 <0.001	 5.114 (1.889‑13.839)
  TG+GG	 110	 194	   6.513	 0.011	 0.659 (0.478‑0.908)
  T	 384	 413			   1.00
  G	 132	 79	 13.804	 <0.001	 1.797 (1.316‑2.454)

OR, odds ratio; 95% CI, 95% confidence interval.
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Hardy‑Weinberg equilibrium was used to confirm the genotypes 
and allele frequencies. Spearman's correlation analysis was also 
performed to investigate the correlation between Tim‑3 mRNA 
and protein expression levels. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Baseline characteristics of patients. As listed in Table I, there 
were 136 males and 122 females in the case group, with a mean 
age of 57.46±10.23 years. There were 246 normal controls, 
consisting of 140 males and 106 females, with a mean age of 
56.50±12.00 years. No evident statistical significance was 
detected regarding the gender and age distribution between 
groups (P>0.05), which were comparable. There were 123 cases 
of patients aged <60 years, and the numbers of patients with 
a detected tumor size of ≤5 and >5 cm were 131 and 127, 
respectively. In addition, 125 patients had a family history of 
CRC. Histological grade classification results revealed 117 cases 
well‑moderate differentiation and 141 cases of poor differentia-
tion. Lymph node metastasis and distant metastasis were also 
detected and recorded; 138 patients had lymph node metastasis 
and 121 patients had distant metastasis. A total of 120 patients 
were TNM stage I/II and 138 patients were TNM stage III/IV. 
Finally, 141 of the cases were clinical stage I or II and 117 cases 
were clinical stage III or IV. Immunohistochemistry indicated 
that Tim-3 staining (yellow or brown granules) was predomi-
nantly localized in the cytoplasm and nucleus (Fig. 1).

Tim‑3 gene expression in CRC cases and corresponding 
controls. A total of three different genotypes were detected in 
the Tim‑3‑882C/T and 4259T/G, namely CC, CT and TT and 
TT, TG and GG, respectively (Table II). In the control group, 

the χ2 test revealed that the genotypes and allele frequencies 
of ‑882C/T and 4259T/G conformed to the Hardy‑Weinberg 
equilibrium. The genotype distribution and allele frequency 
of ‑882C/T and 4259T/G polymorphisms were significantly 
different compared with the case group and the control group 
(all P<0.05), with the exception of the genotype distribution 
comparison of CC/CT between the groups (P>0.05). Notably, 
the T and G alleles of ‑882C/T and 4259G/T were associated 
with a significantly increased risk of CRC [‑882C/T: Odds 
ratio (OR)=1.684; 95% confidence interval (CI), 1.236‑2.295; 
P=0.001; 4259T/G: OR=1.797; 95% CI, 1.316‑2.454; P<0.001].

Tim‑3 mRNA and protein expression in CRC specimens and 
PBMCs. Overall, 148 cases had low Tim‑3 expression levels 

Figure 1. Immunohistochemical staining results regarding the positive signal 
of Tim 3 protein and the expression of Tim 3. Tim 3 was localized in the 
cytoplasm and nucleus (yellow or brown granules), largely expressed in colon 
carcinoma tissues and normal colon mucosa tissues, and rarely expressed in 
the cell membrane. (A) Colon carcinoma tissues; (B) normal colon mucosa 
tissues. Tim 3, T cell immunoglobulin domain and mucin 3.

Figure 3. Protein expression of Tim 3 was measured by western blot analysis. 
A reduced expression of Tim  3 protein was observed in CRC tissues 
compared with normal colon mucosa tissues and paracancerous tissues. 
Paracancerous tissues also had a lower expression of Tim 3 compared with 
normal colon mucosa tissues. *P<0.05. CRC, colorectal cancer; Tim 3, T cell 
immunoglobulin domain and mucin 3.

Figure 2. mRNA levels of Tim 3 measured by reverse transcription‑quantitative 
polymerase chain reaction. (A) Compared with paracancerous tissues and 
normal colon mucosa tissues, the levels of Tim 3 mRNA were significantly 
lower in CRC tissues. (B) There mRNA levels of Tim 3 in monocytes from 
peripheral blood of patients with CRC were significantly lower compared 
with controls. *P<0.05. CRC, colorectal cancer; Tim 3, T cell immunoglobulin 
domain and mucin 3.
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and 110 had high expression levels. RT‑qPCR detection and 
western blot analysis revealed clearly decreased levels of 
Tim‑3 mRNA and its protein expression in monocytes from 
the peripheral blood and tissue samples from patients with 
CRC, as compared with the blood samples of the normal 
controls, as well as with the normal colon mucosa tissues and 
paracancerous tissues from patients (mRNA levels: 0.78±0.09 
vs. 1.32±0.06; protein expression: 0.34±0.05 vs. 0.73±0.06 
vs. 0.88±0.07; all P<0.05), respectively. Furthermore, in a 
comparison of Tim‑3 protein expression levels between the 
paracancerous and the normal colon mucosa tissues, the 
former had lower expression levels when compared with the 
latter (P<0.05) (Figs. 2 and 3).

Association between Tim‑3 polymorphisms and mRNA/protein 
expression. A significant positive correlation was also 
observed between Tim‑3 mRNA and protein expression levels, 
with a Spearman's correlation coefficient of 0.315 (P=0.029). 
In the polymorphism group, a significant negative correlation 
was observed between Tim‑3 polymorphisms and the mRNA 
expression levels, with a Spearman's correlation coefficient of 
‑0.635 (P<0.001).

Association between Tim‑3 mRNA levels and CRC clinico‑
pathological parameters. The associations between Tim‑3 
mRNA levels and the clinicopathological parameters of CRC 
are presented in Table I. Tim‑3 mRNA levels were revealed 
to be significantly associated with tumor size, differentiation, 
TNM stage, lymph node metastasis and distant metastasis (all 
P<0.05). However, no significant associations were observed 
regarding other clinicopathological parameters, including 
gender, age, family history and clinical stage (all P>0.05). These 
results suggest that significantly lower Tim‑3 mRNA levels 
could be detected in patients with a tumor size >5 cm, poor 
differentiation degree, higher TNM stage (stage III and IV), 
and with lymph node and distant metastasis.

Discussion

Immune homeostasis is an equilibrium state formed and 
maintained by the body's immune system interacting with 
the environment and components of the immune system, 
and by the activation of T lymphocytes and the polarization 
of Th1/Th2, immune cells are involved in the regulation of 
immune homeostasis (42,43). The Tim gene family, mainly 
expressed on the surface of immune cells, has a regulatory 
effect in tumor immune surveillance and immune escape (44). 
A number of previous studies have demonstrated that once the 
microenvironment of immune homeostasis is damaged, it may 
promote the occurrence of immunological injury in disease 
progression, including sepsis, inflammatory bowel disease, 
tuberculosis and various malignant tumors (45‑48). The Tim‑3 
protein performs critical roles in regulating immune function 
subsequent to binding with its ligands, which may be regarded 
as a novel target for human cancer treatment (29,49,50).

Prior evidence has revealed the expression of Tim‑3 in 
numerous types of malignant tumors, including renal cell 
carcinoma and melanoma (51,52); however, few studies have 
focused on detecting the expression of Tim‑3 in CRC. In the 
present study, immunohistochemical detection revealed Tim‑3 

expression in the cytoplasm and nuclei of normal gastric 
mucosa and gastric carcinoma tissues, confirming that Tim‑3 
is expressed in patients with CRC and that it may be critical 
for the development of CRC. To clarify the role of Tim‑3 in 
CRC, PCR amplification, RT‑qPCR and western blot analyses 
were conducted to investigate the roles of its associated genes 
and proteins. Firstly, PCR amplification verified that polymor-
phisms of Tim‑3 were detectable in patients with CRC, and 
that Tim‑3 mRNA was detectable via RT‑qPCR. The results 
indicated that the T and G alleles of ‑882C/T and 4259G/T 
may be risk factors for the development of CRC. Secondly, 
Tim‑3 mRNA and protein expression of the incorporated 
tissues were detected by RT‑qPCR and western blot analysis, 
respectively, and the protein expression levels results were 
concordant with those of the Tim‑3 mRNA levels. Therefore, 
it was hypothesized that Tim‑3 polymorphisms associated 
with low expression levels of Tim‑3 may be strongly associ-
ated with CRC. This hypothesis was verified by correlation 
analysis, wherein a negative association between Tim‑3 poly-
morphisms and mRNA levels was identified, indicating that 
Tim‑3 polymorphisms may decrease the expression levels of 
Tim‑3, thus affecting the biological function of this protein, 
and be involved in the development of CRC.

A possible mechanism associated with the aforementioned 
hypothesis may be that Tim‑3 expressed on tumor cells has 
diverse tumorigenic activities contributing to tumor‑initiating 
and tumor‑promoting activities. Previous studies also demon-
strated that Tim‑3 signals may promote a significant increase in 
interferon‑γ (IFN‑γ), and that suppressed expression of Tim‑3 
could inhibit the role of IFN‑γ in antitumor immunity (53,54). 
However, the mechanisms by which Tim‑3 regulates immune 
factors, cytokines and other parameters must be identified and 
verified in future studies. In the long‑term process of tumor 
formation, tumor cells and the body's immune cells interact 
and mutually adapt with each other steadily, and the functions 
of immune cells change from the monitoring to the removal 
of tumor cells (55,56), to interact and support each other, and 
finally to promote tumor immune tolerance, angiogenesis, 
invasion and metastasis through the release of cytokines, 
vascular endothelial growth factor and matrix degrading 
enzymes (57). Thus, the inhibition of Tim‑3 expression using 
antagonists, or the interference of relevant signal pathways, 
may be a possible method for effecting tumor suppression. 
Recently, Gao  et  al  (58) proposed that the Tim‑3‑574G/T 
polymorphism is associated with an increased risk of digestive 
system cancer and other cancer (such as hepatocellular cancer 
and renal cell carcinoma) in the Chinese Han population. 
da  Silva et al (52) also revealed that Tim‑3 may be considered 
as a NK cell exhaustion marker in advanced melanoma, and 
supported the use of Tim‑3‑targeted therapies to restore the 
antitumor immunity in patients with advanced melanoma (52). 
It is therefore essential that treatment with anti‑Tim‑3 suppress 
its tumorigenic effects, which requires confirmation in in vitro 
and in vivo settings. The present study revealed that clinico-
pathological parameters, including tumor size, differentiation 
degree, TNM stage, lymph node metastasis and distant metas-
tasis, may be effected by Tim‑3 and thus responsible for the 
development of CRC. However, Tim‑3 expression was not 
determined to be associated with gender, age, family history 
or clinical stage, which may be accepted only cautiously due to 
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the restricted inclusion of samples and different backgrounds, 
including lifestyle, economic status and family history. With 
regard to the aforementioned results, and in combination with 
those of previous studies, the results suggested that patients 
with a tumor size >5 cm, poor differentiation degree, higher 
TNM stage (stage III and IV), and with lymph node and distant 
metastasis may have a significantly increased risk of CRC 
compared with patients without these characteristics, which 
in turn strengthened the importance of monitoring patients 
clinicopathological parameters in screening for CRC.

The present study had several limitations. Firstly, an in‑depth 
study of the underlying mechanisms of the role of Tim‑3 in 
the incidence and development of CRC should be conducted, 
in order to improve systematic understanding of this topic. 
Secondly, the present study used a relatively small sample size, 
which may have an effect on the wider clinical applications. 
Thirdly, the mechanism by which decreased Tim‑3 expression 
promotes CRC cell invasion and metastasis requires further 
study. Finally, the results of the current study require confir-
mation through in vivo and in vitro experimental models with 
long‑term follow‑up in cases and trials to verify the potential 
effect of targeted therapies based on Tim‑3 in CRC, and in other 
types of malignant tumors. The present study hypothesized that 
the inhibition of Tim‑3 with a specific antagonist may have an 
anticancer effect on the development of CRC.

In summary, Tim‑3 expression is primarily located in in 
the cytoplasm and nucleus, genetic changes of Tim‑3 in the 
blood and tissue samples are expressed as polymorphisms, 
and decreased mRNA and protein expression may be partially 
responsible for the incidence and development of CRC. 
Reduced Tim‑3 expression, induced by genetic polymorphisms 
of Tim‑3, may promote CRC invasion and metastasis.
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