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Down-regulated expression of Tim-3 promotes invasion and metastasis of 
colorectal cancer cells 
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To explore how Tim-3 is expressed and how its expression influences invasion and metastasis of colorectal cancer (CRC) 
cells. A total of 188 CRC patients were prospectively collected for this study. Meanwhile, 135 normal controls were incorpo-
rated during the same period. intestinal samples of the 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) were collected for the following 
experiment. Furthermore, peripheral venous blood samples (10 ml) were collected from each subject. immunohistochemical 
analysis, quantitative real-time polymerase chain reaction (RT-qPCR) and western blot were performed for the detection of 
Tim-3 in different tissues. The immunohistochemical staining results showed that a positive Tim-3 signal was localized in the 
cytoplasm and nucleus, observed as yellow or brown granules. Tim-3 was largely expressed in colon carcinoma tissues and 
normal colon mucosa tissues but was rarely expressed in the cell membrane. RT-qPCR results indicated that Tim-3 mRNA 
levels were significantly lower in CRC tissues than in paracancerous tissues and normal colon mucosa tissues. A trend of 
decreased Tim-3 mRNA levels was also found in the paracancerous tissues compared with the normal colon mucosa tissues 
(all P < 0.05). Western blot results revealed reduced Tim-3 protein expression in CRC tissues compared with normal colon 
mucosa tissues and paracancerous tissues, and Tim-3 protein expression was much lower in the paracancerous tissues than in 
the normal colon mucosa tissues (all P < 0.05). Furthermore, obviously lower Tim-3 mRNA levels were found in the poorly 
differentiated CRC patients and in those with lymph node metastasis and distant metastasis (all P < 0.05). Collectively, Tim-3 
expression was mainly located in the cytoplasm and nucleus, showing down-regulated expression in colon carcinoma tissues 
compared with normal and paracancerous tissues. Reduced Tim-3 expression may promote CRC invasion and metastasis 
providing a medical reference for the treatment of CRC.
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Colorectal cancer (CRC) originates from the colon or 
rectum and is capable of invading and migrating to other 
sites of the body as a result of the abnormal proliferation of 
tumour cells [1, 2]. CRC is the second and third most com-
monly diagnosed cancer in females and males, respectively 
[3]. Furthermore, CRC is more common in developing coun-
tries [4], and a rapid growth in the incidence and mortality of 
CRC has been observed in China in the past few decades [5, 
6]. An estimated one fifth of CRC patients are diagnosed at 
a far advanced stage, among which over half of the diagnosed 
cases may develop metastases. Additionally, most of them 
have unresectable tumours [7], indicating poor prognostic 
outcomes, with a 5-year survival rate of below 15% [8], which 

may partly be due to the relatively high rates of relapse and 
metastasis [9]. The risk factors associated with CRC are con-
troversial and complex. The non-genetic risk factors include 
older age, male gender, unhealthy patterns of diet and lifestyle 
(high intake of fat, alcohol or red meat, obesity, smoking 
and a lack of physical exercise), high cholesterol, diabetes, 
and atherosclerosis [10-13]. Meanwhile, at the cellular level, 
CRC is a biologically heterogeneous disease that may develop 
from the progressive accumulation of genetic changes and 
epigenetic alterations, eventually contributing to cancers from 
normal colonic epithelium [14, 15].

Proteins in the T cell immunoglobulin mucin (Tim) fam-
ily are type i membrane glycoproteins containing common 
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structural motifs, encoding eight members in mice (Tim-1 
through Tim-8) and three members in humans (Tim-1, 3, 
and 4) [16]. The Tim family of cell surface proteins regulates 
Th1- and Th2-mediated immunity and is implicated in a wide 
range of autoimmune and allergic-related diseases, cancers, 
and viral infections [17-19]. Tim-3, initially cloned as a cell 
surface molecule expressed predominantly by Th1 cells, is 
the first Tim family member implicated in immune regula-
tion [20]. Tim-3 plays a positive role in innate immune cells, 
including macrophages/monocytes and natural killer (NK) 
cells, and can promote the release of inflammatory mediators 
such as TNF-α and iL-6 [21, 22]. Furthermore, as a specific 
Th1 cell surface marker, Tim-3 plays an important role as 
a negative regulator of Th1 and, in turn, stimulates tumour 
cells escaping immunosurveillance; subsequent studies have 
documented the inhibitory effect of Tim-3 on Th1-mediated 
immunity [23, 24]. The importance of Tim-3 in immune 
regulation is further underscored by the finding that excessive 
upregulation of Tim-3 on the mentioned innate immune cells 
could result in exacerbation of clinical diseases [25-27]. in 
contrast to the relatively clear mechanisms of Tim-3-mediated 
T cell activities, it is unknown whether tumour cells or tissues 
in patients with CRC express Tim-3, and the mechanisms by 
which Tim-3 is involved in the tumour microenvironment of 
human CRC also remain largely unclear. Here, in this study, 
the expression of Tim-3 and how it affected the clinical fea-
tures of CRC patients was investigated to provide a clinical 
reference for developing potential useful therapeutic regimens 
for CRC sufferers.

Patients and methods

Study subjects. in the present study, all procedures involv-
ing human participants were performed in accordance with the 
ethical standards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. All patients (all 
their caregivers) incorporated in this study were Chinese and 
were given written informed consent before the study began. 
During the study accrual, a total of 188 CRC patients were 
prospectively collected from November 2012 to November 
2015 in the local Linyi People’s Hospital. There were 98 males 
and 90 females with a mean age of 58.50 ± 10.61 years, rang-
ing from 28 to 72 years old. intestinal samples were collected 
from each patient during the same time, including the 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). The inclusion criteria 
were as follows: (1) All eligible patients were proven to have 
CRC pathologically with complete clinical data; (2) Patients 
without a previous history of preoperative radiotherapy and 
chemotherapy; and (3) The histological pattern for each patient 
was confirmed according to the Dukes’ stage [28] and tumour 
nodes metastasis (TNM) staging system recommended by 
the 7th edition of the American Joint Committee on Cancer 

and Union for international Cancer Control [29]. Meanwhile, 
there were 135 normal controls that were selected for this study 
during the same time period at the local hospital for healthy 
examination (70 males and 65 females ranging from 26 to 76 
years, with a mean age of 54.50 ± 16.26).

Separation of peripheral blood mononuclear cells 
(PBMCs) and sample processing. Peripheral venous blood 
samples (10 ml) were drawn from each subject by clean veni-
puncture. Heparin was the anticoagulant used in this study. 
PBMC isolation was performed using Ficoll density gradient 
centrifugation. Then, the collected samples were inoculated 
in the culture dish and placed at 37°C and 50 ml/L CO2 in 
a culture box for 2 h. Subsequently, the supernatant was dis-
carded, and the adherent cells (monocytes) were collected for 
further use. The mononuclear cell purity was greater than or 
equal to 80% using the density gradient centrifugation and 
adherence method.

in addition, all blood and tissue specimens were quickly 
placed in liquid nitrogen and maintained at -80°C for 10 min. 
Half of the cancerous tissues were fixed with 10% formalin 
and embedded in paraffin for immunohistochemical analysis. 
From each paraffin block, 4-μm thick serial sections were pre-
pared and roasted in an oven at a constant temperature of 60 °C 
for 1 h. in addition, the remaining cancerous specimens, their 
corresponding paracancerous specimens and normal tissues 
were prepared for extraction of RNA and protein for further 
quantitative real-time polymerase chain reaction (RT-qPCR) 
and western blot detection.

Immunohistochemical detection. All sections were sub-
jected to conventional dewaxing and were repaired under 
controlled high temperature and high pressure conditions in 
strict accordance with the kit protocol. The primary antibody 
concentration was pre-set at 1:100. The blank control had PBS 
in place of the primary antibody, and known positive sec-
tions were used as positive controls. First, staining intensity 
was scored as: (1) 0 points, no intensity staining; (2) 1 point, 
low intensity (light yellow); (3) 2 points, moderate intensity 
(yellow brown); and (4) 3 points, high intensity (dark brown). 
Then, the corresponding scoring results were valued in terms 
of the proportion of positive cells: 0 points, negative cells; 1 
point, positive cells less than or equal to 10%; 2 points, posi-
tive cells 11%-50%; 3 points, positive cells 51%-75%; and 4 
points, positive cells >75%. The immunohistochemical stain-
ing results were evaluated by two experienced pathologists 
under double-blind conditions.

RT-qPCR detection. RNA extraction from blood and 
tissue samples was carried out using the Trizol kit according 
to the manufacturer’s protocol. A total of 1 ml of extracted 
total RNA was added to 1×106 cells, and the final RNA 
products were stored at -80°C. Furthermore, cDNA syn-
thesis was performed by RT-PCR (QiAGEN) and followed 
by preservation at -20 °C. According to the sequence of 
human β-actin (Gi: 168480144) and Tim-3 (Gi: 354681988) 
in NCBi Gen Bank, Premier Primer 5.0 software (Premier 
Biosoft international, Palo Alto, CA, USA) was used for the 
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design of specific primers. Meanwhile, PCR thermal cycle 
parameters were: 95 °C for 4 min, followed by 40 cycles of 
95 °C for 30 s, 60 °C for 30 s and 72 °C for 30 s. The final 
fluorescence of these reactions was plotted at the last step 
of each cycle. The melting curve was repeated for 2 cycles 
at 95 °C for 2 min, 95 °C for 15 s and 60 °C for 1 min. The 
relative mRNA expression levels of Tim-3 and β-actin were 
further determined by 2-ΔΔCt. The CT value was predefined 
as the amplification power curve inflection point [30]. The 
capture probe sequences for Tim-3 are shown in Supple-
mentary Table 1.

Western blot analyses. Total protein from the cancerous 
tissues and adjacent paracancerous and normal tissues were 
extracted in RiPA lysis buffer, in accordance with the kit 
protocol using the rapid Bicinchoninic acid (BCA) method 
for quantification of total protein. A total of 50 μg of proteins 
was subjected to 10% SDS-PAGE and transferred to a PVDF 
membrane. The membrane was blocked with 5% skim milk, 
rabbit anti-human AGR2 polyclonal antibody (diluted at 
1:1000) and rabbit anti-human β-actin polyclonal antibody 
(diluted at 1:200) were added to the membrane, and the mem-
brane was incubated overnight at 4 °C. After briefly washing 
the membrane three times with TBST buffer, HRP-labelled 
Goat anti-rabbit secondary antibody was added, and then 
the membrane was incubated at room temperature for 1 h. 
All antibodies used in this experiment were purchased from 
Abcam inc., Cambridge, MA, USA. Following another wash 
with TBST, positive bands were revealed by autoradiography 
after the addition of a chemiluminescence reagent. Levels 
relative to grey protein and β-actin ratio were determined by 
semi-quantitative analysis. Quantification was performed by 
estimating the grey value ratios of the target protein and the 
reference β-actin.

Statistical analysis. SPSS version 19.0 statistical software 
(SPSS inc., Chicago, iL, USA) was used to analyse the input-
ted data files. Enumeration data and measurement data were 
expressed as rates or percentages and as mean ± standard 
deviation (SD), respectively, and the corresponding compari-
son tests were the chi-square test and t-test, respectively. All 
the tests in this study were two-sided. A P value < 0.05 was 
considered statistically significant.

Results

Baseline characteristics of included subjects. in this study, 
as presented in Table 1, there were 98 males and 90 females 
in the case group, with a mean age of 58.50 ± 10.61 years. Ad-
ditionally, there were 135 normal controls, consisting of 70 
males and 65 females, with a mean age of 54.50 ± 16.26. No 
evident statistical significance was detected regarding gender 
and age distributions between the groups (both P > 0.05), 
which were comparable. in the case group, histological grades 
were: well-differentiated (n = 60), moderately differentiated 
(n = 77) and poorly differentiated (n = 51). Regarding TNM 
stages, 28 patients were in stage i, 45 in stage ii, 62 in stage 

Table 1. Relationship between Tim-3 mRNA expression levels and the 
clinicopathologic parameters of 188 patients with colorectal cancer

Variables
Tim-3 mRNA levels

Low levels High levels P
Gender

Male 57 41
0.571 

Female 56 34
Age

<60 48 40
0.145

≥60 65 35
Differentiation

Well 42 18
0.018Moderately 37 40

Poorly 34 17
TNM stages

i 18 10

0.583
ii 26 19
iii 38 24
iV 31 22

Lymph node metastasis
With 70 20

< 0.001
Without 43 55

Distant metastasis
With 33 11

0.022
Without 80 64

Clinical stages
i 18 21

0.054
ii 10 12
iii 59 28
iV 26 14

iii and 53 in stage iV. in addition, there were 90 patients who 
had lymphatic metastasis, 98 patients with no lymphatic me-
tastasis, and 44 patients with distant metastasis. Additionally, 
with respect to the clinical stage, there were 43 in stage i, 22 
in stage ii, 87 in stage iii and 36 in stage iV.

Immunohistochemical results. As shown in Figure 1, im-
munohistochemical staining revealed that the Tim-3 protein 
was localized mainly in the cytoplasm and nucleus, showing 
yellow or brown granules. in addition, Tim-3 was found to 
be largely expressed in colon carcinoma tissues and normal 
colon mucosa tissues but was rarely expressed in the cell 
membrane.

Tim-3 mRNA and protein expression levels in CRC 
specimens and in PBMCs. The relative mRNA expression 
of Tim-3 was quantified in monocytes from the peripheral 
blood and tissues of patients by the 2-ΔΔCt method. There was 
a positive decreased trend of Tim-3 mRNA levels in monocytes 
from the peripheral blood of CRC patients compared with 
normal controls (P < 0.05). Compared with paracancerous 
tissues and normal colon mucosa tissues, Tim-3 mRNA levels 
were significantly lowered in CRC tissues (both P < 0.05). 
Furthermore, even lower mRNA levels of Tim-3 were detected 
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in the paracancerous tissues than in the normal colon mucosa 
tissues (Figure 2).

Furthermore, to observe the protein expression levels of 
Tim-3 in CRC, further verification of the protein expression 
of Tim-3 in human tissues was performed by western blot. 
The corresponding results showed that reduced expression 
of Tim-3 protein in CRC tissues was detected compared with 
normal colon mucosa tissues and paracancerous tissues; the 
differences were statistically significant (both P < 0.05). A simi-
lar result was also found in the comparison of Tim-3 protein 
expression between the paracancerous tissues and the normal 
colon mucosa tissues; of the two, the former had a lower ex-
pression level than the latter (P < 0.05) (Figure 3).

Relationships between Tim-3 mRNA levels and the 
clinicopathologic parameters of CRC. Gender, age, differ-

Figure 1. Immunohistochemical staining results of the positive signals of 
Tim-3 protein and its expression. Tim-3 was localized in the cytoplasm and 
nucleus, showing yellow or brown granules. Tim-3 was largely expressed 
in colon carcinoma tissues and normal colon mucosa tissues, and it was 
rarely expressed in the cell membrane (A, in colon carcinoma tissues; B, in 
normal colon mucosa tissues).

Figure 2. The mRNA levels of Tim-3 measured by RT-PCR. A, The relative 
mRNA expression levels of Tim-3 in human tissues were quantified using 
the 2-ΔΔCt method. Compared with paracancerous tissues and normal 
colon mucosa tissues, the levels of Tim-3 mRNA were significantly lower 
in CRC tissues; a decreased tendency was further found in the paracan-
cerous tissues compared with the normal colon mucosa tissues; B, There 
was a positive decreased trend of Tim-3 mRNA levels in monocytes from 
the peripheral blood of CRC patients. **, compared with normal colon 
mucosa tissues, P < 0.05; ***, compared with the paracancerous tissues 
and the normal colon mucosa tissues. RT-qPCR, quantitative real-time 
polymerase chain reaction; CRC, colorectal cancer.

entiation degree, TNM stages, lymph node metastasis, distant 
metastasis and clinical stages were investigated in this experi-
ment to confirm the relationship of Tim-3 mRNA levels with 
the clinicopathologic parameters of CRC (Table 1). in total, 
there were 113 cases with low expression of Tim-3, and the 
remaining 75 cases had high expression of Tim-3. The results 
indicated that there were statistically significant associations 
between Tim-3 mRNA levels and differentiation degree, lymph 
node metastasis and distant metastasis, where obviously lower 
Tim-3 mRNA levels were found in the poorly differentiated 
CRC patients and in those with lymph node metastasis and 
with distant metastasis (all P < 0.05). However, regarding 
other parameters including gender, age, TNM stages and 
clinical stages, no apparent statistical differences were found 
(all P > 0.05).
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Discussion

The Tim gene family, which is mainly expressed on the 
surface of immune cells, has potential influence in tumour 
immune surveillance and immune escape [23, 31]. importantly 
and cautiously, different microenvironments of tumours may 
affect Tim targeting treatment response to different therapy 
regimens. The Tim-3 protein, which is considered to be an 
important member of the Tim family mainly expressed on the 
surface of activated Thl cells, plays critical roles in regulating 
immune function after binding with its ligands, which may be 
regarded as new targets for the treatment of human cancers 
[32-34]. in this study, the expression of Tim-3 in CRC patients 
was investigated to explore the relationship of Tim-3 expres-
sion with the clinicopathologic parameters of CRC.

According to our study, the immunohistochemical results 
showed that the Tim-3 protein was mainly expressed in 
the cytoplasm and nucleus of normal gastric mucosa and 
gastric carcinoma tissues, and it was rarely expressed in 
the cell membrane. Furthermore, samples were collected 
from 188 cases of CRC radical patients’ cancerous tissues, 
paracancerous tissues and normal colon mucosa tissues; 
all cases were confirmed CRC by pathology. Tim-3 mRNA 
levels were detected by RT-qPCR. The results showed that 
Tim-3 mRNA levels in cancerous tissues were significantly 
lower than those in paracancerous tissues and normal colon 
mucosa tissues. At the same time, Tim-3 protein expres-
sion of the incorporated tissues was detected by western 
blot, and the results were in agreement with the detection 
results of Tim-3 mRNA levels. Those results suggested that 
low expression of Tim-3 might be strongly correlated with 
the progression and development of CRC. Additionally, 
a positive decreased trend of Tim-3 mRNA levels was also 
observed in monocytes from the peripheral blood of CRC 
patients. Therefore, we would hypothesize that the detection 
of Tim-3 expression in both the peripheral blood samples 
and human tissues can be used as potential anti-tumour 
treatment indicators, which would require future in-depth 
experimental study. The possible mechanism associated with 
the above speculation might be that Tim-3 expressed on tu-
mour cells and tumour-associated immune cells has diverse 
tumourigenic activities contributing to tumour-initiating and 
tumour-promoting activities [35-37]. With regard to this, 
the inhibition of Tim-3 expression with certain antagonists 
or by interference in relevant signal pathways may be useful 
for the suppression of Tim-3 expression, thereby leading to 
tumour suppression. Accumulating evidence has revealed 
that Tim-3 has pleiotropic functions affecting multiple im-
munologic and biologic properties of various types of cells, 
such as galectin-9 and high-mobility group box 1 [38-40]. 
Correspondingly, Tim-3 expression was detected on a large 
number of tumours, and lower Tim-3 expression was posi-
tively correlated with shorter progression-free survival in 
patients with clear cell renal cell carcinoma [36]. it is there-
fore important that treatment with anti-Tim-3 may suppress 

its tumourigenic effects, which needs to be further confirmed 
in in vitro and in vivo settings.

A number of studies have indicated that down-regulation of 
Tim-3 expression in tumours may promote tumour progres-
sion and metastasis. To this end, we analysed the association 
of Tim-3 mRNA levels with the clinical parameters of CRC. 
Differentiation degree, lymph node metastasis and distant 
metastasis were clearly significant. However, no significant 
difference was found with respect to the expression of Tim-3 
with different gender, age, TNM stages and clinical stages, 
which should be interpreted cautiously due to the restricted 
inclusion of samples and different backgrounds such as life-
style and family history. Generally, poorer differentiation 
grade, higher TNM stages and metastasis status as well as 
serious clinical stage were recognized as the risk factors for 
CRC cell invasion and metastasis, and the association between 
those indicators and CRC highlighted the important role of 
Tim-3 in predicting invasion and metastasis of CRC. Based 
on the above results, the expression of Tim-3 in CRC tissue 
was significantly decreased, and there was a certain correlation 
with the clinical and pathological stage of this cancer. in view 
of previous investigations, Gao X et al. showed that Tim-3 
was highly expressed in human lung cancer tissues, and their 
study also revealed a close correlation of Tim-3 expression 
with nodal metastasis and advanced cancer stages of non-
small cell lung cancer, possibly due to the role of Tim-3 as an 
important immune regulator via its predominant expression 
in regulatory T cells in the tumour microenvironment [41]. 
On the other hand, via a blockade of Tim-3, the proliferation 
and invasion of cancer cells could be significantly inhibited; 
for example, Tim-3 blockade could reverse tumour-induced 
T cell dysfunction significantly in patients with advanced 
melanoma [27].

Taken as a whole, our study revealed that Tim-3 was mainly 
located in the cytoplasm and nucleus, and decreased mRNA 
and protein expression were found in CRC patients’ blood 

Figure 3. Tim-3 protein expression measured by western blot. Reduced ex-
pression of the Tim-3 protein was observed in CRC tissues compared with 
normal colon mucosa tissues and paracancerous tissues; of the two, the 
former had a lower expression level than the latter. **compared with nor-
mal colon mucosa tissues, P < 0.05; ***compared with the paracancerous 
tissues and the normal colon mucosa tissues. CRC, colorectal cancer.
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and tissue samples. Reduced Tim-3 expression might promote 
CRC invasion and metastasis, which provided a reference for 
developing treatment strategies for CRC patients and clinicians. 
Our study had several limitations. First, we only investigated 
the correlation between the expression of Tim-3 and CRC, and 
the mechanism of how decreased Tim-3 expression promotes 
CRC cell invasion and metastasis needs to be further studied. 
The small sample size of the present study was also a limitation 
which might lead to low power. However, clearly this study put 
forward the idea that suppressing Tim-3 expression may play 
an efficient role against cancer in the application of relevant an-
tagonists or in the intervention of relevant signal pathways.

Supplementary information is available in the online version 
of the paper.
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Supplementary Table 1 Capture probe sequences for Tim-3 gene 

 Primers 

Tim-3 F: 5'-CCAAATCCCAGGCATAAT-3' 

 R: 5'-AAGCGA-CAACCCAAAGGT-3' 

β-actin F: 5'-CGAAACTACCT-TCAACTCCATC-3' 

 R: 5'-AGTGATCTCCTTCTGCATCCT-3' 

Note: F, forward; R, reverse. 

 


