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Up-regulation of Tim-3 is associated with poor
prognosis of patients with colon cancer
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Abstract: Tim-3 (T cell immunoglobulin and mucin domain 3), belonging to the member of the novel Tim family, has
been confirmed that it plays a critical negative role in regulating the immune responses against viral infection and
carcinoma. Recently, it has also been reported that the over-expression of Tim-3 is associated with poor prognosis
in solid tumors. However, the role of Tim-3 in colorectal cancer remains largely unknown. In the current study, we
aim to investigate the expression of Tim-3 in colorectal carcinoma and discuss the relationship between Tim-3 ex-
pression and colon cancer prognosis, thus speculating the possible role of Tim-3 in colon cancer progression. Colon
cancer tissues and paired normal tissue were obtained from 201 patients with colon cancer for preparation of tis-
sue microarray. Tim-3 expression was evaluated by immunohistochemical staining. The Tim-3 expression level was
evaluated by g-RT-PCR, western blot and immunocytochemistry in four colon cancer cell lines (HT-29, HCT116, LoVo,
SW620). Tim-3 was expressed in 92.5% tumor tissue samples and 86.5% corresponding normal tissue samples.
Expression of Tim-3 was significantly higher in tumor tissues than in normal tissues (P < 0.0001). Tim-3 expression
in colon cancer tissues is in correlation with colon cancer lymphatic metastasis and TNM (P < 0.0001). Multivariate
analysis demonstrated that Tim-3 expression could be a potential independent prognostic factor for colon cancer
patients (P < 0.0001). Kaplan-Meier survival analysis result showed that patients with higher Tim-3 expression had
a significantly shorter survival time than those with lower Tim-3 expression patients. Our results indicated that Tim-
3 might participate in the tumorgenesis of colon cancer and Tim-3 expression might be a potential independent
prognostic factor for patients with colorectal cancer.
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Introduction fewer effective therapies, is also a significant

factor. As health stander is increasingly im-

Colorectal cancer (CRC) is the third leading can-
cer and the fourth cause of cancer deaths
worldwide, with 1.2 million estimated new ca-
ses and 609,000 estimated deaths in 2008
[1]. In China, CRC is the fourth most commonly
diagnosed tumor and the fifth most frequently
cause of mortality among tumor suffers. There
were about 153760 new diagnosed of CRC
patients and 78700 people taken away their
lives [2]. The high mortality rate primarily result
from the difficulty in diagnosing CRC at early
stages and the deficiency of more effective
therapy method. Certainly, the barren manner
to judge prognosis accurately at the beginning
of the diagnosed colon cancer patients, thus
drawing less attention on tumor and selecting

proved greatly, more effective treatment meth-
od and prognosis indicator for CRC are neces-
sary urgently. Consequently, novel more effec-
tive therapy method and prognosis effectors
should be explored as soon as possible.

T-cellimmunoglobulin-and mucin domain-3-con-
taining molecule 3 (Tim-3) was originally identi-
fied as a membrane protein of CD4* Thi cell
rather than Th2 cell [3-5]. Parallel to other co-
inhibitorycheck-pointinhibitors-PD,CTLA-4,Tim-
3 plays a negative role in host, especially to
immune system. Engagement of Tim-3 with its
ligand galectin-9 negatively regulates interfer-
on vy secretion T cells [6] and promoting the
death of interferon (IFN)-gamma-inducing Th-
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Figure 1. Expression of Tim-3 in colorectal cancer cell lines. Tim-3 protein was verified by western blot in SW620,
HCT116, HT29, LoVo cell lines (A). Hela and 293T cell lines as positive control and THP-1 as negative control. The

Tim-3 expression was also detected in the mRNA level (B).
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Figure 2. Immunohistochemical staining of Tim-3. (A) Tim-3 expression strong
stain, (C) weak stain, (E) negative stain in tumor tissues and the Tim-3 expres-
sion (B) strong stain, (D) weak stain, and (F) negative stain corresponding nor-
mal tissues.

o

exert effective functions su-
ch as cytotoxicity and cyto-
Kine secretion in response
to antigen stimulation. Pri-
marily, evidence have identi-
fied that Tim-3 was expre-
ssed on exhausted T cells in
both human cancer [9, 10]
and in preclinical models of
cancer [11, 12]. Further, to
melanoma patients, CD8" T
cell dysfunction has an inti-
mate relationship with the
check-point inhibitors-Tim-
3 [13]. Moreover, evidence
suggested that Tim-3 sup-
presses CD4* T cell acti-
vation through the interleu-
kin-6-STAT3 pathway [14].
Inspiringly, studies results
had demonstrated that blo-
cking Tim-3 can restore T
cell proliferation and enhan-
ce cytokine production to
HIV and HCV patients [7,
15]. Given these observa-
tions, it appears that Tim-3
may be an effective target in
reversing T cell exhaustion,
thus efficient treating neo-
plasm patients.

Recently, Tim-3 was report-
ed to be expressed in mela-

1 cells [7, 8]. Emerging data also suggest that noma cells, contributing to low adhesion of
Tim-3 may take center stage in T cell exhaus- tumor cells and favoring of the survival of mela-
tion-a state that T cells fail to proliferate and noma cells [16]. Evidence also suggested Tim-3
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Table 1. Correlation between Tim-3 expression and clinicopatho-
logic parameters in patients with colon cancer (n = 201)

has been becoming a hotspot.
However, whether Tim-3 is also

Tim-3 expression P Value

expressed on CRC and the role of

Clinicopathologic parameters Patients (n)

Tim-3 in colon cancer remain

<200 2>200
unknown.
Age 0.599
< Median (65) 103 46 57 In this study, we investigated the
> Median 98 37 61 expression of Tim-3 in colorectal
Gender 0.634 cancer cell lines and in colon
Male 116 49 67 cancer tissues and revealed the
Female 85 34 51 relationship between Tim-3 ex-
Cancer embolus 0.075 pression and colon cancer prog-
Yes 49 10 32 nosis further.
No 159 73 86 Materials and methods
Differentiation 0.242
Well 28 13 15 Cell culture
Middle 162 63 99
Poor 11 7 4 Human colon cancer cell lines
Depth of invasion 0.135 HT-29, SW-620, ) HCT116, and
71 3 o 3 LoVo, were received from De-
partment of Enze Medical Re-
T2 16 5 11 search Centre, Taizhou Hospital
3 46 20 26 of Wenzhou Medical University.
T4 136 58 78 Cells were cultured in the medi-
Lymph metastasis < 0.0001 um according to ATCC mixed with
NO 114 60 54 10% heat-inactivated fetal bo-
N1 56 18 38 vine serum (FBS) in an incubator
N2 31 5 26 (contain 5% CO,) at 37°C with a
Distant metastasis 0.845 hum?dified atmosphere. Culture
Negative 192 79 113 medium was replaced. every 2—3
. days. When cells were in logarith-
Positive 9 4 5 .
INM . 1 mic growth phase, collected th-
0.000 em for further experiments.
| 15 4 11
Il 92 55 37 Western blot
Il 82 20 62
IV 12 4 8 HT-29, SW-620, HCT116, and

was identified expressed on many carcinoma
cells such as cervical cancer cell, Gastric
Cancer cells, prostate cancer cell, Clear cell
renal carcinoma cell [17-20] and Tim-3 directly
plays a significant role in the occurrence and
development of tumors [19-21]. The role of
Tim-3 expressed in tumor cells may promote
tumor genesis, proliferation and invasion ca-
pacity directly or via suppressing immunity. In
addition, researches indicated that the prolif-
eration and invasion capacity of tumor cells
whose Tim-3 gene were knocked down were
diminished [17, 19, 20]. Consequently, Tim-3
maybe a new target to treat cancer effectively.
Now, investigating the role of Tim-3 in tumor

8020

LoVo CRC cell lines to detect
Tim-3 were lysed in a lysis buffer
purchased from Beyotime Institute of Bio-
technolog (p0013c, Beyotime, China) and cen-
trifuged at 12000 rpm for 30 min. Then mixed
with 5 x loading buffer and boiled the mixture
for 5 minutes in boiling water. Equal amounts of
protein extracts (80 pg) for electrophoresis
loaded in SDS polyacrylamide gel. Then trans-
fered the protein to a polyvinylidene fluoride
membrane. The membrane was blocked for 2
hours at room temperature with buffer conta-
ining 20 mmol/L Tris-Hcl (pH7.5), 500 mmol/I
NaCl, and 5% nonfat milk. Then incubated
the membrane with contain Tim-3 antibody
(1:2000, Abcam, US) buffer overnight at 4°C
overnight. Then washed the membrane with

Int J Clin Exp Pathol 2015;8(7):8018-8027
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Figure 3. Immunocytochemical staining of Tim-3 in colorectal cancer cell lines. Tim-3 expression in cell lines of HT-

29 (A), SW620 (B), HCT116 (C) and LoVo (D).

PBS buffer contain 0.1% Tween20 and incu-
bated with a horseradish peroxidase-labeled
secondary antibody rabbit anti-mouse 1gG (1:
10000) for 2 hours at room temperature. Fi-
nally, the blots were developed using an en-
hanced chemiluminescence detection system
(Amersham Life Science) and analyzed. We uti-
lized Hela and 293T cell line-s predominantly
expressed Tim-3 protein as positive control,
while THP-1 cell line rarely expresses Tim-3 pro-
tein as negative control. B-actin was used as
internal control to normalize the blots.

qRT-PCR

Total cellular RNA was isolated from cell by
Trizol reagent (Invitrogen, Shanghai, China).
Then RNA was reverse transcribed to genera-
te cDNA using Thermo Scientific RevertAid Fir-
st Strand cDNA Synthesis Kit (Thermo, NY, U-
SA) according to the manufacturer’s protocol.
Then use primers of Tim-3 5sense primer
(5-TACTGCTGCCGGATCCTAAT-3’) and a 3 anti-
sense primer (5’-ACCTTGGCTGGTTTGATGAC-3’)

8021

to amplify Tim-3 and use 5 sense primer
(5’-CTCACGAAACTGGAATAAGC-3’) and a 3 an-
tisense primer (5'-AAGCCACACGTACTAAAGGT-
3’) to amplify a 200-bp B-actin as control,
Quantitative real-time PCR (qRT-PCR) was per-
formed with SYBR Green Master Mix (Roche,
Shanghai, China) on a LightCycler 480Il system
(Roche). Then checked the quantity of the PCR
product in a 2% agarose gel. Make the solution
to become lukewarm and added 0.1 mg/ml
ethidium bromide. Poured the gel on a gel-cast-
ing tray and lead it to solidify. Placed the gel in
an electrophoresis tank with 1 x TAE buffer.
Mixed The PCR product samples with 6 x DNA
loading dye and loaded them on the gel. Lastly,
electrophoresed the gel at 2 volts/cm and took
image in a gel documentation system (Bio Rad
Gel Doc).

Patients
This study was approved by the ethics com-

mittee of Taizhou Hospital, Wenzhou Medical
University for analysis of human tissues. All pa-

Int J Clin Exp Pathol 2015;8(7):8018-8027
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1.01

0.91

vival (0OS) defined as the
time from one month la-
ter after surgery to death
from any cause. The sec-

0.81

0.7

Cum. survival

0.6

P <0.0001

0.5

Tim-3 High

H—H ondary end point was the
end of follow-up.

Immunohistochemical
staining

Briefly, the tissue micro-
array (TMA) were roasted
overnight at 60°C, then
deparaffinized and rehy-
drated through graded

0.00 12.00 24.00 36.00 48.00 60.00 72.00 84.00 96.00 108.00

Months

Figure 4. The Kaplan-Meier survival analysis comparative curves between nega-
tive/weak Tim-3 expression and strong Tim-3 expression in colon cancer patients

(P < 0.05).

tients gave informed written consent for analy-
sis of their tissue for research purposes. CRC
patients underwent initial resection at the
Taizhou Hospital Wenzhou Medical University
from 2005 to 2010 were enrolled. The patients’
age ranged from 26 to 90 years (median age,
65 years). All of the selected colon cancer tis-
sues met the following inclusion criteria: (1) the
patient underwent curative resection, (2) the
patient had a regular follow-up, (3) there were
adequate specimens. Exclusion criteria were
(1) history of previous malignant disease or a
second primary tumor, (2) familial adenoma-
tous polyposis patients, (3) preoperative che-
motherapy and/or radiation. All patients were
diagnosed colon cancer according to World
Health Organization criteria by two specialists
of the hospital. Following clinical parameters
were collected in this study: age at the time of
surgery, gender, cancer embolus, differentia-
tion, depth of invasion, lymph metastasis, dis-
tant metastasis, American Joint Committee on
Cancer (AJCC) stage (TNM) and survival time.

Follow-up

Basically, patients were evaluated at the hospi-
tal or contacted by telephone or e-mails, every
3 months for the first year, every 6 months for
the second year, and annually three after. The
primary end point of this study was overall sur-
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alcohols before being ex-
posed to the antigen re-
trieval system (10 mM
sodium citrate, 0.05% Tw-
een 20, pH 6.0) in high-
pressure boiler for 30 se-
cond. Endogenous perox-
idase was blocked with
3% hydrogen peroxide for 15 minutes at room
temperature. Then rinsed the slides in 0.01
mol/L phosphate-buffered saline solution (PB-
S) for (3 x 5 min). Following incubation with the
primary mouse polyclonal antibody (1:200, Ab-
cam, US) 1 hour at room temperature. After
washing the slides with PBS (3 x 5 min), incu-
bated the slides with rabbit antimouse avidin-
biotin peroxidase complex kit (1; 50, Gene
Tech, China). Then stained the slides with DAB
peroxidase substrate kit (Gene Tech, CA). He-
matoxylin and eosin staining was performed on
the microarry for histopathological evaluation.
Known immunostaining-positive slides were us-
ed as positive controls. Negative controls with
normal serum or isotope 1gG were performed in
every procedures. Cell lines (HT-29, SW620,
HT-629, LoVo) were routinely cultured, embed-
ded in paraffin and processed as tissue slides.

Evaluation of the IHC variable

All microarries were independently analyzed by
two experienced pathologists with no prior
knowledge of clinicopathological parameters
under a light microscope and the images were
recorded by digital camera. To evaluate Tim-3
density, the stained sections were screened
under low power (x 100-fold magnification) to
identify representative fields. Tim-3 positive
cells were then counted under high power (HP;

Int J Clin Exp Pathol 2015;8(7):8018-8027
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Table 2. Correlation of clinicopathologic parameters and
Tim-3 expression with the survival rate of colon cancer pa-

tients (n = 201)

strong staining = 3 and the percent-
age of the stain cells were judged at
same time. Then the staining results

10 years survival

were revealed with semi-quantitative

Clinicopathologic Patients ;. 5 expression Overall survival analysis (HSCORE system = stain
Parameters M~ 500 sa200 rate(Pvalue) intensity x the percentage of the
Age 0181 stain cells). Thg interobserver agree-
. ment for the Tim-3 count was 88%.
< Median (65y) 103 46 31 Di
_ isagreements were reevaluated
Median o8 36 34 until a consensus was reached.
Gender 0.673
Male 116 48 37 Statistical analysis
Female 85 34 28
Cancer embolus 0.002 The SPSS statistical 18.0 software
Yes 42 10 8 was used to analyze the research
No 159 79 57 data. F’alred t-test vyas used to ana-
] o lyze Tim-3 expression between tu-
Differentiation 0.346 mor tissues and normal tissues. The
Well 28 12 6 Kaplan-Meier method was used to
Middle 162 63 58 evaluate the overall survival rate as
Poor 11 7 1 a function of time. The Cox propor-
Depth of invasion 0.204 tional hazard model was used in uni-
T1 3 0 3 variate and multivariate analysis of
T2 16 5 8 prognostic factor. Value of P < 0.05
T3 46 20 16 was considered to be statistically
T4 136 57 38 significantly.
Lymph metastasis 0.108 Results
NO 114 60 36
N1 56 18 20 Tim-3 is expressed in CRC cell lines
N2 31 4 9
Distant metastasis 0.011 The above referenced cell lines of
Negative 192 78 62 CRC were used to detect Tim-3
Positive 9 4 3 mRNA and protein through gRT-PCR
TNM 0.003 and western blot. The results were
shown in Figure 1A and 1B. There
| 15 4 9 . .
was no difference of expression of
I 92 55 26 Tim-3 in the level of MRNA, whereas
i 82 19 29 difference of Tim-3 protein expres-
v 12 4 1 sion is apparent. Interestingly, STAT3
Tim-3 expression <0.0001 were expressed in all of the four cell
<200 83 82 - lines and pSTAT3 of HCT116 is acti-
>200 118 - 65 vated (Figure 1A).
Tim-3 expression in colon cancer
x 400-fold maghnification) in 5 fields of vision tissues

using the Leica DMI 4000B inverted research
microscope (Leica Microsystems, Wetzlar, Ge-
rmany). Through comparing to the immunoreac-
tivity of positive controls that were included in
each process, pathologist could estimate per-
centages of Tim-3-positive CRC cells and the
immunostaining intensity. The stain intensity
was divided into 4 categories: no staining = O,
weak staining = 1, moderate staining = 2 and

8023

According to recent research reports Tim-3 is
expressed not only in various immunocytes but
also in several kinds of carcinoma cells [18-21].
The phenomena attract us to explore whether
Tim-3 is also expressed in colorectal carcinoma
tissues. From the (Figure 2), the brown-stain-
ed part of the immunohistochemical analysis
image is Tim-3 Protein (Figure 2A-F). As shown

Int J Clin Exp Pathol 2015;8(7):8018-8027
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in Table 1, Tim-3 positive colon carcinoma cells
could be detected in 92.5% (186/201) of colon
cancer specimens, of which 58.7% (118/201)
showed Tim-3 expression HSCORE over 200
(Figure 2A), 33.8% (68/201) showed Tim-3
expression HSCORE less than 200 (Figure 2C)
and 7.4% (15/201) negative (-) (Figure 2E)
Tim-3 expression, and Tim-3 can be detected in
86.6% (174/201) of normal colon specimens,
in which 9.5% (19/201) showed Tim-3 expres-
sion HSCORE over 200 (Figure 2B), 77.1%
(155/201) showed Tim-3 expression HSCORE
less than 200 (Figure 2D), 13.4% (27/201) neg-
ative (-) (Figure 2F) Tim-3 expression. Tim-3
expression in cancer lesions was significantly
higher than in compared normal tissues (P <
0.0001, not shown). In addition, cell lines HT-29
and SW620 showed cytoplasmic and nucle-
ar positivity of Tim-3 staining and HCT116,
LoVo showed cytoplasmic Tim-3 staining
(Figure 3A-D).

Correlation of Tim-3 expression with clinico-
pathologic parameters

Correlation between Tim-3 expression and vari-
ous clinicopathologic parameters was imple-
mented in the 201 colon tumor samples as
shown in Table 1, Tim-3 expression has posi-
tively significant correlation with lymph metas-
tasis, TNM (all values of P < 0.0001) in CRC tis-
sues. However, as shown in Table 1, the Tim-3
expression has no significant correlation with
age, gender, cancer embolus, differentiation,
depth of invasion, and distant metastasis (P >
0.05). Notably, the frequency of higher Tim-3
expression was higher in patients with differen-
tiation middle/poor and in T3/T4 depth of inva-
sion stages than those with well differentiation
and in T1/T2 depth of invasion stages (Table
1).

Tim-3 expression and overall survival

Thirty days after postoperative complications
period, all the 201 patients were conducted
follow-up. The post period of follow-up last 120
months and the sheathed stage of it ranged
from 2 to 103 months (median 61 months).
HSCORE of Tim-3 expression was classified
into two kinds (HSCORE < 200 and HSCORE >
200). Firstly, the expression of Tim-3 in colon
tissues had a statistically significant correlation
with a shorter of the survival probability (P <
0.05, data not shown). During the follow-up,
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there were 54 (26.9%) patients died. Among
these deaths, the ten-year survival rate of
patients with Tim-3 expression HSCORE > 200
was significantly lower than those HSCORE <
200 (P < 0.0001, log-rank test) (Figure 4). In
addition, the survival time difference was di-
rectly shown in Kaplan-Meier survival curve,
which was plotted according to the HSCORE
assortment above (Figure 4). As shown in Table
2, the results suggested that TNM (P = 0.003),
distant metastasis (P = 0.011), cancer embolus
(P =0.002) and Tim-3 expression (P < 0.0001)
had significance relationship with survival rate
(P < 0.05). All these analysis suggested that
Tim-3 expression could be an independent
prognostic factor for colon cancer patients (P <
0.0001).

Discussion

Tim-3 was originally identified as a surface pro-
tein of Thl cell rather than Th2 cell and Tim-3
could induce Th1 cell apoptosis through inter-
act with its ligand [8]. In addition, Tim-3 has
also been found on many other immune cell
lines and tumor cell lines [16, 22, 23]. What's
more, whatever Tim-3 acts as an independent
predictor or bear the direct effect to promote
tumor evolution, Tim-3 play an all-important
role. Here, we conformed Tim-3 was expressed
in colon cancer tissues and corresponding
compared normal tissues from clinical patients.
In addition, we found Tim-3 protein in tumor tis-
sues had a significant correlation with the clini-
copathologic parameters according to the sta-
tistics. Remarkably, we also found that the high
Tim-3 expression patients had a statistic trend
of lower survival rate than those with weak/
negative Tim-3 expression. The univariate and
multivariate analyses also suggested that Ti-
m-3 expression state in tumor tissues could be
a potential independent prognostic predictor
for colorectal cancer patients.

Though Tim-3 makes significant contribution to
tumorigenesis and development, the mecha-
nisms of regulation Tim-3 expression in tumor
are not fully understood. New evidence sug-
gested that microenvironment could transform
cellular Tim-3 expression status. Huang X et al.
[14] found that Tim-3 is preferentially expressed
in lymphoma-derived ECs rather than ECs from
reactive lymph nodes in the level of mRNA and
protein. Similarly, for gastric cancer and cervi-

Int J Clin Exp Pathol 2015;8(7):8018-8027
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cal cancer Tim-3 expression in tumor tissues
was significantly higher than compared normal
tissues [17, 18]. In line with our study, we also
demonstrated that Tim-3 expression in tumor
tissues was significantly higher than compared
normal tissues. Therefore, we hypothesize that
there are factors to induce variation of Tim-3
expression in malignant tumor tissues. Wiener
et al. [16] verified that Tim-3 is expressed in
melanoma cells and could be up regulation
through TGF-B1. Moreover, TGF-B1 plays an im-
portant role in tumor development [24, 25].
Therefore, tumor environment may affect the
expression of TGF-B1, thus regulating Tim-3
expression of tumor cells.

Tim-3 expressed by immune cells plays impor-
tant roles in regulating innate and acquired
immunity. In antiviral and antitumor immunity,
evidence has demonstrated that Tim-3 ex-
pressed by immune cells not only suppressed
innate immunity but also induced CD4* T cells
and CD8* T cells exhausted [26]. In our study,
we have demonstrated that colon cancer cells
expressed Tim-3 and Tim-3 expression could
be used as an independent prognostic factor
for colon cancer patients. As a result, we con-
jecture that Tim-3 may play an important role in
onset, growth, and dissemination of colon car-
cinoma. However, the function of Tim-3 in colon
cancer has not yet been demonstrated explic-
itly. Geng et al found that Tim-3 could be a form
of secreted and bind to T cells by interfering
with its ligand(s), thus facilitating tumor growth
through impaired immune response [27]. The
Tim-3 expression in colon carcinoma cells may
work in similar mechanisms of suppressing
immune system thus assisting tumor cells
escape immune surveillance and tumor growth.
However, can Tim-3 play a role in colon cancer
cell directly? According to published studies,
Tim-3 could promote tumor growth directly,
which could be identified by when these tumor
cell lines were exposure to Tim-3 siRNA result-
ed in significant inhibition of cell proliferation
and invasion [17, 19, 28]. Therefore, Tim-3 may
also promote tumor growth directly in some
ways. Cao et al. have defined Tim-3 can acti-
vate the IL-6-STAT3-pSTAT3 pathway [14]. In
addition, evidence suggested that the IL-6-
STAT3 pathway plays an important role in tu-
mor growth and metastasis [29, 30]. In our
studies, we demonstrated that all of the four
colon cell lines could express STAT3. Fasci-
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natingly, pSTAT3 of HCT116 is activated. Based
on these previous findings and our results from
this study, we hypothesize that Tim-3 might
directly facilitate tumor growth through the
IL-6-STAT3 pathway or IL-6-STAT3-pSTAT3 path-
way. Further study on the correlation among
Tim-3 and colon cancer cells could be conduct-
ed to support the hypothesis.

In conclusion, we demonstrated colon carcino-
ma cells expressed Tim-3 for the first time. In
addition, we confirmed that Tim-3 expression
could as an independent prognostic factor for
patients with colon cancer patients. We also
demonstrated that colon cancer cells could
express STAT3 or STAT3-pSTAT3-potential me-
chanism for Tim-3 promoting cancer growth.
Therefore, Tim-3 may be a good target for fur-
ther study to clarify colon carcinogenic me-
chanism.
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