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Preoperative Tim-3 expression on peripheral NK cells is
correlated with pathologic TNM staging in colorectal cancer

YANG WANG!, JINTANG SUN', WENJUAN GAO', BINGFENG SONG!,
QIANQIAN SHAO!, LEI ZHAO', YUN ZHANG', QINGIJIE WANG', YUN ZHANG? and XUN QU'

1Department of Tumor Immunity, Institute of Basic Medical Sciences; The Key Laboratory of Cardiovascular Remodeling

and Function Research, Chinese Ministry of Education and Chinese Ministry of Health,
Qilu Hospital of Shandong University, Jinan, Shandong 250012, PR. China

Received February 20, 2016; Accepted February 9, 2017

DOI: 10.3892/mmr.2017.6482

Abstract. Previous research has indicated that T cell immu-
noglobulin and mucin domain 3 (Tim-3) serves an important
regulatory role in lymphocytes and in several cancers.
However, the association between Tim-3 expression on various
lymphocyte subsets and human colorectal cancer (CRC) has
not been elucidated. The present study aimed to characterize
Tim-3 expression on peripheral lymphocytes, including cluster
of differentiation CD3*CD56" T cells, CD3 CD56" natural
killer (NK) cells and CD3*CD56* natural killer T (NKT) cells,
in patients with CRC. The frequency of T cells, NK cells and
NKT cells expressing Tim-3 was assessed by multicolor flow
cytometry of peripheral blood collected from 36 preopera-
tive CRC patients and 38 healthy donors. The expression of
Tim-3 on lymphocyte subsets from 53 postoperative blood
samples of CRC patients was also analyzed. There were fewer
circulating NK cells in patients with CRC compared with
healthy controls (P=0.0027); NK cell expression of Tim-3
was also significantly decreased (P=0.0239). The frequency
of circulating NK cells and Tim-3* NK cells was negatively
correlated with clinical cancer stage, compared with healthy
controls, but not with other clinicopathological parameters or
serum concentrations of CRC biomarkers. Furthermore, the
expression of Tim-3 in NK cells was higher in CRC patients
without metastasis. Notably, NK cell Tim-3 expression in CRC
patients was significantly restored following surgical resection
of the primary tumor. In conclusion, the present study indi-
cates the presence of an altered frequency and expression of
Tim-3 in peripheral NK cells in CRC patients. Preoperative
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Tim-3 expression on peripheral NK cells is correlated with
differential staging in colorectal cancer, and may be useful as
a serum biomarker.

Introduction

Recent advances in immunology and molecular biology have
demonstrated the important role served by the immune system
in cancer development (1). Patients with colorectal cancer
(CRC), which is the fourth most frequently diagnosed cancer
and the second leading cause of cancer-associated mortality
in the United States, exhibit weakened immune responses (2).
Immune infiltrates in CRC are of clinical importance; they may
aid the prediction of metastatic invasion and possibly clinical
outcome (3,4). Furthermore, certain studies have suggested
that aberrations of local immune infiltrations and circulating
lymphocyte subsets may have clinical significance (5,6).
Therefore, several studies are currently investigating the value
of specific complementary and non-invasive biomarkers for
use in CRC diagnosis, which may also improve cost-benefit
ratio (7). Peripheral blood mononuclear cells (PBMCs) repre-
sent a reservoir of inflammatory cells that contribute to the
progression of various diseases (8,9), and the characterization
of CRC patients based on lymphocyte imbalances, such as a
reduced cluster of differentiation (CD)4*/CDS8" ratio (10) and
an enrichment of regulatory T cells (11), has previously been
reported.

Previous research has demonstrated that T cell expression
of programmed death-1 (PD-1) and T cell immunoglobulin
and mucin protein-3 (Tim-3) can induce T cell exhaustion in
CRC patients (12,13). Tim-3 has been reported to have a critical
role in regulating the immune response against viral infection
and carcinoma. Furthermore, there is growing evidence that
Tim-3 may function as a regulator of the anti-tumor immune
response and the development of cancer (14). Previous
research has suggested that PD-1" Tim-3* T cells are strongly
associated with post-transplantation leukemia relapse in
patients with acute myelocytic leukemia (15). Furthermore,
levels of Tim-3 were significantly increased on CD4* T cells
and CD8* T cells, and were associated with higher cancer
stages in renal cell carcinoma (16). Unregulated Tim-3 expres-
sion in natural killer (NK) cells is associated with disease
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stage, and predicts a poorer prognosis, in melanoma (17) and
lung adenocarcinoma (18). However, there is limited data on
Tim-3 expression in the peripheral lymphocytes of patients
with CRC.

The present study determined the frequency of CD3*CD56
T cells, CD3'CD56* NK cells and CD3*CD56* natural killer
T (NKT) cells expressing Tim-3 in the peripheral blood of
preoperative CRC patients. The expression of Tim-3 in lympho-
cyte subsets from postoperative blood samples of patients with
CRC was also investigated. The results were correlated with the
clinicopathological parameters of the patients. Decreased Tim-3
expression on NK cells significantly correlated with tumor node
metastasis (TNM) stage. Furthermore, Tim-3 expression rapidly
recovered to baseline levels post-surgery. These results may be
useful in targeting specific cell types, and may provide valuable
information in the prediction of tumor progression.

Materials and methods

Participants. Chinese individuals (n=127) including 89 CRC
patients and 38 age- and gender-matched healthy volunteers
[healthy control group (HC)] were recruited from Qilu
Hospital of Shandong University (Jinan, China), during
May-October 2013. Basic patient information, clinical data
and laboratory results, including serum concentration of
three CRC biomarkers [carcinoembryonic antigen (CEA),
cancer antigen 199 (CA199) and cancer antigen 724 (CA724)]
were retrieved from the medical records for each patient.
An experienced pathologist reviewed the histopathological
criteria, including the tumor differentiation and TNM stage.
HC individuals had no abnormal laboratory results and no
family history of autoimmune diseases. The demographic
and clinicopathological characteristics of the patients with
CRC and HCs are presented in Table I. The Qilu Hospital
of Shandong University ethics committee approved the
study, and written informed consent was acquired from each
participant. Peripheral blood samples were obtained from the
participants and processed within 6 h.

Flow cytometry. PBMCs were obtained by centrifuga-
tion with Ficoll-Paque Plus (GE Healthcare Life Sciences,
Chalfont, UK). PBMC staining for flow cytometry analysis
was performed using the following fluorochrome-conju-
gated monoclonal antibodies: CD3-peridinin chlorophyll
protein-Cy5 (555334), CD56-flourescein isothiocyanate
(340410) and Tim-3-phycoerythrin (565570) (BD Biosciences,
San Jose, CA, USA), according to the manufacturer's
protocol. The peripheral blood was incubated with anti-CD3,
anti-CD56 and anti-Tim-3 for 20 min at 4°C in the dark. An
isotype control was performed alongside the test antibodies.
Three-color FACS Calibur (BD Biosciences, San Jose, CA,
USA) analysis was used to investigate Tim-3 expression and
calculate mean fluorescence intensity (MFI) on CD3*CD56°
T cells, CD3" CD56* NK cells and CD3*CD56* NKT cells.

Statistical analysis. All data were analyzed using GraphPad
Prism 5.0 software (GraphPad Software, Inc. La Jolla, CA,
USA). Paired data within donors were analyzed using a paired
Student's t-test. Unpaired data, between healthy and CRC
patients, were analyzed using an unpaired Student's t-test.
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Table I. Demographic and clinicopathological parameters of
CRC patients and HC volunteers participating in the study.

A, CRC patients (n=89)

Clinical parameter Value
Gender

Male 56

Female 33
Age (years) 59 (24-80)
Lesion location

Rectum 47

Colon 42
Surgery

No 36

Yes 53
Pathological type

Adenocarcinoma 80

Other or unclear 9
Tumor differentiation

Well 15

Median 48

Poor 19

Unclear 7
Lymph node metastasis

Absent 52

Present 30

Unclear 7
TNM stage

I 5

11 42

111 27

v 15
B, HC volunteers (n=38)
Clinical parameter Value
Gender

Male 22

Female 16
Age (years) 52.5 (22-85)

Values are presented as the number of patients/volunteers or the mean
age of each group (with age range). CRC, colorectal cancer; HC,
healthy control; TNM, tumor node metastasis.

Comparison of Tim-3 expression based on demographic and
clinical parameters was performed using an unpaired t-test
to compare two groups, and one-way analysis of variance
to compare more than two groups, followed by Tukey's test.
Spearman's rank correlation analysis was used to calculate
the correlation coefficient. P<0.05 was considered to indicate
a statistically significant difference.
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Figure 1. Decreased numbers of NK cells in lymphocytes from untreated CRC patients. Flow cytometry was used to identify CD3*CD56" T cells, CD3 CD56*
NK cells and CD3*CD56* NKT cells from peripheral blood mononuclear cells isolated from healthy controls and untreated CRC patients. (A) Harvested
cells were initially gated using live lymphocytes and subsequently on CD3*CD56°, CD3'CD56* and CD3*CD56" cells with =30,000 events analyzed for each
sample. (B) NK, (C) T and (D) NKT cells in CRC patients and HCs. Data points represent the T cell, NK cell and NKT cell percentages. NK, natural killer;
CRC, colorectal cancer; CD, cluster of differentiation; NKT, NK T cells; FITC, fluorescein isothiocyanate; PE, phycoerythrin; FSC, forward scatter; SSC,

side scatter.

Results

Characteristics of the study population. The distribution of
selected clinicopathological features of the CRC patients and
HC volunteers are presented in Table I. Amongst 89 CRC
cancer patients, 47 (52.8%) cases were classified as rectal
cancer and 42 (47.2%) as colon cancer. Most CRC patients
(89.9%) were histologically confirmed as adenocarcinoma,
with the remaining 9 (10.1%) patients classified as ‘other
carcinoma’. A total of 53 (59.6%) patients had previously
undergone surgery. TNM staging, which was performed
according to guidelines set out by The Union for International
Cancer Control/American Joint Committee on Cancer TNM
Classification (7th edition) (19), classified 49 CRC patients
(52.8%) as stage I-II, and 42 CRC patients (47.2%) as
stage ITI-IV.

Levels of lymphocyte subsets in CRC patients and HC. The
percentage of T cells, NK cells and NKT cells were inves-
tigated in peripheral blood from preoperative CRC patients
and HC volunteers. The gating strategy used to distin-
guish the various lymphocyte populations is depicted in
Fig. 1A. Compared with healthy individuals, the percentage
of circulating NK cells in CRC patients was significantly
decreased (12.34+6.77 vs. 17.98+8.02%, P=0.0027;

Fig. 1B). The levels of T cells and NKT cells from preop-
erative CRC patients and healthy controls demonstrated no
significant difference (68.24+11.27 vs. 65.14+10.10%, and
5.42+5.05 vs. 5.28+4.35%, P>0.05; Fig. 1C and D). These
results demonstrated that the level of NK cells was reduced
in CRC patients.

Tim-3 expression is decreased on peripheral NK cells in CRC
patients. Abnormal expression of Tim-3 on innate immune
cells has been associated with the progression of several
clinical diseases, such as infection, immune diseases and
tumors (20,21). To further define the Tim-3 expression profile
on various lymphocyte subtypes between the two patient
groups, flow cytometric analysis of the Tim-3 expression
profile was performed on peripheral blood from preoperative
CRC patients (n=36) and HCs (Fig. 2A). Overall, the median
expression of Tim-3 was higher on NK cells compared with
NKT cells and T cells. Furthermore, Tim-3* NK cells were
significantly decreased in CRC cases compared with HCs
(71.51%17.39 vs. 81.14+17.07%, P=0.0239; Fig. 2B), however
the percentage of Tim-3 expressing T cells and NKT cells
from CRC patients and healthy controls demonstrated no
significant difference. These results indicated that Tim-3
may be involved in the immune dysfunction of CRC, via an
NK cell-mediated role.
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Figure 2. Tim-3* lymphocyte frequencies. The number of Tim-3* NK cells was reduced in CRC patients. (A) Harvested cells were initially gated for CD3*CD56°,
CD3CD56% CD3*CD56" lymphocytes, and then for Tim-3* cells with =30,000 events analyzed in each sample. Data are representative results from different
groups of subjects, and the percentage of Tim-3* lymphocyte subsets from individual subjects are presented. (B) Summarized data demonstrate the percentage
of Tim-3* lymphocytes. The median is represented by a horizontal line. Tim-3, T cell immunoglobulin and mucin protein-3; NK, natural killer; CRC, colorectal
cancer; CD, cluster of differentiation; NKT, NK T cells; FSC, forward scatter.

Reductions in NK cells and Tim-3* NK cells are correlated
with TNM stage. The percentage of NK and Tim-3* NK cells
was correlated with various clinicopathological features
(Tables II and IIT). Associations between the percentage of
NK cells or Tim-3* NK cells with TNM stage were assessed
by Spearman's rank correlation (Fig. 3A and B). Patients with
stage I and II CRC were pooled in this analysis, due to the
limited number of patients assessed with stage I CRC. Overall,
NK cells demonstrated the most significant reduction with
disease stage. Furthermore, significantly decreased numbers
of NK cells and Tim-3* NK cells were observed in CRC
patients with stage IV disease, compared with HCs (P<0.05).
Notably, the percentage of Tim-3* NK cells was decreased at
stage IV, compared with stages I-II and III.

Preoperative CRC patients were subsequently classified
as non-metastatic (n=30) or metastatic (n=6). Patients with
stage I/II/III cancer demonstrated the highest percentage
of NK cells, and this was statistically significant when
compared with the metastatic stage IV group (13.81+£6.631 vs.
6.252+2.900%, P=0.0014; Fig. 3C). Furthermore, a significant

difference was observed in the percentage of Tim-3* NK cells
in non-metastatic patients compared with metastatic groups
(77.01£16.02 vs. 59.48+15.32%, P=0.0218; Fig. 3D). There
were no significant differences in the percentage of Tim-3* T
cells or Tim-3" NKT cells (data not shown). Several patients
with non-metastatic disease appear to maintain a higher NK
Tim-3 expression; therefore these data suggested that Tim-3
may be a useful indicator of CRC disease progression, however
a larger cohort of patients are required to further investigate
this hypothesis.

Effects of surgical resection on Tim-3 expression. To investi-
gate the impact of surgical resection on lymphocyte number
and Tim-3 expression, postsurgical blood was collected from
CRC patients that had undergone surgery (n=53). Blood samples
were collected within 1 week of surgery, and these included
28 cases with stage I/II and 25 cases with stage III/TV. The
results indicated no difference in the percentage of lymphocyte
subtypes between the two patient groups (Fig. 4A), however,
the percentage of Tim-3*NK cells, but not the MFI of Tim-3 on
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Table II. Association between percentage of NK cells and
clinicopathological features in patients with colorectal cancer.

Median NK cells, %

Clinical feature (range) P-value
Gender 0.5945
Male 9.76 (1.39-26.91)
Female 11.89 (4.14-25.83)
Age 10.11 (1.39-26.91) 0.7732
Lesion location 0.8359
Rectum 11.50 (1.39-26.91)
Colon 9.56 (4.14-25.83)
Tumor differentiation 0.6745
Well 11.89 (8.64-22.39)
Median 11.10 (1.39-26.91)
Poor 9.56 (4.14-19.25)
Lymph node metastasis 0.1802

Absent
Present

10.11 (1.39-25.83)
16.87 (5.64-26.91)

Student's t-test or analysis of variance was used to compare the
percentage of NK cells with patient gender, lesion location, tumor
differentiation and lymph node status. Spearman's rank correlation
analysis was used to evaluate the association between the percentage
of NK cells and patient age. NK, natural killer.

NK cells, was significantly higher in patients that had received
surgery, compared with preoperative patients (84.31+13.55 vs.
71.51£17.39%, P=0.0003; Fig. 4B).

To further investigate the impact of surgery on lympho-
cyte populations, pre- and post-surgical blood samples were
obtained from 7 patients. No significant difference was
observed in the percentage of lymphocytes (P>0.05; Fig. 5A).
However, surgery elevated Tim-3 expression on NK cells to the
baseline levels observed in healthy controls, in the majority of
patients with reduced pre-surgical levels (P=0.0126; Fig. 5B).
No significant difference was observed in the Tim-3 MFI
in NK cells, or in the levels of Tim-3 expression on T cells
and NKT cells (P>0.05; data not shown). These data suggest
that Tim-3-expressing NK cells are more prevalent following
resection of the primary tumor.

NK cells and Tim-3* NK cells are not associated with CA199,
CEA or CA724. The association of NK cells and Tim-3* NK
cells with the preoperative serum concentration of three CRC
biomarkers was assessed. A weak negative association was
observed between the percentage of NK cells and the concen-
tration of CA199, however this did not reach significance
(R?=0.1223, P=0.0538; Fig. 6A). No correlation was observed
between the percentage of NK cells and the concentration of
CEA (R?=0.0100; Fig. 6B) or CA724 (R*=0.000; Fig. 6C).
Furthermore, there appeared to be a weak negative correla-
tion between Tim-3* NK cells and the serum concentration
of CA199 (R*=0.030; Fig. 6D), CEA (R*=0.088; Fig. 6E) and
CA724 (R?=0.0086; Fig. 6F), however these were not signifi-
cant (P>0.05 for all cases).

MOLECULAR MEDICINE REPORTS 15: 3810-3818, 2017

Table III. Association between the percentage of Tim-3*
NK cells and clinicopathological features in patients with
colorectal cancer.

Median Tim-3* NK

Clinical feature cells, % (range) P-value
Gender 0.3133
Male 71.25 (20.44-91.04)
Female 80.57 (43.29-95 40)
Age 74.1 (20.44-95 .40) 0.8068
Lesion location 0.7739
Rectum 80.62 (20.44-92.68)
Colon 70.21 (53.65-95.40)
Tumor differentiation 09197
Well 80.57 (20.44-100)
Median 74.49 (41.01-92.68)
Poor 70.60 (53.65-84.20)
Lymph node metastasis 0.9889

Absent
Present

80.57 (20.44-95.40)
72.54 (53.00-91.04)

Student's t-test or analysis of variance was used to compare the
percentage of Tim-3* NK cells with patient gender, lesion loca-
tion, tumor differentiation and lymph node status. Spearman's rank
correlation analysis was used to evaluate the association between the
percentage of Tim-3* NK cells and patient age. Tim-3, T cell immu-
noglobulin and mucin protein-3; NK, natural killer.

Discussion

The peripheral blood from cancer patients contains a reservoir
of cells and cell products derived from the primary tumor and
distant metastases, which may contain valuable diagnostic or
prognostic information. The collection of blood samples is
also minimally invasive, and this resource has the potential for
wide-scale use in CRC biomarker screening. Considering the
convenience of peripheral blood biomarker detection and the
influence of Tim-3 on immune cell function, it would be valu-
able to investigate the mechanistic role of Tim-3 as a potential
biomarker in the progression of CRC. The present study used
peripheral blood samples to more precisely characterize the
expression of Tim-3 on lymphocytes, in response to CRC. The
percentage of total NK and Tim-3* NK cells was significantly
downregulated in patients with CRC; these NK cells would
normally participate in a typical immune response. Notably,
TNM stage was associated with the expression of Tim-3 on
NK cells; the presence of Tim-3* NK cells was significantly
lower in patients with stage IV tumors, suggesting a possible
association between Tim-3 expression and CRC metastasis.
Furthermore, a previously unreported rebound in Tim-3
expression in NK cells was observed following surgical
resection of the primary tumor. Distant metastasis is a critical
event that impacts on the prognosis of patients with CRC. The
present study indicated that patients with distant metastases
had a significantly lower proportion of NK cells and Tim-3*
NK cells, compared with patients without metastases. These
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Figure 3. NK cells and Tim-3* NK cells are associated with TNM stage. The association of (A) NK cells or (B) Tim-3* NK cell percentage was correlated with
TNM stage. Healthy individuals were designated as stage 0, and patients were staged (I-IV) post surgery. Probability and R? values were calculated for the
entire data set by Spearman's rank correlation. Differences between healthy donors and patients at each disease stage were calculated by an unpaired Wilcoxon
rank-sum test. "P<0.05 and “P<0.001, vs. stage 0, I-IT or III as indicated in the figure. (C) The frequency of CD56*CD3" NK cells and (D) Tim-3* NK cells
was higher in CRC patients with metastasis, compared with CRC patients without metastasis. "P<0.05, vs. non-metastatic patients. Each symbol represents a
single subject; the median value is indicated by a horizontal line. NK, natural killer; Tim-3, T cell immunoglobulin and mucin protein-3; TNM, tumor node
metastasis; CRC, colorectal cancer; CD, cluster of differentiation; NKT, NK T cells.

results therefore indicated that Tim-3* NK cells may serve a
role in disease progression.

Poor cytotoxic activity of peripheral NK cells has been
associated with an increased risk of cancer (22). Furthermore,
NK cell infiltration in tumor tissue predicts improved prog-
nosis, particularly in CRC (23,24). In light of this research,
NK cells have since been targeted as a potential cancer
therapeutic (25). Tim-3 is constitutively expressed at high
levels on resting NK cells (26), however, research regarding
the function of Tim-3 on NK cells is conflicting. One study
indicated that Tim-3 may deliver inhibitory signals and
inhibit normal NK cell-mediated cytotoxicity (26), whereas
another study suggested that Tim-3 may act as an activated
receptor, where exposure to galectin-9 results in enhanced
interferon-y production by Tim-3* NK cells (27). Previous
research has demonstrated that the number of NK cells is
significantly reduced in CRC patients compared with healthy
controls (28), which is consistent with the findings of the
current study. These results indicate that NK cell function
is damaged in patients with CRC, and an improved under-
standing of Tim-3 function, in the context of carcinogenesis
and tumor development, may prove useful in the development

of future therapeutics. Dysregulation of Tim-3 expression on
NK cells is a feature of several diseases, with upregulation
observed in advanced melanoma (17), hepatitis-C infec-
tion (20) and lung cancer (29), and downregulation observed
in human immunodeficiency virus infection (30). To our
knowledge, this is the first report of a decreased proportion
of Tim-3* NK cells in patients with CRC, a scenario that
is compatible with Tim-3's role as an activated receptor
on normal NK cells. Furthermore, the reduction in Tim-3
expression was associated with a loss of Tim-3-expressing
cells, because patients undergoing surgery demonstrated no
significant attenuation in the mean fluorescence intensity of
Tim-3, compared with untreated patients (data not shown). In
CRC patients, serum CEA, CA199 and CA724 may be useful
in the diagnosis of colorectal carcinoma (31,32). The rela-
tionship between the proportion of CD3-CD56* NK cells in
CRC patients and these serum biomarkers was investigated.
Although there appeared to be an association between serum
CA199 levels and the proportion of CD3'CD56* NK cells in
CRC patients, this did not reach statistical significance.

One approach to activating an anti-tumor immune
response, which is at the forefront of current cancer
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MFI, mean fluorescence intensity.
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Figure 6. Association between number of NK cells and Tim-3*NK cells with CRC biomarkers. The relationship between the percentage of NK lymphocytes
with the concentration of (A) CA199 (U/ml), (B) CEA (ng/ml) and (C) CA724 (U/ml) is presented. The association between Tim-3 expression on NK
cell populations and (D) CA199 (U/ml), (E) CEA (ng/ml) and (F) CA724 (U/ml) is presented. Individual preoperative patient donors are represented
by open circles. Least squares linear fit is represented by a thick black line. Statistical significance was determined by a Spearman's rank correlation.
Tim-3, T cell immunoglobulin and mucin protein-3; NK, natural killer; CRC, colorectal cancer; NKT, NK T cells; CA, cancer antigen; CEA, carcinoem-

bryonic antigen.

immunotherapy, has been termed ‘immune checkpoint
blockade’. This strategy is largely driven by the success
of therapies targeting cytotoxic T-lymphocyte associated
protein-4 and PD-1, and several clinical trials focusing
on anti-immune checkpoint antibodies and antagonists
are currently underway (12). However, a large number of
patients do not currently benefit from this type of cancer
therapy (33), and this has catalyzed interest in targeting
novel immune checkpoint receptors. Tim-3 has therefore
attracted attention as a novel immune checkpoint receptor.
Notably, treatment with anti-Tim-3 and anti-PD-ligand 1
antibodies significantly limited tumor growth in vivo (34).
In CRC, previous research demonstrated significantly
higher levels of circulating Tim-3*PD-1*CD8* T cells, indi-
cating that Tim-3 blockage may be a potential therapeutic
approach for CRC patients (13). However, given the expres-
sion of Tim-3 on other immune cells, including NK cells,
Tim-3 therapy should be cautious, and the choice of targeted
immune checkpoint should be founded on knowledge of the
immune system. The present study also demonstrated that
surgical resection of the primary tumor rapidly reverses
Tim-3 expression in NK cell populations, which has signifi-
cant implications for the timing of Tim-3 based therapies.
However, this will require large and properly controlled
clinical studies to verify and screen novel therapeutics.

The present study indicated that reduced NK cell Tim-3
expression is associated with CRC progression and presenta-
tion of poor prognostic clinical parameters. For the first time,
Tim-3 has been demonstrated as a bioactivity marker, which
is expressed in NK cells from patients with CRC. Tim-3 may

serve as a serum biomarker, which could predict disease
progression, and potentially prove useful in identifying
patients likely to benefit from Tim-3-based therapies.
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