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T-cell immunoglobulin mucin 3 (TIM3) contributes to immune suppression

during progression of many cancers, but the precise role of TIM3 in head

and neck squamous cell carcinoma (HNSCC) is not clearly understood. In

this study, we report that TIM3 expression was significantly up-regulated

in patients with HNSCC and associated with lymph node metastasis. Addi-

tionally, TIM3 expression was increased in patients with recurrent HNSCC

and patients with preradiotherapy or prechemotherapy. We also character-

ized CD8+ T cells and CD11b+CD33+ myeloid-derived suppressor cells

(MDSCs) in human HNSCC, and found that their expression was posi-

tively correlated with TIM3 expression. To determine the underlying mech-

anism of TIM3 in immune response during HNSCC progression, we

utilized the Tgfbr1/Pten 2cKO HNSCC mouse model with TIM3 overex-

pression. Treatment with anti-TIM3 monoclonal antibody effectively sup-

pressed tumor growth through restoring effector T-cell function by

targeting CD4+TIM3+ cells and CD8+TIM3+ cells and decreasing

MDSCs. Our findings demonstrate TIM3 expression in patients with

HNSCC and suggest anti-TIM3 immunotherapy as a novel therapeutic

approach for effective treatment of HNSCC.

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is

the sixth most common cancer worldwide (Siegel et al.,

2014). Tobacco use and alcohol consumption are the

main important risk factors for HNSCC (Argiris et al.,

2008). Human papillomavirus (HPV) infection is rec-

ognized as another increasing high-risk factor for

HNSCC (Marur et al., 2010). Although treatment regi-

men with appropriate chemotherapy, surgery, and

radiation therapy has improved clinical outcomes in

recent decades, survival rate of patients with HNSCC

has not markedly improved because of local recur-

rences, distant metastasis, and secondary primary

tumors (Leemans et al., 2011).

HNSCC is an immunosuppressive malignancy, with

lymphocyte deficiencies (Baruah et al., 2012; White-

side, 2005), impaired immune effector cells (Bauern-

hofer et al., 2003; De Costa et al., 2012; Kloss et al.,

2015), and poor antigen presentation (Ferris et al.,

2006; Lopez-Albaitero et al., 2006). In addition, mye-

loid-derived suppressor cells (MDSCs), which often

characterized as Lin�CD33+CD11b+HLA�DR� in

humans (Ugel et al., 2009), have been reported to be
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linked to HNSCC tumor progression (Strauss et al.,

2007; Weed et al., 2015). MDSCs have been observed

in a number of mouse tumor models and identified by

the presence of CD11b+Gr-1+ cells (Gabrilovich and

Nagaraj, 2009). In recent years, with better understand-

ing of immune dysfunction in the evolution of HNSCC,

immunotherapy that targets ‘immune checkpoint’ is

considered as a promising treatment option to improve

outcomes and survival for patients (Ferris, 2015).

T-cell immunoglobulin mucin 3 (TIM3), a member

of TIM family, is an immune checkpoint molecule

(Sharma and Allison, 2015). It is expressed on

T-helper 1 cells and dendritic cells, CD8+ T cells, and

other lymphocyte subsets (Anderson et al., 2007; Free-

man et al., 2010; Monney et al., 2002). Binding with

galectin-9, TIM3 induced Th1 cell death, suggesting its

function in negative regulation of Th1 response (Zhu

et al., 2005). A recent research also demonstrated that

interactions between CEACAM1 and TIM3 determine

the function of TIM3 (Huang et al., 2015). Emerging

evidences demonstrated TIM3 as an important regula-

tor of CD8+ T-cell exhaustion in cancer (Fourcade

et al., 2010). The exhaustion of T cells induces T-cell

dysfunction in immune response and thus prevents

optimal control of tumors. TIM3 blockade with anti-

TIM3 monoclonal antibody (mAb) was found to

increase IFN-c-mediated T cells (Sabatos et al., 2003).

In the present study, we investigated the expression of

TIM3 in human HNSCC and determined its role in

HNSCC progression. Taking advantage of immunocom-

petent transgenic mouse HNSCC models, we observed

the progression of tumor formation and its correlation

with the changes in the immune cells in tumor microenvi-

ronment as well as in peripheral environment.

2. Materials and methods

2.1. Ethics statement, patients’ specimens, and

human HNSCC tissue microarray

This study was authorized by the School and Hospital

of Stomatology of Wuhan University Medical Ethics

Committee, and informed consent was accepted from

the patients before the surgery. All the HNSCC

patients’ tissues were collected from the Hospital of

Stomatology of Wuhan University. The clinical stage

of HNSCC was classified according to the guidelines

of the International Union Against Cancer (UICC,

Sobin et al., 2002), and histological grade was affirmed

based on the classification scheme of the World Health

Organization. Human HNSCC tissue microarrays were

constructed and used for immunohistochemistry stain-

ing, including 27 normal mucosa, 43 dysplasia (Dys),

122 primary HNSCC, eight recurrent HNSCC, 12

HNSCC with preoperation radiotherapy, and 11

HNSCC with preoperation chemotherapy (Table S1).

2.2. Immunohistochemistry

The HNSCC tissue array sections were hydrated, and

antigen retrieval was performed. After blocked with

2.5% bovine serum album in PBS buffer for 1 h at

37 °C, the tumor sections were stained with the antibody

for TIM3 (Cell Signaling Technology, Danvers, MA,

USA), CD8 (ZSGB-BIO, Beijing, China), CD11b

(Abcam, Cambridge, UK), and CD33 (ZSGB-BIO, Beij-

ing, China) at 4 °C overnight. The second day, the sec-

tions were incubated with a secondary biotinylated

immunoglobulin G antibody solution and an avidin/bi-

otin/peroxidase reagent. Finally, the sections were coun-

terstained with Mayer’s hematoxylin (Invitrogen,

Waltham, MA, USA). Staining with isotype-matched

IgG was used as negative controls.

2.3. Spontaneous HNSCC mouse models

All experiments were conducted in accordance with

guidelines of the Institutional Animal Care and Use

Committee of the Wuhan University. The squamous

epithelial tissue-specific and time-inducible combined

Tgfbr1/Pten-knockout mice (K14-CreERtam+/�;
Tgfbr1flox/flox; Ptenflox/flox) were maintained and geno-

typed as previously described (Bian et al., 2012; Sun

et al., 2012). The Tgfbr1/Pten 2cKO mice and their

vehicles (Tgfbr1flox/flox; Ptenflox/flox) came from the same

litter and with same mixed genetic background of

C57BL/6; FVBN; CD1; 129. Oral gavage of tamoxifen

was applied for five consecutive days to knock out Tgf-

br1/Pten in oral and head neck epithelia. The procedure

of tamoxifen application has been previously described

(Bian et al., 2012; Sun et al., 2012). All animal studies

were carried out in accordance with the NIH guidelines

in the SPF Animal Laboratory of Wuhan University

School & Hospital of Stomatology and approved by the

Animal Care and Use Committee of Wuhan University.

2.4. TIM3 antibody treatment

Rat anti-TIM3 monoclonal antibody (InVivoMAb

clone RMT3-23) and rat IgG2a isotype control

(InVivoMAb clone 2A3) were purchased from

BioXCell (West Lebanon, NH, USA). Only 4- to

8-week-old male and female Tgfbr1/Pten 2cKO mice

were used for this study. For anti-TIM3 monoclonal

antibody (mAb) therapy, 2 weeks after the last dose of

oral tamoxifen gavage, the mice were randomized into
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an isotype control (n = 6) group or an anti-TIM3 group

(n = 6). Wild-type (WT) mice with same mixed genetic

background were used for blank control. Mice were

treated prophylactically with isotype IgG2a or intraperi-

toneally (100 lg intraperitoneal) with anti-TIM3 on

days 12, 13, and 14 and then weekly for the rest of the

treatment. Tumor size of Tgfbr1/Pten 2cKO mice was

measured and photographed every other day. In the

end, the mice were euthanized and the tumors were fixed

in paraffin for the following IHC analysis.

2.5. Flow cytometry

The single-cell suspensions from spleens, draining lymph

node (LN), blood, and tumor fromWT and Tgfbr1/Pten

2cKO mice were processed according to a standardized

protocol (Trellakis et al., 2013). Tumors from Tgfbr1/

Pten 2cKO mice were excised and digested and pro-

cessed using a gentle Macs dissociator and a murine

tumor dissociation kit (Miltenyi Biotec, Bergisch Glad-

bach, Germany). Flow cytometry analysis of cells was

performed by FLOWJO (Tree Star, Ashland, OR, USA),

and cells were gated by surface markers and negative

controls (Yu et al., 2016). Death cells were excluded by

staining with 7AAD (Invitrogen). The following anti-

mouse antibodies were used for fluorescence staining:

FITC-conjugated CD4, CD8, and CD11b; PE-conju-

gated TIM3 and Gr-1 (all from Becton Dickinson,

Mountain View, CA, USA). Cells stained with isotype-

matched IgG were used as negative controls (eBio-

science, San Diego, CA, USA).

2.6. Immunofluorescence

Tumors from mice were excised and fixed for sections.

Tumor sections were hydrated, and antigen retrieval

was performed. After blocked with 2.5% bovine

serum album in PBS buffer for 1 hour at 37 °C, the
tumor sections were stained with the primary anti-

body at 4 °C overnight, followed by incubation with

fluorochrome-conjugated secondary antibodies (Alexa

594 anti-rabbit and Alexa 488 anti-mouse; Invitrogen)

and mounting in Vectashield with 40, 6-diamidino-2-

phenylindole (Vector Laboratories; Yu et al., 2016).

Fluorescence images were captured using a CLSM-

310, Zeiss fluorescence microscope (Zeiss, Oberko-

chen, Germany). Cells stained with isotype-matched

IgG were used as negative controls.

2.7. Western blot

Tumor sections from HNSCC mouse model were care-

fully dissected. A total amount of 30 lg protein from

each sample was denatured and then subjected to 12%

SDS/polyacrylamide gel electrophoresis followed by

transfer onto polyvinylidene fluoride membranes (Milli-

pore Corporation, Billerica, MA, USA). Next, the blots

were stained using an enhanced chemiluminescence

detection kit (West Pico, Thermo Fisher, Waltham, MA,

USA) (Yu et al., 2016). The following antibody was used

for western blot analysis: CXCL1 (GeneTex, Irvine, CA,

USA). b-Actin was used as a loading control.

2.8. Scoring system, hierarchical clustering

Tissue array slices were scanned using an Aperio

ScanScope CS scanner (Vista, CA, USA) with back-

ground subtraction and quantified with APERIO QUAN-

TIFICATION software (version 9.1) for membrane,

nuclear, or pixel analyses. An area of interest was

selected either in the epithelial or in the cancerous area

for scanning and quantification. The histoscore of

membrane and nuclear staining was calculated as a

percentage of different positive cells using the formula

(3+) 9 3 + (2+) 9 2 + (1+) 9 1. Histoscore of pixel

quantification was calculated as total intensity/total

cell number (Sun et al., 2012). Histoscores were trans-

lated to scaled values centered at zero in Microsoft

Excel, and the hierarchical analysis was performed by

the CLUSTER 3.0 (Eisen et al., 1998) and JAVA TREEVIEW

1.0.5 (Saldanha, 2004).

2.9. Statistical analysis

Statistical analysis was performed with statistical pack-

age GRAPHPAD PRISM 5.01 (GraphPad Software, Inc., La

Jolla, CA, USA). One-way ANOVA followed by the

post hoc Tukey’s multiple comparison tests and

unpaired t-test was used to analyze the differences in

IHC staining and positive cells among each group. Two-

tailed Pearson’s correlation coefficient was used to

determine the correlation between expression of TIM3

and CD8, CD33, and CD11b after confirmation of the

sample using a Gaussian distribution. The Kaplan–
Meier curve was used to analyze survival of patients

with HNSCC, while the log-rank test was used to detect

the differences in overall survival. Mean values � SEM

with P < 0.05 was considered statistically significant.

3. Results

3.1. TIM3 expression is elevated in patients with

HNSCC

To determine the TIM3 expression levels in human

HNSCC, we checked the Oncomine database
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(www.oncomine.org) (Rhodes et al., 2007). In a meta-ana-

lysis of nine datasets of head and neck cancer gene expres-

sion profiling, HAVCR2 (gene encoding TIM3) DNA

copy number and mRNA expression were both signifi-

cantly increased in HNSCC as compared with the controls

(P < 0.001, Fig. S1A,B). We examined TIM3 expression

in patients with HNSCC using tissue microarray. An ele-

vated TIM3 expression was consistently found in inflam-

matory cells of the cancerous tissue (Fig. 1A), and

quantification analysis showed the significant up-regula-

tion of TIM3 in HNSCC (n = 122) as compared with dys-

plasia (n = 43) and normal mucosa (n = 27) (P < 0.05,

Fig. 1B). Analysis of clinical data suggested that TIM3

expression was not correlated with pathological grades

(Fig. 1C). However, results showed that increased TIM3

expression was correlated with LN metastasis (P < 0.05,

Fig. 1D). Then, we assessed the prognostic implications of

TIM3 in patients with HNSCC. One hundred and three

patients with primary HNSCC were selected and divided

into TIM3 high (n = 51) and TIM3 low (n = 52) groups.

The Kaplan–Meier curves indicated that TIM3 expression

was not related to the survival of patients with HNSCC

(Fig. 1E). Interestingly, data obtained from TCGA data-

base (cancergenome.nih.gov) also demonstrated that there

is no correlation between HAVCR2 (gene encoding

TIM3) expression and survival of patients with HNSCC

(Fig. 1F).

3.2. TIM3 expression in recurrent HNSCC, HNSCC

with preradiotherapy, and HNSCC with pre-TPF

chemotherapy

In order to carry out comprehensive analysis of TIM3

expression in patients with HNSCC at different stages
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Fig. 1. TIM3 expression in human head and neck squamous cell carcinoma(HNSCC)tissue. (A) Representative pictures of TIM3 expression

in normal mucosa (left panel) and HNSCC (right panel) by immunohistochemical (IHC) staining. (B) Quantification of histoscore of TIM3

expression in normal mucosa (n = 27), epithelial dysplasia (Dys, n = 43), and HNSCC (n = 122) (*P < 0.05; one-way ANOVA followed by

post hoc Tukey’s analysis). (C) TIM3 expression in patients with different pathological grades. (D) TIM3 expression in patients with lymph

node metastasis (N�) (n = 78) or without lymph node metastasis (N+) (n = 44) (*P < 0.05; t-test). (E) Survival analysis based on TIM3

expression using Kaplan–Meier curve. Patients were divided into two groups by the median expression of TIM3. The difference between

patients with high TIM3 expression (n = 51) and low TIM3 expression (n = 52) did not reach statistical significance (P = 0.5143). (F) Survival

analysis based on HAVCR2 (gene encoding TIM3) expression using Kaplan–Meier curve from TCGA database. Patients were divided into

two groups by the median expression of HAVCR2. The difference between patients with high HAVCR2 expression (n = 283) and low

HAVCR2 expression (n = 296) did not reach statistical significance (P = 0.9365).
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of cancer progression and therapeutic regimen, we

analyzed TIM3 expression in recurrent HNSCC,

HNSCC postradiotherapy, and HNSCC post-TPF

chemotherapy (cisplatin, docetaxel, and fluorouracil).

Representative images of hematoxylin/eosin staining

and TIM3 immunostaining (IHC) are shown in Fig. 2.

The quantification of IHC staining demonstrated that

TIM3 expression was significantly increased in recur-

rent HNSCC (P < 0.01, n = 8, Fig. 2B) and HNSCC

with preradiotherapy (P < 0.05, n = 12, Fig. 2D) or

pre-TPF chemotherapy (P < 0.01, n = 11, Fig. 2F) as

compared with primary HNSCC (n = 122). In sum-

mary, these results indicated that increased TIM3

expression is correlated with recurrent HNSCC,

HNSCC with preradiotherapy, and HNSCC with pre-

TPF chemotherapy.

3.3. TIM3 expression correlates with CD8, CD11b,

and CD33 in human HNSCC tissue

To better understand the immune status of patients

with HNSCC, we also investigated the markers of

effector T cells and MDSCs in tissue microarray,

including CD8, CD11b, and CD33. As shown in the

representative images (Fig. 3A), these markers were

mainly expressed on inflammatory cells. Interestingly,

by analyzing the quantification of IHC staining and

performing the Spearman’s rank correlation coefficient

test and linear tendency test, we found that TIM3

expression in HNSCC was significantly correlated with

CD8 (P < 0.001, r = 0.3126), CD11b (P < 0.001,

r = 0.3892), and CD33 (P < 0.001, r = 0.3089,

Fig. 3B). The cluster results show the IHC scores of

TIM3, CD8, CD11b, and CD33 of each patient, which

also indicates the close association between TIM3 and

CD8, CD11b, and CD33 (Fig. 3C). These findings

imply that TIM3 expression is correlated with CD8+

T cells and MDSCs in human HNSCC.

3.4. Elevation of TIM3 expression and reduction

in effector T cells in the Tgfbr1/Pten 2cKO mouse

HNSCC model

As transforming growth factor-b (TGF-b) and PTEN/

PI3K/Akt pathways are among the most frequently

altered signaling routes in the process of HNSCC

development, Pten deletion in the mice head and neck

epithelia gives rise to the activation of PI3K/Akt
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Fig. 2. TIM3 expression in recurrent HNSCC, NSCC postradiotherapy, or post-TPF chemotherapy. Representative pictures of hematoxylin/

eosin staining and IHC staining of TIM3 in recurrent HNSCC (A), HNSCC postradiotherapy (C), and HNSCC post-TPF chemotherapy (E), and

quantification of histoscore showed the increased TIM3 expression in recurrent HNSCC (B) (n = 8), HNSCC postradiotherapy (D) (RT,

n = 12), and HNSCC post-TPF chemotherapy (F) (TPF, n = 11) as compared with that in primary HNSCC (n = 122) (*P < 0.05, **P < 0.01,

t-test).
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pathway, and loss of Tgfbr1 in the head and neck

epithelia enhances paracrine effect of TGF-b on the

tumor stroma. Pten- and Tgfbr1-deficient mice develop

full-penetrance HNSCC, and this mouse model is

immunocompetent (Bian et al., 2012). Given the multi-

ple molecular alternation and pathology of the 2cKO

mice tumor resembling human HNSCC, the 2cKO

mouse model is suitable for studying the development

of cancer and strategies for the prevention of HNSCC,

especially for immunotherapy. To determine TIM3

expression in the HNSCC mouse model, we carried

out the IHC staining of TIM3 and found that TIM3

expression was elevated in tumors of Tgfbr1/Pten

2cKO mice (Fig. 4A,B). Furthermore, we analyzed

the population of effector T cells, CD4+ and CD8+

T cells from draining LNs in WT mice and Tgfbr1/

Pten 2cKO mice (Fig. 4C,D). The results of these

studies demonstrated that the CD4+ and CD8+

T cells were reduced in Tgfbr1/Pten 2cKO mice

(Fig. 4E,G). Interestingly, the TIM3 expression on

CD4+ or CD8+ T cells was up-regulated (Fig. 4F,H).

These findings suggest that TIM3 may induce the reduc-

tion in effector T cells in HNSCC mice, and provide the

basis for the development of anti-TIM3 treatment.

3.5. Anti-TIM3 therapy suppresses tumor growth

in HNSCC mouse model

To evaluate the effect of anti-TIM3 therapy on the

spontaneous tumor growth, we employed the chemo-

preventive experiment by utilizing the Tgfbr1/Pten

2cKO mice. After tamoxifen induction of tumor for-

mation, mice were initially treated with IgG or anti-

TIM3 mAb on days 12, 13, and 14 and then weekly

for the rest of the treatment (Fig. 5A). The tumor-

bearing mice treated with IgG demonstrate rapid

tumor growth, while mice treated with anti-TIM3

mAb showed a decreased rate of tumor growth as seen

from tumor volumes in anti-TIM3 group, which was

significantly smaller than control group on days 30,

35, and 40 (Fig. 5B,C). These results suggest that anti-

TIM3 therapy will suppress tumor growth in immuno-

competent HNSCC mice. The use of anti-TIM3 mAb

did not cause additional toxic and side effect, albeit

this treatment showed moderate gain of weight, as

judged by the gain of body weight in the treated mice

as compared to the control group (n = 6, respectively,

P < 0.05, Fig. 5D). Additionally, the spleen size of

control group showed compensatory hypertrophy as

A B

C

Fig. 3. TIM3 expression is correlated with CD8, CD33, and CD11b in human HNSCC tissue array. (A) Representative pictures of IHC

staining of CD8, CD11b, and CD33 in human HNSCC. Scale bar, 100 lm. (B) Correlation of TIM3 with CD8 (P < 0.001, r = 0.2973), CD11b

(P < 0.001, r = 0.3851), and CD33 (P < 0.001, r = 0.2881). (C) Hierarchical clustering presents the protein expression correlation between

TIM3, CD8, CD11b, and CD33 in human HNSCC tissue microarray.
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compared with that of the anti-TIM3 group (Fig. 5E),

which indicates the better immune status of the mice

treated with anti-TIM3 mAb.

3.6. Blockade of TIM3 restores effector T cells by

modulating TIM3 expression on CD4+ or CD8+

T cells and decreasing MDSCs in HNSCC mouse

model

To explore the mechanism of antitumor activity of

anti-TIM3 therapy, we investigated the CD4+ T cells,

CD8+ T cells, TIM3+CD4+ cells, and TIM3+CD8+

cells in both tumor microenvironment and peripheral

environment, including spleen, draining LN, and blood

of HNSCC mice as shown by representative pictures

(Fig. 6A,B). TIM3 blockade increased the effector

T cells, CD4+ and CD8+ T cells in tumor microenvi-

ronment and peripheral environment, especially in

tumor and LN (Fig. 6C,E). Meanwhile, the TIM3

expression on CD4+ T cells and CD8+ T cells was

down-regulated by the blockade of TIM3, especially in

tumor and LN (Fig. 6D,F), as the ratio of TIM3+ cells

in CD4+ or CD8+ T cells was found to be decreased.

These findings suggested that blockade of TIM3 could

restore the effector T cells through modulating TIM3

expression on CD4+ or CD8+ T cells.

MDSCs are a diverse cellular population of myeloid

origin with T-cell-suppressive functions (Huang et al.,
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Fig. 4. TIM3 expression is elevated, and effector T cells are reduced in the Tgfbr1/Pten 2cKO mouse HNSCC model. (A) Representative

IHC staining of TIM3 in mucosa of wild-type mice (left) and tumor of Tgfbr1/Pten 2cKO mice (right). (B) Histoscore of TIM3 expression in

each group of mice (mean � SEM, n = 6 mice, respectively, t-test, ***P < 0.001). (C) The representative FACS plots of CD4+ cells and

TIM3 expression on CD4+ cells from draining lymph nodes (LN) of WT mice and Tgfbr1/Pten 2cKO mice. (D) The representative FACS plots

of CD8+ cells and TIM3 expression on CD8+ cells from LN of each group. The quantification of CD4+ cells ratio (E) and TIM3+CD4+ cells

ratio (F) in 2cKO tumor-bearing mice as compared with wild-type (WT) group. The quantification of CD8+ ratio (G) and TIM3+CD8+ ratio (H)

in the two groups (mean � SEM, n = 6 mice, respectively, t-test, *P < 0.05, **P < 0.01, ***P < 0.001).
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2015). As shown in human HNSCC tissue array analy-

sis, TIM3 was closely associated with MDSC markers,

CD11b and CD33. To further determine the effect of

anti-TIM3 therapy on immune response in HNSCC

mouse model, we investigated the CD11b+Gr1+

MDSCs from the spleen, LN, blood, and tumor tissue

in HNSCC mice with or without anti-TIM3 treatment

(Fig. 7A). We found that population of MDSCs was

significantly decreased by blockade of TIM3 (Fig. 7B).

This finding was also confirmed by the immunofluores-

cence of CD11b and Gr1 (Fig. 7C). Further analysis

of the tumor samples by western blot demonstrated

that blockade of TIM3 attenuates the recruitment of

MDSCs by reducing chemokine CXCL1 in tumor

(Fig. 7D). The decrease in MDSCs also contributes to

the restoration of effector T cells.

4. Discussion

TIM3, as a member of TIM family, has been identified

as an important immune checkpoint inhibitor that

plays an important role in modulating dysfunctional

or exhausted CD8+ T cells in chronic diseases such as

cancer (Sakuishi et al., 2013). Emerging evidence has

demonstrated TIM3 functions in regulating immune

response during cancer progression (Ngiow et al.,

2011b; Zheng et al., 2015). However, its actual role in

HNSCC has not been determined.

In this study, we demonstrated the increased expres-

sion of TIM3 in human HNSCC through IHC staining

of HNSCC tissue. Nonetheless, the analysis of clinical

data of HNSCC tissue suggested that TIM3 was not

associated with pathological grades and TNM
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categories. Though, other reports have stated that

TIM3 was positively correlated with overall survival in

pancreatic ductal adenocarcinoma (Farren et al.,

2016), and higher expression of TIM3 implicated in a

worse 5-year survival in renal cell carcinoma (Zheng

et al., 2015). In the present study, based on the results

of human HNSCC tissue and TCGA database, TIM3

expression was not correlated with overall survival of

patients with HNSCC. This discrepancy of survival

analysis may attribute to the difference in the patho-

physiologic feature and TIM3 expression in different

tumor types. Depending on the populations of T cells

with distinct quantity and quality, immune system has

the great potential for long-term tumor control that

can prevent cancer metastasis and recurrence. Our

study demonstrated that increased TIM3 expression

was correlated with LN metastasis and HNSCC recur-

rence. The exhaustion of effector T cells caused by the

elevated TIM3 expression may lead to an invalid anti-

tumor immune response and tumor elimination, which

account for the metastasis and recurrence of HNSCC

(Camus et al., 2009; Finn, 2012). Chemotherapeutics

or radiotherapy is known to trigger immunogenic cell

death (Apetoh et al., 2007; Welsh et al., 2014). Recent
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report indicated that radiotherapy could induce the

increase in PD1+Tregs (Napolitano et al., 2015). In

the present study, we found that TIM3 expression in

HNSCC postradiotherapy and HNSCC post-TPF

chemotherapy was significantly higher than that in pri-

mary HNSCC, which indicates that TPF chemother-

apy and radiotherapy induce the up-regulation of

TIM3.

TIM3 has been reported to be located in different

leukocyte subsets (Ngiow et al., 2011a), and targeting

TIM3 played an antitumor function (Ngiow et al.,

2011b). In human HNSCC tissue, remarkable associa-

tions were found between TIM3 and CD8, CD33 and

CD11b, which indicates the tight relation between

TIM3 and effector T cells, MDSCs. To verify the role

of TIM3 in HNSCC development, we utilized the

Tgfbr1/Pten 2cKO mice in which TIM3 could be

induced for spontaneous HNSCC formation (Bian

et al., 2012). The prophylactic anti-TIM3 treatment

for HNSCC mice could suppress the tumorigenesis,

and blockade of TIM3 notably improved immune

response with increased populations of CD4+ and

CD8+ T cells through modulating the CD4+TIM3+

cells and CD8+TIM3+ cells.

Inhibition of T cells is an important characteristic of

MDSCs that contribute to immune suppression

(Bronte et al., 2016; Cao et al., 2010); blockade of

TIM3 decreases the CD11b+Gr-1+ MDSCs by reduc-

ing CXCL1, which is an important chemokine for the

recruitment of MDSCs (De Costa et al., 2012). From

these findings, activation of TIM3 provided a mecha-

nism of tumor evasion in HNSCC, and blockade of

TIM3 reversed the immunosuppressive status by

restoring the T-cell activation and inhibiting MDSC

aggregation.

In recent years, a variety of monoclonal antibodies

has been approved by US Food and Drug Administra-

tion for use in patients with cancer (Vacchelli et al.,

2014). So far, monoclonal Abs targeting PD-1 or

CTLA-4 are being investigated in several clinical trials

for different stages and disease status of patients with

HNSCC (Ferris, 2015). Clinical trial of TIM3 is sup-

ported in phase I-Ib/II study of the safety and efficacy

of MBG453 as single agent and in combination with

PDR001 in patients with advanced malignancies

(NCT02608268). However, on-target blockade of

immune checkpoint inhibitor demonstrated limited

efficiency for patients, because Hammerman and col-

leagues showed that TIM3 up-regulated as a result of

adaptive resistance for anti-PD-1 therapy (Koyama

et al., 2016). Thus, combination therapy seems promis-

ing for cancer therapy (Sathyanarayanan and Neelapu,

2015), as immunotherapy targeting TIM3 appeared to

be effective in combination with anti-PD-1 or anti-

CTLA-4 (Hervas-Stubbs et al., 2016; Ngiow et al.,

2011b). The current study suggests that blockade of

TIM3 has important therapeutic implications for the

treatment of HNSCC.

In summary, we demonstrated the TIM3 expression

in HNSCC, which is closely associated with immune
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effector CD8+ T cells and important immune suppres-

sor MDSCs. Taking advantage of immunocompetent

Tgfbr1/Pten-knockout HNSCC models, we observed

restoration of effector T cells by targeting CD4+TIM3+

cells and CD8+TIM3+ cells and decreasing MDSCs in

tumor microenvironment and peripheral environment.

Therefore, we believe that blockade of TIM3 will be a

promising antitumor therapy for HNSCC.

Acknowledgements

This work was supported by National Natural Science

Foundation of China 81272963, 81472528, 81672668

(Z-JS), 81272964, 81472529, 81672667 (W-FZ). Z-JS

was supported by program for New Century Excellent

Talents in University (NCET-13-0439), Ministry of

Education of China.

Author contributions

JFL, WFZ, and ZJS conceived and designed the pro-

ject. JFL, SRM, GTY, LM, and WWD acquired the

data. JFL, LLB, YCL, and CFH analyzed and inter-

preted the data. JFL, ABK, and ZJS wrote the paper.

References

Anderson AC, Anderson DE, Bregoli L, Hastings WD,

Kassam N, Lei C, Chandwaskar R, Karman J, Su EW,

Hirashima M et al. (2007) Promotion of tissue

inflammation by the immune receptor Tim-3 expressed

on innate immune cells. Science 318, 1141–1143.
Apetoh L, Ghiringhelli F, Tesniere A, Obeid M, Ortiz C,

Criollo A, Mignot G, Maiuri MC, Ullrich E, Saulnier

P et al. (2007) Toll-like receptor 4-dependent

contribution of the immune system to anticancer

chemotherapy and radiotherapy. Nat Med 13, 1050–
1059.

Argiris A, Karamouzis MV, Raben D, Ferris RL (2008)

Head and neck cancer. Lancet 371, 1695–1709.
Baruah P, Lee M, Odutoye T, Williamson P, Hyde N,

Kaski JC and Dumitriu IE (2012) Decreased levels of

alternative co-stimulatory receptors OX40 and 4-1BB

characterise T cells from head and neck cancer

patients. Immunobiology 217, 669–675.
Bauernhofer T, Kuss I, Henderson B, Baum AS and

Whiteside TL (2003) Preferential apoptosis of

CD56dim natural killer cell subset in patients with

cancer. Eur J Immunol 33, 119–124.
Bian Y, Hall B, Sun ZJ, Molinolo A, Chen W, Gutkind

JS, Waes CV and Kulkarni AB (2012) Loss of TGF-

beta signaling and PTEN promotes head and neck

squamous cell carcinoma through cellular senescence

evasion and cancer-related inflammation. Oncogene 31,

3322–3332.
Bronte V, Brandau S, Chen SH, Colombo MP, Frey AB,

Greten TF, Mandruzzato S, Murray PJ, Ochoa A,

Ostrand-Rosenberg S et al. (2016) Recommendations

for myeloid-derived suppressor cell nomenclature and

characterization standards. Nat Commun 7, 12150.

Camus M, Tosolini M, Mlecnik B, Pages F, Kirilovsky A,

Berger A, Costes A, Bindea G, Charoentong P,

Bruneval P et al. (2009) Coordination of intratumoral

immune reaction and human colorectal cancer

recurrence. Cancer Res 69, 2685–2693.
Cao B, Zhu L, Zhu S, Li D, Zhang C, Xu C and Zhang S

(2010) Genetic variations and haplotypes in TIM-3

gene and the risk of gastric cancer. Cancer Immunol

Immunother 59, 1851–1857.
De Costa AM, Schuyler CA, Walker DD and Young MR

(2012) Characterization of the evolution of immune

phenotype during the development and progression of

squamous cell carcinoma of the head and neck. Cancer

Immunol Immunother 61, 927–939.
Eisen MB, Spellman PT, Brown PO and Botstein D (1998)

Cluster analysis and display of genome-wide expression

patterns. P Natl Acad Sci USA 95, 14863–14868.
Farren MR, Mace T, Geyer S, Mikhail S, Wu C, Ciombor

KK, Tahiri S, Ahn D, Noonan AM, Villalona-Calero

MA et al. (2016) Systemic immune activity predicts

overall survival in treatment naive patients with

metastatic pancreatic cancer. Clini Cancer Res 22,

2565–2574.
Ferris RL (2015) Immunology and immunotherapy of head

and neck cancer. J Clin Oncol 33, 3293–3304.
Ferris RL, Whiteside TL and Ferrone S (2006) Immune

escape associated with functional defects in antigen-

processing machinery in head and neck cancer. Clin

Cancer Res 12, 3890–3895.
Finn OJ (2012) Immuno-oncology: understanding the

function and dysfunction of the immune system in

cancer. Ann Oncol 23(Suppl 8), viii6–viii9.
Fourcade J, Sun Z, Benallaoua M, Guillaume P, Luescher

IF, Sander C, Kirkwood JM, Kuchroo V and Zarour

HM (2010) Upregulation of Tim-3 and PD-1

expression is associated with tumor antigen-specific

CD8+ T cell dysfunction in melanoma patients. J Exp

Med 207, 2175–2186.
Freeman GJ, Casasnovas JM, Umetsu DT and DeKruyff

RH (2010) TIM genes: a family of cell surface

phosphatidylserine receptors that regulate innate and

adaptive immunity. Immunol Rev 235, 172–189.
Gabrilovich DI and Nagaraj S (2009) Myeloid-derived

suppressor cells as regulators of the immune system.

Nat Rev Immunol 9, 162–174.
Hervas-Stubbs S, Soldevilla MM, Villanueva H, Mancheno

U, Bendandi M and Pastor F (2016) Identification of

245Molecular Oncology 11 (2017) 235–247 ª 2016 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

J.-F. Liu et al. TIM3 function in HNSCC



TIM3 20-fluoro oligonucleotide aptamer by HT-

SELEX for cancer immunotherapy. Oncotarget 7,

4522–4530.
Huang YH, Zhu C, Kondo Y, Anderson AC, Gandhi A,

Russell A, Dougan SK, Petersen BS, Melum E, Pertel

T et al. (2015) CEACAM1 regulates TIM-3-mediated

tolerance and exhaustion. Nature 517, 386–390.
Kloss S, Chambron N, Gardlowski T, Arseniev L, Koch J,

Esser R, Glienke W, Seitz O and Kohl U (2015)

Increased sMICA and TGFbeta levels in HNSCC

patients impair NKG2D-dependent functionality of

activated NK cells. Oncoimmunology 4, e1055993.

Koyama S, Akbay EA, Li YY, Herter-Sprie GS,

Buczkowski KA, Richards WG, Gandhi L, Redig AJ,

Rodig SJ, Asahina H et al. (2016) Adaptive resistance

to therapeutic PD-1 blockade is associated with

upregulation of alternative immune checkpoints. Nat

Commun 7, 10501.

Leemans CR, Braakhuis BJ and Brakenhoff RH (2011)

The molecular biology of head and neck cancer. Nat

Rev Cancer 11, 9–22.
Lopez-Albaitero A, Nayak JV, Ogino T, Machandia A,

Gooding W, DeLeo AB, Ferrone S, Ferris RL (2006)

Role of antigen-processing machinery in the in vitro

resistance of squamous cell carcinoma of the head and

neck cells to recognition by CTL. J Immunol, 176,

3402–3409.
Marur S, D’Souza G, Westra WH and Forastiere AA

(2010) HPV-associated head and neck cancer: a virus-

related cancer epidemic. Lancet Oncol 11, 781–789.
Monney L, Sabatos CA, Gaglia JL, Ryu A, Waldner H,

Chernova T, Manning S, Greenfield EA, Coyle AJ,

Sobel RA et al. (2002) Th1-specific cell surface protein

Tim-3 regulates macrophage activation and severity of

an autoimmune disease. Nature 415, 536–541.
Napolitano M, D’Alterio C, Cardone E, Trotta AM,

Pecori B, Rega D, Pace U, Scala D, Scognamiglio G,

Tatangelo F et al. (2015) Peripheral myeloid-derived

suppressor and T regulatory PD-1 positive cells predict

response to neoadjuvant short-course radiotherapy in

rectal cancer patients. Oncotarget 6, 8261–8270.
Ngiow SF, Teng MW and Smyth MJ (2011a) Prospects for

TIM3-targeted antitumor immunotherapy. Cancer Res

71, 6567–6571.
Ngiow SF, von Scheidt B, Akiba H, Yagita H, Teng MW

and Smyth MJ (2011b) Anti-TIM3 antibody promotes

T cell IFN-gamma-mediated antitumor immunity and

suppresses established tumors. Cancer Res 71, 3540–
3551.

Rhodes DR, Kalyana-Sundaram S, Mahavisno V,

Varambally R, Yu J, Briggs BB, Barrette TR, Anstet

MJ, Kincead-Beal C, Kulkarni P et al. (2007)

Oncomine 3.0: genes, pathways, and networks in a

collection of 18,000 cancer gene expression profiles.

Neoplasia 9, 166–180.

Sabatos CA, Chakravarti S, Cha E, Schubart A, Sanchez-

Fueyo A, Zheng XX, Coyle AJ, Strom TB, Freeman

GJ and Kuchroo VK (2003) Interaction of Tim-3 and

Tim-3 ligand regulates T helper type 1 responses and

induction of peripheral tolerance. Nat Immunol 4,

1102–1110.
Sakuishi K, Ngiow SF, Sullivan JM, Teng MW, Kuchroo

VK, Smyth MJ and Anderson AC (2013) TIM3FOXP3

regulatory T cells are tissue-specific promoters of T-cell

dysfunction in cancer. Oncoimmunology 2, e23849.

Saldanha AJ (2004) Java Treeview–extensible visualization

of microarray data. Bioinformatics 20, 3246–3248.
Sathyanarayanan V and Neelapu SS (2015) Cancer

immunotherapy: strategies for personalization and

combinatorial approaches. Mol Oncol 9, 2043–2053.
Sharma P and Allison JP (2015) Immune checkpoint

targeting in cancer therapy: toward combination

strategies with curative potential. Cell 161, 205–214.
Siegel R, Ma J, Zou Z and Jemal A (2014) Cancer

statistics, 2014. CA Cancer J Clin 64, 9–29.
Sobin LH and Witteking C (2002) UICC TNM

classification of malignant tumours. 6th edn. Wiley-

Blackwell, Oxford.

Strauss L, Bergmann C, Gooding W, Johnson JT and

Whiteside TL (2007) The frequency and suppressor

function of CD4+CD25highFoxp3+ T cells in the

circulation of patients with squamous cell carcinoma of

the head and neck. Clin Cancer Res 13, 6301–6311.
Sun ZJ, Zhang L, Hall B, Bian Y, Gutkind JS and

Kulkarni AB (2012) Chemopreventive and

chemotherapeutic actions of mTOR inhibitor in

genetically defined head and neck squamous cell

carcinoma mouse model. Clin Cancer Res 18, 5304–
5313.

Trellakis S, Bruderek K, Hutte J, Elian M, Hoffmann TK,

Lang S and Brandau S (2013) Granulocytic myeloid-

derived suppressor cells are cryosensitive and their

frequency does not correlate with serum concentrations

of colony-stimulating factors in head and neck cancer.

Innate Immun 19, 328–336.
Ugel S, Delpozzo F, Desantis G, Papalini F, Simonato F,

Sonda N, Zilio S and Bronte V (2009) Therapeutic

targeting of myeloid-derived suppressor cells. Curr

Opin Pharmacol 9, 470–481.
Vacchelli E, Aranda F, Eggermont A, Galon J, Sautes-

Fridman C, Zitvogel L, Kroemer G and Galluzzi L

(2014) Trial watch: tumor-targeting monoclonal

antibodies in cancer therapy. Oncoimmunology 3,

e27048.

Weed DT, Vella JL, Reis IM, De la Fuente AC, Gomez C,

Sargi Z, Nazarian R, Califano J, Borrello I and

Serafini P (2015) Tadalafil reduces myeloid-derived

suppressor cells and regulatory T cells and promotes

tumor immunity in patients with head and neck

squamous cell carcinoma. Clin Cancer Res 21, 39–48.

246 Molecular Oncology 11 (2017) 235–247 ª 2016 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

TIM3 function in HNSCC J.-F. Liu et al.



Welsh JW, Seyedin SN, Cortez MA, Maity A and Hahn

SM (2014) Galectin-1 and immune suppression during

radiotherapy. Clin Cancer Res 20, 6230–6232.
Whiteside TL (2005) Immunobiology of head and neck

cancer. Cancer Metastasis Rev 24, 95–105.
Yu GT, Bu LL, Zhao YY, Mao L, Deng WW, Wu TF,

Zhang WF and Sun ZJ (2016) CTLA4 blockade

reduces immature myeloid cells in head and neck

squamous cell carcinoma. Oncoimmunology 5,

e1151594.

Zheng H, Guo X, Tian Q, Li H and Zhu Y (2015) Distinct

role of Tim-3 in systemic lupus erythematosus and

clear cell renal cell carcinoma. Int J Clin Exp Med 8,

7029–7038.

Zhu C, Anderson AC, Schubart A, Xiong H, Imitola J,

Khoury SJ, Zheng XX, Strom TB and Kuchroo VK

(2005) The Tim-3 ligand galectin-9 negatively regulates

T helper type 1 immunity. Nat Immunol 6, 1245–1252.

Supporting information

Additional Supporting Information may be found

online in the supporting information tab for this

article:
Fig. S1. HAVCR2 (encoding TIM3) is overexpressed

in human HNSCC.

Table S1. Clinicopathological statistics of HNSCC

used in this study.

247Molecular Oncology 11 (2017) 235–247 ª 2016 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

J.-F. Liu et al. TIM3 function in HNSCC


	Outline placeholder
	a1
	a2
	a3
	fig1
	fig2
	fig3
	fig4
	fig5
	fig6
	fig7
	bib1
	bib2
	bib3
	bib4
	bib5
	bib6
	bib7
	bib8
	bib9
	bib10
	bib100
	bib11
	bib12
	bib13
	bib14
	bib15
	bib16
	bib17
	bib18
	bib19
	bib20
	bib21
	bib22
	bib23
	bib24
	bib25
	bib26
	bib27
	bib28
	bib29
	bib30
	bib31
	bib101
	bib32
	bib33
	bib34
	bib102
	bib35
	bib36
	bib37
	bib38
	bib39
	bib40
	bib41
	bib42
	bib43
	bib44
	bib45


