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Abstract. T-cell immunoglobulin and mucin domain- 
containing-3 (TIM-3) performs a critical function in immune 
tolerance by suppressing the activation and proliferation of 
T cells. TIM-3 serves an important role in tumor progression 
in a number of carcinomas, including non-small cell lung 
cancer, hepatitis B virus-associated hepatocellular carcinoma, 
Langerhans cell sarcoma, head and neck cancer and follicular 
B cell non-Hodgkin lymphoma. The aim of the present study 
was to evaluate the possible association of TIM-3 with the 
prognosis of osteosarcoma. TIM-3 expression was assessed 
by immunohistochemical analysis in osteosarcoma tissues. 
The association between TIM-3 expression and prognosis 
was examined. To assess the association between TIM-3 
expression levels and clinicopathological features, a Fisher's 
exact test was used. TIM-3 overexpression was indicated to be 
associated with surgical treatment and survival. Kaplan-Meier 
analysis indicated that TIM-3 is an independent predictor of 
overall survival, and its overexpression was indicated to be 
associated with poor prognosis in patients with osteosarcoma. 
Additionally, reverse transcription-quantitative polymerase 
chain reaction and western blot analysis were carried out to 
evaluate TIM-3 expression levels in fresh tumor tissue samples, 
adjacent-tissue samples, osteosarcoma cell lines, and in an 
osteoblastic cell line. TIM-3 was indicated to be overexpressed 
in fresh osteosarcoma tissue samples and in osteosarcoma cell 
lines. In conclusion, TIM-3 overexpression is associated with 
poor survival among patients with osteosarcoma and may be a 
possible therapeutic target in these types of tumors.

Introduction

Osteosarcoma is an osteoblastoma of mesenchymal origin. 
It is the most common primary malignant tumor of the bone 
and tends to occur in teenagers (1). Although primary bone 
cancers account for only 0.2% of all malignant tumors, the 
results are severe in children and adults once they develop 
this cancer (1). According to the National Cancer Institute 
Surveillance, Epidemiology, and End Results program, cancer 
prevalence increased at an annual rate of ~0.3% over the 
previous decade (2). Although osteosarcoma usually occurs 
at the age between 5 and early adulthood, in recent years, the 
incidence rate among elderly patients has increased, and ~60% 
of osteosarcomas occur in patients <20 years old, and ~10% 
of patients are >60 years old (3). It has been reported that the 
emergence of this phenomenon may be highly associated with 
a history of Paget's disease and radiotherapy (4). 

In the last decade, immunotherapy has been considered as 
one of the most promising potential means of treatments for 
patients with various types of cancer (5-8). The emergence of 
immunotherapy for tumor treatment provides novel insight, as 
this modality has been reported to activate the body's immune 
system, enhance an antitumor immune response, kill vulner-
able tumor cells, and inhibit tumor proliferation and metastasis. 
The reported results of immunotherapy are promising, and 
clinical applications have indicated that immunotherapy is 
effective, where a number of patients with cancer even achieve 
long-term recovery (5). The immune system recognizes novel 
tumor antigens usually as foreign substances, therefore, elimi-
nating tumors via an immune response (6). When the body 
recognizes the novel tumor antigen, the immune response 
starts (7). In this process, interactions between different 
immune cells are critical for tumor elimination. Nevertheless, 
a number of tumors, such as renal cell carcinoma, pancreatic 
cancer, glioma and colorectal cancer, secrete proteins called 
immunocheckpoint inhibitors via tumor-specific immune 
cells (7). This combination activates an inhibitory pathway that 
limits normal immune responses, thereby allowing tumors to 
evade or suppress immune responses (5-7). The most recent 
immunotherapeutic approaches target these mechanisms of 
immune tolerance by blocking immune checkpoints to revive 
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a functionally suppressed immune response, reinvigorate 
T cells, and promote antitumor immunity (9).

T-cell immunoglobulin and mucin domain-containing-3 
(TIM-3), also known as HAVCR2, has been recognized as 
a member of the TIM gene family, which includes TIM-1, 
TIM-3, and TIM-4 in humans and Tim-1 through Tim-8 in 
mice (10). TIM-3 is expressed on T helper 1 (Th1), Th17, and 
CD8+ T cells (cells of myeloid lineages) (11). Engagement of 
its ligands by TIM-3 has been indicated to suppress Th1 and 
Th17 responses and to induce peripheral immune tolerance, 
supporting an inhibitory role of TIM-3 in T-cell-mediated 
immune responses (12). The expression levels of programmed 
cell death 1 (PD‑1) and TIM‑3 in tumor tissues are signifi-
cantly associated with PD1 and TIM-3 polymorphisms, and 
administration of TIM-3 and PD-1 synergistically promotes 
tumor growth (13). The aforementioned preclinical studies 
indicate an inhibitory effect of TIM-3 on antitumor immunity.

However, the association between TIM-3 and osteosar-
coma, to the best of our knowledge, remains unclear. Therefore, 
the aim of the present study was to analyze the expression level 
of TIM-3 in primary osteosarcoma and its possible association 
with survival of patients with osteosarcoma.

Materials and methods

Acquisition of human tissue samples. The present study was 
approved by The Ethics Committee of union Hospital Tongji 
Medical College of Huazhong university of Science and 
Technology (Wuhan, China) and conforms to the provisions 
of the Declaration of Helsinki. Tissue collection process was 
approved by the Ethics Committee, all patients and legal 
guardians provided written informed consent regarding human 
tissue acquisition used in the present study, in accordance 
with National Regulations on the use of Clinical Samples in 
China. A total of 38 pairs of osteosarcoma tissue samples were 
obtained from patients with osteosarcoma, who underwent 
surgical resection at the union Hospital between January 
2011 and June 2016, and eight groups of fresh tissue samples, 
including tumor and adjacent tissues were obtained between 
January and November in 2016. Among the 38 patients, 26 
were male and 12 were female, ranging in age from 8-72 years 
old, and the median age was 18 years old. The eight fresh 
specimens included five male and three females, aged from 
12-46 years, with a median age of 14 years. Patients receiving 
chemotherapy or radiotherapy prior to surgical treatment were 
excluded from the study. The diagnosis and Enneking stage 
of osteosarcoma was assessed by two experienced patholo-
gists independently, (union Hospital, Tongji Medical College, 
Huazhong university of Science and Technology, Wuhan, 
China) in a blinded manner, and according to the Enneking 
system and the 2015 World Health Organization Classification 
of Tumors (14,15). All patients and legal guardians provided 
written informed consent regarding human tissue acquisi-
tion used in the present study, in accordance with National 
Regulations on the use of Clinical Samples in China. 

Cell culture. Human osteosarcoma cell lines u-2OS, MG63, 
and SAOS and osteoblastic cell line hFOB1.19 were purchased 
from the Type Culture Collection of the Chinese Academy of 
Sciences. The u-2OS, MG63, and SAOS cells were cultured in 

Eagle's minimum essential medium (ATCC) supplemented with 
10% FBS (Thermo Fisher Scientific, Inc.). hFOB1.19 cells were 
cultured in McCoy's 5a modified medium (ATCC) containing 
10% FBS. All cells were cultured at 37˚C with 5% CO2.

Immunohistochemical (IHC) staining. Staining was performed 
on 4 µm tissue microarray sections of formalin‑fixed in 10% 
formalin at 4˚C for 24 h and subsequently paraffin‑embedded. 
The slices were deparaffinized in xylene and dehydrated in a 
graded series of ethanol solutions, deparaffinized and hydrated 
in 100% alcohol for 5 min followed by 80% alcohol for 5 min. 
The endogenous peroxidase activity was quenched with 0.3% 
hydrogen peroxide. Antigen retrieval was performed with citrate 
buffer at 98˚C for 10 min and endogenous peroxidase activity 
was blocked using 0.3% hydrogen peroxide in methanol for 
15 min at room temperature. Antigen retrieval was performed 
in 0.01 mol/l citric acid buffer and non‑specific binding was 
blocked with 10% normal goat serum (Wuhan Servicebio 
Technology Co., Ltd., Wuhan, China) at 37˚C for 30 min. 
Subsequently, overnight incubation at 4˚C was carried out with 
an anti-human TIM-3 monoclonal antibody (dilution, 1:100; 
R&D Systems, Inc., Minneapolis, MN, uSA), followed by a 
30 min incubation at 37˚C with a horseradish peroxidase‑labeled 
anti-rabbit IgG antibody (dilution, 1:500; R&D Systems, Inc.). 
Samples were incubated with the primary antibodies overnight 
at 4˚C. Subsequently, the samples were incubated with horse-
radish peroxidase universal immunoglobulin G (IgG) secondary 
antibody (cat. no. sc69786; 1:1,000; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) for 30 min at 37˚C. A histostaining kit 
(cat. no. SP9001; OriGene Technologies, Inc., Beijing, China) 
was used to visualize antibody binding on the slides, according 
to the manufacturer's protocol. The tissue slices were incubated 
with DAB (Wuhan Servicebio Technology Co., Ltd., Wuhan, 
China) and lightly counterstained with 0.5% hematoxylin for 
5 min at 37˚C. Slides which had not been treated with a primary 
antibody were used as the negative control and the breast cancer 
tissues slides which had previously been confirmed to overex-
press the TIM-3 protein were used as the positive controls. The 
slides were observed using a light microscope at x200 magnifi-
cation (Ix71; Olympus, Tokyo, Japan).

Tim-3 immunoreactivity was assessed independently by two 
pathologists blinded to the origin of the tissue with the use of a 
labeling index. A total of 100 cells were counted in 3 random fields 
and the percentage of positive cells were calculated. The extent 
of staining, calculated as the percentage of stained cells, and the 
intensity of immunostaining were taken into consideration in the 
analysis of data. The semi-quantitative immunoreaction scoring 
system was evaluated based on the percentage of positive cells 
added to the stain intensity. Regarding stain intensity, negative 
staining was defined as 0, weakly positive was defined as 1, 
moderately positive as 2 and strongly positive as 3. The scores 
of immuno‑positive cells were defined as follows: <5% Positive 
cells was defined as 0 (negative); 5‑25% immuno‑positive cells 
as 1 (low); 25-75% immuno-positive cells as 2 (moderate); and 
>75% immuno-positive cells as 3 (high). The sum of the stain 
intensity and positive cell scores was the final score given to 
each section and defined as: ‑, 0; +, 1 or 2; ++, 3 or 4; and +++, 5 
or 6. The intensity of staining was scored between 0 and 3, and 
the extent of staining was scored between 0 and 100%. The final 
quantitation of IHC staining in each sample was obtained by 
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multiplying the two scores. TIM‑3 expression was classified as 
high if the score was >1.1 (median score), while a score of ≤1.1 
was classified as low expression of TIM‑3.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). TRIzol® was used to extract total RNA from the 
patients' frozen tissues and the osteosarcoma cell lines, including 
u2OS, MG-63 and SAOS, and the osteoblast cell line, hFOB1.19. 
Analysis of relative gene expression data from RT-qPCR was 
performed using the 2-ΔΔCq method (16). Total RNA (1 µg) 
was reverse-transcribed into cDNA in a total volume of 20 µl 
using the RT Reaction kit (Promega Corporation, Madison, WI, 
uSA), according to the manufacturer's protocols. RT-qPCR 
was conducted with the Express SYBR-GreenER qPCR 
Supermix Universal kit (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, uSA), according to the manufacturer's 
protocols, on a Rotor-gene 6000 system (Qiagen China Co., 
Ltd., Shanghai, China). A total of 25 µl PCR mixture contained 
2 µl the reverse-transcribed product, 12.5 µl SYBR-Green 
Supermix, 8.5 µl RNase-free water, and 1 µl each of forward 
and reverse primers. The reaction was run in a 72-well optical 
plate in triplicate. The first step of the thermal‑cycling program 
was initial denaturation at 95˚C for 10 sec, followed by 40 cycles 
of 95˚C for 5 sec and 60˚C for 30 sec as the second step. A 
melting-curve analysis was performed to ensure specificity 
of the PCR products. The following primers were employed: 
H-TIM-3 forward, 5'-GTG ACT CTA GCA GAC AGT GGG AT-3' 
and reverse, 5'-TGA CCT TGG CTG GTT TGAT G-3', and β-actin 
forward, 5'-CAC CCA GCA CAA TGA AGA TCA AGA T-3' and 
reverse, (5'-CCA GTT TTT AAA TCC TGA GTC AAG C-3'). 
β-actin was used as the internal control.

Western blot analysis. The osteosarcoma cell lines and osteoblast 
cell line (2x106 cells/ml) were harvested and washed three 
times with cold PBS. Cells were lysed in ice-cold lysis buffer 
(50 mM Tris-HCl, pH 7.4, 250 mM NaCl, 50 mM NaF, 5 mM 
EDTA, 0.1% Triton x-100 and 0.1 mM Na3VO4). Following 
centrifugation at 12,000 x g for 15 min at 4˚C to remove all 
organelles, the supernatants were removed, and the protein 
levels were estimated using a Super-Bradford Protein assay 
kit (CoWin Biosciences Co., Ltd., Beijing, China), according 
to the manufacturer's protocol. Equal amounts of proteins 
(20 µg/lane) were denatured in SDS-PAGE buffer, resolved 
by SDS-PAGE on a 12% Tris-glycine gel and transferred onto 
PVDF membranes. Membranes were blocked with 5% skimmed 
milk in TBS containing 0.1% Tween-20 (TBST) for 1 h at room 
temperature. After washing with TBST three times, membranes 
were incubated with a primary antibody against TIM-3 (1:100; 
cat. no. 1315; Sigma-Aldrich; Merck KGaA; Darmstadt, 
Germany) or β-actin (cat. no. abs20002; Absin Bioscience Co., 
Ltd. Shanghai, China) overnight at 4˚C in TBST. After incuba-
tion with horseradish peroxidase-conjugated goat anti-rabbit 
IgG (1:10,000; cat. no. BA1055; Boster Biological Technology) 
in TBST at room temperature for 60 min, bands were detected 
using enhanced chemiluminescence detection system (APG Bio 
Ltd., Shanghai, China). ImageJ version 1.0 (National Institutes of 
Health, Bethesda, MD, uSA) was used for quantitative analysis 
of the bands. To account for any differences in loading, target 
band densitometries were divided by the density of β-actin 
obtained from the same lane.

Statistical analysis. The SPSS 20.0 software (IBM Corp., Armonk, 
NY, uSA) was used to analyze the data. Data are presented as 
the mean ± standard deviation and categorical data were tested 
using a t-test or a Wilcoxon signed-rank test. All the tests in the 
present study were two-sided. The expression of TIM-3 and the 
clinical and pathological factors were analyzed using a χ2 test or a 
Fisher's exact test. Spearman's correlation analysis was performed 
to investigate the correlation between TIM-3 mRNA and protein 
expression levels. Overall survival time was defined as the time 
from cancer diagnosis until the patient succumbed to the disease. 
Survival was assessed by the Kaplan-Meier method, and differ-
ences between curves were estimated by the log-rank test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Baseline characteristics of patients. The clinical character-
istics of the 38 patients with osteosarcoma are detailed in 
Table I. TIM-3 expression levels were evaluated by tissue type, 

Table I. The clinical characteristics of the 38 patients with 
osteosarcoma. 

Clinical characteristics Cases Percent (%)

Age (years)
  >40 12 31.58
  20-40 5 13.16
  <20 21 55.26
Sex
  Male 26 68.42
  Female 12 31.58
WHO Pathological classification
  Conventional osteosarcoma 27 71.05
  Telangiectatic osteosarcoma 3 7.89
  Parosteal osteosarcoma 2 5.26
  Small round cell osteosarcoma 2 5.26
  Fibrous tissue osteosarcoma 1 2.63
Other
  Tumor location 3 7.89
  Femur 20 52.63
  Shin 11 28.95
  Other 7 18.42
Enneking
  ⅡB 19 50.00
  Ⅲ 19 50.00
Surgical
  Salvage 11 28.95
  Amputation 27 71.05
Overall survival time
  Yes 16 42.11
  No 22 57.89

TIM-3, T-cell immunoglobulin and mucin domain-containing-3; 
Enneking, Enneking-Musculoskeletal Tumor Staging system; WHO, 
world health organization.
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sex, age, pathological type, Enneking stage, surgical status, and 
survival (Table II). Table III presents the association between 
TIM-3 expression and prognosis of the patients with osteosar-
coma. Significant associations were observed between TIM‑3 
expression and the type of tissue (P<0.001), surgical status 
(P=0.008), and survival (P<0.001), among the patients with 
osteosarcoma; however, no significant associations between 
TIM-3 with the other parameters, such as sex, age, Enneking 
stage and pathological classification were detected (Table III).

Detection of TIM‑3 mRNA and protein expressions in 
osteosarcoma tissues and cell lines. RT-qPCR and western blot 
analysis were conducted to assess TIM-3 expression levels in 
fresh tumor tissue samples and adjacent-tissue samples. TIM-3 
was indicated to have an increased expression in tumor tissue 
samples (P<0.001; Fig. 1). Subsequently, RT-qPCR and western 
blot analysis were carried out to analyze the TIM-3 expression 

levels in human osteosarcoma cell lines, u-2OS, MG63, and 
SAOS and in osteoblastic cell line hFOB1.19. TIM-3 indicated 
an increased expression level in u-2OS, MG63, and SAOS 
cells, however, not in hFOB1.19 cells (P<0.001; Fig. 2).

Immunohistochemistry of TIM‑3 protein expression and 
survival analysis. The positive expression of TIM-3 was 
showed as brown-yellow granules and located in the 
cytoplasm and/or membrane of tumor cells. Among 38 
osteosarcoma tumor tissues, 36 tumor tissues showed 
positive expression of TIM-3, with a positive expression 
rate of 94.74%; among 19 adjacent-tissues, 12 specimens 
showed positive expression of TIM-3, with a positive expres-
sion rate of 63.16% (P<0.001). The IHC staining score of 
TIM-3 expression in primary osteosarcoma tissue samples 
was notably higher compared with adjacent-tissue samples 
(Fig. 3). As presented in Fig. 4, the Kaplan-Meier analysis 
predicted that patients with high TIM-3 expression (n=24) 
would have shorter overall survival compared with patients 

Table III. Association between TIM-3 expression and prog-
nosis in patients with osteosarcoma.

Variables Negative Positive  P-value

Tissue types   <0.001
  Adjacent tissues 16 3 
  Tumor tissues 8 30 
Sex   0.438
  Male 3 17 
  Female 5 13 
Age (years)   1.000
  >40 3 12 
  20-40 2 10 
  <20 3 16 
WHO Pathological classification   0.278
  Conventional osteosarcoma 5 22 
  Telangiectatic osteosarcoma 0 3 
  Parosteal osteosarcoma 1 1 
  Small round cell osteosarcoma 0 2 
  Fibrous tissue osteosarcoma 1 0 
  Other 1 2 
Enneking   0.269
  IIB 7 12 
  III 3 16 
Surgical type   0.008
  Salvage 8 3 
  Amputation 6 21 
Overall survival time   <0.001
  Yes 12 4 
  No 3 19 

TIM-3, T-cell immunoglobulin and mucin domain-containing 3; 
Enneking, Enneking-Musculoskeletal Tumor Staging System; WHO, 
world health organization.

Table II. Association between TIM-3 expression and clinico-
pathological parameters.

 Immunohistochemical
 staining score
 -----------------------------------------------
Classification ‑ + ++ +++

Tissue types    
  Adjacent tissues 7 9 2 1
  Tumor tissues 2 6 6 24
Sex    
  Male 2 1 5 12
  Female 3 2 4 9
Age (years)    
  >40 2 1 4 8
  20-40 0 2 4 6
 <20 1 2 7 9
WHO Pathological classification    
  Conventional osteosarcoma 2 3 8 14
  Telangiectatic osteosarcoma 0 0 1 2
  Parosteal osteosarcoma 0 1 0 1
  Small round cell osteosarcoma 0 0 1 1
  Fibrous tissue osteosarcoma 0 1 0 0
  Other 0 1 2 0
Enneking    
  ⅡB 2 5 8 4
  Ⅲ 1 2 5 11
Surgical type    
  Salvage 3 5 2 1
  Amputation 2 4 9 12
Overall survival time    
  Yes 4 8 3 1
  No 1 2 4 15

TIM-3, T-cell immunoglobulin and mucin domain-containing 3; 
Enneking, Enneking-Musculoskeletal Tumor Staging System; WHO, 
world health organization.
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with low TIM-3 expression (n=14) (P<0.001). This result 
suggests that high TIM‑3 expression is significantly associ-
ated with an increased risk of mortality.

Discussion

Osteosarcoma is a cancer originating from primitive mesen-
chymal cells and is the most common type of primary malignant 
bone tumor in children and adolescents (17). With advances in 
multimodal treatments consisting of adjuvant chemotherapy 
and surgical resection, the prognosis and quality of life of 
patients with non-metastatic osteosarcoma of the extremities 
have improved. However, the 5-year progression-free survival 
of patients with high-grade osteosarcoma is only 50%, due to a 
poor response to chemotherapy (18). Therefore, it is necessary 
to devise novel therapeutic strategies for improving the overall 
rate of survival.

In a study by Shang et al (19), TIM-3 expression resulted 
in tumor cells acquiring features associated with aggressive 
epithelial-mesenchymal transition and thus may be involved in 
the pathogenesis of osteosarcoma (19). A recent study revealed 
that aberrant expression of the TIM-3 antigen on peripheral 
blood T cells is associated with progressive disease in patients 
with osteosarcoma, and TIM-3 may be a possible diagnostic 
biomarker of osteosarcoma and/or a prognostic biomarker of 
osteosarcoma progression (20).

In the present study, TIM-3 expression was assessed by 
IHC staining in osteosarcoma tissue samples. The associa-
tion between TIM-3 expression and survival was examined. 
An increase in TIM-3 expression was indicated to be associ-
ated with surgical status and survival. Kaplan-Meier analysis 
indicated that TIM-3 is an independent predictor of overall 
survival, and that its overexpression is associated with poor 
survival among patients with osteosarcoma. Piao et al (21) 

Figure 2. Detection of TIM-3 mRNA and protein expression levels in osteosarcoma and osteoblastic cell lines. (A) mRNA TIM-3 levels in human osteosar-
coma cell lines U‑2OS, MG63, and SAOS and in osteoblastic cell line hFOB1.19. (B) Western blot analysis and quantification of results of TIM‑3 expression 
level in human osteosarcoma cell lines u-2OS, MG63, and SAOS and in osteoblastic cell line hFOB1.19. *P<0.05, **P<0.01 vs. hFOB1.19. TIM-3, T-cell 
immunoglobulin and mucin domain-containing-3.

Figure 1. Detection of TIM-3 mRNA and protein expression levels in cancer tissue. (A) TIM-3 mRNA expression level in osteosarcoma tumor tissue samples 
and adjacent‑tissue samples. TIM‑3 mRNA indicated an increased expression in tumor tissues compared with adjacent. (B) Western blot analysis and quantifi-
cation of results of the TIM-3 expression levels in tumor tissue samples and adjacent-tissue samples. TIM-3 indicated an increased expression in tumor tissue 
samples compared with adjacent-tissue samples. **P<0.001 vs. adjacent tissues. TIM-3, T-cell immunoglobulin and mucin domain-containing 3.
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reported positive staining for TIM-3 in prostate cancer tissues 
by IHC analysis, however, little or no staining for TIM-3 has 
been observed in an epithelium containing benign prostate 
hyperplasia (21). TIM-3 may affect the development and 
progression of prostate cancer, as this result may assist in the 
future use TIM-3 as a novel therapeutic target for effective 
prostate cancer management (21). Additionally, RT-qPCR and 

western blot analysis were conducted in the present study to 
evaluate TIM-3 expression levels in fresh tumor tissue samples, 
adjacent-tissue samples, osteosarcoma cell lines, and in an 
osteoblastic cell line. TIM-3 was increasing expressed in fresh 
tumor tissue samples and osteosarcoma cells. Nonetheless, 
further studies are required, in order to clarify the underlying 
biology of TIM-3 in the development of osteosarcoma.

In conclusion, the results of the present study revealed that 
high TIM‑3 expression is significantly associated with poor 
survival and may be an independent predictor of survival among 
patients with osteosarcoma. TIM-3 expression was indicated to 
be a valuable prognostic biomarker of osteosarcoma.
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