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Abstract 

Background: T-cell immunoglobulin and mucin domain 1 (TIM-1) is an important co-stimulatory molecule which 
serves as a surface marker for T cell activation, especially for Th2 cells. Recently, many studies have also shown that 
TIM-1 can be abnormally expressed in human cancers and may have a potential role in promoting cancer progression.

Methods: The immunohistochemistry was used to examine the TIM-1 expression in human non-small-cell lung 
carcinoma (NSCLC) tissues. The cellular studies were performed to investigate the role of TIM-1 in the regulation of 
biological functions of human lung cancer cell lines.

Results: We found that the TIM-1 expression was increased in human NSCLC tissues compared with the adjacent 
normal tissues, and the OS rate of NSCLC patients with higher TIM-1 expression was significantly lower compared with 
the ones with lower TIM-1 expression. The COX model showed that higher TIM-1 expression in lung cancer tissues 
could be used as an independent prognostic predictor for the patients. Furthermore, we depleted TIM-1 in NSCLC cell 
lines A549 and SK-MES-1, and the cellular functional studies also revealed that depletion of TIM-1 could significantly 
inhibit the cell viability as well as the abilities of migration and invasion. In addition, our microarray data showed that 
certain signaling pathways were altered and enriched after depletion of TIM-1. We subsequently verified that PI3K/Akt 
signaling pathway was involved in the TIM-1-mediated regulation of cellular functions in NSCLC cells.

Conclusion: Our findings supported the notion that TIM-1 could serve as a potential therapeutic target for NSCLC.
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Background
Lung cancer is the most commonly diagnosed cancer 
and the leading cause of tumor-related death worldwide 
[1–3]. Non-small-cell lung carcinoma (NSCLC), which 
accounts for about 85% of all lung cancer cases, is another 
type of epithelial lung cancer other than small-cell lung 
carcinoma (SCLC) [4]. Surgical resection has been sug-
gested as the conventional treatment for the patients with 
early-stage NSCLC [5]. For advanced NSCLC, although 
surgical therapy, chemotherapy, radiotherapy, targeted 
therapy and even combined therapy have been used, 
the 5-year overall survival (OS) still remains less than 

15–20% due to the local recurrence or distant metastasis 
[6–8]. Recently, the immune checkpoint blockade ther-
apy (ICBT), such as anti-programmed cell death 1 (anti-
PD-1) therapy, anti-cytotoxic T-lymphocyte antigen 4 
(anti-CTLA-4) therapy and anti-programmed cell death-
ligand 1 (anti-PD-L1) therapy, have been shown to make 
a great breakthrough in the therapeutic strategies against 
human NSCLC [9–11]. Therefore, it’s of great interest 
for us to establish novel ICBT strategies and investigate 
the potential value of clinical application targeting some 
other immune checkpoint molecules, such as TIM-3 and 
LAG-3 [12, 13].

T-cell immunoglobulin and mucin domain 1 (TIM-
1), also known as hepatitis A virus cellular receptor 1 
(HAVcR-1) or kidney injury molecule 1 (KIM-1), is an 
important susceptibility gene for asthma and allergy, 
and it is preferentially expressed on Th2 cells and func-
tions as a potent co-stimulatory molecule for T cell 
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activation [14, 15]. As the first characterized member 
from TIM family, TIM-1 is initially found in mon-
keys and subsequently in humans as the HAVcR1 [16, 
17]. Although lots of data have shown that TIM-1 has 
an essential role in the regulation of the T cell func-
tions, however, it was also reported that TIM-1 play a 
critical role in the efficient clearance of apoptotic cells 
[18]. TIM-1 has been demonstrated to be expressed 
in numerous human tumors tissues [15]. In human 
Langerhans cell sarcoma (LCS), TIM-1 could be found 
in cancer cells, CK-18-positive epithelial cells and 
CD68-positive macrophages [19]. Liu et  al. [20] have 
also reported that increased TIM-1 expression is found 
in human gastric cancer tissues compared with the nor-
mal gastric tissues at both the mRNA and protein lev-
els, and high expression of TIM-1 can serve as a novel 
prognostic factor for gastric cancer. Moreover, urinary 
TIM-1 can also be found in patients with clear renal 
cell carcinoma, and its expression is significantly cor-
related with tumor characteristics [21].

Herein, in our present study, we aimed to examine the 
TIM-1 expression in both human NSCLC tissues and 
adjacent normal lung tissues, and further investigate 
the prognostic value and clinical implications of TIM-1 
expression in NSCLC. Moreover, cellular studies were 
also performed to reveal the essential role of TIM-1 in 
functional regulation of human NSCLC cancer cells.

Materials and methods
Tissue samples
The NSCLC tissue arrays including squamous cell carci-
noma (Catalog number: HLug-Squ150Sur-01) and ade-
nocarcinoma (Catalog number: HLug-Ade180Sur-01) 
were purchased from Shanghai Outdo Biotech Co., Ltd. 
(Shanghai, P. R. China). In brief, 75 cases of squamous 
cell carcinoma and 90 cases of adenocarcinoma cases 
were enrolled in the present study. The tumor-node-
metastasis (TNM) stages were assigned according to the 
American Joint Committee on Cancer criteria. All avail-
able survival data of the 90 cases were used in the sur-
vival analysis. The incomplete tissue points and several 
missing tissue points were excluded when performing the 
heat-induced antigen retrieval. Therefore, a total of 68 
cases of squamous cell carcinoma and a total of 85 cases 
of adenocarcinoma were finally included in the statistical 
analysis. Both Tables 1 and 2 present the detailed clinical 
parameters of the patients. 

Reagents and cell lines
Rabbit polyclonal antibody against human TIM-1 (PA5-
20244) was purchased from Thermo Scientific (Waltham, 
MA, USA). Rabbit monoclonal antibodies against human 
PTEN (#9188), human phos-AKT (#9614) and human 
AKT (#4685) were obtained from Cell Signaling Tech-
nology (Danvers, MA, USA). Horseradish peroxidase 
(HRP)-conjugated goat anti mouse/rabbit secondary 

Table 1 Correlation between TIM-1 expression in lung adenocarcinoma tissues and patients’ clinical parameters

Clinical parameters Cases TIM-1 expression level χ2 P-value

Low (H-score ≤ 230) High (H-score >230)

Gender 0.063 0.8024

 Male 45 35 10

 Female 40 32 8

Age (years) 0.389 0.5328

 < 60 37 28 9

 ≥ 60 48 39 9

Tumor size (cm) 0.329 0.5663

 ≤ 5 70 56 14

 > 5 15 11 4

Tumor stage 0.076 0.7832

 T1 + T2 64 50 14

 T3 + T4 21 17 4

Lymph node metastasis 1.727 0.1888

 No 40 34 6

 Yes 45 33 12

TNM stage 2.486 0.1148

 I + II 47 40 7

 III + IV 38 27 11
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antibody (K500711) was supplied by Dako (Glostrup, 
Denmark). In addition, rabbit antibody against human 
GAPDH (Sigma, St. Louis, MO, USA) was used as a load-
ing control in Western blotting analysis. The RNeasy 
Mini Kit was provided by Qiagen (Valencia, CA, USA), 
and SYBR Green Master Mix kit was purchased from 
Takara (Dalian, China). RPMI-1640 medium, DMEM 
medium and fetal bovine serum (FBS) were obtained 
from Gibco (Cambrex, MD, USA). Human NSCLC cell 
lines, A549 and SK-MES-1, were supplied by Chinese 
Academy of Sciences, Shanghai Institutes for Biological 
Sciences (Shanghai, China). The cell lines were main-
tained in RPMI-1640 medium or DMEM supplemented 
with 10% FBS, 100  U/mL benzylpenicillin, 100  μg/mL 
streptomycin and 2 mM l-glutamine at 37 °C in a humid-
ified environment containing 5%  CO2.

Immunohistochemistry (IHC) assay and evaluation 
of staining intensity
IHC assay was performed according to the methods in 
our previously published reports [22–24]. The antigen 
retrieval was conducted by heating the tissue sections at 
100 °C for 30 min in EDTA solution (1 mM, pH 9.0). The 
tissue sections were incubated with primary antibody 

against human TIM-1 (1:400) at 4 °C overnight, followed 
by incubation of HRP-conjugated goat anti mouse/rab-
bit secondary antibody. All slides were blindly examined 
by two independent senior pathologists. The immu-
nostaining intensity of TIM-1 was assessed according 
to the H-score method as previously described [22, 24]: 
H-score = (% unstained tumor cells × 0) + (% weakly 
stained tumor cells x1) + (% moderately stained tumor 
cells × 2) + (% strongly stained tumor cells x3). The 
H-scores ranged from 0 (100% negative tumor cells) to 
300 (100% strongly stained tumor cells). The scoring 
results from the two pathologists were averaged and used 
for statistical analysis.

RNAi lentivirus generation and infection
Small hairpin RNA (shRNA) targeting human TIM-1 
gene (NM_012206.2; GenBank) was obtained from 
Shanghai Generay Biotech Co., Ltd. (Shanghai, China) 
and cloned into a lentiviral vector pLV-U6-GFP. The 
shRNA target sequence against TIM-1 was as follows: 
5′-ACG ACT GTT CTG ACG ACA ATG-3′. The recom-
binant TIM-1-targeting lentivirus (LV-TIM-1-shRNA 
virus) and control mock lentivirus (LV-NC virus) were 
prepared and transfected into A549 or SK-MES-1 cells. 
The infected cells were analyzed by flow cytometry 
(Canto II, BD, USA), and the GFP-positive cells from the 
two groups were subsequently sorted using an Aria II 
flow sorter (BD Bioscience, NJ, USA).

Real-time polymerase chain reaction (RT-PCR)
RT-PCR was used to examine the expression of TIM-1 at 
the mRNA level in A549 or SK-MES-1 cell between LV-
TIM-1-shRNA and LV-NC groups. Briefly, total RNA was 
extracted from various cell lines by TRIzol reagent (Inv-
itrogen, USA), and PCR was performed on an ABI 7600 
System (Applied Biosystems, USA) according to the man-
ufacturer’s instructions. The primer sequences for house-
keeping gene (GAPDH) and target gene (TIM-1) were 
listed as follows: GAPDH forward primer: 5′-TGA CTT 
CAA CAG CGA CAC CCA-3′, GAPDH reverse primer: 
5′-CAC CCT GTT GCT GTA GCC AAA-3′; TIM-1 forward 
primer: 5′-TAC CCT GTA TCA GGA CCA GGA-3′, TIM-1 
reverse primer: 5′-GAG AGC TCT GTG CCT TCC AA-3′. 
The relative mRNA expression level of TIM-1 was calcu-
lated using the  2−ΔΔCT method.

Western blotting analysis
Western blotting analysis was used to detect the expres-
sions of TIM-1, PTEN, phos-AKT and total AKT at the 
protein level in different cellular models as previously 
described [22, 24].

Table 2 Correlation between  TIM-1 expression in  lung 
squamous cell carcinoma tissues and  patients’ clinical 
parameters

Italic signifies P < 0.05

Clinical 
parameters

Cases TIM-1 expression level χ2 P-value

Low 
(H-score ≤ 220)

High 
(H-score  
> 220)

Gender 0.021 0.8837

 Male 64 50 14

 Female 4 3 1

Age (years) 0.143 0.7058

 < 60 20 15 5

 ≥ 60 48 38 10

Tumor size (cm) 1.418 0.2337

 ≤ 5 45 37 8

 > 5 23 16 7

Tumor stage 0.000 0.9844

 T1 + T2 50 39 11

 T3 + T4 18 14 4

Lymph node metastasis 1.493 0.2218

 No 41 34 7

 Yes 27 19 8

TNM stage 3.969 0.0463

 I + II 38 33 5

 III + IV 30 20 10
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Cellular studies of cell viability, migration, invasion and cell 
cycle
The effects of TIM-1 depletion on biological functions 
of NSCLC cell lines were assessed according to our 
published reports [22, 24]. Briefly, the cell viability was 
examined using Cell Counting Kit-8 (CCK-8, Beyotime, 
Shanghai, China). The cell migration ability was evalu-
ated by wound-healing assay, the cell invasion ability 
was investigated by transwell assay, and the cell cycle 
was assessed by the flow cytometry following propid-
ium iodide staining.

Agilent microarray analysis
Purified RNA was labeled and hybridized onto the 
Agilent Human Gene Expression Analysis platform 
(8*60  K, Design ID: 039494) provided by Oebiotech 
Co., Ltd. (Shanghai, China). Differentially expressed 
genes (DEGs) were then identified based on a threshold 
setting of fold change ≥ 2.0. Afterwards, Gene ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) analyses were applied to determine the roles of 
these DEGs.

Statistical analysis
Data were expressed as the mean and range or mean ± SD 
of three independent experiments. Statistical analysis was 
conducted using the paired Student’s t-test, the Wilcoxon 
signed-rank test, the Chi-square test or the Log-rank sur-
vival analysis where appropriate for final analysis of the 
data. All the statistical analyses were performed using the 
GraphPad Prism 5.0 software package (GraphPad Soft-
ware, Inc., San Diego, USA). A P < 0.05 was considered as 
statistically significant.

Results
TIM-1 expression in NSCLC tissues and adjacent normal 
tissues
The IHC assay was performed to examine the expression 
pattern of TIM-1 at the protein level in human NSCLC 
tissues and adjacent normal tissues. Figure  1a–c illus-
trate that positive TIM-1 immunostaining could be found 
in the cytoplasm and on the membrane of cancer cells 
in lung adenocarcinoma tissues, while weak or nega-
tive staining of TIM-1 was detected in adjacent normal 
tissues (Fig. 1d). Figure 2a–c shows that positive TIM-1 
immunostaining was observed in the cytoplasm and on 

Fig. 1 TIM-1 expression in human lung adenocarcinoma tissues and adjacent normal tissues. a–c Positive TIM-1 immunostaining could be found in 
the cytoplasm and on the membrane of cancer cells in lung adenocarcinoma tissues (a strong, b moderate, c weak). d Weak or negative staining of 
TIM-1 immunostaining could be found in normal tissues in adjacent normal tissues
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the membrane of cancer cells in lung squamous cell car-
cinoma tissues, while weak or negative staining of TIM-1 
immunostaining was found in adjacent normal tissues 
(Fig.  2d). The median H-score of TIM-1 expression in 
lung adenocarcinoma tissues was 220 (0–300), while it 
was 10 (0–160) in adjacent normal tissues (Fig. 3a). The 
median H-score of TIM-1 expression in lung squamous 
cell carcinoma tissues was 152.5 (0–300), while it was 10 
(0–260) in adjacent normal tissues (Fig. 3b).

Prognostic value and clinical implications of TIM-1 
expression in human NSCLC
Figure  3c shows that, the OS rate of lung adenocar-
cinoma patients with higher TIM-1 expression level 
(H-score > 230) was significantly lower compared 
with the patients with lower TIM-1 expression level 
(H-score ≤ 230) (P = 0.0016, HR = 2.324, 95% CI 1.597–
6.708). Figure  3d shows that, the OS rate of lung squa-
mous cell carcinoma patients with higher TIM-1 
expression level (H-score > 220) was significantly poorer 
compared with the patients with lower TIM-1 expres-
sion level (H-score ≤ 220) (P = 0.0094, HR = 2.559, 95% 
CI 1.398–9.692). We could not find any significant 

associations between TIM-1 expression in lung adeno-
carcinoma tissues and any clinical parameters (Table 1). 
Higher TIM-1 expression in lung squamous cell carci-
noma tissues is significantly correlated with advanced 
TNM stage (χ2 = 3.969, P = 0.0463, Table  2), but not 
any other parameters. COX model also shows that, 
higher TIM-1 expression in lung adenocarcinoma tis-
sues (Table 3, P = 0.012) and in squamous cell carcinoma 
(Table 4, P = 0.050) could be used as independent prog-
nostic predictor for the patients respectively. Moreover, 
based on the TCGA data from http://gepia .cance r-pku.
cn/, we also find that the OS rate of lung adenocarcinoma 
patients with higher TIM-1 mRNA expression level is sig-
nificantly poorer compared with the patients with lower 
TIM-1 mRNA expression level (Fig. 4a, P = 0.0011), and 
the OS rate of lung squamous cell carcinoma patients 
with higher TIM-1 mRNA expression level also trends 
to be lower than that of the patients with lower TIM-1 
mRNA expression level (Fig. 4b, P = 0.15).

Depletion of TIM-1 affects cellular functions of NSCLC cells
In order to further investigate the essential role of TIM-1 
in functional regulation of NSCLC cells, we depleted 

Fig. 2 TIM-1 expression in human lung squamous cell carcinoma tissues and adjacent normal tissues. a–c Positive TIM-1 immunostaining could be 
found in the cytoplasm and on the membrane of cancer cells in lung squamous cell carcinoma tissues (a strong, b moderate, c weak). d Weak or 
negative staining of TIM-1 immunostaining could be found in normal tissues in adjacent normal tissues

http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
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TIM-1 in both A549 and SK-MES-1 cells by using RNAi 
methods. Figure 5a indicates that the TIM-1 expression 
at the mRNA level in the LV-TIM-1-shRNA group was 
significantly lower than that in the LV-NC group both in 
A549 (P < 0.01) and SK-MES-1 cells (P < 0.05). Figure 5b, 
c display that the TIM-1 expression at the protein level 
in the LV-TIM-1-shRNA group was significantly lower 

than that in the LV-NC group both in A549 (P < 0.001) 
and in SK-MES-1 cells (P < 0.001). Moreover, the results 
of CCK-8 assay showed that the cell proliferation rate 
was significantly decreased upon depletion of TIM-1. 
Figure  5d reveals that in A549 cells, the cell viability of 
the LV-TIM-1-shRNA group at 72  h (P < 0.05) or 96  h 
(P < 0.001) was significantly lower than that of the LV-NC 

Fig. 3 Prognostic value of TIM-1 expression in NSCLC. a The median H-score of TIM-1 expression in lung adenocarcinoma tissues was 220 (0–300), 
while it was 10 (0–160) in adjacent normal tissues. b The median H-score of TIM-1 expression in lung squamous cell carcinoma tissues was 152.5 
(0–300), while it was 10 (0–260) in adjacent normal tissues. c The OS rate of lung adenocarcinoma patients with higher TIM-1 expression level 
(H-score > 230) was significantly lower compared with the patients with lower TIM-1 expression level (H-score ≤ 230) (P = 0.0016, HR = 2.324, 95% 
CI 1.597–6.708). d The OS rate of lung squamous cell carcinoma patients with higher TIM-1 expression level (H-score > 220) was significantly lower 
compared with the patients with lower TIM-1 expression level (H-score ≤ 220) (P = 0.0094, HR = 2.559, 95% CI 1.398–9.692)

Table 3 Cox model analysis for  the  correlation between  TIM-1 expression level in  lung adenocarcinoma and  patients’ 
clinical parameters

Italic signifies P < 0.05

Clinical parameters Uni-variate Multi-variate

HR (95% CI) P HR (95% CI) P

Gender (M/F) 1.306 (0.793–2.150) 0.294 1.417 (0.827–2.426) 0.204

Age (years) (>60/≤ 60) 0.965 (0.587–1.587) 0.889 1.203 (0.719–2.013) 0.483

Tumor size (>5 cm/≤ 5 cm) 1.761 (0.936–3.314) 0.079 1.483 (0.757–2.904) 0.251

TNM stage (III + IV/I + II) 2.746 (1.641–4.597) 0.000 2.698 (1.571–4.634) 0.000

TIM-1 expression (high/low) 2.324 (1.597–6.708) 0.002 2.109 (1.180–3.767) 0.012
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group at corresponding time points. Figure  5e shows 
that in SK-MES-1 cells, the cell viability of the LV-TIM-
1-shRNA group at 48 h (P < 0.05), 72 h (P < 0.01) or 96 h 
(P < 0.01) was significantly lower than that of the LV-NC 
group at corresponding time points. The cell cycle exami-
nation also exhibited that the proportion of G1-phase 
cells in the LV-TIM-1-shRNA group was significantly 
increased compared with the LV-NC group both in 
A549 (Fig. 5f ) and SK-MES-1 cells (Fig. 5g) upon deple-
tion of TIM-1. In addition, the wound-healing assay and 
transwell assay were also used to assess the migration 
and invasion abilities of TIM-1-depleted NSCLC cells, 
respectively. Figure 6a shows that the cell-free area of the 
LV-TIM-1-shRNA group was significantly narrower than 
that of the LV-NC group at 24 h (both P < 0.001 in A549 
and SK-MES-1 cells). Figure  6b indicates that depletion 
of TIM-1 significantly decreased the number of invaded 
cells in the LV-TIM-1-shRNA group compared with 

the LV-NC group (in A549, P < 0.01, and in SK-MES-1, 
P < 0.001).

PI3K/Akt signaling pathway may be involved 
in the regulation of TIM-1 in the cellular functions of NSCLC 
cells
In order to further unveil the potential mechanism of 
the regulatory role of TIM-1 in the cellular functions 
of NSCLC cells, we carried out the Agilent microrray 
analysis to identify the DEGs between LV-TIM-1-shRNA 
group and LV-NC group cells in A549 or in SK-MES-1 
respectively. As shown in Fig. 7, by using GO or KEGG 
enrichment methods, both A and B demonstrate the co-
up-regulated gene profile, and both C and D demonstrate 
the co-down-regulated gene profile. Herein, as listed in 
the top 20 pathways, we selected PI3K/Akt pathway to 
further verify that whether this signaling pathway was 
involved in the TIM-1-mediated regulation in NSCLC 

Table 4 Cox model analysis for  the  correlation between  TIM-1 expression level in  lung squamous cell carcinoma 
and patients’ clinical parameters

Italic signifies P < 0.05

Clinical parameters Uni-variate Multi-variate

HR (95% CI) P HR (95% CI) P

Gender (M/F) 0.399 (0.139–1.147) 0.088 0.328 (0.100–1.081) 0.067

Age (years) (>60/≤ 60) 2.395 (0.921–6.229) 0.073 2.681 (1.011–7.109) 0.048

Tumor size (>5 cm/≤ 5 cm) 0.845 (0.400–1.786) 0.659 0.642 (0.295–1.396) 0.263

TNM stage (III + IV/I + II) 1.963 (0.970–3.969) 0.061 2.343 (0.995–5.515) 0.051

TIM-1 expression (high/low) 2.559 (1.398–9.692) 0.009 2.304 (0.999–5.312) 0.050

Fig. 4 Prognostic value of TIM-1 expression at the mRNA level in NSCLC based on the TCGA data. a Based on the TCGA data from http://gepia 
.cance r-pku.cn/, we also found that the OS rate of lung adenocarcinoma patients with higher TIM-1 mRNA expression level was significantly lower 
compared with the patients with lower TIM-1 mRNA expression level (P = 0.0011). b The OS rate of lung squamous cell carcinoma patients with 
higher TIM-1 mRNA expression level also trends to be lower than that of the patients with lower TIM-1 mRNA expression level (P = 0.15)

http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
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cells. Then the protein levels of the related molecules 
such as PTEN, phos-AKT and total-AKT were examined 
by using western blotting (Fig.  7e). Figure  7f, g demon-
strate that, the protein level of PTEN is increased, and 

the protein level of phos-AKT is decreased after deple-
tion of TIM-1 expression in both two cells lines, while no 
significant change is found at the protein level of total-
AKT (Fig. 7h).

Fig. 5 Depletion of TIM-1 in NSCLC cell lines. a The expression of TIM-1 at the mRNA level in the LV-TIM-1-shRNA group was significantly lower 
than that in the LV-NC group, both in A549 (P < 0.01) and SK-MES-1 cells (P < 0.05). b, c We also confirmed that the expression of TIM-1 at the protein 
level in the LV-TIM-1-shRNA group was significantly lower than that in the LV-NC group, both in A549 (P < 0.001) and SK-MES-1 cells (P < 0.001). d In 
A549 cells, the cell viability of the LV-TIM-1-shRNA group at 72 h (P < 0.05) or 96 h (P < 0.001) was significantly lower than that of the LV-NC group. e 
In SK-MES-1 cells, the cell viability of the LV-TIM-1-shRNA group at 48 h (P < 0.05), 72 h (P < 0.01) or 96 h (P < 0.01) was significantly lower than that of 
the LV-NC group. f, g The cell cycle examination also showed that after depletion of TIM-1, the proportion of G1-phase cells in the LV-TIM-1-shRNA 
group was significantly increased compared with the LV-NC group, both in A549 and SK-MES-1 cells
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Discussion
TIM-1, a member from TIM family, has been well-known 
as an important co-stimulatory molecule, which is found 
to be expressed on the cell surface of T cells and dendritic 
cells [25]. TIM family members are usually up-regulated 
in activated Th1 or Th2 cells, and they can be used as 
important surface markers for Th1/Th2 cells [26]. As of 
now, TIM-4 or phosphatidylserine (PS) has been char-
acterized as the ligands for TIM-1, indicating the func-
tional diversity of this molecule via different pathways 
[18, 27]. Of note, some data also demonstrate that TIM-1 
may have a novel function as part of the regulatory appa-
ratus for tight junction of endothelial cells [28]. Moreo-
ver, increased TIM-1 expression is also found in certain 
human cancer tissues, such as gastric cancer, clear renal 
cell carcinoma, LCS, primary central nervous system 
lymphoma, colorectal cancer and so on, and the expres-
sion level of TIM-1 in cancer tissues or cancer cells is sig-
nificantly correlated with cancer progression and survival 
of the patients [19–21, 29, 30]. Interestingly, some data 
have also reported that activation of TIM-1 signaling by 
using TIM-4 fusion protein can lead to the cell apoptosis 
in colon cancer cells, suggesting a different role of TIM-1 
in defining cell fate of cancer cells [31].

In our present study, we firstly found that the TIM-1 
expression was increased in NSCLC tissues compared 
with the adjacent normal tissues, and the OS rate of 
lung cancer patients (both adenocarcinoma and squa-
mous cell carcinoma) with higher TIM-1 expression 

was significantly lower compared with the patients with 
lower TIM-1 expression. The COX model also showed 
that higher TIM-1 expression in lung cancer tissues 
could be used as an independent prognostic predic-
tor for the patients suffering from lung adenocarci-
noma or lung squamous cell carcinoma. Furthermore, 
we depleted TIM-1 in lung cancer cell lines A549 and 
SK-MES-1. Our cellular functional studies also revealed 
that decreased expression of TIM-1 could significantly 
inhibit the cell viability as well as the abilities of migra-
tion and invasion. In addition, our microarray data 
revealed that certain signal pathways were altered and 
enriched after depletion of TIM-1. We subsequently 
verified that PI3K/Akt pathway was involved in the 
TIM-1-mediated regulation of cellular functions in 
NSCLC cells. It has been demonstrated that in T cell 
cells, the stimulation of TIM-1 can recruit p85 adaptor 
subunits of PI3K and then promote the T cell activation 
via PI3K pathway [32].

Recently, the strategy by targeting TIM-1 on tumor 
cells holds a great promise for therapeutic treatment of 
malignancies. Thomas et al. [33] have reported that anti-
body–drug conjugate (anti-TIM-1 antibody covalently 
linked to monomethyl auristatin E) has significant anti-
tumor effect on TIM-1-expressing tumors both in  vitro 
and in  vivo, including lung cancer. Therefore, based on 
our present clinical study and cellular investigation, our 
findings further supported the notion that TIM-1 could 
serve as a potential therapeutic target for NSCLC.

Fig. 6 Depletion of TIM-1 affects cellular functions of NSCLC cells. a The cell-free area of the LV-TIM-1-shRNA group was significantly narrower than 
that of the LV-NC group at 24 h (both P < 0.001 in A549 and SK-MES-1 cells). b Depletion of TIM-1 significantly decreased the number of invaded 
cells in the LV-TIM-1-shRNA group compared with the LV-NC group (in A549, P < 0.01, and in SK-MES-1, P < 0.001)
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Fig. 7 PI3K/Akt signaling pathway may be involved in the regulation of TIM-1 in the cellular functions of NSCLC cells. The Agilent microarray 
analysis was used to identify the DEGs between the LV-TIM-1-shRNA group and LV-NC group in A549 and SK-MES-1 cells. a, b The co-up-regulated 
gene profile. c, d The co-down-regulated gene profile. Then the expressions of PTEN, phos-AKT and total AKT at the protein level were examined 
by using Western blotting analysis (e). f, g Demonstrated that the expression of PTEN at the protein level was increased, and the expression of 
phos-AKT at the protein level was decreased after depletion of TIM-1 in both two cell lines, while no significant change was found in the expression 
of total AKT at the protein level (h)
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Conclusions
Our findings demonstrated that abnormal TIM-1 expres-
sion was involved in the progression of human NSCLC, 
and supported the notion that TIM-1 could serve as an 
important prognostic risk factor for NSCLC patients.
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