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 Background: Tim4 is a transmembrane protein known as T cell immunoglobulin and mucin domain containing protein-4. We 
speculated that Tim4 might be associated with glioma. This study aimed to investigate the expression level of 
Tim4 in gliomas and the regulatory role of Tim4 on the growth and apoptosis of LN-18 glioma cells.

 Material/Methods: Tumor tissues and adjacent normal tissues were collected from patients with glioma. The expression level of 
Tim4 mRNA and protein was determined by RT-PCR and Western blot analyses, respectively to evaluate their 
association with glioma. Tim4 was overexpressed or silenced by siRNA interference in cultured human glio-
ma cells LN-18. The growth and apoptosis of LN-18 cells was detected by MTT assay and flow cytometry. The 
colony-forming ability of LN-18 cells was assessed by the colony formation assay. The collection of human tis-
sues was approved by the Research Ethics Committee at the Harbin Medical University Cancer Hospital and 
performed in strict accordance with international standards. All patients were required to sign the informed 
consent.

 Results: The expression level of Tim4 mRNA and protein in tumor tissues was significantly higher compared with adja-
cent normal tissues. Antisense miRNA targeting Tim4 inhibited the growth of LN-18 cells, induced their apop-
tosis, and reduced their clonogenic capacity. In contrast, overexpression of Tim4 promoted the growth of LN-
18 cells, inhibited their apoptosis, and enhanced their clonogenic potential.

 Conclusions: The expression level of Tim-4 is closely associated with glioma. Decreased expression of Tim4 inhibited the 
growth and colony-forming ability of LN-18 cells and induced their apoptosis, whereas increased expression of 
Tim4 stimulated the growth and clonogenic potential of LN-18 cells and suppressed their apoptosis.
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Background

Glioma is a type of primary tumor of the central nervous sys-
tem, accounting for approximately 50% of intracranial tumors. 
The disease has been a serious threat to the life and health of 
patients [1]. Traditional treatment for glioma such as surgery, 
chemotherapy, and radiation therapy often causes a variety of 
side effects and clinical complications [2,3]. Therefore, there is 
currently a great need for more clinically effective, novel gene 
therapy [4]. The selection and identification of efficient molec-
ular targets has become a priority.

Studies based on genetics and molecular biology have shown 
that the occurrence and development of malignant glioma is 
associated with mutations and abnormal expression of mul-
tiple genes as well as the disorder of several signal transduc-
tion pathways [5,6]. These genes and molecules in the signal-
ing pathways directly or indirectly regulate the progression 
of cell cycles including the growth, proliferation and even the 
apoptosis of cells [7]. Theoretically, these regulatory mole-
cules may inhibit or stimulate the growth of cells [8]. With 
the development of molecular biology and genetic therapeu-
tic techniques, novel gene therapy targeting these molecules 
might become novel strategies for the treatment of glioma. 
Therefore, the screening for genes, proteins and other mol-
ecules related to the occurrence, development and progno-
sis of glioma is crucial for the development of molecular tar-
geting therapy against glioma and has become a research 
hotspot [9,10].

Currently, very few glioma-associated molecular markers have 
been identified. The search for novel markers of glioma is im-
portant for molecular targeted treatment and intervention 
of the tumor [10]. Tim4 is a transmembrane protein known 
as T cell immunoglobulin and mucin domain containing pro-
tein-4 [11]. Although the role of Tim4 in human gliomas is not 
yet clarified, we speculate that the expression of Tim4 might 
be involved in the development of glioma by regulating the 
growth and apoptosis of glioma cells.

In the present study, tumor tissues and adjacent normal tissues 
were collected from patients with glioma (The collection of hu-
man tissues was approved by the Research Ethics Committee at 
the Harbin Medical University Cancer Hospital and performed 
in strict accordance with international standards. All patients 
were required to sign the informed consent.). The expression 
level of Tim4 mRNA and protein was determined by RT-PCR 
and Western blot analyses, respectively to evaluate their as-
sociation with glioma. Tim4 was overexpressed or silenced by 
siRNA interference in cultured human glioma cells LN-18. The 
growth and apoptosis of LN-18 cells was detected by MTT as-
say and flow cytometry. The colony-forming ability of LN-18 
cells was assessed by the colony formation assay. This study 

will provide a theoretical basis for the identification of novel 
therapeutic targets of glioma gene therapy.

Material and Methods

Cells and reagents

Human glioma cells LN-18 were purchased from American Type 
Culture Collection (ATCC). MTT kit was purchased from Shanghai 
Bioleaf Technology Co. (Shanghai, China). Apoptosis detection 
kits including caspase-3 activity assay kit and FITC-Annexin-V 
apoptosis detection kit for phosphatidylserine (PS) externaliza-
tion were purchased from Beijing Dingguo Biotechnology Co. 
(Beijing, China). Anti-Tim4 and anti-actin antibodies were pur-
chased from Beyotime Biotechnology (Shanghai, China). DMEM 
culture media and fetal bovine serum (FBS) were purchased 
from Sigma (St. Louis, MO, USA). Antisense miRNA targeting 
Tim4 and control miRNA were designed and synthesized by 
Fengshou Biotechnology Co. (Shanghai, China). Lipofectamine 
2000 transfection reagent was purchased from Shanghai Bioleaf 
Technology Co. The collection of human tissues was approved 
by the Research Ethics Committee at Qilu Hospital and per-
formed in strict accordance with international standards. All 
patients were required to sign the informed consent.

Culture of LN-18 glioma cells

LN-18 human glioma cells were cultured in DMEM medium 
containing 10% FBS at 37°C in an incubator with 5% CO2 [12].

Transfection of LN-18 glioma cells

LN-18 cells were transfected with antisense miRNA targeting 
Tim4 and control miRNA, and 1 μg of Tim4 plasmid using the 
conventional method [13]. LN-18 cells were subjected to sub-
sequent experiments at 24 h after transfection.

MTT assay

The growth and proliferation of LN-18 cells in each group was 
detected by MTT assay as previously described [14].

Analysis of apoptosis by flow cytometry

The apoptosis of LN-18 cells in each group was assessed by 
flow cytometry as previously described [15]. Briefly, LN-18 cells 
in each group were collected by centrifugation at 150 g for 10 
min, and resuspended in PBS solution. FITC-Annexin V and re-
action solution were added into the cell suspension (volume 
ratio: 1:250:50). The mixture was incubated in the dark for 30 
min. All samples were detected by flow cytometry.
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Western blot analyses of Tim4 level in LN-18 cells

The level of Tim4 in LN-18 cells in each group was determined 
by Western blot analyses using anti-Tim4 and anti-actin anti-
bodies as previously described [16].

RT-PCR analyses of Tim4 mRNA level in LN-18 cells

The level of Tim4 mRNA in LN-18 cells in each group was de-
termined by RT-PCR analyses as previously described [17].

Caspase-3 activity assay

The activity of caspase-3 in LN-18 cells in each group was de-
termined using caspase-3 activity assay kit as previously de-
scribed [18].

Colony formation assay

LN-18 cells transfected with antisense miRNA targeting Tim4 
or over-expressing Tim4 were collected. Colony formation as-
say was performed using the conventional method to detect 
the clonogenic capacity of these cells [19].

Statistical analyses

All data were expressed as mean ± standard. Statistical analy-
ses were performed using SPSS 18.0. Differences among groups 

were compared by one-way analysis of variance (ANOVA). 
P<0.05 is considered statistically significant.

Results

Increased expression of Tim4 in human glioma cells LN-18

As shown in Figure 1, the expression level of Tim4 mRNA in 
glioma tissues was significantly higher compared with nor-
mal control tissues (P=0.001). As shown in Figure 2, the level 
of Tim4 protein in glioma tissues was also significantly high-
er than that in normal control tissues (P=0.0021). These re-
sults suggested that Tim4 might be associated with the oc-
currence and progression of glioma.

Inhibitory effect of antisense miRNA targeting Tim4 on the 
growth of LN-18 cells

As shown in Figure 3, the percentage of viable cells in the group 
transfected with antisense miRNA targeting Tim4 was signifi-
cantly lower compared with the control miRNA group (P=0.028).

Antisense miRNA targeting Tim4-induced apoptosis in LN-
18 cells

As shown in Figures 4 and 5, both the extent of PS externaliza-
tion and caspase-3 activity in LN-18 cells transfected with anti-
sense miRNA targeting Tim4 was significantly higher compared 

Figure 1.  RT-PCR analyses showing increased Tim4 mRNA level 
in glioma tissues.
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Figure 3.  Antisense miRNA targeting Tim4 inhibited the growth 
of LN-18 cells.

120

100

80

60

40

20

0
Control miRNA miRNA Tim-4

Tim-4

Actin

Control miRNA miRNA Tim-4

Vi
ab

le 
ce

lls
 (%

)

Figure 2.  Western blot analyses showing increased Tim4 protein 
level in glioma tissues.
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with the control miRNA group, suggesting that antisense miR-
NA targeting Tim4 induced the apoptosis of LN-18 cells.

Inhibitory effect of antisense miRNA targeting Tim4 on the 
clonogenic capacity of LN-18 cells

As shown in Figure 6, the clonogenic potential of LN-18 cells 
transfected with antisense miRNA targeting Tim4 was signifi-
cantly lower than that in the control miRNA group, which indi-
cating the inhibitory effect of antisense miRNA targeting Tim4 
on the colony formation of LN-18 cells.

Stimulation of Tim4 overexpression on the growth of 
LN-18 cells

As shown in Figure 7, the percentage of viable cells in the Tim4 
overexpression group was significantly higher compared with 
the control group transfected with empty plasmid, suggesting 

that the overexpression of Tim4 did not promote apoptosis, 
but stimulated the growth of LN-18 cells.

Discussion

In this study, we investigated the expression level of Tim4 in 
glioma and its regulatory role on glioma cells LN-18. Our work 
is unique in that: 1) it was shown that the expression level 

Figure 4.  Antisense miRNA targeting Tim4 induced PS 
externalization in LN-18 cells.
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Figure 6.  Antisense miRNA targeting Tim4 inhibited the 
clonogenic capacity of LN-18 cells.
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Figure 5.  Antisense miRNA targeting Tim4 induced higher 
caspase-3 activity in LN-18 cells.
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Figure 7.  The overexpression of Tim4 stimulated the growth of 
LN-18 cells.

120

100

80

60

40

20

0
Control Tim-4

Control Tim-4

Tim-4

Actin

Vi
ab

le 
ce

lls
 (%

) 100

80

60

40

20

0
Control Tim-4

PS
 ex

po
su

re
 (%

)

80
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Li W. et al.: 
Tim4 in LN-18 glioma cells

© Med Sci Monit, 2016; 22: 77-82
CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License



of Tim4 mRNA and protein in glioma tissues was significant-
ly higher compared with adjacent normal tissues, suggesting 
that Tim4 might be associated with the occurrence and devel-
opment of glioma. 2) Antisense miRNA targeting Tim4 inhibit-
ed the growth of LN-18 cells, induced their apoptosis, and re-
duced their clonogenic capacity, whereas the overexpression 
of Tim4 led to completely opposite effects in LN-18 cells. These 
results suggested that Tim4 modulated the growth and apop-
tosis of LN-18 cells at the cellular level, and thereby might be 
a potential anti-apoptotic protein, which is consistent with 
the inhibition of anti-apoptotic proteins on the apoptosis and 
colony formation of tumor cells in previous studies [20,21].

Apoptosis is primarily mediated by the mitochondrial intrinsic 
pathway and death receptor extrinsic pathway [22]. In this study, 
the expression of intracellular Tim4 was silenced by short inter-
fering RNA (siRNA), PS externalization was clearly observed in 
LN-18 cells, which revealed that significant apoptosis of these 
cells had occurred. The Tim4-induced apoptosis signaling path-
way in LN-18 cells treated by RNA interference was further in-
vestigated. Results of caspase activity assay showed that the 
activity of caspase-3 was significantly increased in LN-18 cells 
with decreased Tim4 expression, whereas the marker for the 
death receptor extrinsic pathway, caspase-8, was not detect-
ed (data not shown), which suggested that the Tim4-induced 
apoptosis signaling pathway in LN-18 cells was mediated by 
mitochondria. The result was inconsistent with previous find-
ings that the apoptosis of tumor cells was regulated by cas-
pase-8 [23]. Such a discrepancy might be associated with dif-
ferent sensitivity of different tumor cells to external stimuli [24]. 
Additionally, we speculate that Tim4 might direct or indirect-
ly activate the mitochondria-mediated signaling pathway, and 
thus initiate the process of apoptosis [25]. However, further 
studies are needed to verify the speculation.

The present study has the following limitations: First, it did 
not investigate the association between Tim4 expression and 
the extent of glioma such as the clinical staging and grading 
of the tumor mostly because it failed to predict the possible 

correlation between Tim4 expression and the extent of glio-
ma development during sample collection. Moreover, it was 
difficult in such a short time to collect glioma tissues at dif-
ferent staging and grading due to the limited availability of 
precious clinical specimens. The association between Tim4 ex-
pression and the extent of glioma shall be investigated fur-
ther in future studies. The elucidation of such association will 
shed light on the diagnosis, treatment and prognosis of glio-
ma. Secondly, no rat glioma model was constructed to verify 
the association between Tim4 and the occurrence and devel-
opment of gliomas in this study. In addition, no animal study 
was performed to evaluate the potential of Tim4 intervention 
by siRNA in the treatment of gliomas. Third, this study includ-
ed only a limited number of glioma cases, and therefore the 
conclusions need to be further verified. Finally, since the post-
treatment expression of Tim4 in glioma tissues was not mea-
sured, the association between Tim4 level and prognosis of 
glioma could not be assessed. Nevertheless, despite all the lim-
itations mentioned above, the current study on the Tim4 over-
expression and siRNA-mediated Tim4 knockdown at the cellu-
lar level (LN-18 cells) has provided a theoretical basis for the 
application of molecular targeting therapy in the treatment of 
glioma. However, the behavior of LN-18 glioma cells was not 
compared to the known clinical subtypes and grading in this 
study due to the unavailability of glioma tissues at different 
staging and the limited experimental conditions, which shall 
be included in future studies.

Conclusions

The expression level of Tim-4 is closely associated with glio-
ma. Decreased expression of Tim4 inhibited the growth and 
colony-forming ability of LN-18 cells and induced their apop-
tosis, whereas increased expression of Tim4 stimulated the 
growth and clonogenic potential of LN-18 cells and suppressed 
their apoptosis. The present study will provide a theoretical 
basis for the identification of novel therapeutic targets of gli-
oma gene therapy.
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