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Background: Glioma is formed by abnormal proliferation of glial cells in the brain. T cell
immunoglobulin and mucin 1 (Tim-1) is linked to cancer development. This study aimed to
assess Tim-1 functions in biological behaviors.

Methods: The glioma tissues and paracancerous tissues were collected. The pathological
morphology of glioma and positive expression of Tim-1 were evaluated. The sh-Tim-1
lentivirus vector was infected into U251 and U87 cells to evaluate glioma cell malignant
behaviors. The differentially expressed terms in glioma cells were analyzed by Agilent
microarray analysis, and enrichment analyses were performed. Levels of cytokines (TGF-f1,
IL-6, IL-4 and IL-10) and the PI3K/AKT pathway were measured. U87 cells with sh-Tim-1
were transplanted into nude mice, and the volume and weight of tumors were measured.
Results: Tim-1 levels in glioma tissues and cells were higher than those in glial tissues and
cells. Tim-1 knockdown prevented glioma cell proliferation, invasion and migration, and
reduced TGF-B1, IL-6, IL-4 and IL-10 levels of glioma. Co-treatment of PI3K/AKT pathway
activator and knockdown Tim-1 partially reversed these outcomes. After Tim-1 knockdown,
tumor volume and weight and Ki67-positive rate of nude mice were diminished.
Conclusion: Tim-1 knockdown inhibited biological behaviors of glioma cells through the
PI3K/AKT pathway, which may provide a novel therapy for glioma.
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Introduction
Glioma is a lethal primary malignant tumor in the brain, taking up about 80% of
brain tumors and 30% in central nervous system (CNS)."> The mean survival time
of glioma is nearly 15 months, featured by strong invasion, extensive intracranial
invasion and poor prognosis.'** Glioma initiates in precursors and glial cells within
CNS, most commonly in adult populations.>* At present, the conventional treat-
ment for glioma mainly includes radiotherapy, surgical resection, chemotherapy and
targeted treatment.” Despite advanced improvements in therapeutic regimen, the
efficacy of conventional approaches for glioma remains very undesirable.®’
Therein, an in-depth understanding of molecular regulations and biological dys-
functions during glioma progression is pivotal for glioma prevention and clinical
practice.

T cell immunoglobulin and mucin 1 (Tim-1), which was firstly discovered by
Kaplan et al over 20 years ago,® in African green monkey kidney cells, is an
imperative cell receptor of hepatitis A virus (HAV). Tim-1 (also known as
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havcrl) belongs to a class of transmembrane proteins with
immunoglobulin-like domains that consist of Tim-1, Tim-
3 and Tim-4 in human and Tim-1 to Tim-8 in mice.”'?
These proteins are typically presented on cell surface,
where the c-terminal sequence is in the cytoplasm and
the n-terminal is in the extracellular environment.'*'
Notably, Tim-1 and Tim-4 can promote the adhesion of
various enveloped viruses, like filoviruses, alphaviruses
and flaviviruses.'¢™'®

Previous studies on Tim-1 regulation of the immune
function have suggested that Tim-1 can be used as a co-
stimulatory molecule of T cells.” However, the role of Tim-1
in cancers is rarely reported. Wang et al have documented
that Tim-1 activation can induce the apoptosis of colon
cancer cells by regulating Fas ligand expression.'”
Recently, the prognostic significance of Tim-1 expression
has been reported in human non-small-cell lung cancer
(NSCLC).*® But the biological functions of Tim-1 in glioma
remain elusive. Therefore, this study attempted to mainly
evaluate the expression and regulatory roles of Tim-1 in
glioma. In addition, glioblastoma is always accompanied
by overexpressed epidermal growth factor receptor, which
leads to activation of the PI3K/AKT/mTOR pathway.>' The
activated PI3K/AKT axis stimulates glioma growth and
invasion.”? Thereby, we hypothesize that Tim-1 may exert
functions in glioma progression via regulating the potential
PI3K/AKT pathway.

Patients and Methods
Ethics Statement

All samples and experiment procedures were examined
and ratified by the ethics committee of Jinling Hospital
Affiliated to Nanjing Medical University. All the subjects
signed the informed consents. This study was conducted in
accordance with the Declaration of Helsinki. Great efforts
were made to minimize the animals and their pains. The
code of ethics for this study followed the guidelines for the
care and use of laboratory animals (NIH Pub. No. 85-23,
revised 1996) compiled by the National Institutes of
Health of the United States.

Patients and Samples

From January 2014 to January 2017, 68 pairs of glioma
tissues and paracancerous tissues (peritumoral tissue
within 2 cm from the tumor edge) were collected from
the glioma patients (46 males and 22 females, aged
between 24 and 72 years) who received the first surgical

resection in Jinling Hospital. In addition, according to the
World Health Organization (WHO) classification of
tumors in CNS in 2007, there were 29 cases of low-
grade glioma (I-II) and 39 cases of high-grade glioma
(ITII-I1V). The gliomas and paracancerous tissues were col-
lected and stored at —80°C. Inclusion criteria were as
follows: (1) all patients were hospitalized for the first
time, without any radiotherapy, chemotherapy or immu-
notherapy before the operation; (2) patients were free of
tumors and metastasis in other parts; (3) all cases were
performed by the same group of neurosurgeons under the
microscope; (4) tumor tissue was confirmed as glioma by
pathology after the operation; (5) clinical data of all speci-
mens were detailed and complete.

Immunohistochemistry

Tim-1 expression in human glioma tissues was analyzed
by an EnVision™ immunohistochemistry assay. Tumor
tissues were embedded in paraffin and sectioned at 3 pm,
and then tissue sections were dewaxed in xylene and
dehydrated in gradient alcohol. Next, sections were heated
in 100°C citrate solution (10 mM, pH 6.0) for 35 minutes
for antigen extraction. After incubation for 30 minutes in
3% hydrogen peroxide solution to block endogenous per-
oxidase activity, sections were rinsed three times in phos-
phate buffer saline (PBS) and cultured with Tim-1
antibody (10 pg/mL, ab47635) at
Subsequently, tissue sections were cultured for 30 minutes

4°C  overnight.

with goat anti-rabbit immunoglobulin G (IgG) H&L horse-
radish peroxidase (HRP) (1:2000, ab205718). Afterwards,
sections were dyed with diaminobenzene and nuclei were
stained with hematoxylin and eosin. Finally, tissue sec-
tions were dehydrated, cleared and mounted. The positive
cells were represented as brown or light brown particles in
the cytoplasm or the nucleus.

Immunofluorescence Double Staining

Glioma tissue sections were dewaxed, hydrated, antigen
repaired and circled. Next, sections were cultured with
bovine serum albumin (G5001, Wuhan Servicebio Co.,
Ltd., Wuhan, Hubei, China) after adding spontaneous fluor-
escence quenching agent for 5 minutes. Sections were cul-
tured with primary antibody glial fibrillary acidic protein
(GFAP) (1:500, GB12096, Servicebio), Tim-1 (3 pg/mL,
ab47635, Abcam) in a wet box at 4°C overnight, and incu-
bated with different fluorescent secondary goat anti-mouse
antibodies CY3-labeled IgG (GB21301, Servicebio) and
Alexa 488-labeled IgG (GB25303, Servicebio) in the dark
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for 50 minutes. The nuclei were stained with 4, 6-diami-
dino-2-phenylindole (DAPI) in dark. Finally, sections were
mounted with an anti-fluorescence quenching agent
(G1401, Servicebio) and observed and photographed
(Zeiss,
Germany). The DAPI-stained nuclei were blue, the normal

under a fluorescence inverted microscope
astrocytes stained by GFAP were green, and Tim-1 positive

cells were stained in red.

Cell Culture

Human glioma cell lines (U87, the STR analysis of U87
cells was in the Supplementary information S1, U251,
U343 and LN229) and human brain glial cells HEB were
purchased from FuHeng Cell Cente (Shanghai, China) and

cultivated in Dulbecco’s modified Eagle’s medium
(DMEM; Invitrogen, Carlsbad, CA, USA) with heat-
inactivated 10% fetal bovine serum (FBS; Sigma, St
Louis, MO, USA) and 1%
(Sigma) at 37°C with 5% CO,.

penicillin/streptomycin

RNAI Lentivirus Infection

Small hairpin RNA (shRNA) targeting human Tim-1
(NM_012206.2; GenBank) was constructed. The forward
sequence of sh-Tim-1 was 5'-gatccACGACTGTTCTGA
CGACAATGTTCAAGAGACATTGTCGTCAGAACAG-
TCGTTTTTTTg-3', and the reverse sequence was 5'-aa
ttcAAAAAAACGACTGTTCTGACGACAATGTCTCTT-
GAACATTGTCGTCAGAACAGTCGTg-3', which were
obtained from Shanghai Generay Biotech Co., Ltd.
(Shanghai, China) and cloned into a lentiviral vector
pLVX-Tim-1-shRNA. The recombinant Tim-1-targeting
lentivirus (Tim-1-shRNA virus) and control mock lenti-
virus (sh-NC virus) were transfected into U251 or U87
cells.

Reverse Transcription Quantitative

Polymerase Chain Reaction (RT-qPCR)

Total RNA of cells was extracted by TRIzol methods
(Invitrogen). The RNA concentration and purity were
determined using ultramicro spectrophotometer (Shanghai
Puyuan Instrument Co., Ltd., Shanghai, China). After
reverse transcription of 1 pg RNA into cDNA with
a reverse transcription kit (Thermo Fisher Scientific,
Rockford, IL, USA), mRNA expression was calculated
by real-time fluorescence qPCR with GAPDH as loading

controls by 27**“T method.”? All primers (Table 1) were

Table | Primer Sequences for RT-PCR

Primer Sequence (5'->3')

Tim-1 Forward primer: TACCCTGTATCAGGACCAGGA
Reverse primer: GAGAGCTCTGTGCCTTCCAA

IL-4 Forward primer: GTCACTGACTGTAGAGAGCTATTG
Reverse primer: CTGTCGTTACATCCGTGGATAC

IL-10 Forward primer: CCCAGACATCAAGGCGCATGTG
Reverse primer:: GTAGATGCCTTTCTCTTGGAGC

IL-6 Forward primer: AGACAGCCACTCACCTCTTCA
Reverse primer: AGTGCCTCTTTGCTGCTTTC

TGF-B1 Forward primer: ACACATCAGAGCTCCGAGAAGCG
Reverse primer: AGCAGCCGGTTGCTGAGGTATCG

GAPDH Forward primer: CACCATCTTCCAGGAGCGAG
Reverse primer: AAATGAGCCCCAGCCTTCTC

designed and synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China).

Western Blot Analysis
total with
immunoprecipitation assay buffer, samples (35 pg) were

Following protein  extraction radio-
loaded after protein concentration measurement by
a bicinchoninic acid (BCA) kit (Thermo). Then, proteins
were run on electrophoresis and transferred to polyvinyli-
dene difluoride membranes. Subsequently, membranes
were mounted with 5% skim milk for 1 hour and probed
with primary antibodies against Tim-1 (2 pg/mL, ab47635,
Abcam Inc., Cambridge, MA, USA), p-PI3K (1:1000,
ab182651), PI3K (1:1000, ab32089), p-AKT (1:1000,
ab38449) and AKT (2 pg/mL, ab18785) at 4°C overnight.
After washes with Tris buffered saline with Tween 20,
membranes were probed with HRP-conjugated anti-
mouse secondary antibodies for 1 hour. Finally, protein
bands were processed with an enhanced chemilumines-
cence system (Thermo). The band intensity was quantified
with Image-Pro Plus 6.0 software (Olympus Optical Co.,

Ltd, Tokyo, Japan).

Cell Counting Kit-8 (CCK-8) Assay

With three duplicated wells set, cells were planted in 96-
well plates at 2 x 10* cells/mL. After cell adherence, cell
transfection was performed as the corresponding grouping.
When culturing for 0, 24, 48 and 72 hours, 10 pL. CCKS8
solution (Beijing Wobisen Biotechnology Co., Ltd.,
Beijing, China) was placed into each well, and cells were
cultivated for 4 hours, followed by medium removal and
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addition of 100 pL formazan solution in each well. The
optical density at 450 nm was measured by a microplate
reader (Bio-Rad, Inc., Hercules, CA, USA).

Cell Cycle Analysis

Glioma cells were collected 72 hours after transfection, fixed
overnight with 80% ethanol, and stained with propidium
iodide (50 pg/mL, BD Biosciences, Franklin Lakes, NJ,
USA) for 30 minutes. The ratio of cells in each cycle was
determined with FACS Calibur system (BD Biosciences).

Enzyme-Linked Immunosorbent Assay
(ELISA)

After culturing for 24 hours, cells were centrifuged at 500
g for 5 minutes with the supernatant collected. Cell protein
was extracted after lysis of pelleted cells, and protein
concentration was detected by BCA kit. Following centri-
fugation, the concentrations of transforming growth factor
B1 (TGF-B1), interleukin (IL)-6, IL-4 and IL-10 in super-
natant were determined using ELISA kits (Beyotime
Biotechnology Co., Ltd, Shanghai, China). The ratio of
the measured concentration to the total protein concentra-
tion was used to evaluate the expression changes after
normalization.

Transwell Assay

Regarding invasion experiment, 10,000 cells in the sera-
free media were plated into each upper chamber pre-
coated with 50 mg/L Matrigel, while culture media were
filled in each lower chamber. After culturing for 1 day,
cells were stained by 0.1% crystal violet (Shanghai Yiyan
biological technology Co., Ltd., Shanghai, China).

Wound Healing Test

Cells were planted in 6-well plates overnight till conflu-
ence. After culturing for 1 day, cells with monolayer were
linearly scratched using a 200-uL pipette, and then cells
were washed twice with PBS to remove cell debris and
incubated in DMEM with 2.5% fetal bovine serum. After
that, scratched region was photographed as soon or 24
hours later using a microscope (Nikon, Tokyo, Japan).
The resulting images were analyzed using Imagel

software.

Agilent Microarray Analysis
The purified RNA was labeled and hybridized to the
Agilent Human Gene Expression Analysis platform

(8*%60K, 039494, Oebiotech Co., Ltd., Shanghai, China).
The threshold of differential expression genes (DEGs) was
set as fold change >2.0. After that, Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGQG)
analyses were performed to study the roles of these DEGs.

Tumor Xenograft in Nude Mice

Specific pathogen-free BALB/c nude mice (4—6 weeks old)
from Jinling Hospital Affiliated to Nanjing Medical
University were assigned into sh-NC group and sh-Tim-1
group. Five nude mice in the sh-NC group were subcuta-
neously injected with 5 x 10° U87 cells suspended in 80 pL
PBS, and five nude mice in the sh-Tim-1 group were subcu-
taneously injected with 5 x 10° sh-Tim-1-treated U87 cells
suspended in 80 pL PBS. When the tumors reached
a touchable size on the 5th day, the tumor volume was
recorded every 5 days and calculated as: volume (mm?®) =
(length x width?)/2. After recording for 25 days, mice were
euthanized by intraperitoneal injection of excessive pentobar-
bital sodium. Briefly, after pentobarbital sodium injection,
abdominal contraction and hind leg extension occurred in
mice, which means euthanasia was successful. 2>** Then,
tumors were carefully removed and weighed for immunohis-
tochemistry staining. Ki67 (5 pg/mL, ab15580) expression
was detected.

Statistical Analysis

SPSS 21.0 software (IBM Corp. Armonk, New York,
USA) was applied for data processing. The Kolmogorov—
Smirnov test checked whether data were in normal distri-
bution. Measurement data are presented as mean + stan-
dard deviation. Comparisons between two groups were
processed by the #-test and comparisons among multi-
groups were processed by one-way or two-way analysis
of variance (ANOVA), followed by Tukey’s multiple com-
parisons test. Kaplan-Meier method was used for survival
analysis. The p value was calculated using a two-tailed test
and p < 0.05 indicated a significant difference.

Result
Tim-1 is Upregulated in Glioma and

Associated with Poor Prognosis
Biology website http://gepia.cancer-pku.cn/predicted that

the 5-year survival rate of patients with high Tim-1 expres-
sion was lower than that of patients with low Tim-1 expres-
sion in GBM/LGG (p < 0.05) (Figure 1A). To understand

Tim-1 expression in glioma patients, the basic
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Figure | Tim-1 is upregulated in glioma and associated with poor prognosis. (A), the biology website http://gepia.cancer-pku.cn/predicted that the 5-year survival rate of
patients with high expression of Tim-| in GBM/LGG was lower than that of patients with low expression of Tim-1; (B), Tim-| expression in glioma and paracancerous
tissues detected by RT-qPCR (n = 68); (C), the positive expression of Tim-1 detected by immunohistochemistry (n = 3); (D), the positive expression of Tim-| detected by
immunofluorescence (n = 3); (E), Kaplan-Meier method was used for survival analysis in glioma patients with low Tim-| expression (n = 37) and those with high Tim-1
expression (n = 31); (F/G), Tim-I levels in glioma cell lines and HEB cells detected with RT-qPCR and Western blot analysis. *p < 0.05, **p < 0.01. Data in panel B were
analyzed by the t-test, and data in panels F and G were processed with one-way ANOVA, followed by Tukey’s multiple comparisons test.

clinicopathological information and tissue samples of
glioma patients were collected, and Tim-1 expression in
tissue samples was measured. Tim-1 expression was upre-
gulated in gliomas relative to paracancerous tissues
(Figure 1B). According to the mean value of Tim-1%° mea-
sured by RT-qPCR, glioma patients were classified into two
groups: the group with relatively low Tim-1 expression
(n

(n = 31), to analyze the relationship between Tim-1 expres-

37) and with relatively high Tim-1 expression

sion and clinical pathology. A positive correlation was dis-
covered between Tim-1 expression and WHO grade of
glioma patients (p < 0.05), but no other clinicopathological
parameters (including gender, age and tumor diameter)
S1). method
(Figure 1E) found that patients with relatively low Tim-1

(Supplementary  Table Kaplan-Meier

expression had longer overall survival, which was consistent

with TCGA prediction. In addition, immunohistochemical
staining (Figure 1C) and immunofluorescence staining
(Figure 1D) indicated the Tim-1 positive expression in
glioma tissues was higher than that in paracancerous tissues.
Compared with that in normal human brain glial cells HEB,
Tim-1 level in glioma cell lines was increased (p < 0.01)
(Figure 1F and G). In conclusion, Tim-1 expression in
glioma tissues and glioma cell lines was upregulated and
was correlated with poor prognosis.

Knockdown of Tim-1 Inhibits Malignant

Behaviors of Glioma Cells

Knockdown of Tim-1 prevents the proliferation and inva-
sion of gastric adenocarcinoma cells.”® Therefore, we
speculated that Tim-1 might also have an impact on the
growth of glioma. To confirm this conjecture, we designed
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three shRNAs of Tim-1 and, respectively, transfected them
into U251 cells. The transfection efficiency of the three
shRNAs of Tim-1 was verified by RT-qPCR and Western
blot analysis. It was showed that the transfection efficiency
of sh-Tim-1-1 (sh-Tim-1 in the study) and sh-Tim-1-2
were higher than that of sh-Tim-1-3. Then, CCK-8 and
flow cytometry were used to detect the effects of sh-Tim-1
and sh-Tim-1-2 on the proliferation of U251 cells. The
results showed that sh-Tim-1-1 (sh-Tim-1 in the study) had
a better inhibitory effect on the proliferation of U251 cells
than sh-Tim-1-2 (Supplementary Fig S1 A-D). Therefore,

A B U251 us7?
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o o o =
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we selected sh-Tim-1-1 with a better interference effect for
subsequent experiments. We knocked down Tim-1 expres-
sion in U251 cells and U87 cells with relatively
high Tim-1 expression and confirmed the transfection
(Figure 2A and B).

CCK-8 assay, flow cytometry, Transwell assay, and
wound healing test measured U251 and U87 cell prolifera-
tion, cell cycle, invasion and migration, respectively, after
Tim-1 knockdown. The results displayed that U251 and
U87 cell proliferation (Figure 2C), invasion (Figure 2E)
and migration (Figure 2F) were notably lower than those
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Figure 2 Knockdown of Tim-1 inhibits malignant behaviors of glioma cells. (A and B), Tim-1 levels in glioma cells after Tim-| was knocked down detected by RT-qPCR and
Western blot analysis; (C), OD values in U87 and U251 cells detected by CCK-8 assay; (D), cell cycle detected by flow cytometry; (E), cell invasion detected by Transwell
assay. (F), cell migration detected by wound healing test. *p < 0.01. Replicates = 3. Data in panels (A and B), (E and F) were processed with two-way ANOVA, and data in
panel (D) were processed with one-way ANOVA, followed by Tukey’s multiple comparisons test.
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Figure 3 Tim-1| regulates the level of cytokines. (A), through the bioinformatics website (https://string-db.org/cgi/input.pl? Sessionid), we found that Tim-| (also known as
HAVCRI), IL-6, IL-4 and IL-10 were correlated; (B), TGF-BI, IL-6, IL-4 and IL-10 detected by RT-qPCR after Tim-| knockdown; (C), TGF-BI, IL-6, IL-4 and IL-10 measured
by ELISA kits. **p < 0.01. Replicates = 3. Data were processed with two-way ANOVA, followed by Tukey’s multiple comparisons test.

OncoTargets and Therapy 2020:13 submit your manuscript 7439

Dove


https://string-db.org/cgi/input.pl
http://www.dovepress.com
http://www.dovepress.com

Zhou et al

Dove

of control cells after knocking down Tim-1, and more cells
were arrested in G1 stage (Figure 2D) (all p < 0.01). In
conclusion, Tim-1 knockdown can inhibit glioma cell
malignant behaviors.

Tim-1 Regulates the Level of Cytokines

Blocking Tim-1 has been reported to inhibit immune
rejection.”” Downregulating TGF-B1 can reduce the inva-
sion ability of glioma cells.”® Through the bioinformatics
website (https://string-db.org/cgi/input.pl? Sessionid), we

found protein interactions between Tim-1 and cytokines
IL-6, IL-4 and IL-10 (Figure 3A), so we speculated that
Tim-1 could affect TGF-B1 expression and cytokine secre-
tion in glioma cells. To confirm this conjecture, the levels
of TGF-B1 and IL-6, IL-4 and IL-10 in glioma after Tim-1
knockdown were detected. As expected, TGF-B1, IL-6, IL-
10 and IL-4 were lowly expressed in U87 and U251 cells
after Tim-1 knockdown (all p < 0.01) (Figure 3B and C).
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Downregulation of Tim-1 Inactivates the
PI3K/AKT Pathway

From the above analyses, we knew that Tim-1 inhibited the
malignant biological behaviors of glioma. However, we do
not know via which mechanism Tim-1 affects glioma.
Based on this, Agilent microarray analysis was performed
to analyze the DEGs between sh-NC group and sh-Tim-1
group. As shown in Figure 4A, many DEGs were found.
After that, the enrichment analysis of KEGG and GO
(Figure 4B) on DEGs showed many enriched terms, includ-
ing the PI3K/AKT pathway. As recently reported, activation
of PI3K/Akt signaling pathway can promote malignant
biological behaviors of glioma.?? Therefore, we speculated
the PI3K/AKT pathway may be the downstream factor
involved in Tim-1 mechanism in glioma. After that,
Western blot analysis (Figure 4C) showed that after knock-
ing down Tim-1 expression, p-PI3K/P13K and p-AKT/
AKT were reduced (all p < 0.01).
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Figure 4 Tim-| downregulation inactivates the PI3K/AKT pathway. (A), the volcano plot of DEGs; (B), enrichment analysis of KEGG and GO of differentially expressed
terms; (C), Western blot analysis detected the PI3K/AKT pathway-related proteins in cells after Tim-| knockdown. **p < 0.01. Replicates = 3. Data in panel (C) were

processed with two-way ANOVA, followed by Tukey’s multiple comparisons test.
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Activation of PI3K/AKT Pathway
Partially Reverses the Inhibition of
sh-Tim-1 on the Biological Behaviors of
Glioma Cells

To determine whether Tim-1 affects biological beha-
viors of glioma via the PI3K/AKT axis, the PI3K/AKT
pathway activator SC79 and knockdown Tim-1 were
imposed together in cells. The functional rescue experi-
ments were carried out and cells were allocated into
the sh-Tim-1 and sh-Tim-1 + SC79 group. Compared
with pure Tim-1 knockdown, SC79 plus Tim-1 knock-
down presented with longer S stage and promoted
proliferation, invasion and migration (Figure 5AD).
Additionally, ELISA kits detected the cytokines and
unveiled that relative to pure Tim-1 knockdown,
SC79 plus Tim-1 knockdown presented with increases
in TGF-B1, IL-6, IL-4 and IL-10 levels (Figure 5E) (all
p < 0.05).
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Knockdown of Tim-1 Inhibits Glioma

Growth in vivo

To further evaluate Tim-1 effect on glioma, we conducted
in vivo experiments. U87 cells with knockdown Tim-1
were transplanted into nude mice, and the volume and
weight of tumors were calculated. The results revealed
that the volume and weight of tumors with knocking
down Tim-1 were notably lower than those of tumors in
control mice (p < 0.01) (Figure 6AC). Ki67 is a nuclear
antigen related to proliferating cells, which can determine
the cell proliferation in tumors. Immunohistochemistry
staining of Ki67 discovered that Ki67-positive rate in
tumors with knocking down Tim-1 was markedly lower
than that in tumors in control mice (p < 0.01) (Figure 6D).

Discussion
Tim-1 expression and regulatory mechanism in glioma
were evaluated. In vitro, Tim-1 silencing in U87 and

U251 cells impaired cellular biological functions and
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Figure 5 Activation of PI3K/AKT pathway partially reverses the inhibition of sh-Tim-I on the biological behaviors of glioma cells (A). OD values at 0 h, 24 h, 4872
h detected by CCK-8 method; (B), cell cycle detected by flow cytometry; (C), Transwell assay detected cell invasion after Tim-1 knockdown; (D), wound healing assay
detected cell migration after Tim-1 knockdown; (E), TGF-B1, IL-6, IL-4 and IL-10 measured by ELISA kits. Replicates = 3. Data in panels (A and B), (CE) were processed
with two-way ANOVA, followed by Tukey’s multiple comparisons test. *p < 0.05, **p < 0.01.
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improved the microenvironment. In vivo (Figure 7),
knocking down Tim-1 inhibited glioma growth in nude
mice. Collectively, we provided a novel mechanism of
the involvement of Tim-1 in glioma development.

Tim-1 exerts function in modulating T cell function,
and there are also reports showing an association between
the Tim family and autoimmunity, as well as allergic
diseases."' Studies have identified that Tim-1 is expressed
in many human tumor tissues.'***?*3% Tim-1 is presented
in cancer cells, in CD68-positive macrophages and CK-
18-positive epithelial cells®® in human Langerhans cell
sarcoma. Liu et al’® have revealed Tim-1 levels in

human gastric cancer tissues are upregulated, indicating
the prognostic application of Tim-1 in gastric cancer
patients. In addition, Tim-1 is presented in the urine of
some lung cancer patients, and Tim-1 expression is corre-
lated with tumor characteristics.’ Similarly, a previous
study confirmed the presence of Tim-3 in glioblastoma
multiforme, provided preclinical evidence for a new treat-
ment to prolong the survival of glioblastoma patients.>* At
present, we initially disclosed that Tim-1 expression was
elevated in glioma tissues and cell lines and was asso-
ciated with poor prognosis, highlighting that Tim-1 upre-
gulation may lead to malignant progression of glioma.
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Figure 7 Tim-1 knockdown inhibits biological behaviors of glioma cells, reduces the production of cytokines (TGF-BI, IL-6, IL-4 and IL-10), and improves the
microenvironment through the PI3K/AKT pathway. The red symbol of PI3K and sh-Tim-| indicated that sh-Tim-1 inhibited the activation of PI3K.

To assess the underlying mechanism of Tim-1 in
glioma, we did in vitro experiments on the effect of Tim-
1 silencing on cellular biological functions of glioma cells.
Our data showed that Tim-1 knockdown impaired prolif-
eration, migration and invasion of U87 and U251 cells,
suggesting that Tim-1 has functions in promoting growth
and metastasis of glioma. The inhibitory effects of Tim-1
knockdown on cell malignant behaviors were observed in
other types of cancers. Zheng et al found down-regulation
of Tim-1 caused by RNA interference could block cellular
events of NSCLC cells.?’ Accordingly, Tim-1 is an under-
lying therapeutic target for human cancers.

Tim-1 blockade could prevent immunological rejection
and prolong the survival of corneal allograft through regulat-
ing T cell responses.”” As expected, TGF-B1, IL-6, IL-10 and
IL-4 were lowly expressed in U87 and U251 cells after Tim-1
knockdown. TGF-B and IL-10 are commonly studied cyto-
kines which have immunosuppressive effects to trigger
tumor progression.*® The ratio of TGF-p1-immunopositive
tumor cells in glioma cells is notably higher than in the
control cells.** TGF-B1 downregulation decreases the inva-
sive ability of glioma cells.”® Over 3-fold increases in IL-6,
IL-1PB, TNF-o and IL-10 are involved in brain tumor progres-
sion and aggressiveness.”> Tim-1, expressed by IL-10-
expressing regulatory B cells monitors immune responses

and CD4" T cell effector differentiation.'® Tim-1 is linked
with IL-10 production in primary central nervous system
Taken together, knockdown of Tim-1 affects
the expression of the cytokines in glioma cells.

lymphoma.*®

Moreover, the enrichment analysis showed the differen-
tial expression of the PI3K/AKT pathway, and downregula-
tion of Tim-1 inactivated the PI3K/AKT pathway in glioma
cells. The activation of PI3K/Akt/mTOR pathway contri-
butes to the tumorigenesis and therapy resistance in
2! Glioblastoma patients with activated PI3K/AKT/
mTOR axis show poor prognosis.>” FN1 promotes glioma
growth by activating the PI3K/AKT axis.** A recent study
has also verified that PI3K/AKT axis is involved in the Tim-
l-mediation of cellular functions in NSCLC cells.*
Furthermore, we used an activator SC97 of the PI3K/AKT
pathway to identify its molecular mechanism in glioma.
When SC79 was combined with knockdown Tim-1, the
malignant behaviors and the secretion levels of cytokines in

glioma.

glioma cells were significantly increased. Activation of
PIBK/AKT pathway partially reverses the inhibition of
Tim-1 knockdown on the biological behaviors of glioma
cells. The PI3K/AKT pathway elevates IL-1p and IL-6 pro-
duction in keratinocytes.>® TGF-B1 activates the PI3K/AKT
axis to induce the metastasis and metabolic reprogramming
of glioma cells.*® Propofol treatment inhibits cell invasion in
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glioma through the inactivation of the PI3K/AKT pathway.*’
However, there are little researches on the interaction
between Tim-1 and the PI3K/AKT axis in glioma, which
proved the novelty of our study to some degree.

In conclusion, our results suggested that abnormal
expression of Tim-1 was closely related to the development
of human glioma by regulating the PI3K/AKT pathway.
Tim-1 can not only affect the production of cytokines in
immune cells to regulate tumor progression but also directly
regulate tumor cell functions. Tim-1 may be a potential
therapeutic target for cancers including glioma. However,
we have not made a further study on the association
between Tim-1 and immunology in glioma and on the
cascade relationship between Tim-1 and PI3K/Akt due to
limitations of experimental funding and experimental con-
ditions the mechanism of action of Tim-1 on the PI3K/Akt
cascade. We suppose there may be a transitional factor
between Tim-1 and the PI3K/Akt cascade in regulating
glioma development. In the future research, we will focus
on an in-depth and comprehensive exploration of this point.
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