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Abstract

Aim: The new diagnostic and prognostic tumor markers related to astrocytoma (ACM) was found to improve the
diagnosis rate, reduce the poor prognosis.

Methods: The activity of SHC-44 and SW1783 cells under regulation of GLIPR1 was investigated by CCK8 analysis.
The effect of GLIPR1 on the proliferation of SHC-44 and SW1783 cells was analyzed by Cell colony-forming experiment.
The migration of SHC-44 and SW1783 cells under regulation of GLIPR1 was analyzed by Transwell assay. The effect
of GLIPR1 on the invasion of SHC-44 and SW1783 cells was analyzed by Cell scratch test. Inmunofluorescence was
employed to analyze the expression characteristics of GLIPR1 and CD63 proteins. The effects of GLIPR1 on the protein
expression of GLIPR1, TIMP1, CD63, ITGB1 and AKT in SHC-44 and SW1783 cells was analyzed by Western blot.

Results: The outcomes revealed that GLIPR1 could enhance the activity, proliferation, migration and invasion of
ACM cells, which might be associated with the activation of TIMP1-CD63-ITGB1-AKT signaling pathway.

Conclusion: Taken together, GLIPR1 might be a potential target for the prevention or management of ACM in the

clinic.
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Introduction

Glioma (GM) is a highly aggressive malignant tumor in the central
nervous system, accounting for up to 10%-15% of all intracranial
tumors [1]. Compared with other nervous system tumors, GM has a
higher tendency to metastasize, the overall prognosis is poor and the
survival rate is lower [2]. Astrocytoma (ACM) is a common tumor
among GM, with specific morphological changes and biological
behavior that is transformed from astrocytes, which accounts for more
than 40% of GM [3-5]. ACM grows slowly and cannot be completely
removed by surgery, and its prognosis of patients is generally poor,
especially for patients with highly malignant glioblastoma [6]. Classical
histopathological methods are very difficult to determine whether glial
cells are tumors or reactive hyperplasia. In addition, the prognosis and
response to treatment between different grades or the same grade of
ACM vary greatly, and the classification methods widely used in clinical
practice cannot fully reflect the true prognosis of patients. Therefore, it
is necessary to find and discover new diagnostic and prognostic tumor
markers related to ACM to improve the diagnosis rate, reduce the poor
prognosis, and prolong the survival of patients.

Glioma pathogenesis-related protein 1 (GLIPR1), also known as
related to testis-specifc, vespid and pathogenesis protein 1 (RTVP-1),
is a membrane protein that belongs to the CAP family of cysteine-rich
secretory proteins [7]. Recent reports have indicated that GLIPRI is
closely associated with the development of tumors, especially GM
[8,9]. The high expression of GLIPR1 was found in glioma cells but
not in tumors or other cells of the central nervous system [10,11]. Elad
reported that GLIPR1 was highly expressed in glioblastoma and had
carcinogenic characteristics [8]. Amotz, et al. found that GLIPR1 was
highly expressed in GM and enhanced the invasion and migration of
GM cells [9]. Based on these observations, investigating the correlation
between GLIPR1 and GM and exploring the specific mechanism by
which GLIPRI influences GM are expected to be promising for the
prospective treatment of GM.

Accumulating evidence indicate that the TIMP1-CD63-ITGB1-
AKT (tissue inhibitor of metalloproteinases 1, TIMP1; lysosomal
membrane-associated glycoprotein 3, CD63; integrin beta 1, ITGBI;
protein kinase B, AKT) cascade signaling pathway is closely related
to the differentiation and migration of cancer cells, and this pathway
may be regulated by GLIPRI. Through the analysis of biographical
information, it is found that GLIPRI and CD63 have a positive
regulatory relationship. In addition, studies have shown that the
oncogenic function of GLIPR1 was mediated by the interaction of its
cell surface receptor CD63 to induce intracellular signal transduction
[12]. GLIPRI could promote hypermigration of cells via CD63-ITGB1
signaling pathway [13]. However, the activation of CD63 requires
the participation of TIMPI to interact with it and activate its own
expression [14,15]. Studies have also indicated that ITGB1-AKT was
closely related to the development of liver cancer [16]. In addition, it
has been reported that CD31 induced metastasis of liver cancer cells
through the ITGB1-Akt signaling pathway [17]. Also, TIMP1 could
interact with CD63 and activate the Akt signaling pathway to confer
apoptosis resistance to melanoma cells [15]. These work prompted
us to further explore the relationship between GLIPR1 and TIMP1-
CD63-ITGB1-AKT signaling pathway to regulate the proliferation
and invasion of ACM cells.

In the current work, the effect of overexpression or interference
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with GLIPRI expression on the activity, proliferation, migration and
invasion of ACM cells was studied. Besides, the preliminary exploration
of the activation effect of GLIPR1 on the TIMP1-CD63-ITGB1-AKT
cascade signaling pathway was carried out to explore the potential
mechanism of GLIPRI inducing ACM.

Materials and Methods

Cell culture and treatment

The Human astrocyte cell line SVG p12 and Human astrocytoma
cell lines including SHC-44, SW1783 were purchased from the Stem
Cell Bank (Chinese Academy of Sciences, Shanghai, China). Cells were
cultured with DMEM medium containing 10% fetal bovine serum
(FBS) (all from Gibco, Gaithersburg, MD, USA). Cells were cultured
in a constant temperature incubator (37°C) containing 5% CO,.
After incubation for 2 days, cells in good condition were utilized for
subsequent assays. In addition, another control group was set up (anti-
GLIPRI group), that was, 6 nM of anti-GLIPRI antibody (Abcam,
Shanghai, China) was added to SHC-44 and SW1783 cell lines,
respectively.

Plasmid construction and cell infection

Both the overexpression plasmid ov-GLIPR1 and the interference
plasmid sh-GLIPR1 were constructed by GenePharma Co., Ltd
(Shanghai, China). Cells were seeded into 15 cm petri dish with DMEM
medium at a density of 5 x 105/mL for 24 h before transfection. A
total of 0.8 pug plasmid DNA was mixed wtih 2.0 uL Lipofectamine®
2000 transfection reagent (Invitrogen, Carlsbad, CA, USA) and then
was diluted by 50 uL Opti-MEM. The diluted DNA and transfection
reagent were mixed at room temperature for 20 min. Next, the mixture
was added into cells. After a transfection for 6 hr (37°C, 5% COZ),
The original medium was removed and then the complete medium
containing 10% fetal bovine serum (FBS) was added and incubated
for 24 hr. The washed cells were incubated in fresh complete medium
containing 10% FBS for 24 hr.

CCK-8 assay

Cells of each group in logarithmic phase were prepared into
cell suspension and seeded into 96-well plate at a density of 10*/mL.
The DMEM medium containing 10% FBS medium in each well was
removed at 24 hr, 36 h and 48 hr after culture, and then 10 pL CCK-
8 reagent was added (Beyotime, Beijing, China), and then cells were
cultured in the original medium for 2 hr and shaken for about 1 min
to make the staining uniform. After that, the absorbance at 450 nm was
calculated for cell viability.

Cell colony-forming assay

The cells of each group were seeded in a 6-well plate with a density
of 10¥/mL, and the number of seeded cells per well was 200. The
medium was changed every 3 d and the culture was terminated after 2
weeks of continuous culture. Next, the washed cells were fixed at room
temperature (30 min) fter adding 500 pL of 14% paraformaldehyde to
each well. Subsequently, cells were washed and 500 pL of 0.1% crystal
violet aqueous solution (Beyotime, Beijing, China) was added to each
well, and then cells were incubated at room temperature for 15 min.
After staining, the cells were washed with double distilled water and the
number of cloned cells formed was counted. A colony of > 50 cells was
regarded as a clone.

Transwell assay

Transwell chamber was placed in 24 well plates, then matrix glue

was added to Transwell chamber, and the DMEM medium (complete)
was added to the bottom chamber. The digested and resuspended
cells were seeded in the upper chamber with a density of 3 x 104/
chamber and then were cultured for 48 hr. Subsequently, the medium
was removed, cells was fixed with 4% polymethanol and stained with
0.1% crystal violet solution (Beyotime, Beijing, China) for 20 min. The
number of cells invading the basal chamber in each field was calculated
under the microscope.

Cell scratch test

The digested cells of each group were seeded in 6-well plates (106/
well) and cultured at 37°C, 5% CO, and 100% relative humidity until
the cells reached about 90% confluence. Then cells were scratched
from top to bottom and the scratched cells were washed and then were
continued to culture for 24 hr under the same conditions and observed
under the microscope, and the moving distance of cell front and scratch
width were measured to analyze the cell migration capability.

Immunofluorescence

The immunofluorescence method was utilized for the visualization
of protein expression and distribution in cells. Briefly, 4% formaldehyde
was obtained for fixing cells, which were then permeated by 0.1% 100
x Triton (Cayman Chemical, Michigan, USA). Cells were subsequently
blocked with 10% goat serum (1hr) and incubated with primary
antibody Anti- GLIPR1 (1:1000, Abcam, Shanghai, China) and
Anti-CD63 (1:1000, Abcam, Shanghai, China) at 4°C overnight. The
cells were washed with PBS and incubated with fluorescent-labeled
secondary antibody correspondingly. The results were observed and
examined using a fluorescence microscope.

Western blot

Western blot was carried out for the measurement of protein
levels. Briefly, the protein of each group of cells after transfection was
extracted. The collected proteins were preliminarily isolated by SDS-
PAGE and applied on a PVDF membrane. Next, they were blocked
with 10% skimmed milk powder (4°C, 1 hr) and then were in TBST
buffer containing 10% skimmed milk powder and primary antibodies
overnight. The primary antibodies included Anti-GLIPR1 (1:1000),
Anti-TIMP1 (1:1000\), Anti-CD63 (1:1000), Anti-ITGB1 (1:1000),
Anti-AKT (1:1000), and Anti-B-actin (1:1000). The corresponding
secondary antibodies were applied together with ECL chromogenic
solution. The density of protein bands was examined by using the Image
analyzer quantitative system. All primary antibodies were purchased
from Abcam (Shanghai, China).

Statistical analysis

At least three independent repeats were evaluated for each
experiment. All statistical data were presented as the mean + SD.
All tests were performed by using SPSS 20.0 (IBM Corp., USA) and
GraphPad Prism 8.0 with the Students t-test. P <0.05 was regarded as
significant.

Results
GLIPR1 promoted the viability of ACM cells

CCK-8 assay was employed to evaluate the effect of overexpression
or interference with GLIPRI on the viability of SHC-44 and SW1783
cells. Figure 1A shows that compared with the Model or NC group, the
viability of SHC-44 cells in the ov-GLIPR1 group was greatly elevated at
24, 36, and 48 hr, while those in the sh-GLIPR1 group or anti-GLIPR1
group was significantly reduced. Similarly, similar trend could also be
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observed in SW1783 cells (Figure 1B). The results indicate that GLIPR1
can affect the viability of astrocytoma cells.

GLIPR1 induced the proliferation of ACM cells

To analyze the influence of GLIPR1 on the proliferation of ACM
cells, clone formation experiments were performed (Figures 2A and
2B). The results showed that in SHC-44 and SW1783 cells, the cloning
efficiency of cells transfected with ov-GLIPR1 was remarkably higher
than that in the Model group, while the cloning efficiency of cells in the
sh-GLIPRI and anti-GLIPR1 groups was significantly reduced, which
suggests that the GLIPR1 expression can promote the proliferation of
SHC-44 and SW1783 cells.

GLIPR1 enhanced the invasion of astrocytoma cells

The invasion capability of astrocytoma cells was tested by the
Transwell experiment (Figures 3A and 3B). The results showed that
in SHC-44 and SW1783 cells, the number of cells invading the lower
chamber in the ov-GLIPR1 group was greatly higher than that in the
Model group, while the number of cells invading the lower chamber in
the sh-GLIPRI and anti-GLIPR1 groups was greatly lower than Model
group. Our suggestion is that the GLIPR1 expression can increase the
invasion capability of SHC-44 and SW1783 cells.

GLIPR1 improved the migration of astrocytoma cells

The cell scratch test was employed to evaluate the role of GLIPR1
in astrocytoma cell migration. When the cells grow to about 90%
confluence, a scratch of cells was made and observed (0 hr), and then
the cells were cultured for 24 hr. In SHC-44 and SW1783 cells, the
scratched coverage area of the ov-GLIPR1 group was markedly larger
than that of the Model group, while the scratched coverage area of the
sh-GLIPR1 and anti-GLIPRI groups was greatly smaller than Model
group. Our results show that the GLIPR1expression can improve the
migration capability of astrocytoma cells (Figures 4A and 4B).

GLIPR1 regulated the CD63 expression

To explore the effect of GLIPR1 on CD63 expression,
immunofluorescence assays were carried out. The results (Figures 5A
and B) show that GLIPR1 and CD63 had co-localization on the cell
membrane and in the cytoplasm of the two cells (SHC-44 and SW1783),
confirming that they had an interaction. In addition, in the Model group
and ov-GLIPR1 group, this phenomenon was particularly obvious,
which suggested that GLIPR1 might regulate the CD63 expression.

GLIPR1 activated the TIMP1-CD63-ITGB1-AKT signaling
pathway

We used Western blot assay to analyze the expression levels of
GLIPRI, TIMP1, CD63, ITGB1, and AKT proteins in SHC-44 and
SW1783 cells. As can be seen from Figures 6A and 6B, the protein
expressions of GLIPR1, TIMP1, CD63, ITGB1, and AKT in the ov-
GLIPRI group were greatly elevated compared with the MC group.
In contrast, their expression levels of sh-GLIPR1 and anti-GLIPR1
groups were significantly reduced. Our results indicate that the GLIPR1
expression activates the TIMP1-CD63-ITGB1-AKT signaling pathway.

Discussion

ACM is the most common neuroepithelial tumor [18]. Existing
treatment methods, including conventional treatment, molecular
targeted therapy and drug therapy, have improved the treatment effect
of the disease than before but are still limited by the drug resistance
mechanism and the recurrence-prone characteristics of tumors. The
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Figure 1: GLIPR1 affected the proliferation of astrocytoma cells. (A) The
effect of GLIPR1 on the proliferation of SHC-44 cells at different culture
times (0, 24, 36, and 48 hr), (B) The effect of GLIPR1 on the proliferation of
SHC-44 cells at different culture times (0, 24, 36, and 48 hr). Model, model
group; NC, normal group (SVG p12 cells). * and # represent a significance
compared with the Model and NC group, respectively. *P <0.05, **P <0.01,
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Figure 2: GLIPR1 induced the proliferation of SHC-44 and SW1783 cells
by Cell colony-forming assay, magnification times: 100 x. (A) The effect of
overexpression or interference with GLIPR1 on the proliferation of SHC-44
cells and (B) The effect of overexpression or interference with GLIPR1 on
the proliferation of SW1783 cells. * represents a significance compared
Kwith the Model group. *P <0.05, **P <0.01. /
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Figure 3: GLIPR1 enhanced the invasion of SHC-44 and SW1783
cells by Transwell assay, magnification times: 200 x. (A) The effect of
overexpression or interference with GLIPR1 on the invasion of SHC-44
cells and (B) The effect of overexpression or interference with GLIPR1 on
the invasion of SW1783 cells. * represents a significance compared with
Kthe Model group. *P <0.05, **P <0.01. /

overall prognosis of ACM patients is still poor, especially for malignant
ACM,, its incidence rate has been increasing year in recent years, and
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Figure 4: GLIPR1 improved the migration of SHC-44 and SW1783 cells,
magnification times: 200 x. (A) Phase-contrast images of scratch assay of
of SHC-44 cells at 0 hr and 24 hr after wound and quantification of the area
covered and (B) Phase-contrast images of scratch assay of of SW1783
cells at 0 hr and 24 hr after wound and quantification of the area covered. *
represents a significance compared with the Model group. *P <0.05, ****P
<0.0001.
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Figure 5: GLIPR1 regulated the CD63 expression by interaction between
them. (A) The protein expressions of GLIPR1 and CD63 in SHC-44
cells were observed by immunoluorescence assay and (B) The protein
expressions of GLIPR1 and CD63 in SW1783 cells were observed by
immunoluorescence assay. Red dots referred to GLIPR1 proteins, green
dots referred to CD63 proteins, and blue dots referred to living cells.

patients die within one and a half years after diagnosis [19]. Therefore,
it is particularly important to investigate the molecular mechanism of
tumor occurrence and find new effective treatment target.

At present, the prognosis of GM, especially malignant GM, is
still not optimistic. GLIPR1 was found early as a proto-oncogene
in human gliomas [10], and its high expression can promote the
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Figure 6: GLIPR1 activated the TIMP1-CD63-ITGB1-AKT signaling
pathway. Protein levels of GLIPR1, TIMP1, CD63, ITGB1, and AKT in SHC-
44 (A) and SW1783 (B) cells were detected by western blot. The relative
expression of GLIPR1, TIMP1, CD63, ITGB1, and AKT was calculated via
normalization to B-actin expression. * represents a significance compared
\with the Model group. *P <0.05, **P <0.01, ***P <0.001, ****P <0.0001. J

proliferation, survival, invasion and metastasis of GM cells [20]. In
addition, it is reported that GLIPR1 is related to the malignant degree
of GM, and it plays an important role in regulating the proliferation,
survival and infiltration of GM cells [21]. The siRNA transfection
experiment proved that knocking down the expression of GLIPRI
could significantly inhibit the proliferation of glioma U87 and A172
cells and induce apoptosis [8], whereas the overexpression of GLIPR1
could significantly promote the proliferation, survival and invasion of
U87 and A172 cells, and inhibit cell apoptosis [8]. At the same time,
the overexpression of GLIPRI in human neural stem cells could induce
their transformation to a mesenchymal phenotype [8]. The silence of
GLIPR1 in glioma stem cells weakened its conversion to mesenchymal
phenotype and the stemness of the cells. Also, silencing GLIPR1 could
also increase the survival of tumor-bearing mice in xenograft glioma
stem cells. These works all indicate that GLIPR1 is involved in the
regulation of the occurrence and development of gliomas, and is a key
factor in the study of the pathogenesis of gliomas. Consistent with the
above reports, our results reveal that GLIPR1 expression promotes the
viability, promotion, invasion, and migration of SHC-44 and SW1783
cells, which may be partly explained by the promoter methylation
level of GLIPR1. The degree of methylation of the GLIPRI promoter is
closely related to the expression of GLIPR1 [22,23]. It is reported that
the GLIPRI promoter had a low degree of methylation in GM [23].
Therefore, the methylation of the GLIPR1 promoter may be one of the
important factors affecting the expression of GLIPRI in ACM.

CD63 has been regarded as a important factor in the development
of solid tumors, and many reports have indicated a link between
CD63 expression and many types of tumors [24]. Based on biological
information, we found that GLIPR1 and CD63 have a positive
regulatory relationship, and our results also illustrate this point. Our
current research results found that GLIPR1 could interact with CD63 to
regulate the expression of CD63 in SHC-44 and SW1783 cells, this is the
first reported in the literature so far. Similar results were also reported
by Warner, et al. [12]. However, it should be noted that the activation
of CD63 may require the participation of TIMP1. It has been reported
that TIMP-1 was identified as a prognostic marker of GM, which could
interact with CD63 in ACM cells and was significantly correlated with
CD63 expression [25]. The activated CD63 could further activate its
ligand ITGBI to enhance cell invasion [13,26]. Studies have shown that
ITGB1 might be related to the metastasis of tumor cells [27]. AKT was
the target protein of ITGBI, overexpression of ITGB1 could increase
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the expression of AKT and thus induced the growth of ACM cells [28],
and this similar result has also been observed in other cancer models [17].

Conclusion

Consistent with these reports, we found that GLIPR1 significantly
activated the TIMP1-CD63-ITGB1-AKT signaling pathway, thereby
enhancing the proliferation and invasion of ACM cells. However, the
relevant mechanism is still unknown, and more in-depth investigations
are needed in the future.

Together, GLIPR1 is a key factor leading to the proliferation and
metastasis of GM. It can improve the proliferation and invasion of ACM
cells by activating the TIMP1-CD63-ITGB1-AKT signaling pathway,
and it can be an important target for the prevention or management of
ACM in the clinic.
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