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Overexpression of hyaluronan-binding protein 1 promotes the
proliferation, migration, and invasion of malignant glioma
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Background: Hyaluronan binding protein 1 (HABP1) is a member of the hyaladherin family and is
involved in T cell activation. It is a high-grade polysaccharide. The CD44 family is also a member of this
family. It is expressed in many tumor cells at higher levels than the corresponding normal tissues. It is related
to the occurrence and development of tumor cells, invasiveness, and lymph node metastasis. However, the
mechanism of HABP1 in glioma remains unclear.

Methods: We focused on the proliferation and invasion of HABPI in gliomas. The expression of HABP1
was firstly investigated by immunohistochemical staining and by comparing different grades of glioma tissues
from 80 patients with glioma. Then, the influence of migration and proliferation through different human
glioma cell line models were investigated.

Results: By collecting a large number of clinical pathological tissues and patient data, it was found that
HABPI expression was significantly correlated with glioma, and gels with a high expression of HABP1
and a low expression of HABP1 were screened by different glioma cell lines. In the cytomorphological
analysis, short interfering RNA with HABP1 significantly inhibited the proliferation of glioma, and the
overexpression of HABP1 enhanced glioma invasion and migration.

Conclusions: HABP1 is likely to become a new targeting factor for the treatment of glioma. The

mechanism of action of HABP1 in glioma remains to be further studied.
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Introduction

Glioma is the most common intracranial malignancy,
which originates from neuroepithelial tumors—the annual
incidence of glioma in 3-8 persons/100,000 (1). Like most
tumors, gliomas are caused by the interaction of innate
genetic factors and environmental factors. Because of
the different degrees of malignancy, the symptoms and
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conditions of the patients are different. Surgery is the first
step in the treatment of most gliomas. Some low-grade
gliomas can be treated by surgery. However, grade IV
gliomas account for 50% of all malignant gliomas (2), while
grade II-IV gliomas are prone to recurrence (3). Extended
resection is a common method for many neurosurgical
treatments of glioma. Even so, due to the characteristics of
glioma infiltration and growth, enlarged resection cannot
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fundamentally prevent glioma growth (4-6), and further
radiotherapy and chemotherapy are needed. Therefore, in-
depth studies of the development of malignant glioma and
related molecular mechanisms have become a key issue in
the treatment of glioma.

Hyaluronic acid binding protein 1 (HABP1), a specific
hyaluronic acid binding protein of the cell surface, is widely
found in the brain, cartilage, blood vessels, and skin (7-9).
HABP1 is the same as the splicing factor-related protein
(p32) and complements the component globular head
receptor (gclqr) in tumorigenesis and metastasis (10,11).
Given this, some scientists have named this protein P32 or
gC1qR or HABPI or HABP1/p32/gClqR. HABP1 is the
only glycosaminoglycan that is present in animal tissues and
bacteria. It is localized to human chromosome 17p12-13 and
is expressed on most cytoplasmic surfaces in free form or in
non-covalent complexes (12). There is a specific structure
of HABP1 containing two a-helices and two B-sheets,
which has a large amount of negative charge, which is
the key to the targeting of HABP1 and other protein
tissues (13). HABP1 regulates a variety of cell biological
properties such as cell movement, adhesion, migration,
differentiation, and wound healing (14). It also plays an
important regulatory role in the inflammatory response,
tumor angiogenesis, and the invasion and metastasis of
tumor cells. In addition, small molecule chemotherapy
drugs have poor water solubility and low stability, while
HABPI1 has good water solubility and bioavailability. At
present, HABP1 has received more and more attention in
the field of cancer research. It has been proven that HABP1
appears in various tumors. Changes in characteristic
expressions, such as increased expression of HABPI,
promote growth and metastasis of breast cancer (15),
endometrial cancer (16), and gastric cancer (17). Increase
in HABPI content is associated with melanoma hyperplasia
and malignancy (18). We hypothesized that HABP1 might
be the link between the extracellular matrix (ECM) and
the cytoskeleton (19), and its molecular mechanism may be
one of the important mechanisms for the development and
prognosis of glioma.

Methods
Patients and tissue samples

All 80 cases of fresh frozen tissues came from the Affiliated
Hospital of Nantong University. According to a protocol
approved by the Human Research Committee of the
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Institutional Review Board (IRB), all human glioma
tissues came from patients diagnosed between 2010
and 2018. All human glioma tissues came from patients
who had not received radiotherapy or chemotherapy.
Immunohistochemical staining sections were made from
paraffin-embedded sections of fresh tissues after fixation.
Histological types were determined according to the
WHO review by two senior pathological directors. For the
immunoblotting analysis of proteins, a 200 mg tissue block
was taken from the tissue homogenizer, and the precooled
homogenate medium was added to fully crush the tissues.
The centrifuged homogenate was discarded and precipitated
to leave the supernatant, which was frozen at -80 °C.

Immunobistochemistry

Firstly, we put the slices into an oven for 6-8 hours,
and then put them into two xylene cylinders and soaked
them for 15 minutes. After that, the slices were drained
as much as possible and were put into 95%, 85%, and
75% alcohol cylinders. They were kept in each cylinder
for 2 minutes, rinsed out after running, and placed in a
container of distilled water. Secondly, the slices were placed
in a 1X citrate buffer (pH 6.0). Using a high-pressure
boiling method, the slices were heated for 5 minutes, and
then naturally cooled. The cooled slices were removed
and washed with PBS (pH 7.2). The remaining PBS was
removed from the slices, and 100-200 pL of 3% H,O, was
added to each slice for 30 minutes. Then, they were washed
for 3 times with PBS. Thirdly, the slices were put into a
humidified chamber, and HABP1, Ki-67, and E-cadherin
diluted antibodies were added to them. The humidified
chamber was kept in a refrigerator at 4 °C overnight.
The next day, the sections were removed, rewarmed for
30 minutes, washed with PBS, mixed with 100 pL
of antibodies and 100 pL of horseradish peroxidase,
incubated at room temperature for 20 minutes, washed
with PBS, mixed with 100 pL of freshly prepared DAB
for 1-2 minutes, and placed in a container with tap water.
Fourthly, the slices were rinsed with running water, then
counterstained with hematoxylin. The pieces were mixed
with a proper amount of neutral gum and sealed to dry.
Finally, the staining was observed under a microscope. The
cell scoring ratios were as follows: 0 (<1%), 1 (1-25%), 2
(26-50%), 3 (51-75%) and 4 (>75%). Dyeing intensity was
graded according to the following criteria: 0 (no staining),
1 (weak staining = light yellow), 2 (moderate staining =
yellowish brown), and 3 (strong staining = brown).
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Western blot analysis

Homogenized protein was added to the separation gel.
Then the separation gel was installed on the electrophoresis
apparatus. Prepared electrophoresis solution (10%
sodium dodecyl sulfate, glycine, and tris) and transfer
buffer (methanol, glycine, and tris) were added to the
electrophoresis apparatus box. The homogenized protein
was transferred to polyvinylidene fluoride (PVDF)
membranes. The PVDF membranes were put into 5% skim
milk for 2 hours. Then, primary antibodies were added
to the membranes, and the membranes were kept at 4 °C
overnight. The next day, the membranes were washed
with PBST. The secondary antibodies were added to the
membranes. The membranes were incubated at room
temperature for 2 hours. The experiment was replicated
independently 3 times, and the results were analyzed by
a computer-aided image analysis system (Adobe Systems,
SanJose, CA, USA).

Antibodies

The antibodies used in the study included anti-
HABP1 antibody (1:500; Santa Cruz Biotechnology),
E-cadherin (1:500; Santa Cruz Biotechnology), GAPDH
(1:2,000; Santa Cruz Biotechnology), PCNA (1:1,000;
Santa Cruz Biotechnology), Cyclin D1 (1:1,000; Santa
Cruz Biotechnology), and MMP-9 (1:500, Santa Cruz
Biotechnology).

Cell culture

The glioma cell lines H4, U251MG, U87MG, A172, and
HEK293T were purchased from the Cell Bank of the
Chinese Academy of Sciences. All cells were cultured in
DMEM (Life Technologies) containing 10% fetal bovine
serum (FBS) in a 37 °C 5 % CO, incubator. HEK293T cells
were cultured in RPMI 1640 with 10% FBS. The cells were
digested with 0.25% trypsin, and the medium was changed
every 2-3 days.

Expression plasmid and transient transfection

All three oligonucleotides containing the short hairpin
RNA (shrna) target sequence were designed by GeneChem
(Shanghai, China). The sequences were as follows:
siHABP1-1, CCCAACTTTGTGGTTGAAGTT;
siHABP1-2, GCTAAATTATTGCGCAAAGTT;
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siHABP1-3, GCACCAGGAATATATCACCTT. The
cells were transfected with Lipofectamine 2000 (Life
Technologies). The transfection lasted for 48 hours as
recommended by the manufacturer.

Cell proliferation assay

The cells were digested and put into 96-well cell plates
(Corning Inc., Corning, NY, USA), cultured overnight.
The next day, the Cell Counting Kit CCK-8 (Dojindo,
Kumamoto, Japan) was added to the cells. A 37 °C incubator
was used to incubate the cells for 2 hours in the dark, and
then a 450 nm automatic plate reader was used to read the
data.

Transwell migration assay

We digested glioma cells, counted them, made a cell
suspension, added 100 pL of cell suspension per well, added
500 pL of medium containing 10% fetal bovine serum to
the lower chamber, and incubated them in a 37 °C incubator
for 24 hours. Next, the cells were washed 3 times with
PBS, fixed with 5% glutaraldehyde for 1 hour, and stained
with 0.1% crystal violet for half an hour. Finally, cotton
swabs were used to wipe off the surface cells, and the cells
were observed under a microscope. Three independent
experiments were replicated.

Monolayer wound-bealing assays

Cells were added to the six-well plate. The next day, a
sterile probe was used to scribe the cells perpendicular to
the cell plane. Next, the cells were washed with sterile PBS
3 times, cultured in a 37 °C 5% CO, incubator, and removed
24 hours later. The microscope line observed and measured
the width of the scratches and took a picture. Three
experiments were repeated independently.

Immunofluorescence staining

The cells were digested and put into a 24-well plate.
We then placed a sterile disc in each well. The cells
were cultured overnight. The next day, the cells were
washed with pre-cooled PBS. The discs were fixed in
4% paraformaldehyde for 1 hour, and permeabilized for
15 minutes with 0.1% Triton. Next, the discs were taken
out, mixed with primary antibodies, and incubated at 4°C
overnight. The next day, the discs were washed with PBS
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3 times. The secondary antibodies and Hoechst 33342
dye were added to the discs and the discs were kept in the
dark for 2 hours at room temperature. A Leica microscope
(Germany) was used to observe and photograph the
results.

Statistical analysis

All data were analyzed by SPSS13.0 (SPSS Inc., Chicago,
IL, USA), and the chi-square test was used to evaluate
the differences in clinicopathological features of HABP1.
Survival analysis was performed using the Kaplan-Meier
method, and the differences were compared using a log-
rank test. P values <0.05 were considered as statistically
significant.

Results
Expression of HABP1 in buman glioma tissues

First, we investigated the expression of HABP1 in human
glioma tissues at different levels by Western blot analysis.
The results showed that the higher the glioma grade,
the stronger the expression of HABP1 (Figure 14,B). We
speculated that HABP1 promotes glioma development.
Then, we selected grades II, III, and IV to study the
expression of HABP1 and Ki-67. Immunohistochemical
staining showed that the immunohistochemical staining
of grade IV was significantly stronger than that of grade
IT (Figure 1C). The expression of HABP1 was negatively
correlated with E-cadherin, but positively correlated with
Ki-67 (Figure 1D), a commonly used indicator of tumor
proliferation. We then evaluated the clinical data of 80
patients with glioma and the expression of HABP1 by SPSS
analysis. The clinicopathological features of HABP1 were
evaluated (7able ST). Of the 80 glioma patients, 42 cases
had low HABP1 expression and 38 cases had high HABP1
expression. High HABP1 expression was not significantly
associated with patient age, gender, resection range,
tumor size, or location. However, HABP1 expression was
significantly associated with WHO stage (P=0.034). Cox’s
proportional hazard regression model (7zble S2) showed
that WHO classification was an independent prognostic
factor affecting the survival rate of glioma patients. The
Kaplan-Meier survival curves indicated that the expression
of low HABP1 was consistent with the prolonged survival
of patients (Figure 1E). These data suggest that HABP1 may
mediate the development of glioma.
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Expression of HABP1 in different glioma cell lines

In order to further explore the effects of HABP1 on glioma,
we chose to culture 5 different glioma cell lines including
US7MG, U215MG, SHG44, H4, and A172, and analyzed
the protein expression of HABP1 by Western blotting.
The results showed that the U87 cell line had high protein
expression while the H4 cell line had low expression of
HABP1 protein (Figure 24,B). We then used H4 and
U87MG cell lines for immunofluorescence staining to
visualize the morphological expression of HABP1 on glioma
cell lines (Figure 2C).

Knockdown of the expression of HABP1 inhibits glioma cells

To further demonstrate the proliferative effect of HABP1
on glioma cells, we used short interfering RNA to knock
down HABP1 and used the level of protein expression to
investigate the interference of small interfering HABP1 on
glioma cell lines. First, we transfected three silencing sites
of HABP1 into U87MG and U251MG glioma cells with
a high expression of HABP1. The transfection time was
48 hours, and a control group, an empty plasmid group, and
an interference group were set up (Figure 34,B). The results
showed that the expression of HABP1 on glioma decreased
after 3 groups of interference, and the effect of the siRNA-3
HABPI interference plasmid was stronger than that of
siRNA-1 and siRNA-2. Next, we transfected the U251MG
and U87MG cell lines with three silencing HABP1,
performed immunofluorescence staining, and visually
observed the transfection efficiency of small interfering
HABPI on glioma cell line (Figure 3C). The experiment
was repeated 3 times.

HABPI knockdown inbibits proliferation, invasion, and
migration of USTMG glioma cells

To further explore the mechanism of action of HABP1 on
the development of glioma, we selected the small interfering
HABP1 to transfect US7MG cells with a high expression
of endogenous HABP1, collected cellular proteins, and
analyzed the expression of PCNA, CyclinD1, MMP-9 by
Western blot. It was found that MMP-9, PCNA, CyclinD1
expression decreased, and E-cadherin expression increased
(Figure 4A4,B). CCK-8 assay transfected US87MG cells, and
cell viability was detected at 0 hours, 12 hours, 24 hours,
48 hours; the results indicated that silencing HABP1
potently inhibited cell viability (Figure 4C). In order to
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Figure 1 Expression of HABP1 in human glioma tissues. (A) Immunoblot analysis of HABP1 expression in grade II, III, and IV glioma
tissues, with GAPDH as an internal reference. (B) The histogram was obtained by measuring the ratio of HABP1 and GAPDH by the
density method. Data are mean = SD, P<0.05. The experiment was repeated 3 times independently. (C) Paraffin-embedded glioma tissue
sections (including grade II, ITI, and IV) were stained with antibodies to HABP1, Ki67, E-cadherin, and counterstained with hematoxylin
(SP x400). (D) The relationship between HABP1 and Ki-67. (E) Kaplan-Meier survival curve of the survival correlation between HABP1
and 80 patients with different conditions of glioma.

further explain the regulation of HABP1 migration in interference group was significantly lower than that of the
glioma cells, we used transwell assay to determine the other two groups (Figure 4D,E). We then used the same
24-hour cell migration number of the control group, transfection method to observe the cell invasion ability from
the empty plasmid group, and the interference group. the perspective of cell biology. After 24 hours, the wound
The results showed that the cell migration ability of the healing ability of U87MG cells with small interference
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Figure 2 Endogenous expression of HABP1 in human glioma cells. (A) The expression levels of HABP1 in U87, U215, SHG44, H4, and
A172 glioma lines were analyzed by Western blotting. (B) The histogram ratio of HABP1 to GAPDH was calculated by densitometry. The

data is the mean + SD. (C) U87 and H4 cell lines were stained by immunofluorescence and analyzed by confocal microscopy (magnification,

x400). The nuclei were stained with DAPI.

HABP1 was significantly lower than that of the control
group (Figure 4FG).

Upregulation of HABP1 expression promotes proliferation,
invasion and migration of H4 glioma cells

Based on the experimental results in Figure 4, we decided
to use the overexpression of HABP1 to further demonstrate
our hypothesis. We used upregulated HABP1 to transfect
the H4 cell line with low endogenous expression. Western
blotting studies showed an increased expression of PCNA,
CyclinD1, MMP-9, and a decreased expression of E-cadherin
(Figure 5A,B). CCK-8 assay transfected H4 cells, and cell
viability was detected at 0, 12, 24, 48 hours; the results
indicated that over-expression of HABP1 potently enhanced
cell viability (Figure 5C). We used transwell assay to
determine the 24-hour cell migration number of the control
group, the empty plasmid group, and the over-expression
group. The results showed that the cell migration ability
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of the over-expression group was significantly higher than
that of the other two groups (Figure 5D,E). After 24 hours,
the wound healing ability of H4 cells with over-expression
of HABP1 was significantly higher than that of the control
group (Figure SEG).

Discussion

The extracellular matrix (ECM) protects the tissue structure
to regulate gene expression under normal conditions, and
creates a favorable microenvironment for cancer cells
under pathophysiological conditions, regulating tumor
formation and development (20). HABP1 may be one of the
pathogenesis factors of many ECM tumors (21). It has been
reported that HABP1 is involved in different functional
processes of cells, including the immune response, splicing
mechanism, cell differentiation, and epithelial mesenchymal
transition. Due to the cDNA sequence of HABP1 being
in line with the cDNA sequence of the p32 protein (22),
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it has been reported that the expression of HABPI is
associated with poor staging and prognosis in patients with
breast cancer and gastric cancer. Furthermore, HABPI is
ubiquitous in glial cells and epithelial cells, suggesting that
regulation of the HABP1/p32/gClqR-mediated pathway
may be a marker for the diagnosis of cancer.

We speculated that HABP1 might also regulate the
progression of malignant glioma. Therefore, we used fresh
glioma tissues to analyze the expression of HABP1 in different
grades of glioma tissues by Western blot analysis. It was found
that the glioma grade was increased, HABP1 expression was
enhanced. Then, we used immunohistochemical staining to
evaluate the expression of HABP1 tumor proliferation index,
and it was found that Ki-67 expression was positively correlated
with HABP1. Therefore, we speculated that HABP1 might be
involved in the cytogenesis of glioma.

"To demonstrate this hypothesis, we selected five glioma
cell lines and found that HABP1 was highly expressed in the
U87MG and U251MG cell lines while being relatively low in
the H4 cell line. We then screened the interference sites with
obvious interference efficiency by transfection and analyzed
the expression of PCNA, CyclinD1, E-cadherin, and MMP-
9 after HABP1 interference. We found that HABP1 had
significant proliferation and invasion effects on glioma. In
order to confirm this assumption, we used the overexpression
of HABP1, which is the equivalent to the interference with
HABP1. The conclusions and speculations were consistent.
Undoubtedly, this again proves the migration, proliferation,
and invasive effects of HABP1 on malignant glioma.

Conclusions

Generally speaking, this study showed that HABP1 is
expressed in human glioma tissues and is positively correlated
with the WHO tumor grade. The development of glioma
is affected by knocking down or overexpressing HABP1.
These data suggest that HABP1 may play an important
role in glioma progression. Many studies have shown
that HABP1/p32/gC1qR is involved in the regulation
of a variety of cellular functions, such as SF2/SRSF1 as
a regulator of the splicing mechanism of HABP1 (23),
transforming growth factor B (TGFp) (24), enhancing
epithelial cells by up-regulating hyaluronan synthase 2 (Has2),
and assisting in cancer cell metastasis through mesenchymal
transfer (EMT) (25,26). However, the mechanism for
controlling each specific pathway of HABP1 has not been
well studied. HABP1 binding affinity ligands, which may be
used in glioma therapy, need to be further studied.
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Supplementary

Table S1 HABP1 expression and clinicopathologic characteristics of 80 glioma specimens

HABP1 expression

Variables Total N P value
Low High

Age 0.978 0.082
<45 27 10 17
>45 53 32 21

Gender 3.028 0.323
Men 33 20 13
Women 47 22 25

Surgery 1.626 0.202
Partial resection 49 29 20
Gross total resection 31 13 18

Tumor diameter 1.776 0.183
<4 cm 41 25 16
>4 cm 39 17 22

Tumor location 1.982 0.576
Frontal 22 9 13
Parietal 22 12 10
Occipital 15 8 7
Temporal 21 13 8

WHO grade 6.790 0.034*
Il 26 18 8
1l 23 13 10
\% 31 11 20

Statistical analyses were performed by the Pearson ¥’ test. *, P values <0.05 was considered significant. WHO, World Health Organization.

Table S2 Contribution of various potential prognostic factors to survival by Cox regression analysis on 80 glioma specimens

Characteristic Hazard ratio 95% ClI P value
Age 1.103 0.675-2.244 0.513
Gender 1.522 0.712-2.279 0.115
Surgery 0.986 0.334-2.561 0.923
Tumor diameter 0.597 0.276-1.137 0.109
Tumor location 1.306 0.598-2.610 0.521
WHO grade 1.473 0.771-2.234 0.012*
HABP1 1.387 0.665-2.639 0.177

*, P values <0.05 was considered significant. Cl, confidence interval; WHO, World Health Organization.
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