Am J Transl Res 2015;7(6):1172-1180
www.ajtr.org /ISSN:1943-8141/AJTRO007126

Original Article
VSIG4 is highly expressed and correlated
with poor prognosis of high-grade glioma patients
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Abstract: The high-grade glioma (HGG) remains as the greatest challenge for cancer management worldwide.
Identification of novel therapeutics and diagnostic method is in urgent need. The V-set and immunoglobulin domain-
containing protein 4 (VSIG4) is a complement receptor for C3b/iC3b and inhibits cytotoxic T lymphocytes activation,
which may play important roles in glioma oncogenesis. In this study, we performed immunohistochemistry in tissue
microarray to determine the expression of VSIG4 in malignant glioma and normal brain. We then applied univariate
and multivariate analyses to evaluate the expression of VSIG4 and correlated with prognosis of glioma patients. We
have shown that VSIG4 was significantly elevated in high-grade glioma compared with those of normal brain tissues
(P<0.001). We have also found that high VSIG4 expression was an independent prognostic factor for a shorter
progression-free survival (PFS) and overall survival (OS) in high-grade glioma patients [hazard ratio (HR) =1.786,
P=0.011 and HR=2.199, P=0.001, respectively]. Patients with low VSIG4 expression had a significantly longer me-
dian OS and PFS than those with high VSIG4 expression. Subgroup analysis stratifying HGG patients by both VSIG4
expression and tumor grade further confirmed the independent prognostic role of VSIG4 in HGG patients, while no
adjuvant radiotherapy, small extent of resection and higher tumor grade were other three independent risk factors
for HGG poor prognosis. Similar findings were also obtained using data from Cancer Genome Atlas (TCGA). Together,
our results support that VISG4 can be used as a prognostic factor and potentially an immunotherapeutic target for
glioma.
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Introduction Cancer and the immune system interrelate
tightly to each other [2, 3]. It has been long
accepted that immune surveillance can elimi-
nate neoplastic cells and thus inhibit tumor for-

mation and metastases. Examples include

The glioblastoma multiforme (GBM) is the
grade IV glioma and features for its highly
infiltrative and destructive characteristics.

Although the treatment for GBM has been a
very exciting topic, it remains as the greatest
challenge for cancer management worldwide.
In spite of multimodality therapy including
aggressive resection, chemotherapy and radio-
therapy, the prognosis of GBM remains dismal.
According to Stupp et al [1], patients with newly
diagnosed GBM had a median life expectancy
of 14.6 months and 5 years survival rate of less
than 10%. Thus, identification of novel thera-
peutics is in urgent need.

increased tumor incidence in immuno-compro-
mised patients [4]. Among all immune cells, the
T cell and macrophage are most prevalent in
tumor related inflammation [5]. In fact, the GBM
is usually heavily infiltrated by macrophages [6]
and T cells [7]. However, this inflammatory
response in GBM is to set up a pro-tumorigenic
microenvironment, which is actively triggered
by the GBM instead of the immune system [5].
These infiltrated macrophages and T cells in
glioma get inhibited of their normal immunity
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Figure 1. Immunohistochemical staining slides showed VSIG4 staining intensity and density in normal brain (A, B),
WHO grade Il (C, D), IV (E, F) glioma tissues. The scores for all six slides are A (score =0), B (score =1), C (score =4),
D (score =6), E (score =6), F (score =9). Compared to the low staining intensity and density in normal brain tissues,
VSIG4 showed significantly elevated staining intensity and density in high-grade gliomas.

while remain active in various trophic cytokines
secretion (e.g. NF-kB, STAT3 and SMAD), which
overall promote glioma progression [8]. How-
ever, how the GBM inhibits only the immunity of
immune cells remains largely unknown.

The B7 super family is one of the most pivotal
inflammatory protein families, which provide
the primary co-signals (both co-stimulatory and
co-inhibitory) for immune cells modulating [9].
The VSIG4 (also known as CRIg [10] or Z39Ig
[11]) is a newly identified member of the B7
super family [10]. Unlike other B7 homologs
leading to either activation or inhibition immune
cells, the VSIG4 obtain a bidirectional function
at the same time. It negatively modulates
inflammation process by causing T-cell anergy
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[12] while activates macrophage immunity
when binding to the C3b/iC3b [10]. However,
role of VSIG4 in glioma remains elusive.

In this study, we reported, for the first time that,
VSIG4 was highly expressed in glioma (esp.
GBM) cells. We also observed correlation of
high VSIG4 expression with poor prognosis of
glioma, supporting a role of VSIG4 in glioma
tumor progression and prognosis.

Material and methods
Patients population and tissue samples

All aspects of the current study were reviewed
and approved by the Specialty Committee on
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Table 1. Basic characteristics of glioma tissues collected

and used in current study

from 2007 to 2013. Before enrollment,
all patients or their legal surrogates

The demographic and clinicopathological characteristics of

enrolled high-grade glioma patients

reviewed, signed and provided a con-
sent form, informing the surgical proce-

dures and usage permission of resected

Number of . ; )

Age (years) patients tissue specimens. 14 days prior to sur-
<65 143 gery, a complete medical record was
>65 17 required to evaluate each patient’s over-

Gender all condition, including complete medi-
Male 105 cal history, physical examination, brain

Female 55 magnetic resonance images (MRI) and

Primary/Secondary hematology and biochemistry blood

Primary glioma 136 analysis. Resected tumor tissues ob-
Secondary glioma 24 tained at the time of resection were

Seizure snap-frozen in liquid nitrogen and trans-
Yes 25 ferred into -80°C freezer when arrived
No 135 at lab.

Increased intracranial pressure Yes 60 The inclusion criteria for the current
No % study included: 1) >18 years of age, 2)

Cvstic degeneration on MR histopathological confirmation of glio-

y g ma according to the 2007 WHO
Yes 41 e .
Classification of Tumors of the Central
No 119 .
) Nervous System [13], 3) the tissue sam-

Necrosis on MRI - .

ple was sufficient for experimental
Yes 29 .

usage, and 4) post-operative follow-up
No 131

at least once every 6 months. Normal

MTD (cm) L . .

brain tissues were obtained for negative
<5 101 .
o5 59 control from trauma patients, who

R tion d - required partial resection of normal

esection degree brain for relief of intracranial pressure.
Total 118
Sub-total 35 Immunohistochemical staining and tis-
Partial 4 sue microarray
Biopsy 3
WHO Grade The microarray was constructed as
WHO il 45 described previously [14]. After hema-
WHO IV 115 toxylin and eosin (H&E) staining to con-

Chemotherapy firm histopathology, each specimen was
Yes 113 punched (round shape with 1.5 mm in
No a7 diameter) at the center of tumor foci

Radiotherapy to construct the tissue microarray
Yes 115 slides (Shanghai Biochip Co., Shanghai,
No 45 China).

Lineage

Astrocytic 149 The avidin-biotin complex (ABC) method
Oligodendroglial 11 (Vector Laboratories, Burlingame, CA,

Ethics of Biomedicine Research, Second
Military Medical University. Human tissue
acquisition and usage in the current study fol-
lowed the National Regulations on the Use of
Clinical Samples in China. The data was
obtained from 162 patients who underwent
glioma resection surgery in our department
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USA) was performed according to manu-
facturer’s instructions for immunohisto-
chemical staining. The polyclonal anti-VSIG4
antibody (Abcam Inc., Cambridge, USA) was
incubated with tissue specimens at a dilution
of 1:100.

The results of staining were reviewed by two
independent pathologists, who were blinded to
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Figure 2. High VSIG4 expression is associated shorter overall survival and progression-free survival of glioma pa-
tients. The progression-free survival (A) and Kaplan-Meier survival curve (B) for high-grade glioma patients stratified
by VSIG4 expression. The progression-free survival (C) and Kaplan-Meier survival curve (D) for WHO grade lll and IV

glioma patients stratified by VSIG4 expression.

the demographic and clinical data. Staining of
tumor cells and glial cell were regarded as posi-
tive for glioma and normal brain, respectively.
The staining intensity of tumor/glial cell cyto-
plasm was scored as: O for no staining, 1 for
light-brown, 2 for medium-brown, and 3 for
dark-brown. The percentage of tumor/glial cells
staining was graded as 0 (<5%), 1 (5-25%), 2
(25-50%), 3 (50-75%), and 4 (75-100%). The
product of the intensity and percentage stand
for the final VSIG4 expression scores, which
was classified as strong (+++, final score 7-9),
moderate (++, final score =4-6) and weak (+,
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final score =0-3). For analysis, VSIG4 expres-
sion was classified into either “high” (+++) or
“low” (++ and below) group. The representative
figures were presented in Figure 1.

TCGA database

In order to verify the potential role of VSIG4 in
malignant glioma, we searched TCGA (www.
cancaergenome.nih.gov), which provides multi-
modal data of more than 500 GBM cases.
Available raw microarray gene expression data
based on the Affymetrix microarrays (Human

Am J Transl Res 2015;7(6):1172-1180



VSIG4 in HGG patients

Table 2. Univariate analysis of factors associated with survival and progression in HGG patients

HGG
Variable oS PFS
HR 95% Cl P HR 95% Cl P

Age (=60 vs. <60 y) 1.528 1.032-2.264 0.034 1.607 1.084-2.382 0.018
VSIG4 (High vs. Low) 1.670 1.066-2.619 0.025 1.530 0.994-2.354  0.053
Gender (Female vs. male) 0.814 0.570-1.163 0.258 0.759 0.533-1.081 0.126
Primary (vs. secondary) 0.686 0.426-1.104 0.120 0.734 0.462-1.168 0.192
Seizure (Yes vs. no) 0.847  0.521-1.377 0.503 0.974 0.611-1.550 0.910
IICP (Yes vs. no) 0.953 0.682-1.333 0.780 0.892 0.640-1.243 0.499
Cystic Degeneration (Yes vs. no) 0.750 0.510-1.102 0.142 0.818 0.561-1.190 0.293
Necrosis on MRI (Yes vs. no) 0.950 0.614-1.469 0.817 1178 0.774-1.794  0.445
MTD (=5 vs <5 cm) 1.047 0.745-1.472  0.792 1.209 0.864-1.692 0.268
Resection Degree 0.009 0.037

Subtotal vs. total 1.224 0.816-1.836 0.329 1.223 0.824-1.815 0.318

Partial vs. total 4,312 1.557-11.943 0.005 3.453 1.253-9.516  0.017

Biopsy vs. total 3.222 1.012-10.262 0.048 2.637 0.803-8.385 0.100
Chemotherapy (Yes vs. no) 0.783 0.542-1.132 0.194 0.887 0.615-1.281 0.524
Radiotherapy (Yes vs. no) 0.644  0.450-0.921 0.016 0.708 0.496-1.009 0.056
WHO Grade

IVvs. Il 3.051 1.973-4.717 <0.001 2.794 1.837-4.250 <0.001
Lineage (Oligodendroglial vs. astrocytic) 0.211 0.078-0.574  0.002 0.259 0.106-0.636  0.003

Note: Univariate analysis, Cox proportional hazards regression model. Abbreviations: IICP, increased intracranial pressure;
MTD, mean tumor diameter; NA, not applicable; HR, Hazard ratio; OS, overall survival; PFS, progression-free survival.

Table 3. Multivariate analysis of factors associated with survival

and progression of HGG patients

Survival* HR 95% ClI P
0S
Cystic degeneration (Yes vs. No) 0.698 0.47-1.037 0.075
VSIG4 (High vs. low) 2.199 1.372-3.523 0.001
Resection <0.001
Subtotal vs. Total 1.19 0.781-1.815 0.418
Partial vs. Total 491 1.755-13.737 0.002
Biopsy vs. Total 7436 2.035-27.166 0.002
Radiotherapy (Yes vs. No) 0.61 0.419-0.887 0.001
Grade (IV vs. lll) 3.088 1.86-5.126 <0.001
Lineage (astrocyte vs. oligodendrocyte) 0.307 0.102-0.922 0.035
PFS
Gender (male vs. female) 0.643 0.442-0.034 0.021
VSIG4 (High vs. low) 1.786 1.144-2.788 0.011
Resection 0.001
Subtotal vs. Total 1.021 0.682-1.53 0.918
Partial vs. Total 4,019 1.435-11.252 0.008
Biopsy vs. Total 7.849 2.216-27.804 0.001
Grade (IV vs. llI) 3.401 2.156-5.365 <0.001
Radiotherapy (Yes vs. No) 0.654 0.443-0.966 0.033
Age (=60 vs. <60 y) 1.579 1.037-2.405 0.033

Note: Multivariate analysis, Cox proportional hazards regression model. Ab-
breviations: HGG, high-grade glioma; HR, hazard ratio; OS, overall survival; PFS,
progression-free survival. *Variables were adopted for their prognostic significance

by univariate analysis (P<0.2).
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gene U133A), and clinical
treatment and follow-up infor-
mation were included. The
expression of gene VSIG4 was
collected for each case, and
VSIG4 expression was classi-
fied as either High (expression
value >264) or Low (expres-
sion value <264). 0S and PFS
were calculated in days from
the data of diagnosis to the
time of death and to the time
of tumor progression or recur-
rence, or death of the patient
from GBM, respectively.

Statistical analysis

All statistical analyses were
performed in SPSS statistical
software, version 16.0 (SPSS
Inc., Chicago, IL, USA). The
P-values <0.05 was consid-
ered as statistically significant.
Continuous variables were re-
ported as means * standard
error while categorical vari-
ables were reported as fre-
quencies (%). The overall sur-
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Figure 3. Survival and VSIG4 expression pattern of GBM patients from TCGA database showed similar pattern as
that from the current study. The progression-free survival (A) and Kaplan-Meier survival curve (B) for GBM patients

stratified by VSIG4 expression.

vival (0S) and the progression-free survival
(PFS) were monitored for each patient. The OS
denoted the time period from the day of surgery
to patient’s death. The PFS measured the time
length from the day of surgery to tumor pro-
gression in MRI or causing death. The correla-
tions of VSIG4 and clinicopathologic parame-
ters of glioma were examined by either chi-
squared test or the Mann-Whitney U test.
Survival rates were calculated by the Kaplan-
Meier method and analyzed by log-rank test.
Univariate and multivariate analyses were per-
formed by stepwise backward Cox regression
model (P<0.2 was considered as the inclusion
criterion for factors that could be added into
multivariate analysis).

Result

Demographic and clinicopathological charac-
teristics of study participants

A total of 160 high glioma samples (n=45 and
115 for grade lll and 1V, respectively) were final-
ly eligible for evaluating (2 spots out of 162
spots were lost in the TMA). The characteristics
of these glioma tissues were elaborately
recorded (Table 1). The follow-up period for all
glioma patients varied from 0.5 to 119 months.
At the final follow-up, 71.1% (32 cases) grade I
and 93% (107 cases) grade IV patients were
dead.

The median PFS for all enrolled HGG patients
was 12.9 months. The PFS rates for HGG
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patients were 52% at 1 year, 28% at 2 years,
and 8% at 5 years, respectively. The OS rates
for HGG patients were 59% at 1 year, 31% at 2
years, and 10% at 5 years, respectively, with a
median OS of 15.9 months.

VSIG4 is highly-expressed in HGG samples

We then examined the expression of VSIG4 in
high grade glioma and normal brain tissues by
immunohistochemistry using tissue microarray.
The detailed staining results were listed in
Supplementary Table 1, representative figures
were shown in Figure 1. Immunohistochemical
staining showed a 3-folder elevated expression
of VSIG4 in HGG tissues compared with that of
normal brain tissues (P<0.001). To assess
whether VSIG4 expression correlated with clini-
copathological characteristics other than tumor
grade, we did a correlation analysis, and found
that high VSIG4 expression was not correlated
with common clinicopathological items includ-
ing age, gender, absence of seizure, necrosis,
large MTD or astrocytic tumor lineage, indicat-
ing that VSIG4 might be an independent risk
factor for HGG patients.

High VSIG4 expression correlates with poorer
survival of HGG patients

We then evaluated the prognostic effects of
high VSIG4 expression on HGG patients. OS
and PFS were stratified by VSIG4 expression
using the log-rank and Cox regression test. We
found that the median PFS of HGG patients
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with low VSIG4 expression was 17 months,
which was significantly longer that of HGG
patients with high VSIG4 expression (11
months) (P=0.046) (Figure 2A). The median 0S
of HGG patients with low VSIG4 expression was
17 months, which was significantly longer that
of HGG patients with high VSIG4 expression (14
months) (P=0.021) (Figure 2B). The univariate
analysis showed high VSIG4 expression was a
potential risk factor of survival and progression
of HGG patients (Table 2).

In the multivariate Cox regression, we found
high-expression of VSIG4, no adjuvant radio-
therapy, small extent of resection and higher
tumor grade as independent risk factor of both
shorter PFS and OS in human HGG patients
(Table 3). The hazard ratio for progression
among patients with high VSIG4 expression, as
compared to those with low VSIG4 expression,
was 1.786 (95% Cl, 1.144 to 2.788; P=0.011).
The hazard ratio for death among patients with
high VSIG4 expression, as compared to those
with low VSIG4 expression, was 2.199 (95% ClI,
1.372 to 3.523; P=0.001).

We further did a subgroup analysis, stratifying
HGG patients by both VSIG4 expression and
tumor grade. Patients with WHO grade IV and
high VSIG4 level had the significantly shortest
median PFS (8 months) and OS (11 months),
while those with WHO grade Il and low VSIG4
level had the significantly longest median PFS
(29 months) and OS (52 months). There was no
difference in PFS and OS between patients with
WHO grade |V, low VSIG4 level and patients
with WHO grade Ill, high VSIG4 level (Figure 2C
and 2D). The detailed results were listed in
Supplementary Table 2. When the Cox regres-
sion was done separately in GBM patients only,
the independent prognostic role of VSIG4 is still
confirmed (Data not shown). The results estab-
lished an independent prognostic role for VSIG4
in HGG patients.

Data from current study matched that from
the TCGA data base

To further ensure the accuracy of this study, we
analyzed the data that obtained from the TCGA
database, and compared it with our results. We
found that overall, the expression of VSIG4 in
528 TCGA patients exhibited significantly ele-
vated VSIG4, compared to that of the normal
brain (P<0.001). The VSIG4 expression level
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was highly expressed in glioma and strongly
associated with poor prognosis of glioma
patients. Patients with low VSIG4 have a signifi-
cantly longer overall survival time (383 days
versus 350 days, P=0.045) and progression-
free survival time (228 days versus 183 days,
P=0.017) (Figure 3A and 3B).

Discussion

In current study, we analyzed clinical data col-
lected from 251 glioma patients. Our data dem-
onstrated that higher VSIG4 expression was
detected in glioma tissues than in normal brain
tissues. We also showed that high VSIG4
expression correlated with poor prognosis in
HGG patients, which agreed with data that
obtained from the TCGA database.

Although the host immunity provides protection
against cancer formation, cancer immunoedit-
ing is capable of switching immune surveillance
to immune escape [15]. In normal immune sur-
veillance condition, tumor antigen-specific T-
lymphocytes actively migrate into glioma [16],
recognize MHC class | antigen, receive co-stim-
ulation signals, get activated, eradicate cancer
cells, expand more tumor antigen-specific T
lymphocytes and develop immune memory [17,
18]. Previous studies had correlated increasing
tumor antigen-specific T lymphocytes infiltra-
tion with stronger anti-glioma inflammation and
better prognosis [19, 20]. However, loss or
down-regulation of MHC class | expression in
cancer has been observed in multiple types of
cancers [21], including the glioma [22, 23].
Because MHC class | is the primary activation
signal for T lymphocytes, eliminating MCH class
| enables glioma cells to hamper antigen-spe-
cific T lymphocytes activation and subsequent
anti-glioma process. Additionally, glioma cells
also inhibit the expression of multiple co-stimu-
latory molecules, such as the CD86, CD80, and
CD40 [24], which provide double assurance for
antigen-specific T lymphocytes inhibition. In our
study, we proposed another possible mecha-
nism for immune escape of glioma cells: VSIG4
may cause immune escape via T lymphocytes
anergy. Previous studies had already reported
that VSIG4 inhibited host immune response via
preventing the expansion of tumor antigen-spe-
cific helper and cytotoxic T lymphocytes [10,
25] and their interleukin-2 production [25]. The
underlying mechanism of this phenomenon is
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that VSIG4 could bind to unknown co-inhibitory
receptors on T lymphocytes membrane [12],
which recruit phosphatases and prohibited
downstream phosphorylation cascades inside
T lymphocytes [9]. Our study has shown that
glioma cells over-express VSIG4, which subse-
quently inhibit recruited T lymphocytes’ activa-
tion. As tumor antigen-specific helper and cyto-
toxic T lymphocytes correlate with better sur-
vival in glioma [26], their inhibition leads to gli-
oma progression and poorer prognosis. In addi-
tion, we have also shown that VSIG4 is signifi-
cantly highly expressed in WHO grade Il and IV
gliomas. We therefore, hypothesize that high
grade gliomas are capable of establishing an
anti-immune micro-environment. Meanwhile,
there must be other inhibitory factors that are
synergetic with VSIG4 to cause immune escape
of glioma, as high-VSIG4-expression HGG had a
significant lower survival rate compared to that
of LGG.

Notably, VSIG4 has been shown as a comple-
ment receptor for C3b/iC3b. Previous studies
revealed increased deposition of complement,
including C3b (but not the membrane attack
complex) on cancer cell membranes [27]. The
increased deposition of complement had been
tightly related to accelerated neovasculariza-
tion process via induction of vascular endothe-
lial growth factor (VEGF) expression [28]. As
VSIG4 is increased in glioma, this may cause
increased C3b deposition in glioma, which sub-
sequently promotes glioma neovascularization,
although further evidence are needed to sup-
port this speculation.

In conclusion, the data from current study sug-
gested that VSIG4 constitutes one possible
mechanism of modulating immune system,
which allows glioma cells to inhibit hostimmune
system and thus escape from immune attack.
VSIG4 may also promote glioma neovascular-
ization and thus, glioma progression. Therefore,
VISG4 may serve as a promising prognostic fac-
tor for glioma as well as a potential target for
glioma immunotherapy.
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