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Clinical significance of angiopoietin-like protein 3 expression in patients

with glioblastoma
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There is strong evidence that angiopoietin-like peptide family is involved in the invasiveness and metastasis of cancer.
Angiopoietin-like protein 3 (ANGPTLS3) is proven to be involved in angiogenesis and tumor development. However, there
is no published data on the role ANGPLT?3 plays in glioblastomas. The present study was conducted to examine ANGPLT3
proteins expression and its association with clinicopathological factors and prognosis in human glioblastomas. Immuno-
histochemistry was used to evaluate the expression of ANGPTL3, EGFR and VEGFR. We found that 33 cases (57.9%) that
showed strong immunostaining for ANGPTL3 proteins. However, there was no significant difference between the expres-
sion of ANGPTL3 and the proangiogenic factors, including EGFR or VEGFR. Patients with high/moderate expression of
ANGPTL3 had a significantly shorter survival time (6.3 months) than those (median survival time 13.8 months) with low/
negative expression. The overall survival (OS) was also investigated and analyzed by the Kaplan-Meier method, which showed
a significant difference (P=0.0045, Breslow test). The present data leads to new insights into the role of ANGPTL3 in gliob-

lastomas and provides an independent predictive factor.
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Glioblastoma is the most common primary malignant brain
tumor in adults. The median survival of glioblastoma is 14.6
months and the 2-year survival rate is only 26.5%. The standard
treatment for glioblastoma includes surgical resection followed
by radiotherapy with concomitant and adjuvant temozolomide
chemotherapy [1]. Although new drugs against glioblastoma
entered clinical trials, no better improvements in outcome
had been documented since 2005 [2, 3]. Nevertheless, there
is a small fraction of patients who survive more than 3 years
for reasons that are still unknown. Traditional pathohistology
for glioblastoma are not enough to evaluate their survival and
could not provide potential therapeutic value. Therefore, it is
necessary to indentify novel molecular markers to better predict
the course of the disease and to find the potential target.

Angiopoietin-protein like peptide 3 (ANGPTL3), a mem-
ber of the angiopoietin-like family, is produced mainly in
the liver [4]. Inactivation of ANGPTL3 results in a marked
reduction of all plasma lipids and the absence of ANGPTL3
is associated with insulin sensitivity, suggesting it may play

a role in modulating lipid and glucose metabolism [5, 6].
Furthermore, ANGPTL3-deficient mice exhibits decreased
population of hematopoietic stem cells(HSCs). Activation of
ANGPTL3 could improve the expansion of the HSCs in vivo,
suggesting that it could be a growth factor [7, 8]. As a secreted
protein, reduced levels of ANGPTL3 have also been detected
in the patients with ovarian cancer [9]. Downregulation of
ANGPTL3 in hepatocellular carcinoma cells inhibits cell
proliferation and invasion in vitro [10]. However, there are no
published data regarding the role of ANGPTLS3 in gliomas to
date. Interestingly, ANGPTL3 is also involved in the regulation
of angiogenesis through stimulating endothelial cell adhe-
sion and migration via integrin a 8, [11]. The integrin a,f,
is broadly expressed in glioblastomas and is associated with
angiogenesis and malignancy of the tumor [12]. This prompts
us to determine the expression of ANGPTLS3 proteins by im-
munohistochemistry in glioblastomas. In the present study, we
analyzed the characteristics of ANGPTL3 protein and related
it to the clinicopathological parameters. Furthermore, we ac-
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cessed whether ANGPTLS3 proteins levels could be used as an
independent prognostic biomarker.

Patients and methods

Patients. From 2009 to 2012, 57 patients with newly diag-
nosed glioblastoma who underwent tumor resection at Beijing
Sanbo Brain Hospital were enrolled for our study. Enrolled
patients received radiotherapy (fractionated focal irradiation
2 Gy/day, 5 days/week for 6 weeks, 60 Gy totally) with con-
comitant and adjuvant temozolomide (75 mg/m?day, 7 days/
week throughout radiotherapy followed by 150-200 mg/m?

Table 1. Relationship between angiopoietin-like protein 3 and clinico-
pathological factors

ANGPTL3 expression

total

Characteristics (n=57) High/moderate low/negative P value
(n=33) (n=24)

Gender
female 25 14 11 0.798
male 32 19 13
Age
<55 29 16 13
>55 28 17 11 0672
KPS
>70 29 16 13 0.672
<70 28 17 11
Location
Frontal 15 9 6
Parietal 6 4 2
Temporal 14 8 6 0.053
Other site 12 10 2
Combined 10 2 8

Diameter (cm)
>4 29 15 14 0.337
<4 28 18 10

Resection
GTR 49 28 21 0.776
non-GTR 8 5 3

p53
positive 40 23 17 0.926
negative 17 10 7

MGMT
positive 32 21 11 0.181
negative 25 12 13

Ki-67
positive 19 12 7 0.569
negative 38 21 17

VEGFR
positive 26 18 8 0112
negative 31 15 16

EGFR
positive 42 22 20 0.158
negative 15 11 4

for 5 days during each cycle, 28 days per cycle for 6 cycles)
postoperatively [1]. All investigations were approved by the
Institutional Review Board of Beijing Sanbo Brain Hospital.
Informed consent was obtained from all patients prior to the
study. Overall survival (OS) was measured from diagnosis to
death or censored. The deadline of the follow-up was 2014-9-
24. At the last follow-up, only five were still alive and two of
them had experienced tumor recurrence.

Immunohistochemical staining. Immunostaining was
performed on 4-um-thick sections of formalin-fixed and
paraffin-embedded samples. The sections were dewaxed by xy-
lene, dehydrated by gradient ethanol, and then rehydrated with
PBS (Phosphate Buffered Saline). To facilitate antigen retrieval,
the sections were incubated in 10 mM of citric acid (pH 6.0)
at 120°C for 150 seconds. We used 3% hydrogen peroxide to
neutralize endogenous peroxidases of the samples for 15 min.
Primary antibodies against ANGPTL3 (1:150 dilutions, Ab-
cam), p53 (1:100 Invitrogen), MGMT (1:150 Invitrogen), EGFR
(1:150 Invitrogen), VEGFR (1:30 invitrogen) and Ki-67 (1:200
Invitrogen) were then applied overnight at 4°C. After washing
with PBS, the sections were then incubated with poly-HRP
Anti-Mouse/Rabbit IgG Detection System (PV-9000 ZSGB-BIO,
China) for 30 min at 37°C. We used normal live tissue for both
positive control and negative control according to the Human
Protein Atlas.

Staining assessment. Two experienced observers (XL.Q and
PEW) reviewed the sections under microscope (Leica DM3000)
independently, blind to clinical outcomes. The level of ANGPTL3
expression was evaluated according to the positive percentage
and staining intensity of the immunoreactive cells [13]. The per-
centage of positive cells was rated as follows: 0 score for 0-10%,
1 score for 10-25 %, 2 scores for 26-50 %, and 3 scores for more
than 50%. The staining intensity was rated as follows: 0 score
for no staining, 1 score for weak staining, 2 scores for moderate
staining, and 3 scores for strong staining. The scores from the
percentage and intensity were added to an overall score, and the
expression of the ANGPTL3 protein with an overall score of 0-2
was designated as ‘low/negative; and with an overall score of 3-6
was designated as ‘high/moderate’ The cutoff values were 10%
for EGFR, 10% for VEGFR, 5% for p53, 10% for MGMT, and
30% for Ki-67 respectively. (Fig. supplement)

Statistical analysis. All data analysis was carried out by
SPSS 22.0. The association between the ANGPTL3 expression
and clinicopathological characteristics were analyzed by x* test.
Opverall survival was analyzed by the Kaplan-Meier method,
with use of both the Breslow test and the log-rank test. Survival
data was evaluated using multivariate Cox regression analyses.
P<0.05 was taken as statistically significant.

Results

Clinicopathological data of the patients. Thirty-two male
and Twenty-five female patients were enrolled in this study.
The age at diagnosis ranged from 10 to 76 years (median
age 52 years). (Table 1) The tumors were located in various
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regions and gross total resection was achieved in 49 patients.
According to our categorization, more than one-third of
the patients were positive for p53, MGMT, Ki-67, EGFR or
VEGFR. (Table 1)

ANGPTL3 expression and the correlation between clin-
icopathological characteristics. For the immunostaining
of ANGPTL3, we used liver tissue for the positive control
and negative control. As was shown in Fig.1a, there was high
expression of ANGPTL3 in the cytoplasm of hepatocytes as
contrasted with the non-expression in biliary epithelial cell.
Positive staining was detected in the cytoplasm of glioblas-
toma cells. Expression of ANGPTL3 was divided into high,
moderate, low or negative expression. (Fig.1b,c,d,e) Moreo-

ver, the rate of ANGPTL3 protein high/moderate expression
in glioblastoma and low/negative expression was 57.9 %
(33/57) and 42.1 % (24/57) respectively. (Table 1) There was
also no correlation between the expression of ANGPTL3 and
patients’ gender, age, preoperative KPS, tumor site, diameter
or resection. Comparing ANGPTL3 expression and the status
of molecular markers, no significance was also reached for
MGMT, p53, Ki-67, EGFR or VEGEFR. (Table 1)

Survival analysis. The median OS was 6.3 months or 13.8
months in patients with high/moderate expression or low/
negative expression of ANGPTL3 respectively. [median 6.300
months (95% CI 3.419-9.181) vs. 13.830 months (95% CI
8.513-19.147)] The significance was analyzed by the Kaplan—

Figure 1. Inmunohistochemical staining of ANGPTL3. Immunohistochemi-
cal detection and analysis of ANGPTL3 proteins in glioblastoma. Sections
were subjected to an immunohistochemical staining using anti-ANGPTL3
polyclonal antibody (1:150 dilution). The evaluation of ANGPTL3 expression
in tumor tissues was evaluated by percentage and intensity. A) ANGPTL3
was abundant in hepatocytes but was poor in bile cells. B) high expression of
ANGPTL3 in glioblastoma. C) moderate expression of ANGPTL3 in glioblas-
toma. D) low expression of ANGPTL3 in glioblastoma. E) negative expression
of ANGPTL3 in glioblastoma. The bar represents 200um.
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Figure 2. Kaplan-Meier survival curves and Breslow test for ANGPTL3
in GBM patients. Kaplan-Meier curves with Breslow test for patients
with high/moderate and low/negative ANGPTL3 expression. The median
overall survival was 6.300 months (95% CI 3.419-9.181) in the group of
high/moderate ANGPTL3 expression ( n=33), compared with 13.830
months (95% CI 8.513-19.147) in the group of low/negative expression
(n=24). The statistical difference is significant as confirmed by the Breslow
test (p=0.0045).

Meier method, further confirmed by both the Breslow test
(P=0.0045, <0.01) and the log-rank test (P=0.0088, <0.01).
(Fig.2) Furthermore, multiple Cox regression, including the
above-mentioned parameters, showed ANGPTL3 expression
was an independent factor for predicting OS for patients with
glioblastoma (Table 2).

Discussion

Angiopoietin-like proteins (ANGPTLs) are a family that
is structurally similar to the angiopoietins, consisting of a N-

Table2. Multivariate analysis of clinicopathological factors for overall
survival (OS) of patients with glioblastoma

ind4e pendent OR = P value
variables Lower Upper

sex 0.943 0.479 1.858 0.866
age 1.385 0.725 2.648 0.324
KPS 1.344 0.684 2.641 0.392
location 1.101 0.840 1.444 0.486
diameter 0.598 0.307 1.162 0.129
resection 1.953 0.759 5.024 0.165
EGFR 0.711 0.338 1.497 0.369
P53 0.937 0.420 2.089 0.873
Ki-67 1.700 0.806 3.588 0.164
MGMT 0.870 0.415 1.820 0.711
VEGFR 1.061 0.555 2.029 0.858
ANGPTL3 0.315 0.156 0.637 0.001

terminal coiled-coil domain and a C-terminal fibrinogen-like
domain [14, 15]. However, ANGPTLs function to regulate
angiogenesis and do not bind to the angiopoietin receptors
Tiel or Tie2 [15]. ANGPTLS is the exception of the family
because of the absence of a C-terminal fibrinogen-like domain.
To date, ANGPTLs has established a role in lipid and glucose
metabolism, angiogenesis and cancer [14]. However, reports
about the role of ANGPTLs in cancer were nearly blank, except
for ANGPTLI and ANGPTL4. ANGPTL3 is strongly involved
in the development of cancer, for example ovarian cancer and
liver cancer [9, 10]. Here, we are the first to characterize the role
of ANGPTLS3 expression in glioblastomas. We also confirmed
that ANGPTL3 could be used as an independent marker in
glioblastomas. Inhibition of ANGPTL3 may provide a novel
and potential therapeutic target against glioblastomas in the
future. However, much work is still needed to confirm the
role of ANGPTL3 in gliomas and to underline the mechanism
behind it.

The glioblastoma cells often exploits the existing host
vessels to grow or invade, which is vessel cooption [16, 17].
Vessel cooption was a strong explanation for the invasion or
metastasis of malignant brain tumors [16-20]. The coopted
vasculature initiates structural and functional change to better
suit glioma growth [21]. The invasive glioma cells, often far
from the tumor mass, remodel the vasculature by inducing vas-
cular loop, glomeruloid-like body and dilate the microvessel,
further promoting angiogenesis [19]. However, ANGPTL3 was
proved to increase the permeability of glomerular endothelial
cell (GenCs) via integrin o, 8, promoting the development of
proteinuria [22, 23]. ANGPTL3 could also promote angiogen-
esis by stimulating endothelial cell adhesion and migration
via integrin a3, [11]. The presence of integrin a3, could be
detected not only in the blood vessels but also in the glioblas-
toma cells [12]. This evidence suggests that ANGPTL3 may
also dilate the coopted vessels in the brain and increase the
permeability of the vasculature via integrin o, ., consequently
promoting the invasion of glioblastoma.

Blockade of integrin a3, inhibited the progression of the
tumor in glioblastoma model and suggested better prognosis in
trials [24, 25]. However, for Cilengitide, the selective inhibitor
of integrin o f,, combined with standard treatment showed
no benefit in patients with primary glioblastoma [3]. The
trial was restricted to the patients with methylated MGMT
promoter, though there were no documents about the relation-
ship between the status of MGMT and cilengitide activity [26].
However, we still need to assess the potential therapeutic value
of cilengitide in patients with high expression of ANGPTL3,
which is mediated by integrin a,(,. Bevacizumab, an anti-
VEGF-A molecular drug, showed benefit in progression-free
survival but not in overall survival [2]. Since 2005, many an-
tiangiogenic agents, targeting various molecules, have entered
clinic trial but no better results have been documented [2].
ANGPTLs family participates in the regulation of angiogenesis
but there are few reports concerning the relationship between
the ANGPTLs and glioma. ANGPTL1 was proven to increase
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capillary destabilization and promote glioma growth and in-
vasiveness by vessel cooption [16]. ANGPTL4 was increased
by epidermal growth factor variant type III (EGFRVIII) and
involved in the angiogenesis and glioma growth [27]. Our
study first described the correlation between ANGPTL3 and
glioblastoma. We hope that our study could attract more at-
tention on the relationship between gliomas and ANGPTLs
family. The family may provide a reason for the mechanism
of malignance of glioblastoma. We believe that ANGPTLs
family may become a therapeutic target for glioblastoma in
the future.

In conclusion, this study first detected the expression of
ANGPTL3 proteins in glioblastoma and proved it to be an in-
dependent marker of prognosis in patients” overall survival. We
also suggested that integrin a3, may mediate ANGPTL3 for
promoting vessel cooption and angiogenesis and promote the
invasiveness and growth of glioblastoma. But much more work
is needed to confirm the hypothesis. We hope our study could
attract more attention in ANGPTLs family as they may make
a potential target for treating glioblastoma in the future.

Supplementary information is available in the online version
of the paper.
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Supplementary Figure 1: Positive and negative staining for EGFR(a), VEGFR(b), p53(c), MGMT(d) and Ki-67(e) respectively.
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Supplementary Figure 2: Positive and negative staining for EGFR(a), VEGFR(b), p53(c), MGMT(d) and Ki-67(e) respectively.
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Supplementary Figure 3: Positive and negative staining for EGFR(a),
VEGFR(b), p53(c), MGMT(d) and Ki-67(e) respectively.



