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Regulation and clinical significance of the hypoxia-induced
expression of ANGPTL4 in gastric cancer
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Abstract. Solid tumors are often exposed to hypoxia. Hypoxia
inducible factor (HIF)-la upregulates numerous target genes
associated with the malignant behavior of hypoxic cancer
cells. A member of the angiopoietin family, angiopoietin-like
protein 4 (ANGPTL4) is a hypoxia-inducible gene. The
present study aimed to clarify whether ANGPTL4 is regulated
by HIF-la in gastric cancer cells. The study also assessed
whether ANGPTL4 expression is associated with clinico-
pathological factors or HIF-1a expression in gastric cancer
tissues. Hypoxia-induced ANGPTL4 expression was quan-
titatively analyzed using reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) in 10 gastric cancer
cell lines. RT-qPCR was further employed to investigate
the HIF-la dependency of ANGPTL4 expression using
HIF-la-knockdown transfectant 58As9-KD and control
58As9-SC gastric cancer cells. The HIF-1a and ANGPTL4
expression levels were immunohistochemically analyzed in
170 gastric cancer tissue specimens and were assessed for any
correlations with the clinicopathological factors and/or patient
survival. Subsequently, hypoxia-induced ANGPTL4 expres-
sion was observed in 7 out of 10 gastric cancer cell lines.
The hypoxic induction of ANGPTL4 was almost preserved
in the 58As9-KD cells compared with that observed in the
58As9-SC cells, while the induction of known HIF-1a target
gene, carbonic anhydrase 9, was completely suppressed in
the 58As9-KD cells. In the gastric cancer tissues, ANGPTL4
expression was inversely correlated with the tumor depth,
whereas HIF-1la expression was positively correlated with
venous invasion. A survival analysis revealed that the expres-
sion of ANGPTL4 was significantly correlated with a longer
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survival time, whereas that of HIF-1a was correlated with
a shorter survival time. In conclusion, the present findings
indicate that hypoxia-induced ANGPTL4 expression is inde-
pendent of HIF-1a in hypoxic gastric cancer cells. ANGPTL4
may be a favorable marker for predicting a long survival time,
whereas HIF-1a predicts a poor prognosis, in gastric cancer
patients. The hypoxic environment independently induces
ANGPTL4 and HIF-1a, which are believed to exhibit adverse
effects on tumor progression.

Introduction

Gastric cancer is the fourth most common malignancy and
the second leading cause of cancer-related mortality world-
wide (1,2). Patients with advanced gastric cancer frequently
have metastases to the lymph nodes and occasionally to distant
organs. Lymph node metastasis is controlled to a certain
extent in these patients by curative procedures, although
gastric cancer patients with distant organ metastasis exhibit
a poor prognosis. Stage classification, composed of the tumor
depth, lymph node metastasis and distant metastasis, generally
predicts the post-operative prognosis of the patient. However,
the survival time differs among patients with the same stage,
as the biological characteristics of individual tumors vary.
Therefore, identifying novel biological molecules determining
the tumor aggressiveness of gastric cancer may be useful for
precisely predicting patient survival. Moreover, clarifying
further biological markers for gastric cancer would improve
individual pathogenetic treatment matching for patients with
gastric cancer.

A hypoxic environment is frequently present in solid tumors
and has been recognized to be associated with high-grade
cancers and anticancer drug resistance (3). Hypoxia inducible
factor-1 (HIF-1) is a transcription factor that plays a central
role in the hypoxic environment by controlling the expression
of target genes that regulate energy metabolism, cell prolif-
eration, cell death, cell migration and angiogenesis (4-10).
HIF-1 is a heterodimer composed of a constitutively expressed
HIF-1p subunit and an O, level-regulated HIF-1a subunit (3-7).
At present, HIF-1a is widely known to be a master regulator
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that accelerates tumor invasion and metastasis in solid tumors,
including gastric cancers (3-5). In our recent study, a gastric
cancer cell line, 58 As9-KD, was established in which HIF-1a
expression is completely knocked down by small interfering
(si)RNA transfection, and this transfectant was used to
describe the critical role of HIF-1a expression in the develop-
ment of the peritoneal metastasis of gastric cancer (11). HIF-1a
overexpression has been immunohistochemically detected in a
variety of cancer types, including prostate, breast, lung, brain,
gastric, and head and neck cancers (3,4,5,10), and is associated
with tumor aggressiveness, vascularity, treatment failure and
mortality, resulting in a poor patient prognosis (3,4,5,8,9,10,12).

Angiopoietin-like protein 4 (ANGPTL4) is a member
of the angiopoietin family and is also known as peroxisome
proliferator-activated receptor y-induced angiopoietin-related
protein, fasting-induced adipose factor or hepatic fibrin-
ogen/angiopoietin-related protein. This protein is a circulating
glycoprotein that is highly expressed within adipose tissue,
the liver and the placenta (13-16). The native full-length
ANGPTL4 (flIANGPTL4) is a fusion protein consisting
of an N-terminal coiled-coil domain (nANGPTL4) and
a large ANG/fibrinogen-like COOH-terminal domain
(cCANGPTL4) (17-19); these three domains have been shown
to exhibit distinct biological functions (18). Furthermore,
ANGPTL4 has been reported to exhibit diverse effects,
including lipid metabolism, glucose metabolism, vascular
permeability, angiogenesis, wound healing and tumorigen-
esis, in normal and malignant cells (17,20-23). Among these
biological effects, recent studies have focused on the critical
roles of ANGPTL4 in tumor progression in various cancers,
including hepatocellular carcinoma (HCC) (24), colorectal
cancer (25-27), breast cancer (28,29), prostate cancer (30),
renal cell carcinoma (31,32) and Kaposi's sarcoma (33,34). In
addition, ANGPTL4 is known to be a hypoxia-induced gene.
It was previously reported that HIF-1a directly upregulates
ANGPTL4 in HCC cells, and a high level of ANGPTL4
secretion in HCC patients is correlated with intrahepatic
metastasis (24). However, there have been few studies on the
association between gastric cancer and ANGPTL4 expres-
sion (35). Furthermore, the association between ANGPTL4
and the HIF-1a expression has not yet been studied in gastric
cancer.

The present study evaluated the hypoxia-induced expres-
sion of ANGPTLA4 in various gastric cancer cell lines. Using
58As9-KD cells, the study assessed whether ANGPTL4
expression is dependent of HIF-1a under hypoxic conditions
(1% 0O,). Immunohistochemical examinations were also
performed using surgically excised specimens obtained from
170 patients with gastric cancer in order to determine the the
association between ANGPTL4 and HIF-1a expression and
the clinicopathological factors.

Materials and methods

Cell lines and treatment. A total of 10 gastric cancer cell lines
(MKNI1, MKN7, MKN28, MKN45, MKN74, HSC45, HSC57,
44As3, 58As9 and KATO-III) were used for the following
studies. HSC45, HSC57, 44As3 and 58As9 were provided by
Dr K. Yanagihara (National Cancer Institute, Tokyo, Japan),
while the remaining six cell lines were purchased from
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Cell Bank, Riken BioResource Center (Ibaraki, Japan). The
cells were cultured in RPMI-1640 medium (Sigma-Aldrich,
St. Louis, MO, USA) and maintained under either normoxic
(20% O, and 5% CO, in air) or hypoxic (1% O,, 5% CO, and
94% N,) conditions.

Patients. A total of 170 patients with advanced gastric cancer
who consecutively underwent curative surgery at the Depart-
ment of Surgery, Saga University Hospital (Saga, Japan)
between June 2000 and December 2008 were enrolled in the
present study. None of the patients presented with hepatic,
peritoneal or distant metastasis or tumor cells in the peritoneal
fluid. Stage classification was performed according to the
guidelines of the Japanese Gastric Cancer Association (36).
The clinicopathological characteristics of the patients were
recorded (Table I).

Informed consent to use the tissue specimens was obtained
from each patient, and the study protocol was approved by
the Ethics Committee of Saga University Faculty of Medicine
(no. 26-45).

Establishment of the HIF-1a-knockdown cell line, 58As9-KD,
using siRNA. The pBAsi-hU6 Pur DNA plasmid vector (Takara
Biotechnology, Shiga, Japan) was used to construct a HIF-1a
siRNA plasmid by inserting a siRNA-coding sequence under
the U6 promoter. The sequences of siRNA targeting HIF-1a
and control scrambled siRNA were designed as follows:
HIF-1a (5-CCACATTCACGTATATGAT-3") and scrambled
(5'-TCTTAATCGCGTATAAGGC-3"). The 58As9 cells were
transfected using a MicroPorator-mini (MP-100; Digital
Bio Technology, Seoul, Korea) according to the manufac-
turer's instructions. In order to generate HIF-la-knockdown
cells (58As9-KD) and control cells (58As9-SC) with stable
transfection of the aforementioned sequences, the cells were
selected with puromycin (Sigma-Aldrich) at a concentration
of 1.0-2.5 ug/ml and maintained in complete medium supple-
mented with puromycin, as previously described (11).

Western blot analysis. Whole cell lysates from cultured cells
were prepared using lysis buffer, as described previously (11).
Aliquots containing 30 pg of protein were subjected to
4-12% Bis-Tris gel electrophoresis (NuPAGE; Invitrogen)
and transferred onto Amersham Hybond-ECL membranes
(GE Healthcare, Buckinghamshire, UK) in transfer buffer.
Subsequent to being blocked with 5% skimmed milk for 30 min,
the membranes were incubated with primary antibodies over-
night at 4°C. The primary antibodies were monoclonal rabbit
anti-human HIF-1a (cat. no. EP1215Y; 1:1,000 dilution; Epito-
mics, Burlingame, CA, USA) and anti-B-actin (cat. no. A5441;
1:10,000 dilution; Sigma-Aldrich). Following incubation with
the corresponding goat anti-rabbit IgG secondary antibodies
(cat. no. sc-2004; 1:10,000 dilution; Santa Cruz Biotechnology,
Inc., Dallas, TX, USA), the signals were developed using the
Amersham ECL Plus Western Blotting Detection System (GE
Healthcare).

Total RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). Total RNA was
extracted from each cell line using an extraction kit (ISOGEN;
Nippon Gene, Osaka, Japan). For each cell line, 1 g RNA was
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Table I. Characteristics of the patients and tumors.

Characteristics Value
Patients, n (%) 170 (100.0)
Age, years

Median 71

Range 26-88
Gender, n (%)

Male 113 (66.5)

Female 57 (33.5)
Surgery, n (%)

Distal gastrectomy 71 (41.8)

Total gastrectomy 98 (57.6)

Proximal gastrectomy 1(0.59)
Histology, n (%)

Differentiated 68 (40.0)

Undifferentiated 102 (60.0)
Tumor depth, n (%)

2 46 (27.0)

3 69 (40.6)

4a 51 (30.0)

4b 424
Lymph node metastasis, n (%)

0 63 (37.1)

1 36 (21.2)

2 26 (15.3)

3a 16 (94)

3b 29 (17.0)
Lymphatic invasion, n (%)

- 36 (21.2)

+ 134 (78.8)
Vascular invasion, n (%)

- 90 (52.9)

+ 80 (47.1)
Stage, n (%)

1B 28 (16.5)

A 36 (21.2)

1B 26 (15.3)

1A 29 (17.0)

111B 26 (15.3)

1ic 25 (14.7)
Adjuvant

- 102 (60.0)

+ 68 (40.0)

converted into complementary (c)DNA using a reverse transcrip-
tion reaction kit (ReverTra Ace; Toyobo Co., Ltd., Osaka, Japan).
The cDNA was used as a template for PCR, and RT-qPCR was
performed using the Light Cycler instrument system (Roche
Diagnostics GmbH, Mannheim, Germany), as previously
described (11). The primers were designed according to the cDNA
sequences (GenBank, Bethesda, MD) as follows: ANGPTL4
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sense, 5'"TCCGTACCCTTCTCCACTTG-3' and antisense,
5-AGTACTGGCCGTTGAGGTTG-3' (124 bp); carbonic anhy-
drase 9 (CA9) sense, 5'-CCGAGCGACGCAGCCTTTGA-3'
and antisense, 5'-GGCTCCAGTCTCGGCTACCT-3' (252 bp);
and p-actin sense, S“TCGTGCGTGACATTAAGGAG-3' and
antisense, 5'-GTCAGGCAG CTCGTAGCTCT-3' (109 bp).
After performing a denaturation step at 95°C for 3 min,
50 cycles PCR amplification was conducted (15 sec of denatur-
ation at 95°C, 5 sec of annealing at 60°C and 10 sec of extension
at 72°C). The quantitative values were normalized to the -actin
expression. All experiments were performed in triplicate, and
the mean values calculated.

Immunohistochemistry. The immunohistochemical analyses
of ANGPTL4 and HIF-la were performed as previously
described (4,35). In brief, formalin-fixed, paraffin-embedded
samples were sectioned to 4-ym wide. For antigen retrieval,
the tissue sections were heated in 1| mM EDTA (pH 8.0)
in a microwave for 5 min. The slides were then incubated in
the humidified chamber at room temperature for 2 h with a
primary polyclonal goat anti-human ANGPTL4 antibody
(cat. no. AF3485; 1:500 dilution; R&D Systems, Inc., Minne-
apolis, MA, USA) or primary monoclonal mouse anti-human
HIF-1a antibody (cat. no. NB100-105; 1:200 dilution; Novus
Biologicals, Littleton, CO, USA). Subsequent to being washed in
phosphate-buffered saline, biotinylated anti-goat immunoglob-
ulin G (IgG) for ANGPTL4 and anti-mouse IgG for HIF-1a,
conjugated to a peroxidase-labeled dextran polymer (Dako
EnVision, Carpinteria, CA, USA), were used as secondary anti-
bodies. The 3,3'-diaminobenzidine substrate kit (Nichirei Co.,
Tokyo, Japan) was used for color development. Finally, nuclear
counterstaining was performed with Mayer's hematoxylin solu-
tion. The cells in the fundic gland in the normal gastric tissue
served as the internal positive control for ANGPTL4 immunos-
taining (35). The ANGPTL4 expression was divided into three
categories according to the percentage of positively-stained
tumor cells as follows: 0-10%, negative; 11-30%, weakly posi-
tive; and >31%, strongly positive. The HIF-la expression was
divided into positive and negative categories, as previously
described (4). The HIF-1a expression was assessed in the center,
as well as at the invasive front of the tumor in each section. Posi-
tive HIF-1a expression was determined if nuclear staining was
observed in the cancer center and at the invasive front.

Statistical analysis. The statistical analyses were performed
using the computer software program IBM SPSS Statistics 19
for Windows (IBM SPSS, Armonk, NY, USA). Differences in
the mean values were evaluated using Student's t-test. Analyses
comparing the ANGPTL4 expression levels were performed
with the y* test for independence. Univariate and multivariate
analyses for disease-specific survival were performed using
Cox's proportional hazards model. Survival curves were gener-
ated using the Kaplan-Meier method, and statistical differences
were compared using the log-rank test. P<0.05 was considered
to indicate a statistically significant difference.

Results

ANGPTLA4 expression in the gastric cancer cell lines. The
ANGPTL4 mRNA expression levels in the 10 gastric cancer
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Figure 1. ANGPTL4 expression in the gastric cancer cell lines and HIF-la-knockdown cells. (A) RT-qPCR for ANGPTL4 was performed in 10 gastric
cancer cell lines exposed to normoxia (N; 20% O,) or hypoxia (H; 1% O,) for 24 h. ANGPTL4 mRNA expression was significantly induced under hypoxia
in the MKN1, MKN7, 44As3, 58As9, HSC45, HSC57 and KATOIII cells, but not in the MKN28, MKN45 or MKN74 cells. "P<0.05; NS, not significant.
(B) Western blot analysis of HIF-1a expression in the HIF-la-knockdown 58As9-KD cells and control 58As9-SC cells under normoxia and hypoxia. The
HIF-1o expression was strongly induced in the 58As9-SC cells under hypoxia for 12, 24 and 48 h. By contrast, HIF-1a expression was completely suppressed

in the 58 As9-KD cells under hypoxia for 12, 24 and 48 h. (C) RT-qPCR analysis

of the CA9 and ANGPTLA4 expression in the 59As9-SC and 58As9-KD cells

under normoxia (N) and hypoxia (H) for 12, 24 and 48 h. The hypoxia-induced expression of CA9 mRNA was drastically suppressed in the 58As9-KD cells
compared with that noted in the 58As9-SC cells. By contrast, nRNA expression was preserved under hypoxia (at 12, 24 and 48 h) in the 58As9-KD cells

compared with that observed in the 58AS9-SC cells. HIF-1a, hypoxia inducible
9; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

cell lines under normoxic and hypoxic conditions are shown
in Fig. 1A. Under normoxia, ANGPTL4 was expressed in
7 cell lines (MKNI1, MKN7, 44As3, 58As9, HSC45, HSC57
and KATOIII), but not 3 other cell lines (MKN28, MKN45
and MKN74). Notably, the expression levels were signifi-
cantly elevated under hypoxia in the 7 positive cell lines.
Meanwhile, hypoxia did not induce any expression in the
3 negative cell lines.

In order to investigate the effects of HIF-la-knockdown
on gene expression, HIF-la-knockdown 58As9-KD and
control 58As9-SC cells were used. Fig. 1B shows the
complete knockdown of HIF-1a expression in the 58As9-KD

factor lo; ANGPTLA4, angiopoietin-like protein 4; CA9, carbonic anhydrase

cells under hypoxia for 12, 24 and 48 h, compared with the
strong induction of HIF-1a expression noted in the 58As9-SC
cells. Between these two transfectants, the mRNA expression
levels of the known HIF-1a target gene, CA9, and ANGPTL4
were compared under conditions of normoxia and hypoxia
(Fig. 1C). Consequently, the mRNA expression of CA9 in
the 58As9-SC cells was significantly induced under hypoxia,
where the fold induction was 74 times for 12 h, 154 times for
24 h and 95 times for 48 h. The hypoxic induction of CA9
mRNA was markedly decreased in the 58As9-KD cells, in
which the fold induction was 1.3 times for 12 h, 2.4 times for
24 h and 2.3 times for 48 h. On the other hand, the ANGPTL4
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Figure 2. Immunohistochemical analysis of ANGPTL4 and HIF-1a expression in the 170 advanced gastric cancer tissues. (A) Expression of ANGPTL4 in the
normal mucosa. ANGPTL4 was expressed in the cytoplasm of the fundic gland. Positive staining for ANGPTL4 was observed in the cytoplasm of the gastric
cancer cells. (B) Strongly positive and (C) weakly positive staining are shown in the magnified inset images (x400 magnification). Normal glands, which are
strongly stained, can be observed in the top of image (C) (x100 magnification). (D) Negative staining of ANGPTL4. (E) Immunohistochemical staining of
HIF-1a in the nucleus and cytoplasm of the cancer cells (x100 magnification; inset, x400 magnification). (F) Negative staining of HIF-1a. HIF-1a, hypoxia

inducible factor lo; ANGPTL4, angiopoietin-like protein 4.
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Figure 3. Kaplan-Meier curves of disease-free survival estimated according to the ANGPTL4 and HIF-1a expression levels. (A) The strongly positive ANGPTL4
group showed a significantly longer disease-specific survival time than the other groups. (B) By contrast, the disease-specific survival time of the HIF-1a-positive
patients was significantly shorter than that of the HIF-1a-negative patients. HIF-1a., hypoxia inducible factor 1a; ANGPTL4, angiopoietin-like protein 4.

mRNA expression in the 58As9-SC cells was induced under
hypoxia, with a fold induction of 63 times for 12 h, 26 times
for 24 h and 17 times for 48 h. The hypoxic induction of
ANGPTL4 mRNA in the 58As9-KD cells was decreased
by only a small amount compared with that observed in the
58As9-SC cells, as the estimated fold induction remained at
47 times for 12 h, 22 times for 24 h and 17 times for 48 h.

Immunohistochemistry for ANGPTL4 and HIF-la. The
ANGPTL4 and HIF-1a expression levels were evaluated
using immunohistochemistry in 170 advanced gastric cancer
tissues (Fig. 2). In the normal stomach tissues, ANGPTL4
expression was observed in the cytoplasm of the fundic gland

cells (Fig. 2A). Strongly positive ANGPTL4 expression
was observed in 21 out of 170 (12.4%) gastric adenocarci-
noma tissues, showing strong staining in the cytoplasm
of the cancer cells (Fig. 2B). By contrast, weakly positive
ANGPTLA4 staining was observed in 60 out of 170 (35.3%)
samples (Fig. 2C), whereas negative staining was noted in
89 out of 170 (52.3%) samples (Fig. 2D). In addition, the
HIF-1a expression was immunohistochemically evaluated
in the 170 cancer specimens. Consequently, positive HIF-1a.
expression with cytoplasmic and nuclear staining of the
cancer cells was noted in 95 out of 170 (55.9%) specimens
(Fig. 2E), while negative staining was found in 75 out of
170 (44.1%) specimens (Fig. 2F).
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Table II. Correlations between the ANGPTL4 and HIF-1a expression levels and clinicopathological factors.

ANGPTLA4 HIF-1a
Strongly positive Weakly positive Positive Negative
Factor (n=21) plus negative (n=149)  P-value® (n=95) (n=75) P-value®
Age, years (mean+SD) 69.2+9.91 68.4+11.4 0.759 68.5£120  68.6+£10.2 0.975
Gender, n
Male 13 100 0.629 64 49 0.870
Female 8 49 31 26
Histology, n
Differentiated 11 57 0.240 36 32 0.533
Undifferentiated 10 92 59 43
Tumor depth, n
2 10 35 0.032 20 25 0.082
3/4 11 114 75 50
Lymph node metastasis, n
- 9 54 0.631 37 26 0.632
+ 12 95 58 49
Lymphatic invasion, n
- 3 32 0.573 21 14 0.703
+ 18 117 74 61
Vascular invasion, n
- 14 78 0.249 43 49 0013
+ 7 71 52 26
Stage, n
Gl 15 74 0.067 47 42 0.441
I 6 75 48 33
Adjuvant, n
- 14 88 0.636 56 46 0.875
+ 7 61 39 29
ANGPTLA4, n
Strongly positive - - - 8 13 0.101
Weakly positive 87 62

plus negative

a? test. HIF-1a, hypoxia inducible factor 1a; ANGPTLA4, angiopoietin-like protein 4.

Patient characteristics and clinicopathological features.
The clinicopathological characteristics of the gastric
cancer patients who underwent gastrectomy are summa-
rized in Table I. The 170 patients consisted of 113 males
and 57 females, ranging in age from 26 to 88 years
(median, 71 years). The performed surgeries included distal
gastrectomy in 71 patients (41.8%), total gastrectomy in
98 patients (57.6%) and proximal gastrectomy in 1 patient
(0.59%). The histological diagnosis of the resected cancer
tissues was classified as a differentiated type of carcinoma
in 68 cases (40.0%) and an undifferentiated type in 102 cases
(60.0%). The tumor depth (T) was histologically determined
as T2 in 46 cases (27.1%), T3 in 69 cases (40.6%), T4a in 51
cases (30.0%) and T4b in 4 cases (2.4%), and the degree of
lymph node metastasis was defined as NO in 63 cases (37.1%),
N1 in 36 cases (21.2%), N2 in 26 cases (15.3%), N3a in

16 cases (9.4%) and N3b in 29 cases (17.1%). Positive vascular
invasion into the lymph and blood vessels was detected in 36
(21.2%) and 90 (52.9%) tissues, respectively. The tumor stage
was determined to be IB in 28 cases (16.5%), IIA in 36 cases
(21.2%), 1IB in 26 cases (16.5%), II1A in 29 cases (15.3%),
IIIB in 26 cases (15.3%) and IIIC in 25 cases (14.7%).

Comparison between the clinicopathological factors and
ANGPTL4 and HIF-1a expression in the 170 gastric cancer
patients. Table II shows the correlations between several
clinicopathological factors and the ANGPTL4 and HIF-1a
expression levels. Strongly positive ANGPTL4 expression was
found to be significantly correlated with the tumor depth (T)
(Table II). In addition, cancer invasion was significantly deeper
in the cases with weakly positive or negative ANGPTL4
expression (n=149) compared with the strongly positive cases
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Table III. Univariate and multivariate analyses of the disease-specific survival of the 170 gastric cancer patients.

Disease-specific survival

Univariate analysis

Multivariate analysis

Factor HR (95% CI) P-value HR (95% CI) P-value
Age, years

<65 1

=65 1.245 (0.633-2.451) 0.524
Gender

Male 1

Female 0.972 (0.500-1.891) 0.934
Histology

Differentiated 1

Undifferentiated 0.876 (0.461-1.645) 0.669
Tumor depth

2 1 1

3/4 4.854 (1.493-15.635) 0.009 1.767 (0.498-6.250) 0.379
Lymph node metastasis

- 1 1

+ 14.493 (3.497-58.824) <0.001 10.204 (1.927-52.632) 0.006
Lymphatic invasion

- 1 1

+ 4.016 (1.236-12.987) 0.021 0.842 (0.212-3.344) 0.807
Vascular invasion

- 1 1

+ 2.392 (1.245-4.587) 0.009 1.727 (0.847-3.521) 0.132
Stage

/I 1 1

11 5.780 (2.646-12.658) <0.001 1.883 (0.720-4.926) 0.197
Adjuvant

- 1 1

+ 2.169 (1.157-4.065) 0.016 0.771 (0.390-1.524) 0.455
ANGPTLA

Weakly positive plus negative 1

Strongly positive 0.142 (0.019-1.034) 0.054
HIF-1a

Negative 1 1

Positive 2.375 (1.186-4.762) 0.015 2.336 (1.119-4.878) 0.024

HIF-1a, hypoxia inducible factor 1a; ANGPTLA4, angiopoietin-like protein 4; HR, hazard ratio; CI, confidence interval.

(n=21) (P=0.032). Meanwhile, the tumor stage tended to be
lower in the strongly positive ANGPTL4cases compared with
the other cases; however, the difference was not statistically
significant (P=0.067). A comparative analysis of the patients
with strongly or weakly positive ANGPTL4 expression and
those with negative expression did not reveal any significant
differences among the clinicopathological factors (data not
shown). On the other hand, the patients with positive HIF-1a
expression presented with a significantly higher degree of
vascular invasion compared with those with negative expres-
sion (P=0.013) (Table IT). There were no significant correlations

between strongly positive ANGPTL4 expression and HIF-1a
expression (Table II).

ANGPTL4 and HIF-1a expression levels and patient
outcomes. The associations between the patient outcomes and
the levels of ANGPTL4 and HIF-la expression were statisti-
cally analyzed in 170 patients with advanced gastric cancer
(Fig. 3). The disease-specific survival of the patients with
strongly positive ANGPTL4 expression (n=21) was signifi-
cantly more favorable than that of the other patients (n=149)
(P=0.037). By contrast, the disease-specific survival rate of the
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HIF-la-positive patients (n=93) was significantly worse than
that of the HIF-1a-negative patients (n=77) (P=0.006).

Univariate and multivariate analyses of disease-specific
survival. A univariate analysis of the 170 patients revealed
that the tumor depth, lymph node metastasis, lymphatic inva-
sion, vascular invasion, tumor stage, adjuvant chemotherapy
and HIF-1a expression were significantly associated with the
disease-specific survival (Table IIT). A multivariate analysis
using these factors was carried out according to Cox's propor-
tional hazards model. Consequently, the multivariate analysis
confirmed that lymph node invasion and HIF-1a expression
were independent predictive factors for disease-specific
survival (P=0.006 and P=0.024, respectively) (Table III).

Discussion

The present study first investigated the expression levels
of ANGPTL4 mRNA in 10 gastric cancer cell lines under
normoxic and hypoxic conditions. Notably, ANGPTL4
expression was significantly induced under hypoxia in
7 of the cell lines (MKNI1, MKN7, 44As3, 58As9, HSC45,
HSC57 and KATOIII), whereas no such expression was
found in the remaining 3 cell lines (MKN8, MKN45 and
MKN74), under normoxia and hypoxia. In order to inves-
tigate whether hypoxia-induced ANGPTL4 expression
is HIF-1a dependent in gastric cancer cells, ANGPTL4
expression was compared between the HIF-1a-knockdown
58As9-KD cells and the control 58As9-SC cells established
from ANGLTL4-expressing 58As9 parent cells (11). The
results of the analysis showed that the hypoxic induction of
ANGPTL4 was weakened with a small amount of 58As9-KD
cells compared with that observed in the 58As9-SC cells.
By contrast, the hypoxia-induced expression of CA9, which
is known to be directly regulated by HIF-1a, was mark-
edly diminished in the 58 As9-KD cells compared with that
observed in the 58As9-SC cells. These results indicate that
hypoxia-induced ANGPTL4 expression may be preserved
without HIF-1a in hypoxic 58As9 gastric cancer cells. It is
possible that HIF-1a., as well as other HIF-a family members,
such as HIF-2a and HIF-3a, or other factors regulate the
hypoxia-induced ANGPTL4 expression in 58As9 cells (7).
Although HIF-1a dependency was not determined in the
6 other cell lines expressing ANGPTL4, the present results
suggest that ANGPTL4 is induced under hypoxia predomi-
nantly via an HIF-1la-independent pathway in gastric cancer
cells. In the immunohistochemical analysis, tumors with
strongly positive ANGPTL4 expression exhibited significantly
less tumor invasion. By contrast, those with positive HIF-1a
expression demonstrated significantly greater venous inva-
sion. These results reflect the inverse effect of ANGPTL4 and
HIF-1la expression on cancer invasiveness. Furthermore, the
survival time of the patients with strongly positive ANGPTL4
expression was significantly longer than that associated with
the other expression patterns. Conversely, the survival time
of the HIF-1a-positive patients was significantly shorter than
that of the HIF-1a-negative patients. Moreover, the multivar-
iate analysis revealed HIF-1a to be an independent prognostic
factor. Taken together, these results suggest that the hypoxic
induction of ANGPTLA4 is independently regulated by HIF-1a
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and that ANGPTL4 expression may inhibit cancer invasion
into the gastric wall, thus resulting in a longer survival time
among patients with strongly positive ANGPTL4 expression.

To date, several studies have addressed the emerging
roles of ANGPTL4 under conditions of tumor hypoxia. For
example, Kim et al reported that ANGPTL4 induction by
prostaglandin E2 under hypoxia promotes colorectal cancer
growth (27), and Zhang et al demonstrated that the inhibi-
tion of HIF-la expression in breast cancer cells by RNA
interference disturbs primary tumor growth and metastasis
in severe combined immunodeficiency mice by blocking
ANGPTLA4 expression (28). Meanwhile, Li ef al reported that
HIF-1a-activated ANGPTL4 expression contributes to tumor
metastasis via vascular cell adhesion molecule-1/integrin (31
signaling in the setting of HCC (24). These studies demonstrate
that HIF-1a-induced ANGPTL4 expression increases cancer
cell aggressiveness under hypoxic conditions. By contrast,
various studies have also shown that increased ANGPTL4
expression inhibits melanoma, lung and colorectal tumor
growth, as well as metastasis and angiogenesis (37,38). High
ANGPTLA4 expression in mouse tumors also impairs tumor cell
migration and invasiveness, thereby inhibiting metastasis (37).
These studies demonstrate the inhibitory roles of ANGPTL4 in
cancer progression and support the findings of the present study.
Although the reasons for the aforementioned discrepancies are
unclear, it can be speculated that the IANGPTL4, nANGPTL4
and cANGPTL4 domains, which have distinct biological func-
tions, are differentially expressed in various cancers.

In conclusion, the present study demonstrated for the first
time that ANGPTL4 expression is predominantly regulated via
an HIF-la-independent pathway under hypoxia in gastric cancer
cells. High ANGPTL4 expression may inhibit tumor invasion
and potentially serves as a favorable marker for predicting a
long survival time in advanced gastric cancer patients. Gastric
cancer tissues, which are exposed to a hypoxic environment,
and HIF-la expression may increase malignant behavior by
upregulating target genes. By contrast, a hypoxic environment
may induce ANGPTL4 expression via an HIF-la-independent
pathway and thus suppress tumor invasion. Recombinant
ANGPTL4 may therefore be useful as a novel pharmacological
agent for inhibiting the invasion of gastric cancer cells.
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