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Role of X-linked inhibitor of apoptosis-associated
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Abstract. X-linked inhibitor of apoptosis-associated factor 1
(XAF1) was identified as a novel X-linked inhibitor of
apoptosis (XIAP) binding partner that may reverse the
anti-apoptotic effect of XIAP. Previous studies have revealed
that XAF1 serves an important role in cancer angiogenesis.
Vasculogenic mimicry (VM) describes the formation of
fluid-conducting channels by highly invasive and geneti-
cally dysregulated tumor cells. VM is critical for tumor
blood supply and is associated with aggressive actions and
metastasis. The aim of present study was to investigate the
potential association between XAF1 expression with VM
of ovarian cancer, and evaluate the role of XAF1 in tumor
cell migration and invasion of SKOV3 cells. VM structure
and XAF1 expression were detected in 94 tissue samples
of advanced epithelial ovarian cancer (EOC). Invasion and
migration of the SKOV3 human ovarian carcinoma cell line
were identified by Transwell assay. It was revealed that the
presence of VM was associated with high grade advanced
ovarian cancer. Reduced XAF1 expression was significantly
associated with presence of VM. Overexpression of XAF1
significantly reduced invasion and migration of SKOV3
cells, and inhibited vascular endothelial growth factor
protein expression. Furthermore, vasculature was suppressed
by overexpression of XAF1 in vivo in xenograft models. In
conclusion, XAF1 expression was associated with VM in
ovarian cancer, suggesting a potential role of XAF1 in the
formation of VM in EOC. These findings may facilitate the
development of novel therapeutic agents for the treatment of
ovarian cancer.
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Introduction

Apoptosis is a complex biological process relying on the
balance between pro- and anti-apoptotic factors. One of the
key regulators of apoptosis belongs to a family of proteins
known as inhibitor of apoptosis (IAP). Of the known IAPs,
X-linked inhibitor of apoptosis (XIAP) protein is the best
characterized and most potent inhibitor of apoptosis. It blocks
the apoptotic signaling pathway by binding and inhibiting
caspase-3, -7 and -9 (1,2). XAF1 (XIAP-associated factor 1)
was first isolated by the yeast two-hybrid technique and was
identified as a novel XIAP binding partner that may reverse
the anti-apoptotic effect of XIAP (3). Previous studies
have demonstrated that XAF1 expression levels markedly
decreased in a significant number of cancer cell lines (4)
and a variety of cancers (5,0). It sensitizes cells to apoptotic
triggers including tumor necrosis factor-related apoptosis
inducing ligand (7), etoposide treatments, 5-fluorouracil,
H,0,, tumor necrosis factor-a (8) and cisplatin (9,10). Besides
anti-apoptotic effects, ectopic overexpression of XAF1 was
reported to suppress migration and tube formation of mouse
endothelial cells in vitro (11), and inhibit angiogenesis and
tumor growth in hepatocellular carcinoma (12). In addition, it
has recently been reported that XAFT1 is involved in regulating
the balance between autophagy and apoptosis in dengue virus
type-2-infected endothelial cells (13).

For years, sprouting angiogenesis has been considered an
exclusive underlying mechanism of tumor vascularization.
In 1999, Maniotis et al (14) described the channels formed
by highly aggressive melanoma cells. The term vasculogenic
mimicry (VM) was used to describe the formation of these
channels, which do not form from pre-existing vessels but
supply blood to tumor cells. Furthermore, the tumor cells
lining the inner surface of the channels are directly exposed
to the blood flow. Detachment of these tumor cells enables
them to reach the blood stream and metastasize to other
organs (15). Immunohistochemistry revealed that VM
existed in ovarian carcinoma and correlated with increased
incidence of metastases and a reduced survival rate (16). This
may be a reason why angiogenesis-targeted therapy strategies
have limited efficacy in the treatment of ovarian cancer (17).
Vartanian et al (18) provided experimental evidence that
capillary-like structure formation requires apoptotic cell
death via activation of caspase-dependent mechanisms.
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Their results suggested that apoptotic signaling pathways
may be involved in the formation of VM. The present study
investigated the expression of XAF1 in 94 advanced epithe-
lial ovarian cancer (EOC) specimens and assessed whether it
was associated with VM. The potential involvement of XAF1
in regulating proliferation, migration and invasion of ovarian
cancer cells was additionally examined. Our previous
research demonstrated that low XAF1 expression levels was
significantly associated with high microvessel density in
ovarian cancer tissues (19). The underlying mechanism by
which XAF1 expression mediates angiogenesis of ovarian
cancer cells will be elucidated.

Materials and methods

Tissue samples and cell lines. Formalin-fixed, paraffin-
embedded tissues were obtained from the Department of
Pathology of Qilu Hospital, Shandong University (Jinan,
China). All patients received no treatment prior to surgery.
EOC diagnosis was determined by two staff pathologists in the
Department of Pathology. Specimens taken from 94 patients
with stage II-IV EOC who received cisplatin-based combi-
nation chemotherapy following surgery were selected for
analysis. The protocol was approved by the Ethics Committee
of Shandong University and all patients were required to
provide written informed consent prior to inclusion. Patient
anonymity was preserved.

The SKOV3 human ovarian cancer cell line was purchased
from the American Type Culture Collection (Manassas, VA,
USA) and maintained in McCoy's SA medium supplemented
with 10% fetal bovine serum (both Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA).

Immunohistochemistry and scoring. Following deparaf-
finization and antigen unmasking, sections were incubated
in H,0, for 10 min to inhibit endogenous peroxidase activity,
and treated with goat serum (BOSS&Bio Co., Ltd., Beijing,
China) for 30 min. Following this, they were incubated with
anti-XAF1 (1:500; cat. no. ab17204; Abcam, Cambridge,
UK) and anti-cluster of differentiation (CD)31 (1:200;
cat. no. ab32457; Abcam) primary antibodies overnight
at 4°C. Sections were incubated with the corresponding
horseradish peroxidase-conjugated secondary antibody
(1:200; cat. no. SAP-9101; Zhongshan Jingiao Biotechnology
Co., Ltd., Beijing, China) for 1 h and subsequently incubated
for 2 min at room temperature with 3,3'-diaminobenzidine.
Brown-yellow staining of the cytoplasm, cytoplasmic
membrane and cell nucleus was considered positive. The
staining was scored by 2 pathologists independently: O
(=5% positive tumor cells), 1 (6-25% positive tumor cells),
2 (26-50% positive tumor cells), and 3 (>51% positive
tumor cells). Staining intensity was graded according to the
following criteria: O (no staining), 1 (weak staining=light
yellow), 2 (moderate staining=yellow brown), and 3 (strong
staining=brown). The staining index was calculated as the
product of staining intensity score and the proportion of
positive tumor cells. A staining index score of >4 was used
to define tumors with high expression levels of XAF1 and
CD31, and a staining index score of <3 was used to indicate
low expression levels (20).
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CD3l/periodic acid-Schiff (PAS) double staining and
evaluation of VM. Following CD31 immunohistochemical
staining, sections were treated with 0.5% periodic acid
solution for 10 min and rinsed with distilled water for 2-3 min.
Sections were subsequently incubated in Schiff solution for
15-30 min, rinsed with distilled water and counterstained
with hematoxylin. VM was defined as channels surrounded by
tumor cells with PAS-positive materials and red blood cells,
while CD31 staining was negative (21).

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted using Trizol (Thermo Fisher
Scientific, Inc.). A total of 500 ng total RNA per sample
was reversed transcribed to cDNA using PrimeScript™
RT Master Mix (Takara Biotechnology Co., Ltd., Dalian,
China), according to the manufacturer's instructions. PCR
was performed using SYBR-Green Real time PCR Master
Mix (Toyobo Co., Ltd., Osaka, Japan) for 40 cycles of
95°C for 5 sec, 58°C for 10 sec and 72°C for 15 sec. Primer
sequences were as follows: XAF1, forward 5'-CTCGGTGTG
CAGGAACTGTAAA-3'" and reverse 5'-CAGGAACCGCAG
GCAGTAA-3'; and B-actin, forward 5'-CCAACCGCGAGA
AGATGA-3' and reverse 5'-CCAGAGGCGTACAGGGAT
AG-3'. All primers were synthesized by Sangon Biotech Co.,
Ltd. (Shanghai, China). The specificity of PCR products was
confirmed by melting curve analysis. Products were sepa-
rated on a 1.5% agarose gel, visualized and imaged under
ultraviolet light.

Plasmids and transfection. A pcDNA3-HA-XAF1 plasmid was
provided by Dr Douglas W Leaman of the University of Toledo
(Toledo, OH, USA). SKOV3 cells were transfected with either
the parent vector [SKOV3/control (Con)] or pcDNA3-HA-XAF1
(SKOV3/XAF1) using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). The cells were incubated at
37°Cina 5% CO, incubator for 48 h, following which 800 ug/ml
geneticin (G418; Invitrogen; Thermo Fisher Scientific, Inc.)
was added.

Migration and invasion assays. Cells at a density of 4x10*
suspended in serum-free McCoy's SA medium (Gibco; Thermo
Fisher Scientific, Inc.) were seeded into inserts of Transwell
chambers without Matrigel. The top chamber contained 0.2%
bovine serum albumin with 10% FBS in the bottom chamber.
The plate was incubated for 24 h at 37°C. Migrating cells on
the bottom of the filters were fixed and stained with 0.5%
crystal violet for 20 min. All experiments were performed at
least in triplicate.

A cell invasion assay was performed using 24-well BioCoat
Matrigel Invasion Chambers (BD Biosciences, Franklin
Lakes, NJ, USA). A total of 5x10* cells were seeded into the
upper chamber, and 600 ml of McCoy's 5A medium supple-
mented with 20% FBS was added into the lower chamber.
Once cells were cultured in 5% CO, at 37°C for 24 h, cells
that had migrated through the Matrigel were fixed and stained
with 0.5% crystal violet. All experiments were performed at
least in triplicate.

Western blot analysis. Total protein was extracted from
cells using radioimmunoprecipitation assay lysis buffer



MOLECULAR MEDICINE REPORTS 16: 325-330, 2017

327

E g-
o ©7
o —
b
- 4
2
2
0' T
z R\~
QQ&Q q,‘?'c;\\gk
\\@‘Q -l\&\

Figure 1. XAFI and CD31/PAS staining in human EOC sections (magnification, x400). (A and B) Evidence of VM in EOC tissue. CD31 was stained nega-
tively in VM channels (red arrow), with periodic acid-Schiff-positive materials and red blood cells. CD31 was stained positive in blood vessels (blue arrow).
(C) Weak and (D) strong staining of XAF1 in EOC tissue. (E) Quantification of XAF1 expression levels in VM negative and VM positive tissue. CD13, cluster
of differentiation 13; XAF1, X-linked inhibitor of apoptosis-associated factor 1; VM, vasculogenic mimicry; EOC, epithelial ovarian cancer.

containing 1% protease inhibitors for 5 min (Beyotime
Institute of Biotechnology, Shanghai, China). Proteins
samples (50 pg) were separated by 10% SDS-PAGE and then
transferred to a polyvinylidene fluoride membrane (Merck
KGaA, Darmstadt, Germany). Membranes were incubated
with primary antibodies for 2 h at room temperature,
washed twice for 10 min, and then incubated with secondary
antibodies for 10 min at room temperature. Primary anti-
bodies targeting the vascular endothelial growth factor
(VEGF; 1:1,000; cat. no. sc-7269) and f-actin (1:1,000; cat.
no. sc-47778; loading control) were purchased from Santa
Cruz Biotechnology, Inc. (Dallas, TX. USA). Horseradish
peroxidase labeled anti-mouse or anti-rabbit secondary anti-
bodies (1:2,000; cat. nos. ZB-2301 and ZB2307, respectively)
were purchased from Zhongshan Jingiao Biotechnology Co.,
Ltd. Blots were developed using enhanced chemilumines-
cence reagent (Super ECL Plus; Applygen Technologies,
Inc., Beijing, China).

Tumor xenograft growth. SKOV3/Con and SKOV3/XAF1
cells (107) in 0.1 ml saline were implanted subcutaneously
into the dorsal flank of 6-week-old female BALB/c-nude mice
(n=15/group) from the Shanghai Experimental Animals Centre
of the Chinese Academy of Sciences (Shanghai, China). All
animal studies were carried out under approved guidelines of
the Animal Care and Use Committee of Shandong University.
Tumor dimensions were measured with a caliper and the
volume was calculated using the formula V=axb’x0.5 (22)
(a=length, b=width of prolate spheroid). Mice were euthanized
and tumors collected after 6 weeks. Tumor sections were
processed for immunohistochemistry and hematoxylin and
eosin staining.

Statistical analysis. SPSS software version 13.0 (SPSS, Inc.,
Chicago, IL, USA) was used for statistical analysis. Data are
present as the mean + standard deviation. Differences between
groups were evaluated using Student's t-test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Association between VM and clinical data in EOC. VM
describes the formation of fluid-conducting channels by highly
invasive and genetically deregulated tumor cells. As presented
in Fig. 1A, VM was identified by the presence of red blood
cells in vessels lined by tumor cells (without endothelial cells).
A total of 35 (37.2%) EOC samples were VM positive. CD31
was stained positive in blood vessels (Fig. 1B).

The association of VM with the clinical data of the 94
EOC samples is presented in Table I. Presence of VM was
associated with increased histological grade (P=0.030), an
International Federation of Gynecology and Obstetrics (FIGO)
stage between III and IV (P=0.098), and a serous histological
type (P=0.124).

Association between XAF1 expression levels and VM in EOC
sections. Staining of XAF1 was predominantly located in the
cytoplasm of epithelium cells. A total of 37 of 94 (39.4%) of
the samples demonstrated increased protein expression levels
of XAF1 (Fig. 1C and D).

Reduced XAF1 expression levels were significantly associ-
ated with presence of VM. XAF1 expression was reduced in
30 of the 35 (85.7%) samples in the VM-positive group and
in 27 of the 59 (45.8%) samples in the VM-negative group
(P<0.01). As presented in Fig. 1E, the mean score of XAFI
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Table I. Clinical pathological characteristics of patients with
advanced epithelial ovarian cancer.

Variable Total VM+ P
Total cases 94 37.2% (35/94)
Age (years) 0.197
<53 38 28.9% (11/38)
>53 56 42.9% (24/56)
FIGO stage 0.098
1I 26 20.7% (6/26)
/v 68 42.6% (29/68)
Histological grade 0.030
172 35 22.9% (8/35)
3 59 45.8% (27/59)
Histological type 0.124
Serous 60 43.3% (26/60)
Other 34 26.5% (9/34)
Lymph node status 0.428
Negative 36 38.9% (14/36)
Positive 22 50.0% (11/22)
Not available 36

FIGO, International Federation of Gynecology and Obstetrics; VM,
vasculogenic mimicry.
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Figure 2. Effects of XAFI overexpression on SKOV3 cell migration.
(A) Representative images of cells migrated across the filter (magnification,
x200). (B) Compared with the control group, migration was significantly
reduced in SKOV3/XAF1 cells. Data are expressed as the mean + standard
deviation. P<0.01. XAF1, X-linked inhibitor of apoptosis-associated factor 1;
con, control; HPF, high power field.
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Figure 3. Effects of XAF1 overexpression on SKOV3 cell invasion.
(A) Representative images of cells invaded through the Matrigel-coated
filter. (B) XAF1-overexpressing cell invasion was significantly decreased
compared with the control group. Data are expressed as the mean =+ stan-
dard deviation. P<0.001. XAF1, X-linked inhibitor of apoptosis-associated
factor 1; con, control; HPF, high power field.

expression was reduced in the VM-positive group compared
with the VM-negative group (2.66+2.18 vs. 3.76+2.65, respec-
tively; P=0.040).

XAFI overexpression inhibits migration and invasion of
SKOV3 cells. The effect of XAF1 on the motility of ovarian
cancer cells was measured by Transwell migration assays
(Fig. 2A and B). SKOV3/XAF1 cells that migrated through
the filter were reduced significantly compared with the
control group. The mean cell count migrated filter membrane
was 122.0+£35.64 for SKOV3/Con cells and 58.00+13.04 for
SKOV3/XAF1 cells in one high power field (P<0.01).

The number of SKOV3/XAFI cells invaded through the
Matrigel-coated filter was reduced compared with control cells
(Figs. 3A and B). The mean cell count invaded through the
filter was 119.0+£20.74 vs. 49.60+11.89 per field for SKOV3/Con
and SKOV3/XAFI cells, respectively (P<0.001).

XAFI decreases tumor vasculature in vivo. Whether ectopic
overexpression of XAF1 decreases tumor vasculature in vivo
was examined. SKOV3/Con and SKOV3/XAFI cells were
implanted subcutaneously into BALB/c-nude mice. Tumor
volume was monitored every week for up to 6 weeks. By
week 6, mice implanted with control cells exhibited 2-3-fold
larger tumors (data not shown) compared with those implanted
with transfected cells. Immunohistochemistry demonstrated
that XAF1 expression was increased in tumor xenografts
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Figure 4. Overexpression of XAF1 suppressed vasculature in xenograft
models. (A) Immunostaining of XAF1 and HE staining (magnification,
x400). The red arrow indicates a tumor cell-lined channel. (B) Significantly
fewer tumor cell-lined channels were present in tumor xenografts formed by
XAFI1-overexpressing cells, compared with control cells. XAFI1, X-linked
inhibitor of apoptosis-associated factor 1; con, control; H&E, hemoxylin and
eosin; VM, vasculogenic mimicry; HPF, high power field.

derived from X AFI-overexpressing cells compared with those
from vector control cells (Fig. 4A). Tumor xenografts formed
from SKOV3/XAF1 cells exhibited significantly fewer VM
channels compared with those formed from vector controls
cells (Fig. 4B; P=0.037).

XAFI overexpression inhibits VEGF protein expression.
VEGEF protein expression levels were examined in SKOV3
cells and tumor-bearing mice. XAF1 overexpression resulted
in reduced protein expression levels of VEGF in SKOV3/XAF1
cells (Fig. 5A) and mice tumor tissues (Fig. 5B).

Discussion
There are three types of blood supply for cancer: VM, mosaic

vessels and endothelium-dependent vessels. VM provides
a pathway for perfusion independent of angiogenesis. The
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Figure 5. Vascular endothelial growth factor protein expression levels in
(A) SKOV3 cells and (B) tumor xenografts. 3-actin was used as loading
control. XAF1, X-linked inhibitor of apoptosis-associated factor 1; con,
control.

presence of VM characteristic structures in patient tumor
tissues is associated with a poor clinical outcome, suggesting
a functional contribution of these networks to tumor progres-
sion including ovarian cancer (16,23-25), and increased VM
channels are associated with poorly differentiated ovarian
cancer cells. Poorly differentiated tumor cells have been
demonstrated to have plasticity and alter their cell markers
and functions in order to adapt to a specific microenviron-
ment (26-28).

Aggressive tumor features contribute to formation of
tumor cell-lined vasculature in ovarian cancer (29). Our
previous study demonstrated that reduced XAF1 expression
was correlated with a high grade of advanced EOC (19). The
present study demonstrated an association between incidence
of VM and reduced expression of XAFI; the incidence of
VM was significantly increased in XAF1-underexpressing
samples. This provides a novel fundamental mechanism for
an effect reported previously that decreased XAF1 expres-
sion is associated with poor prognosis in numerous types of
cancers (30,31).

Restoration of XAF1 expression levels has been demon-
strated to inhibit cell growth of pancreatic cancer (32), and
migration and invasion of mouse endothelial cells (11).
However, this effect on tumor cells has rarely been reported
in previous studies. Using a plasmid-transfection approach,
the present study investigated the direct effect of ectopic
overexpression of XAFI1 on the SKOV3 ovarian cancer cell
line. In present study, proliferation, migration and invasion
of SKOV3 cells were inhibited by overexpression of XAFI.
This suggested that aggressive tumor cells serve an impor-
tant role in VM formation. Consistent with this, a previous
study demonstrated that poorly invasive tumor cells did not
create these networks under identical culture conditions, even
following the addition of conditioned media from aggressive
cell lines (14).

In the present study, XAF1 overexpression resulted in
reduced protein expression of VEGF in SKOV3/XAFI cells and
mouse tumor tissues. XAF1 has previously been demonstrated
to inhibit angiogenesis and suppress expression of VEGF in
hepatocellular carcinoma (12), and is known to be important in
VM formation. A previous study revealed that VEGF-silencing
induced apoptosis, inhibited proliferation and suppressed VM in
osteosarcoma in vitro (33). Therefore, XAF1 may inhibit vascu-
lature by suppressing VEGF expression in ovarian cancers.

In conclusion, the present study investigated the association
between XAF1 expression with VM channels in EOC. Ectopic



330

overexpression of XAF1 was demonstrated to suppress migra-
tion and invasion of SKOV3 cells. These findings may facilitate
the development of novel therapeutic agents for the treatment
of ovarian cancer.
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