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Abstract. Colorectal cancer is a one of the most common
malignancies. Hypoxia-inducible factor 1-a (HIF1-o) and
Survivin play important roles in tumor development; however,
the literature currently contains few reports on the relation-
ship between them in colorectal cancer. In this study, we
investigated the effect of HIF1-a on Survivin in colorectal
cancer. Immunohistochemical staining was used to detect the
expression of HIF1-a and Survivin in colorectal cancer tissue
from 32 patients. Colon adenocarcinoma SW480 cells were
cultured under normoxia and hypoxic conditions, and the
expression of HIF1-a and Survivin was detected by RT-PCR
and Western blotting. We also silenced HIF1-a in order to
detect the expression of Survivin and cell apoptosis. In an
in vivo xenograft tumor model, the effect of HIF1-a on cancer
development and Survivin was evaluated by the measurment
of tumor volume and immunohistochemical analysis. Analysis
revealed that HIF1-a (75%) and Survivin (68.75%) were both
overexpressed in colorectal cancer, and that their expression
was correlated. They were also expressed in SW480 cells
under conditions of normoxia, and exhibited a significant
increase in expression under hypoxic conditions. The inhibi-
tion of HIF1-a by RNA interference decreased the expression
of Survivin and led to the apoptosis of the SW480 cell line. In
the in vivo xenograft tumor model, the expression of HIF1-a
and Survivin was decreased in the siHIF1-a group, and the
tumor volume (586.67+41.63 mm?) was much smaller than that
in the negative interference (1374.67+85.87 mm?) and saline-
treated (1382.80+28.42 mm?) groups. Our results indicate that
HIFI-a is an important regulator of Survivin expression and
has great potential capacity for cancer therapeutics.
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Introduction

Colorectal cancer (CRC) is the fourth most common type of
cancer worldwide. In Asia, CRC has emerged as the second
most common cancer (1). Although therapeutic innovations
and enhanced education regarding lifestyle have greatly
reduced the incidence of CRC, approximately 50% of CRC
patients die from tumor metastasis and recurrence.

Hypoxia is a common feature in most solid human tumors
and is associated with increased malignancy, suppressed
differentiation and apoptosis, and increased multidrug resis-
tance (2). The adaptive response to hypoxia is adjusted by a
family of transcription factors; the most important member
in this family is hypoxia-inducible factor 1-a (HIF1-a). The
transcriptions of many genes that are critical for cellular
function under hypoxic conditions are activated by HIFI-a
(3). Survivin, a member of the inhibitor of apoptosis protein
(IAP) family, is highly expressed in almost all types of human
tumors and fetal tissues, but is barely detected in adult normal
tissues (4,5).

According to previous studies, the down-regulation of
HIF1-o decreases the levels of Survivin expression in various
types of cancer cells (6,7). These data indicate that HIFI-a
regulates the expression of Survivin. However, there are few
studies reporting that Survivin expression is regulated by
HIF1-a in CRC. In the present study, we comprehensively
investigated the effect of HIF1-a on Survivin in CRC tumor
tissue, in the CRC cell line SW480, and in an in vivo xenograft
tumor model. Furthermore, HIF1-a was silenced in order to
detect the expression of Survivin and cell apoptosis, as well
as the impact on tumor growth in an in vivo xenograft tumor
model.

Materials and methods

Tissue specimens. Tissue samples were obtained from patients
with a pathological diagnosis of colorectal adenocarcinoma as
determined by two pathologists. Patients underwent surgery
at the Department of Gastrointestinal Surgery, The First
Affiliated Hospital, Chongqing Medical University, during
the period from March 2009 to May 2009. Thirty-two CRC
patients participated in the study. The patient population
included 13 males and 19 females with an average age of
61 years (range 38-75 years). All of the patients had moder-
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ately differentiated cancer. TNM staging indicated that 20
cases were in stage I-II and 12 cases in stage III according to
the CRC staging standard by the International Union Against
Cancer (UICC). No patients had undergone preoperative
radiotherapy or chemotherapy. The principle committee of
the First Affiliated Hospital of Chongqing Medical University
authorized this research.

Cell lines and cell culture. The human colon adenocaci-
noma cell line SW480 was obtained from the Institute of
Biochemistry and Cell Biology (Shanghai, China), and was
cultured in RPMI-1640 medium (Invitrogen) supplemented
with 10% (vol/vol) fetal bovine serum (Invitrogen) at 37°C in a
humidified incubator containing 5% CO,. To attain and control
hypoxic conditions, cells were placed in a three-chamber air
incubator (Thermo) and flushed with a gas mixture of 5%
CO,-95% N, at 37°C. The final pO, value of the medium was
consistently measured at a range of 0.5-1%. A scheme protocol
of 1 h hypoxia interrupted by 30-min periods of reoxygenation
was used to simulate the tumor hypoxic environment (8).

Construction of HIFI-a shRNA expression plasmid and
stable transfection. Two pairs of short hairpin RNA (shRNA)
targeting HIF1-a (GeneBank accession NM_001530) were
constructed and subcloned into the pGenesil-11 plasmid. The
sequence was AACTAACTGGACACAGTGTGT and AAA
GCCACTTCGAAGTAGTGC. None of these sequences
were homologous with any human coding gene according
to a BLAST analysis. The shRNA was constructed into the
pGenesil-11 plasmid by Genesil Biotechnology Co., Ltd.
(Wuhan, China), and a black plasmid served as the negative
control. These were named SW480siHIF1-a and SW480N,
respectively. In the blank control group, PBS was used in
place of the plasmid. Cells were transfected with Lipofectin
2000 (Invitrogen) according to the manufacturer's protocol.

Immunohistochemistry. Tumors were fixed in 4% parafor-
maldehyde and processed through a series of increasing
ethanol concentrations for paraffin embedding. Sections
(4-um) were obtained, deparaffinized in xylene, rehydrated
and treated with 3% hydrogen peroxide for 20 min, and
incubated with blocking serum at room temperature for
30 min. Immunohistochemistry was carried out using rabbit
anti-HIF1-a and Survivin (Santa Cruz) primary polyclonal
antibodies, and subsequently with a secondary antibody
(goat anti-rabbit) (Santa Cruz). The expression of HIF1-a and
Survivin was visualized by chromogen 3,3-diaminobenzidine
immunolabeling. Finally, the sections were counterstained
with hematoxylin.

RT-PCR analysis. RT-PCR was used for the analysis of
HIF1-o and Survivin mRNA with GAPDH as an internal
control. Total RNA was extracted from the cells using RNAiso
reagent (Takara Biotechnology CO., Ltd., Dalian, China)
as recommended by the manufacturer. Primers for HIF1-a
were: forward 5-AGA AAC CAC CTA TGA CCT GC-3,
reverse 5"-TGA GTT TCA ACC CAG ACA TA-3'. Primers for
Survivin were: forward 5'-GAC CAC CGC ATC TCT ACA
TTC-3, reverse 5-GTT CTT GGC TCT TTC TCT GTCC-3'
(9). The GAPDH primers were: forward 5-ACC ACA GTC
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CAT GCC ATC AC-3), reverse 5-TCC ACC ACC CTG TTG
CTG TA-3' (9). Reactions were performed in accordance
with the standard protocol. One step RT-PCR (Takara) was
performed at 50°C for 30 min and 2 min at 94°C, followed by
27 cycles of 30 sec at 94°C, 30 sec at 60°C and 45 sec at 72°C.
The products were separated by electrophoresis in 3% agarose
and visualized with ethidium bromide.

Western blot analysis. Cells from each group were harvested,
and the protein extracts were separated using sodium dodecyl
sulfate-polyacene gel electrophoresis and transferred onto
nitrocellulose membranes. The membranes were then blocked
with the primary polyclonal antibodies against HIFI-a,
Survivin and B-actin (rabbit anti-human) (Santa Cruz) at 4°C
overnight. After being washed with TBS containing 0.05%
Tween-20, the membranes were incubated with a secondary
antibody (goat anti-rabbit) for 2 h and were then visualized by
a chemiluminescence system according to the manufacturer's
instructions.

Flow cytometric evaluation. Apoptosis of the cells was
determined by flow cytometry using the Annexin V-FITC
Apoptosis Detection kit (KeyGen, China) according to the
manufacturer's instructions. Briefly, the cells were washed
twice with cold PBS and resuspended in binding buffer at a
concentration of 1x10° cells/ml. They were then incubated
with 5 pl of Annexin V-FITC and 5 pl of propidium iodide
for 15 min at room temperature in the dark. Finally, 400 ul
of binding buffer was added, and cells were analyzed by flow
cytometry.

Electron microscope detection. Cells were collected and
washed with PBS three times and fixed in 4% glutaraldehyde at
4°C. The sample preparation was completed by the Laboratory
of Electron Microscopy of Chongqing Medical University. The
observation instrument was the HITACHI 7500.

Animal studies. Five-week-old female BALBC/C nude
mice were obtained from the Laboratory Animal Center
of Chongqing Medical University and were maintained in
specific pathogen-free units under isothermal conditions. All
experimental procedures were carried out in accordance with
the National Institute of Health Guide for the Care and Use
of Laboratory Animals. SW480 cells (5x10°) suspended in
0.1 ml serum-free medium were implanted subcutaneously
into the flank of the nude mice. When the tumor size reached
100 mm?, the mice were randomly divided into 3 groups (n=6)
(9). According to the method of Filleur et al (10), the mice
were intraperitoneally injected with 3 ul of siRNA suspended
in 50 pl saline or 50 pl saline alone. Tumors were monitored
by measuring the tumor volume with a caliper. Tumor volume
was calculated by the formula: V (mm?®) = length x width?/2.
After 24 days, the tumors were harvested for immunohis-
tochemistical staining. Subsequent steps were identical to
those described in ‘Immunohistochemistry’.

Statistical analysis. Data were represented as the mean =+
SD. The t-test, one-way ANOVA and Spearman rank corre-
lation were carried out using SPSS 10.1 statistical software.
Statistical significance was assumed at values of p<0.05.
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Figure 1. Expression of HIF1-a and Survivin protein in CRC tissue samples (x200). HIF1-a and Survivin proteins were expressed mainly in the cytoplasm.
Seventy-five percent (23/32) of the CRC tissue samples were positive for HIF1-a staining, and 68.75% (22/32) for Survivin staining.

Results

Expression of HIFI-a and Survivin in CRC tissues. HIF1-a
and Survivin proteins were detected in paraffin-embedded
human CRC tissue sections using immunohistochemistry, and
were found to be predominantly expressed in the cytoplasm
of the tumor cells (Fig. 1). The positive rate of HIFI-a and
Survivin in the CRC samples was 75.00% (23/32) and 68.75%
(22/32), respectively. Spearman correlation analysis showed
a correlation between the expression of HIFl-o and the
expression of Survivin in the CRC tissue samples (rs=0.478,
p=0.006) (Table I).

Hypoxia induces expression of HIFI-o and Survivin. SW480
cells were incubated under normoxia and hypoxic conditions,
and the expression of HIF1-a and Survivin was detected by
RT-PCR (Fig. 2A) and Western blot analysis (Fig. 2B). As
shown in Fig. 2, the expression of HIF1-a and Survivin was
increased significantly in the hypoxic group as compared to
the expression in the normoxia group (p<0.01).

Decrease in HIFI-a expression leads to reduced Survivin
expression. The expression levels of HIFl-o mRNA were
detected by RT-PCR on days 3, 7 and 15 in each group. In
the SW480siHIF1-a group, HIF1-a expression was elimi-
nated, particularly on day 7, whereas the expression level of
HIF1-a mRNA in the SW480N and blank control groups did
not change (Fig. 3A). On day 7, HIFI-a protein expression
analyzed by Western blotting (Fig. 3B) showed a result consis-
tent with results from RT-PCR. As shown in Fig. 3C and D,
the mRNA and protein expression levels of Survivin on day 7
in the SW480siHIF1-a group were significantly decreased

Table I. Correlation of HIF1-a and Survivin expression in
CRC tissue samples.

Expression of Survivin

Expression of HIF1-a  Positive (n=22) Negative (n=10) P-value

Positive (n=23) 19 4
Negative (n=9) 3 6

0.006

compared with the levels in the SW480N and black control
groups (p<0.01).

HIFI-a silencing induces apoptosis. As shown in Fig. 4,
transfection with HIF1-o shRNA markedly increased the
apoptotic cell populations in the SW480 cells, as demon-
strated by flow cytometric analysis. The apoptotic rate in the
SW480siHIF1-a group (20.30+1.07%) showed high statistical
significance compared with the SW480N (4.26+0.27%) and
black control (3.40+0.29%) groups (Fig. 4A) (p<0.01). In the
SW480siHIF1-a group, the surface of the cells exhibited many
cytoplasmic protrusions, and high electron density condensa-
tion nuclei and apoptotic bodies were noted upon electron
microscope detection. There were no obvious morphological
changes characteristic of apoptosis in the SW480N and black
control groups (Fig. 4B).

Effects of HIFI-a on Survivin in the in vivo xenograft tumor
model. To determine the effect of HIF1-a on Survivin
expression and CRC tumor growth in vivo, SW480 cells
suspended in serum-free medium were subcutaneously
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Figure 2. Expression of HIF1-a and Survivin under normoxia and hypoxic conditions. SW480 cells were cultured under normoxia and hypoxic conditions.
(A) Expression of HIF1-a and Survivin mRNA was significantly increased in the hypoxic compared to the normoxia group (*p<0.01). (B) Protein expression
showed similar results ("p<0.01).
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Figure 3. Downregulated HIF1-o expression leads to decreased Survivin expression in SW480 cells. (A) Expression of HIF1-oo mRNA was significantly
decreased in the SW480siHIF1-a group, particularly on day 7 ("p<0.05 vs. other groups). (B) Western blot detection of HIF1-a protein expression on day 7.
SW480siHIF1-a induced a marked reduction in HIF1-a synthesis (“p<0.01). (C) Survivin mRNA and (D) Survivin proteins were decreased by the silencing
of HIF1-a on day 7 ("'P<0.01).
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implanted into nude mice, and siRNA was intraperitoneally
injected. Twenty-four days later, the mice were sacrificed and
the tumors were resected. The tumor volume of the siHIF1-a
group was 586.67+41.63 mm?, which was much smaller than
that of the negative interference (1374.67+85.87 mm?) and
saline-treated (1382.80+28.42 mm?) groups (Fig. 5A). HIF1-a
and Survivin protein expression was analyzed in the in vivo
xenograft tumor model by immunohistochemistry. As shown
in Fig. 5B, HIFI-a and Survivin proteins showed a marked
reduction in the siHIF1-a group as compared with the negative
interference and the saline groups.

Discussion

Hypoxia is considered to be one of the tumor microenviron-
ment factors favoring tumor cell survival and resistance to
chemotherapy and radiotherapy (11). HIF1-a. is a master regu-
lator of the transcriptional response of cancer cells to oxygen
deprivation. Since its discovery in the early 1990s, HIF1-a
has rapidly attracted attention due to its involvement in tumor
metabolism, angiogenesis and metastasis, and its potential
role as a cancer therapeutic target (12).

HIF1-o expression has been detected in the majority
of solid tumors examined, including brain, bladder, breast,

colon, ovarian, pancreatic, renal and prostate cancer, whereas
no expression has been detected in surrounding normal tissue
or in benign tumors. Up-regulation of HIF1-a increases HIF1
transcription factor activity and promotes tumor growth,
whereas loss of HIF1-a activity dramatically decreases angio-
genesis, tumor growth and energy metabolism. Clinically,
HIF1-o overexpression was found to be a biomarker of highly
aggressive disease and is associated with poor patient prog-
nosis and treatment failure in various types of cancer (13).
Survivin, the smallest protein of the IAP family, is weakly or
not at all expressed in normal tissues, but is overexpressed in
fetal tissues and many tumors. This overexpression was also
found to be correlated with poor patient prognosis in medullo-
blastoma and breast cancer (14-17). HIF1-a and Survivin were
found to be overexpressed in non-small-cell lung cancer, and
their expression levels were demonstrated to be correlated
(18). In this study, HIF1-o and Survivin were highly expressed
in CRC tissue. Correlation analysis showed that the expression
of HIF1-a was positively correlated with that of Survivin.
Recently, it was found that tumor-specific expression of
Survivin is increased by hypoxia (19). We also found that
the expression of HIF1-a and Survivin mRNA or protein in
cells was significantly increased under hypoxic conditions.
To further confirm that Survivin is induced by HIF1-a, RNA
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interference was used to decrease the expression of HIF1-a
in SW480 cells. We found that this decrease was significantly
correlated with the reduced mRNA and protein expression of
Survivin. In an in vivo xenograft tumor model, the decrease in
Survivin protein expression was associated with low expres-
sion of HIF1-a protein. This suggests that HIF1-a may be an
important factor in the regulation of Survivin expression.

Notably, we found that the cells in the SW480siHIF1-a
group had a higher apoptotic rate than those in the SW480N
and black control groups, and morphological changes charac-
teristic of apoptosis were noted. A possible explanation is that
the most important function of Survivin in tumors is the inhi-
bition of tumor cell apoptosis (6). In rectal carcinoma patients,
Survivin expression was inversely increased. leading to lower
levels of apoptosis and a higher risk of local tumor recurrence
(20). Thus, inhibition of HIFIl-a gene expression led to a
decrease in the expression of Survivin, and subsequently the
anti-apoptosis ability of tumor cells was decreased.

In the in vivo xenograft tumor model, siRNA was intrap-
eritoneally injected. Twenty-four days later, the tumor volume
of the siHIFI-a group was much smaller than that in the
negative interference and saline groups. Silencing of HIF1-a

facilitated tumor cell apoptosis and inhibited tumor growth in
this study. However, whether or not HIF1-a is a good target for
the development of cancer therapeutics requires further inves-
tigation. Since it has a large number of downstream genes,
HIF1-o may play a complex role in cancer biology (20). It was
recently demonstrated using DNA microarrays that more than
2% of all human genes in arterial endothelial cells are directly
or indirectly regulated by HIF1-a (21). To date, a comprehen-
sive understanding of this has not been achieved. Therefore,
the determination of which downstream genes participate in
cancer development and the identification of their functions in
tumors under hypoxic conditions warrant further research.

In conclusion, our experimental results demonstrated that
HIF1-o and Survivin are highly expressed in CRC tissue and
colon adenocarcinoma SW480 cells, and that the expression
of these proteins is correlated. Additionally, we showed that
hypoxia induced the expression of HIF1-o and Survivin.
Furthermore, the inhibition of HIF1-a resulted in the attenu-
ation of Survivin expression. HIF1-o may therefore be an key
factor involved in the regulation of Survivin expression. The
inhibition of HIF1-a may be an important and feasible thera-
peutic target for colorectal carcinoma.
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