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Abstract Regional hypoxia caused by accelerated cell prolif-
eration and overgrowth is an important characteristic of neo-
plasm. Hypoxia can cause a series of changes in gene tran-
scription and protein expression, thereby not only inducing
tumor cell resistance to radiotherapy and chemotherapy but
also promoting tumor invasion and metastasis. This study
aimed to investigate the relationship between HIF-1α expres-
sion and cellular apoptosis, angiogenesis and clinical progno-
sis in rectal carcinoma. In 113 rectal carcinoma cases, cellular
apoptosis was analyzed by the in si tu terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick end
labeling (TUNEL) assay, whereas the levels of HIF-1α ex-
pression, VEGF expression, microvessel density (MVD) and
lymphatic vessel density(LVD) were examined by immuno-
histochemical staining. HIF-1 expression was detected in 67
of 113 rectal carcinoma cases (59.3 %). A positive correlation
was found among HIF-1α expression, cellular apoptosis and
angiogenesis. The 5-year survival rate in the HIF-1α-negative
group was significantly higher than that in the HIF-1α-
positive group (81.34 % versus 50 %, P<0.05). According
to the Cox regression analysis, HIF-1α expression, VEGF
expression and cellular apoptosis index were independent risk
factors for clinical prognosis in rectal carcinoma. Aberrant
HIF-1α expression correlates with apoptosis inhibition, an-
giogenesis and poor prognosis in rectal carcinoma.
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Introduction

Neoplastic development and metastasis are associated with
aberrant cell proliferation, apoptosis and angiogenesis [1, 2].
Regional hypoxia caused by accelerated cell proliferation and
overgrowth is an important characteristic of neoplasm. Hyp-
oxia can cause a series of changes in gene transcription and
protein expression, thereby not only inducing tumor cell re-
sistance to radiotherapy and chemotherapy but also promoting
tumor invasion and metastasis [3]. Hypoxia inducible factor 1
(HIF-1) is a heterodimeric transcription factor formed by theα
subunit (HIF-1α) dimerizing with the constitutively expressed
β subunit, which subsequently binds to hypoxia response
elements in the promoters of target genes [4, 5]. Protein
expression of HIF-1α in tumor cells is regulated by a variety
of stimuli. It is involved in regulating energy metabolism [6]
and oxygen transport under anaerobic conditions, thereby
facilitating the adaptation of tumor cells to anaerobic condi-
tions. Therefore, HIF-1α is the key regulator maintaining
intracellular oxygen balance in humans [7]. As one of the
most important transcription factors mediating hypoxia-
induced cellular responses, HIF-1 can promote tumor angio-
genesis and glycolysis [8], thereby playing a critical role in the
adaptation of tumor cells to hypoxia. Vascular endothelial
growth factor (VEGF) is an important signaling factor regu-
lating angiogenesis and cellular responses by binding to tyro-
sine kinase receptors (VEGFRs) on the cell surface [9], in-
ducing VEGFR dimerization, which in turn activates VEGF
by transphosphorylation. In the present study, we sought to
investigate the expression of HIF-1α in rectal carcinoma and
its potential impact on tumor cell apoptosis, angiogenesis and
clinical prognosis.
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Materials and Methods

Patients and Samples

A total of 113 rectal adenocarcinoma cases were included in
this study. The recruited patients had undergone curative
tumor resection, without chemotherapy or radiotherapy before
surgery, at the First Affiliated Hospital of Chongqing Medical
University from 2004 to 2007. These patients were composed
of 11 cases of well-differentiated adenocarcinoma, 81 cases of
moderately differentiated adenocarcinoma and 21 cases of
poorly differentiated adenocarcinoma. There were 61 males
and 52 females, with the mean age of 52.5 years. In addition,
10 normal rectal tissue samples were used as negative control.

Immunohistochemical Staining for HIF-1α and VEGF

Immunohistochemical staining was performed using the stan-
dard streptavidin-peroxidase method and the S-P Histostain-
Plus Kit (Beijing Zhongshan Biotechnology CO., LTD.), ac-
cording to the manufacturer’s instructions. A rabbit antibody
against the protein (HIF-1α and VEGF, diluted at 1:100,
Boster Biological Technology LTD.) was used as the primary
antibody for HIF-1α and VEGF detection. Scoring criteria for
HIF-1α and VEGF expression were as follows: samples with
<10% positively stained tumor cells were considered negative
for the corresponding protein expression; otherwise, the ex-
pression was considered positive.

Immunohistochemical Staining for Microvessel Density
(MVD) and Lymphatic Vessel Density(LVD)

After deparaffinization and rehydration, tumor tissue sections
were subjected to immunohistochemical staining using the
same method as for HIF-1α antigen staining. A rabbit anti-
body against the CD34 (Beijing Zhongshan Biotechnology
CO., LTD.) and mouse monoclonal antibody against
podoplanin (Santa Cruz) were used. For MVD and LVD
determination, three areas in the sections were randomly
selected and examined under 200-fold magnification
using the point-counting method. The average count
was recorded and expressed as the number of vessels
per square millimeter in each case.

In Situ Detection of Apoptosis

Cellular apoptosis in the tumor tissue sections were deter-
mined by the terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end labeling (TUNEL) assay,
using an in situ cell death detection kit, POD (Boehringer
Mannheim). After deparaffinization and rehydration, the sec-
tions were digestedwith proteinaseK (20μg/ml, AMERSCO)
for 20 min at room temperature and were washed with PBS.

After blocked with methanol containing 3 % hydrogen per-
oxide for 10 min, the sections were washed with PBS again
and mixed with a permeabilisation solution (0.1 % Triton
X-100, 0.1 % sodium citrate) for 2 min on ice. The TUNEL
reaction mixture was pipetted onto the sections, which were
then incubated at 37 °C for 1 h. The reaction was terminated
by washing the sections with PBS, after which converter-POD
was added onto the slides. Finally, the slides were washed
with PBS, stained with diaminobenzdine and counterstained
with hematoxylin. The cell nucleus stained yellow-brown was
considered positive for the corresponding protein expression.
The apoptotic index (AI) was expressed as the ratio of posi-
tively stained tumor cells to all tumor cells. For each case,
1000 tumor cells randomly selected in 5 areas were counted
under 400-fold magnification.

Statistical Analysis

All statistical analysis was performed using the SPSS 11.0
software package(version 11.0, SPSS Inc., Chicago, IL). Dif-
ferences in tumor cell AI and MVD between the two groups
dichotomized by HIF-1α expression and VEGF expression
were analyzed using the t test. Clinicopathologic factors asso-
ciated with the expression of HIF-1α and VEGF were ana-
lyzed using the χ2 test, whereas the factors associated with AI,
MVD and LVD were analyzed using t test. Survival curves
were plotted according to the Kaplan-Meier method and were
examined using the log-rank test. Cox proportional hazard
regression analysis was conducted to determine predictive
factors for prognosis. Differences with P<0.05 were consid-
ered statistically significant.

Results

Expression of HIF-1α and VEGF in Rectal Carcinoma

By immunohistochemistry, HIF-1α expression was detected
positive, i.e., yellow-brown, in the cytoplasm of tumor cells in
67 of 113 cases (59.3 %, Fig. 1b). VEGF expression was
detected positive, i.e., brown or yellow-brown, in the
cytoplasm and on the envelope of tumor cells in 55 of
113 cases (48.7 %, Fig. 1d). In contrast, the expression of
HIF-1α and VEGF in normal tissue samples was negative
(P<0.01, Fig. 1a, c).

Correlation Among HIF-1α Expression, AI, MVD and LVD

In the 113 cases, the means of AI, MVD and LVD were
16.87 %±6.05 % (range: 9.0 %–31.2 %, Fig. 2a) and 28.1±
5.7 (range: 16–66, Fig. 2b) and 9.77±4.84(range: 2–21,
Fig. 2c), respectively. The mean of AI in HIF-1α positive
cases (n=67) was (13.60±3.59)%, which was significantly
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lower than the number of (21.06±6.02)% in HIF-1α negative
cases (n=46; P<0.01). On the contrary, the mean of MVD in
HIF-1α positive cases was significantly higher than that in
HIF-1α negative cases (31.57±7.72 versus 27.17±5.16,
P<0.05). And there was no significant difference for the mean
of LVD between HIF-1α positive cases and HIF-1α negative
cases (10.58±3.92 versus 9.69±5.15, P>0.05).

Correlation Among VEGF Expression, AI, MVD and LVD

The mean of AI in VEGF positive cases (n=55) was (15.34±
2.31)%, which was significantly lower than the number of
(23.22±3.51)% in VEGF negative cases (n=58; P<0.01). On
the contrary, the mean of MVD in VEGF positive cases
was significantly higher than that in VEGF negative
cases (34.07±8.97versus24.06±5.91, P<0.01). And there
was no significant difference for the mean of LVD
between VEGF positive cases and VEGF negative cases
(10.13±5.42versus 10.67±4.87, P>0.05).

Correlation Between Clinicopathological Factors and HIF-1α
Expression, VEGF Expression, AI, MVD and LVD

The correlation between clinicopathological factors and HIF-
1α expression, VEGF expression, AI, MVD and LVD were
analyzed. As shown in Table 1, differences in age, sex and

differentiation degree did not significantly affect HIF-1α ex-
pression, VEGF expression, AI, MVD or LVD(P>0.05). In
contrast, differences in lymph node metastasis and Duke’s
classification significantly affected these five indices
(P<0.05). In particular, distant metastasis significantly corre-
lated with positive VEGF expression and MVD (P<0.05).

Analysis of Prognostic Factor in Patients with Rectal
Carcinoma

Kaplan-Meier curves in patients with rectal carcinoma cate-
gorized according to HIF-1α and VEGF expression are shown
in Figs. 3 and 4. The overall 5-year survival rate in HIF-1α
positive patients was significantly lower than that in HIF-1α
negative patients (50 % versus 81.34 %, P<0.05). Similarly,
the overall 5-year survival rate in VEGF positive patients was
significantly lower than that in VEGF negative patients
(37.93 % versus 86.67 %, P<0.01).

For the analysis of correlation among AI, MVD and prog-
nosis, the patients were dichotomized by the cutoff of 17% for
AI and of 29.6 for MVD, which provided a more sensitive
parameter for detecting differences in survival of these pa-
tients. The overall 5-year survival rates in the high AI group
(≥17.0 %, 88 %) and the low MVD group (≤28.1, 77.27 %)
were significantly higher than those in the low AI group

Fig. 1 HIF-1α and VEGF
expression in rectal carcinoma
and normal rectal tissues (×400). a
and cNegative expression of HIF-
1α and VEGF in normal rectal
tissue; b Positive expression of
HIF-1α in rectal carcinoma; d:
Positive expression of VEGF
in rectal carcinoma;
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(<17 %, 38.77 %) and the highMVD group (>28.1, 31.82 %),
respectively (Figs. 5 and 6; P<0.05).

In addition, using the variables of age, sex, differentiation
degree, distant metastasis, lymph node metastasis, Duke’s
classification, HIF-1α expression, VEGF expression, AI,
MVD and LVD, the multivariate Cox proportional hazard
model demonstrated that distant metastasis, lymph node me-
tastasis, HIF-1α expression, VEGF expression and AI were
independent predictors for overall survival (P<0.05).

Discussion

At the early stage of solid tumor development, tumor cell
proliferation depends on the nutrition obtained from disper-
sion. When the diameter of a solid tumor exceeded 1–2 mm,

dispersion would not be able to satisfy the need for tumor cell
survival and growth, thereby leading to regional hypoxia,
which in turn induces a series of changes in gene transcription
and protein expression in response to the hypoxic environ-
ment. The most direct and obvious change is the significantly
increased angiogenesis, which can increase local blood supply
and help removing the large number of metabolic products
from the tumor mass. Hypoxia is a characteristic feature of the
microenvironment of solid tumor, which plays an important
role in neoplastic development and metastasis [10]. Tumor
angiogenesis and the adaptation of tumor cells to hypoxia are
the key contributing factors to tumor progression [11]. There-
fore, new blood vessels would be required for preventing
tumor cell necrosis. Angiogenesis plays a crucial role in
promoting tumor cell proliferation, invasion and metastasis,
which is considered an independent prognosis factor for

Fig. 2 Microvessels, Cellar
apoptosis and Lymphatic vessels
in rectal carcinoma tissues. (a, c,
e×100;b, d, f×400.). a and b The
microvessels in rectal carcinoma
tissues. The microvessels stained
byCD34were shown in brownish
yellow. Red arrows in picture B
point at the microvessel. c and d
The cellar apoptosis in rectal
carcinoma tissues. The cellar
apoptosis were stained by
TUNEL and shown in brownish
yellow. Blue arrows in picture D
point at the apoptotic bodies. e
and f The lymphatic vessels in
rectal carcinoma tissues. The
lymphatic vessels stained by
Podoplanin were shown in
brownish yellow. Black arrows in
picture F point at the lymphatic
vessel
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multiple types of neoplastic tumors. Hypoxia can induce
transcriptional activation of a series of genes that are specifi-
cally associated with angiogenesis and hypoxia-induced met-
abolic alterations, which in turn facilitates tumor cell adapta-
tion to the hypoxic environment. HIF-1α plays an important
role in this process, thereby promoting tumorigenesis and
neoplastic development [12]. Hypoxia is the most prominent
factor for HIF-1α expression induction. In addition, HIF-1α
can activate the expression of its downstream target vascular
endothelial growth factor, thereby promoting tumor cell pro-
liferation [13]. Disturbing the balance between cell prolifera-
tion and apoptosis could affect neoplastic development. Many
previous investigations in colorectal carcinoma have focused
on proliferation and apoptosis [14–16]. Moreover, several
reports have reported a significant increase in MVD in colo-
rectal carcinoma.

As a transcriptional factor, the heterodimer HIF-1α recog-
nizes and binds to the consensus sequence of 5′-(A/G)CGTG-
3′, also named hypoxia-responsive elements (HREs) to acti-
vate the transcriptional activity of target genes [5, 17]. Increas-
ing evidence has implicated the function of HIF-1α in tumor
cell growth and metastasis. Immunohistochemistry analysis
has demonstrated HIF-1α overexpression in many types of
cancer compared with the respective normal tissues, including
colon, breast, gastric, lung, skin, ovarian, pancreatic, prostate
and renal carcinomas [18, 19]. In the present study, we found
that HIF-1α expression in rectal carcinoma tissue was signif-
icantly elevated compared to that in normal tissue, and that
HIF-1α expression level correlated with the status of lymph
node metastasis and tumor stages, consistent with the obser-
vations by Simiantonaki et al. [20].

Fig. 3 Survival curves for HIF-1α positive and HIF-1α negative cases
(P<0.05)

Fig. 4 Survival curves for VEGF positive and VEGF negative cases
(P<0.01)

Fig. 5 Survival curves for patients with high AI and with low AI
(P<0.01)

Fig. 6 Survival curves for patients with high MVD and with low MVD
(P<0.05)
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HIF-1α is known to stimulate angiogenesis by activating
the transcription of several growth factors, including VEGF,
evidenced by the abnormal vascular development in HIF-1α-
knockout mice [21]. In a following study, Tsuzuki Y et al.
reported that HRE-/- ES tumors produced the same level of
VEGF as VEGF-/- ES tumors, indicating the role of HIF-1α/
HRE in transcriptional regulation of VEGF in tumor cells
[22]. Moreover, it has been reported that HIF-1α can not only
induce VEGF transcriptional activation but also increase the
stability of VEGF mRNA, thereby elevating the VEGF pro-
tein level [23]. The elevation of VEGF expression, especially
VEFG-A expression, can promote proliferation of tumor-
derived vascular epithelial cells through multiple signaling
pathways, including PI3K, MAPK, Ras and PLC, thereby
facilitating tumor angiogenesis [24], which in turn promote
tumor growth, invasion and metastasis. In the present study,
we found that VEGF expression was elevated in 48.7 % of the
rectal carcinoma samples and correlated with the status of
lymph node metastasis, distant metastasis and tumor stages,
further indicating that the HIF-1α-VEGF signaling pathway
mediated by HIF-1α is closely related to neoplastic develop-
ment and metastasis.

In this study, we showed that apoptosis inhibition by HIF-
1α was a predictive indicator of poor prognosis and short
survival rate in rectal carcinoma. The mean AI in HIF-1α
positive cases was significantly lower than that in HIF-1α
negative cases, which was associated with lymph node me-
tastasis and Duke’s classification. In addition, the prognosis of
patients with high AI was more promising than that of the
patients with low AI. These data suggested that aberrant HIF-
1α expression might result in apoptosis inhibition, thereby
decreasing the sensitivity to apoptosis in rectal carcinoma
development and metastasis. But the occurrence of apoptosis
inhibition depends on the severity of hypoxia. Some re-
searches showed that the anti-apoptotic effect was observed
with mild hypoxia because HIF-1α was activated with the
dimerization of HIF-1α and ARNT, leading to higher gene
transcription. On the other hand, severe hypoxia leads to cell
death at least partially via the stabilization of p53 by
HIF-1α, and HIF-1α was degraded finally. Suzuki et al.
[25] demonstrated that two different forms of HIF-1α
were responsible for these two totally different function-
alities of HIF-1α. Phosphorylated HIF dimerizes with
ARNT while dephosphorylated HIF-1α associates with
p53 and induces apoptosis via Bax over-expression. HIF-
1α could prevent apoptosis of tumor cells through de-
creasing Bax/Bcl-2 ratio and reducing caspase 3 activity
[26]. Therefore, HIF-1α overexpression could further
destabilize cancer cells, thereby promoting metastasis.
This argument was supported by the multivariate Cox
proportional hazard model, which determined AI as a
significant independent predictor of overall survival in
our examined rectal carcinoma patients (P<0.05).

HIF-1α expression, which can regulate VEGF transcrip-
tion and activation, positively correlates with VEGF expres-
sion in rectal cancer. The expression of VEGF and its recep-
tors Flt-1 and Flk-1 were closely associated with angiogenesis
in colorectal cancer. VEGF can promote colorectal tumor cell
invasion through autocrine, thereby playing an important role
in tumor cell infiltration and metastasis [27]. HIF promotes
tumor angiogenesis and cell proliferation in the presence of
wild-type P53 [28]. As one of the most important findings in
this study, the significant decrease of AI was accompanied by
a significant increase of MVD in HIF-1α positive cases.
Moreover, the 5-year survival rate of the patients with low
MVD was significantly higher than that of the patients with
high MVD (P<0.05). These data suggested that HIF-1α
might play a role in protecting endothelium and accel-
erating cell proliferation through anti-apoptosis during
cell cycle progression, which in turn suggested that
inhibiting HIF-1α expression could promote endothelial
apoptosis and inhibit metastasis.

Research shows that VEGF induced formation of lymphat-
ic vessels and promoted the expansion of lymphatic vessels
[29], and in breast cancer the expression of VEGF associated
with LVD [30]. In the present study, we found that the expres-
sion of LVD has no significant difference between the positive
group and negative group of HIF and VEGF expression, but
has correlation with tumor lymphatic metastasis. We believe
that tumor lymphangiogenesis providing an indispensable
way for tumor metastasis, and resulting in lymph node metas-
tasis. Because the tumor lymphatic microvessel consists of
only a single cell, no basal layer, and when the interstitial
pressure increases, the elastic wire in extracellular matrix will
expand, and the tumor cells can enter the lymphatic then
metastasis to lymph nodes. Gao et al. [31] studies show, the
expression of VEGF has no correlation with LVD in the
gastrointestinal tract tumor, consistent with the results of our
findings. Which suggested that VEGF could not stimulate the
formation of lymphatic vessels. Lee et al. [32] studies shown
that there has some heterogeneity in different lymphatic en-
dothelial cells, and its heterogeneity depends on various fac-
tors (including anatomy and organ-specific vascular bed). We
believe that the inconsistent conclusions may be caused
by the heterogeneity of different organs of lymphatic
endothelial cell. The differences of the immune function
and other aspects of biolog of lymphatic endothelial cells
in different organs leads to different stimulating factors
required for lymphatic hyperplasia in different organs.
The VEGF could stimulate the lymphatic formation ves-
sels in breast cancer, but could not in gastrointestinal
tumors. In addition, the sensitivity and specificity of the
lymphatic markers, and the numbers of experimental sam-
ples may also cause differences in this result. So, selecting
more samples in different tumors to research in this area
will help to clarify this problem.
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In conclusion, our findings in this study indicate that HIF-
1α expression positively correlates with tumor cell apoptosis,
angiogenesis, low survival rate and unfavorable prognosis in
rectal carcinoma. Further investigations are warranted to ex-
plore the potential of HIF-1α as a target candidate for anti-
angiogenesis therapy.
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