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ABSTRACT

Objectives: The finding of new prognostic factors in human cervix cancer is necessary to improve present conventional
treatments. The aim of the present study was to determine the expression and evaluate the prognostic value of hy-
poxia-inducible factor-1(HIF-1a), vascular endothelial growth factor (VEGF) and eritropoyetin receptor (EpoR) in cer-
vix cancer stages IIA-IIB and in preinvasive high grade squamous intraepithelial lesions (HSIL) Methods: The study
included 70 patients with cervix cancer, FIGO stages IIA-IIB, 28 patients with HSIL and normal cervix (n = 28).
HIF-1a, VEGF and EpoR expression were analyzed in tissue samples by immunohistochemistry using commercial
antibodies. Expression and overexpression of the tumor markers were quantified according to German Immunoreactive
Score. Results: HIF-1a, EpoR and VEGF overexpression was detected in 30%, 37% and 51% of cancer patients re-
spectively. Patients with HSIL showed enhanced expression only of EpoR and VEGF (39.2% and 71.4%) while VEGF
was overexpressed in 21% of the specimen. No correlation was found between VEGF and EpoR with disease-free over-
all survival (OS), tumor recurrences or prognostic factors. Only overexpression of HIF-1 was associated with less me-
dian survival measured up to 24 months, unless it was not maintained a long time. Conclusion: Although any of the
markers could be considered as independent prognostic factor for cervix cancer patients, our data showed a significant
increase in their expression from the premalignant lesion up to the invasive stages of tumor progression.
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1. Introduction transcription is modulated by numerous transcription
factors and by epigenetic mechanisms. Thus, genetic and
epigenetic alterations are involved to acquire an immortal
phenotype and to further progress to an overt malignant
and invasive phenotype [4,5]. The E6 and E7 proteins
initiate dysregulation of cell proliferation and of apo-
ptotic mechanisms at defined targets such as p53 and
retinoblastoma (Rb) tumor suppressor proteins, respec-
tively. The E6 protein switches off the apoptotic protec-
tion activated by genomic instability arising as a conse-
quence of E7 induced cell cycle activation [6]. The dra-
matic change in the methylation pattern of several tumors
is characterized by methylation of CpG islands in several
promoter regions. The hypomethylation (extent of in-
corporation of 3H-methyl groups) increased progres-
sively with the grade of cervical neoplasia [7].
Angiogenesis is fundamental for tumor growth since it
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Squamous cell carcinoma of cervix is the most frequent
tumor within female genital tract and one of the leading
causes of female cancer-related death. It accounts for
approximately two-thirds of all cervical cancer cases,
whereas adenocarcinomas and adenosquamous carcino-
mas account for 10% - 25% [1]. In our country, cervical
cancer shows an incidence of 17.5 per 100.000 women
and 7.4 deaths per 100.000 women [2]. Invasive cervical
cancer and the precursor lesions are in casual relationship
with infection by oncogen human papillomavirus (HPV).
In the squamous epithelium, HPV mediates cellular dys-
plasia and neoplasia which represent oncogenic progres-
sion [3]. Persistance of HPV infection is not sufficient to
transform the epithelial host cells. Transformation by
HPV depends on the oncoproteins E6 and E7, whose
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giogenesis is mediated not only by angiogenic factors but
also directly by hypoxia [7-9]. As tumors grow larger,
sustained tissue hypoxia may also cause molecular
changes associated with a more malignant phenotype less
sensitive to cytotoxic and/or radiotherapy treatments [10,
11]. Lack of oxygen is a hallmark of solid tumor forma-
tion and constitutes an independent prognostic factor in
diverse malignant tumors [12] Hypoxia-inducible factor-
1 (HIF-1) is the transcriptional factor that mediates cel-
lular response to hypoxia [13]. HIF-1 protein is a het-
erodimer composed of HIF-la and HIF-15 (ARNT)
subunits that bind to specific hypoxia-responsive ele-
ments (HREs) and it is protected from ubiquitination and
proteosomal degradation under hypoxic conditions [14,
15]. HIF1 influences the expression of a diverse set of
genes associated with tumor progression, e.g. eritropoye-
tin (Epo), transferrin, endothelin-1, iNOS, Glut-1 trans-
porter, VEGF and inflammatory molecules as well as
pro- and antiapoptotic genes [16-18]. Cancer cervix hy-
poxia has been described to be independent of clinical
size, grade and FIGO stage [19,20] and is nowadays con-
sidered a powerful independent prognostic factor for the
outcome of the disease [11,21].

Vascular endothelial growth factor (VEGF) is an im-
portant mediator of tumor angiogenesis. Tumor cells
within tumor microenvironment secrete VEGF under
stressed conditions as hypoxia [22], radiotherapy [23]
and chemotherapy [24], resulting in low response and
thus poor prognosis.

Besides VEGF, erythropoietin (Epo) is another of the
best known hypoxia-regulated genes mediated by HIF-1
[25]. Epo is a glycoprotein hormone that stimulates
erythropoiesis, which exerts its effect by stimulating
growth, preventing apoptosis and inducing differentiation
of red blood cell precursors. Epo receptor (EpoR) be-
longs to the superfamily of cytokine receptors; Epo and
EpoR signaling stimulates not only hematopoietic tissues
and cells, but also a variety of solid tumors including
breast and cervical cancer [26,27].

Our aim was to analyze the expression of HIF-la,
VEGF and EpoR in locally advanced cervical cancer and
in premalignant HSIL to evaluate their value as prognos-
tic markers of cervix neoplasias. The identification of
prognostic and/or predictive biological markers in cervix
cancer patients and their potential application in new and
improved therapeutics would be of great importance for
survival improvement.

2. Material and Methods
2.1. Patients and Tissue Samples

The retrospective study included 70 patients with cervi-
cal cancer FIGO stages IIA and IIB, treated and followed
up at the Department of Gynecology, Institute of Oncol-
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ogy A. H. Roffo (University of Buenos Aires). Patients
were randomly selected from our data base between
years 1987-1999. Inclusion criteria were patients with
diagnosis of uterine cervix carcinoma confirmed by an
expert pathologist and further classified as stage II ac-
cording to FIGO guideline; complete radiotherapy treat-
ment at our Institute (TCT 50 Gy and BT 35 - 40 Gy);
access to histological samples included in paraffin were
also required. Patients of the database with no post-
treatment follow up and with other oncological diseases
(except basocellular tumors) were excluded. Women
with high grade squamous intraepithelial lesions (HSIL)
were also included in the study (n = 28). Normal cervical
tissues (n = 28) were obtained from hysterectomies due
to benign uterine diseases. Clinico-pathological charac-
teristics of patients are shown in Table 1. The study was
approved by the Ethical Committee at the Institute of
Oncology A. H. Roffo.

Table 1. Clinicopathological characteristics of patients.

Median age (range) 46y (30-76)
Tissue Samples n
Normal cervix 28
HSIL 28
Cervical cancer 70
FIGO stage
A 13 (18.6)
B 57 (81.4)
Histology
Squamous 55 (78.5)
Adenoca 14 (20)
Als 1(1.4)
Differentiation grade
Gl 14 (20)
G2 20 (28.5)
G3 2130
nd 15 (21.4)
Platelet count
<400.000 33 (47.2)
>400.000 10 (14.3)
nd 27 (38.5)

Clinicopathological charateristics of cervical cancer patients and samples
size are shown. Adenoc: adenocarcinoma; A/s: adenosquamous; n: indicate
number of patients; numbers between parenthesis indicate % of patients; n.d.:
not determined.
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2.2. Immunohistochemistry

Formalin-fixed, paraffin-embedded 4-um tissue sections
were stained with standard immunohistochemical meth-
ods. Sections were deparaffinized and endogenous per-
oxidase was blocked in 3% H,0, in TBS buffer, pH 7.4
for 10 min. Antigen retrieval was performed using a mi-
crowave. After heating, slides were incubated with anti-
bodies anti-HIF-1a (dilution 1:50, Santa Cruz, sc-53546,)
anti-VEGF (dilution 1:250, Biogenex, PV-483,) and anti-
EpoR (dilution 1:200, Santa Cruz, sc-695) and detected
with secondary biotinilated antibodies. Diaminobenzidi-
ne was used as substrate cromogen and all slides were
then counterstained with hematoxilyn. Negative controls
were performed without primary antibodies.

2.3. Immunoreactivity Score

All sections were evaluated in a blinded manner by two
pathologists. Regions of greatest immunostaining for
each antibody were selected and the percentage of immu-
noreactive cells and staining intensity were scored ac-
cording to German Immunoreactive Score. The percent-
age of immunoreactive tumor cells was rated as follows:
no staining = 0; up to 10% = 1; 11% - 50% = 2; 51% -
80% = 3; >81% = 4; intensity: weak (1+); moderate (2+);
strong (3+). The grade of score expression was obtained
multiplying percentage by intensity: 0, negative; 1 - 4,
weak; 5 - 8, moderate, 9 - 12, strong. Overexpression
was considered for scores 5 to 12 (moderate + strong).

2.4. Statistical Analysis

Correlation between markers (HIF-1, VEGF and EpoR)
and clinicopathological variables was analyzed by Chi-

square or Fisher’s test. Cox regression was used to de-
termine independent prognostic values. Overall survival
analysis was performed using the Kaplan Meyer method
and log-rank test was used to compare survival curves.
Statistical significance was defined as p < 0.05.

3. Results

HIF-1a was mainly identified in tumor cell cytoplasm of
39/70 (55.7%) of cancer specimens, being overexpressed
in nearly a half of them (21/39, 53.8%). On the other
hand, barely 2/28 HSIL and 1/28 normal cervix showed
positive weak staining (p < 0.05 vs cervix cancer) (Table
2, Figures 1(a)-(c)).

EpoR was not only detected in significantly higher
percentage of cancer patients compared to HSIL (72.8%
vs 39.2% respectively, p < 0.05), but half of the positive
cancer samples (26/50) showed overexpression of EpoR
(Figures 2(a)-(c)). Only a small number of normal cervix
(17.8%) expressed EpoR (Table 2).

A very similar high percentage of cancer and HSIL
samples expressed VEGF (70% and 71.4% respectively);
however overexpression was significantly more frequent
in cervix than in HSIL specimens (73.4% vs 30% respec-
tively, p < 0.001). Unexpectedly, positive VEGF was
detected in 35% of normal cervix (p < 0.05 vs HSIL).
Figures 3(a)-(c) show VEGF expression in carcinoma,
preinvasive and normal cervix respectively.

When we evaluated the level of expression of the com-
bination of the three markers in cancer patients, we only
found that a significant number of patients co-expressed
EpoRc with HIF-1 or with VEGF (52.8% and 57% re-
spectively, p < 0.05) (Table 3).

The median survival time among the whole cohort of

Table 2. Expression of HIF-1a, EpoRc and VEGF.

HIFla EpoRc VEGF
Tissue samples ) (++) ) (++) ) (++)
n (%) n (%) n (%) n (%) n (%) n (%)
N (n=28) 1(3.5) - 5(17.8) 10 (35.7) -
HSIL (n=28) 2(7.2) - 11 (39.2) 20 (71.4) 6 (30)
cc (n=70) 39(55.7)" 21 (53.8) 51(72.8)" 26 (50.9) 49 (70) 36 (73.4)"

Number (n) of patients with marker expression (+) and overexpression (++); numbers between parenthesis indicate % of patients; percentage
of overexpression was calculated in positive samples. N: normal cervix; CC: cervical cancer; Significance between groups compared with
Fisher test (p < 0.05). HIF-1: 'CC vs HSIL (p < 0.05); EPORCc: "HSIL vs N (p<0.05); "CC vs HSIL (p < 0.05); “VEGF: HSIL vs N; CC
overexpression vs HSIL (p < 0.05).

Table 3. Coexpression of EpoRc with HIF-1a and with VEGF in cancer patients.

) HIFla (-) HIFla (+) VEGEF (-) VEGF (+)
Biomarkers
n (%) n (%) n (%) n (%)
EpoRc (+) 14/70 (20) 37/70 (52.8)" 10/7 (14.2) 40/70 (57)°
Epo Rc () 17/70 (24.3) 2/70 (2.8) 11/70 (15.7) 9/70 (13)

Table 3 shows cancer patiel}ts with co-expression of EpoR with HIF-1 and VEGF. n (%) = number of patients (percentage). Significance
with Crosstabs, Fisher’s test p <0.001).
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Figure 1. Immune staining for HIF-1a in Cancer, HSIL and normal cervix. Immunohistochemistry of cancer, HSIL and
normal tissues using specific monoclonal antibody anti HIF-1a. (a) Representative invasive cervix cancer showing positive
strong cytoplasmatic HIF-1a immunoreactivity. Some positive nucleus are also seen (400x); (b) HIF-1a nuclear expression in
HSIL (100x); (c) negative normal cervix (200x%).

Figure 2. Immune staining for EpoRc in cancer, HSIL and normal cervix. Immunohistochemistry of cancer, HSIL and nor-
mal tissues using specific monoclonal antibody anti EpoRc. (a) Invasive cervix cancer shows intense immunostaining for
EpoR (500x); (b) Representative cytoplasmatic immmunoreactivity in HSIL (400x); (c) Positive immunoreaction in normal
squamous epithelial cells (100x).

(b
Figure 3. Inmmune staining for VEGF in cancer, HSIL and normal cervix. Immunohistochemistry of cancer, HSIL and
normal tissues using specific monoclonal antibody anti VEGF. (a) Intense VEGF cytoplasmatic immunoreactivity in tumor

cells from invasive cervix cancer (400x); (b) VEGF in HSIL (200x); (c) Positive immunoreactivity in normal epithelial cells
(200x).

Copyright © 2012 SciRes. JCT
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cancer patients was 47 months (range 8 - 195 months).
We did not find any significative correlation between
markers expression neither with known established prog-
nostic factors nor with disease-free survival (DFS). Only
overexpression of HIF-1 was significantly associated with
median survival measured at 24 months of evolution
(Kaplan-Meier, p < 0.05); however, at long-term, this
difference was not sustained (Figures 4(a)-(c)). As ex-
pected, no recurrences were detected in patients with
HSIL.

4. Discussion

HIF-1, VEGF and EpoRc expression in cervix cancer was
compared not only with normal cervix but mainly with
premalignant HSIL lesions. Our data showed positive
HIF-1 nuclear and cytoplasmatic immunoreactivity of
tumor cells in 39/70 cancer patients, being overexpressed
in more than a half (53.8%) (Figure 1). HSIL and normal
cervix barely showed weak positive staining (p < 0.05).
Our results are in accordance with recent data reporting
increased HIF-1a and VHL proteins in advanced uterine
cervical carcinomas compared to the corresponding nor-
mal samples and cervical intraepithelial neoplasia [16,28].
Overexpression of HIF-1a was described in many other
solid tumors such as colon, breast, skin, lung, gastric,
pancreatic, prostate and renal carcinoma [11,14,29-31].

Tumor aggressiveness is associated with enhanced ex-
pression of hypoxic associated markers such as HIF-1,
VEGF, GLUT-1, nitric oxide [32]. Since markers of mi-
crovessel density increased from normal epithelium to
squamous cell carcinoma [33], it has been suggested that
HIF-1a should not be used as an endogenous marker of
tumor hypoxia in locally advanced uterine squamous cell
carcinomas with significant prognostic impact [34]. It is
noteworthy that in our cohort of normal cervix tissue,
although 35% were positive for VEGF, HIF-expression
was not detected.

Analysis of overall survival (OS) followed up to 24
months (mo), showed that only HIF overexpression was
significantly associated with lower median survival (12
mo vs 22 mo) in patients with persistent disease (Kaplan
Meier p < 0.05). However, in long term, this difference
was not sustained. Thus, HIF-1 failed to be a prognostic
factor in our cohort of cervix cancer patients (Figure
4(a)).

Angiogenesis plays a key role in tumour growth and
metastasis and angiogenic factors may help to identify
patients with a poor prognosis [34]. Aberrant new blood
vessels lead to tumour hypoxia limiting cell growth.
However, tumor cells can adapt to hypoxic conditions,
switching a more malignant phenotype and/or poor re-
sponse to radio and chemotherapy [35]. VEGF is one of
the main factors involved in tumor vascularization and

Copyright © 2012 SciRes.
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Figure 4. Overall Survival (OS) of Patients with Cervix
Cancer according Biomarkers Expression. Figure 4 shows
overall survival (OS) curves of cervix cancer patients fol-
lowed during 120 months and according to the level of ex-
pression of HIF-1a (a), EpoR (b) and VEGF (c). Patientes
with overexpression (- - - over); patients with low or nega-
tive expression (— neg + low).
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can be upregulated in response to hypoxia, inducing the
angiogenic switch [36]. We find almost equal expression
of VEGF in cancer and HSIL samples (70% and 71.4%
respectively); however, higher number of cancer patients
showed VEGF overespression (73.4% and 30% respec-
tively, p < 0.05) (Table 2). According to our results we
can assume that although VEGF is expressed in both
cervix cancer and preneoplastic HSIL lesions, advanced
stages of the disease are associated with overexpression
of VEGF. Probably this overexpression might be linked
with a more angiogenic tumor. It has been recently re-
ported that higher endostatin and VEGF expression are
indicative of advanced cervical cancer disease, and that
VEGEF allowed for a distinction between patients with
non-invasive and those with recurrent disease [37]. In
patients with cervical carcinoma, the expression of
VEGF-C was also related to lymph node metastasis rep-
resenting a prognostic indicator of cervical cancer [38].
Moreover, among different biological markers of angio-
genesis, only VEGFR2 expression was reported as pre-
dictor of response to radio-chemotherapy in cervical can-
cer [39,40]. It has been recently reported that EGFRc is
an independent prognostic factor in cervix cancer FIGO
stages IIb-IV [41]. Although we have not looked for
EGFRc expression, is has been described a relation be-
tween EGF system and VEGF.

Recently, expression and function of Epo and EpoR in
a variety of human cancers have been reported, including
solid tumors and tumor cell lines [28]. Epo and EpoR are
downstream targets of HIF and can promote acquisition
of malignant phenotype and exert antiapoptotic effects on
certain tumor cell lines [41]. As such, treatment with
rhEpo could have harmful consequences. Thus, it is of
great value to determine the presence of EpoR in cancer
tissues of patients using rhEpo for radio and chemo-
therapy-associated anemia

In our study, EpoR expression not only occurs more
often in cancer patients than in HSILs (72.8% vs 39.2%, p
< 0.05), but is overexpressed in 50.9% of cancer samples.
Less than 20% normal epithelia showed weak staining (p
< 0.05 vs HSIL). According to these results, we can con-
clude that enhanced EpoR expression seemed to be asso-
ciated with tumor malignancy, since it progressively
augmented from normal cervix towards premalignant
lesions with a further significant increase in malignant
cervix cancer.

Contradictory results have been reported about the role
of Epo/EpoR in tumor biology. While the involvement of
Epo in angiogenesis of human gliomas has been reported
[42], other authors have not detected elevated levels of
EpoR in other human tumor cells [43]. Patients with
uterine cervix tumors expressing high levels of Epo, had
reduced overall survival, with no correlation with intra-
tumoral hypoxia [27].

Copyright © 2012 SciRes.

When we analyzed co-expression between the combi-
nation of the different biomarkers, a significant associa-
tion was detected only between the combination of Epo
expression with HIF and with VEGF, demonstrating that
in cervix cancer there is a tendency to the coexpression of
Epo with any of the other two biomarkers. However,
decrease in median survival (at 24 mo) associated with
markers expresison was only detected in patients over-
expressing HIF-1.

In conclusion, the present study suggests that, although
HIF-1 is weakly expressed in preinvasive lesions, VEGF
and EpoR are already strongly expressed (are they HIF-
independent?) with further enhanced expression in IIA-
IIB cancer samples. Thus, the three biomarkers can be
associated with cervix tumor progression along the vari-
ous stages of the disease. In cervical screening, it would
be useful to determine biomarkers turning up already in
the premalignant stage, while in invasive stages it could
be necessary biomarkers of prognostic value or for spe-
cific response to therapy. Studies with larger number of
patients would be necessary to determine if these mo-
lecular targets enable to be taken into account as markers
of cervix tumor prognosis.
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