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Abstract

Estrogen (ER) and progesterone (PR) receptors in the normal uterine
cervix, cervical intraepithelial neoplasia and invasive carcinoma were
studied in consecutive samples from Hospital do Câncer, São Paulo,
between 1996 and 1997. Tissue was collected by removing a fragment
of the tumoral area using a 5-mm diameter biopsy punch, followed by
removal of a macroscopically normal area as close as possible from the
tumor. Histopathological confirmation was obtained for all specimens
analyzed. A total of 24 normal tissues, 17 cases of cervical intraepithe-
lial neoplasia and 7 of invasive carcinomas were studied. The ER/PR
ratio was determined by immunohistochemistry using monoclonal
antibodies specific for each receptor. Adjacent tissue slides were
submitted to generic PCR for human papillomavirus (HPV) DNA
detection followed by typing by dot blot hybridization. About half
(45.8%) of the tumors were HPV DNA positive while 29.1% of the
patients were also HPV positive in their respective normal tissue. ER
was negative in the tumoral epithelium of 11 HPV-positive patients (P
= 0.04). There was a trend in the ER distribution in normal tissue that
was opposite to that from lesions, but it was not statistically significant
(P = 0.069).  No difference in ER distribution in stromal tissues was
observed between HPV-positive and HPV-negative tissues. PR stain-
ing was negative in the epithelium of all cases studied. The results
obtained from this small number of cases cannot be considered to be
conclusive but do suggest that factors related to viral infection affect
the expression of these ER/PR cervix receptors.
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Human papillomaviruses (HPVs) are
commonly found in the genital tract of sexu-
ally active women and studies have con-
firmed that persistent infection with high-
risk types of HPV in the cervix precedes
cervical cancer (1,2). However, although HPV
is a necessary cause it cannot be considered

sufficient to trigger all the changes required
to lead to this neoplasia (3). Mutagenic and
immunosuppressive agents can cooperate
with HPV through different mechanisms (2).
Interaction is known to occur between HPV
and some types of hormones, particularly
estrogens, and their antagonists, resulting in
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the alteration of viral gene expression (4). It
is known that the upstream regulatory region
of several HPVs contains glucocorticoid-
responsive elements (5). These hormones
have a receptor similar to that of the estrogen
receptor (ER) hormone (5-7).

A series of reports have shown that mean
ER positivity in the cervical mucosa can
vary from 13 to 100%. For progesterone
receptors (PR) the variation is even wider,
i.e., 0 to 100% of tissues from the uterine
cervix have been reported to be PR positive
(8-12). No statistically significant correla-
tions have been found for the ER/PR ratio in
the cervix when related to menstrual cycle,
menopause, histological type or ploidy anal-
ysis (8-11).

A 1989 study (13) demonstrated a gradi-
ent of ER detection in the uterine cervix:
while a low expression of ER was observed
in moderate dysplasia, cases of severe dys-
plasia and cervical cancer were negative for
the receptor.

One major explanation for these discrep-
ancies could be related to the location of the
receptors, which can be found either in the
epithelium or in the stroma, to the size of the
tissue analyzed, and to the method for recep-
tor detection (8,9,13,14). In an attempt to
clarify some of these issues we sought to
evaluate the concentration of ER and PR in
samples from the normal uterine cervix, from
cervical intraepithelial neoplasia (CIN 1, 2
and 3) and from invasive carcinoma, associ-
ated or not with the presence of HPV DNA.
Consecutive cases of CIN and invasive car-
cinomas of the uterine cervix were obtained
at the Gynecology Department of the Hospi-
tal do Câncer, Fundação Antônio Prudente,
São Paulo, Brazil, between May 1996 and
March 1997. The following samples were
obtained: 5 CIN 1, 3 CIN 2, 9 CIN 3, and 7
cervical invasive carcinomas (4 squamous
cell carcinomas and 3 adenocarcinomas).
Patient age ranged from 23 to 50 years (mean:
39 years). The following eligibility criteria
were established for patient inclusion in the

study: premenopausal women who had not
used oral contraceptives for the last 2 years
and a histologically confirmed diagnosis of
CIN and invasive carcinoma, not previously
treated. A fragment of tumoral tissue was
removed with a 5-mm diameter disposable
biopsy punch (Stiefel Company, Coral
Gables, FL, USA). This collection device
was chosen to reduce the collection of adja-
cent stromal tissue. Next, we searched for
macroscopically normal tissue close to the
tumoral area and obtained a second tissue
fragment with another biopsy punch to avoid
any possible tissue cross-contamination. Each
of the tissues was divided into three equal
parts, resulting in six fragments. Two of the
fragments corresponding to either normal or
abnormal tissues were immediately placed
in liquid nitrogen, followed by storage at
-70ºC for variable periods of time before
being tested for HPV DNA. The third frag-
ment was immersed in buffered formalin for
routine histopathological procedures and
immunohistochemical determination of ER
and PR. DNA was extracted from the tissue
by a routine procedure (Rapid Prep. Genom-
ic Isolation, Pharmacia Biotech, Uppsala,
Sweden). DNA amplification was performed
using the polymerase chain reaction (PCR)
according to previously described protocols
employing generic primers MY09/MY11
capable of amplifying a fragment of the L1
gene of all known genital HPVs (15). Reac-
tions were processed in a thermal cycler
(Perkin-Elmer Cetus, Foster City, CA, USA).
HPV typing was performed by dot blot hy-
bridization as previously described (15). This
procedure allows the identification of more
than 30 HPV types. In 4 cases, the PCR
products were further typed by restriction
fragment length polymorphism (16). Posi-
tive and negative reaction controls were al-
ways used in the PCR assays. As an internal
control for DNA quality we amplified a frag-
ment of the ß-globin gene and the reaction
was positive for 100% of the specimens. The
tissues were submitted to standard immuno-
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histochemical evaluation. The monoclonal
antibody used for ER was the 6F11 clone
(NCL-ER - 6F11, Novocastra, UK) diluted
1/20. The monoclonal antibody, clone 1A6
(NCL-PGR, Novocastra, UK), also diluted
1/20, was used for PR determination. Posi-
tive and negative controls were used in all
assays. The percentage of positive cells
(nuclear positivity only) was determined in
the stroma, as well as in the epithelium,
normal mucosa, atypical epithelium (CIN 1,
CIN 2 and CIN 3), and invasive carcinoma.
A differential cell counter (Diffcount, model
MD-8, Modulus Data System, Santa Clara,
CA, USA) was used. In all cases, a minimum
of 100 and a maximum of 200 cells were
counted, and the results are reported as fre-
quency of positive cells.

The chi-square test was used for statisti-
cal analysis. Since normal tissue, considered
as a control, was removed from the same
patient, we also used the McNemar test (17).

Among 24 patients, HPV DNA was de-
tected in 11 (45.8%) cases with cervical
lesions (CIN and cancer), while 7 (29%)
samples were positive in the control tissues.
HPV16 was the most frequent type, being
present in 12 tissue samples (8 CIN and
cancer and 4 control tissues), followed by 4
type 58 positive samples (2 CIN and their
controls), and finally by type 33, present in
one invasive carcinoma and in its respective
control. As expected, we observed a gradient
of HPV positivity ranging from 29.2% for
normal tissue to 35.3% for CIN 1, 2, and 3
together and to 71.4% for invasive carcino-
mas. These frequencies are somewhat lower
than the previous reports in which almost
100% of the invasive cervical cancers bear
HPV-DNA sequences (18). The low HPV
positivity observed could be due to the lim-
ited amount of tissue available, although the
globin control of all specimens was positive.
One should also consider that low-grade CINs
tend to be heterogeneous and it is possible
that the fragment submitted to PCR may not
contain HPV-positive cells. Nevertheless, in

the present study there was no case in which
the tumoral tissue was HPV DNA negative
and the adjacent normal tissue was HPV
positive; moreover, the same HPV types were
found in both tumor and control tissues. This
could be explained by the physical proximity
of the two biopsies, although extreme care
was taken to avoid cross-contamination at
the time of sample collection and process-
ing.

The expression of ER and PR was ana-
lyzed both in the epithelium and in the stroma
of normal and tumoral tissues. We observed
that 20.8% of the tumors (5 of 24 cases of
CIN and invasive cancer) were positive for
ER expression in the epithelium. On the
other hand, half of the adjacent normal tissue
samples (12 of 24) were positive for ER.
However, this difference was not signifi-
cant, as determined by comparison using the
chi-square test (P = 0.069). Furthermore, the
distribution of ER in the stroma was identi-
cal for normal and tumoral tissues with posi-
tivity ranging from 20.8 to 25% in the tissues
studied (P = 1.000). Similar results were
obtained for PR present in the stroma of both
normal and tumoral tissues. Interestingly,
PR expression was not observed in the epi-
thelium of any case studied and all 3 adeno-
carcinomas studied were both ER and PR
negative.

Stratification on the basis of the HPV
result revealed that all HPV-positive CIN
and invasive cancers were negative for ER
expression in the epithelium. Conversely,
HPV-negative tumors expressed ER in 38.4%
of cases (5 of 13; P = 0.041; Table 1). A
similar inverse distribution of epithelial ER
was observed in normal tissues, but there
was no statistically significant difference (P
= 0.371; Table 2). Expression of ER in stro-
mal cells was similar for HPV-positive and
-negative tumors (P = 1.0). On the other
hand, an increased number of ER was ob-
served in the stroma of normal tissue, i.e., 5
ER-positive cases of 7 HPV-positive cases
(71.4%). Once more, in HPV-negative nor-
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mal tissues, ER positivity was 41.1% (Table
2). There was no statistically significant dif-
ference in the frequency of detection of HPV
DNA between tumoral and normal tissues (P
= 0.133).

Studies carried out to assess the presence
of ER and PR in the uterine cervix have
reported different results. These variations
may have resulted from differences between
the patients and/or the methodology used for
the evaluation of the receptors. We chose an
assay based on immunocytochemistry be-
cause of its easy application to small tissue
fragments, consequently avoiding problems
related to the possibility of mixing epithelial
and stromal cells. Cellular heterogeneity,
not taken into consideration in most studies,
may account for the variation in ER/PR con-
centration in the tumor or normal epithelium
or even in the subjacent stroma (13). We
sought to control for this variation by sam-
pling both tumoral and normal tissues from

the same patient at the same time, therefore
achieving a very good homogeneity of the
samples submitted to comparison. However,
one may argue that due to the same embryo-
logic origin and proximity of the tumor, the
normal counterpart considered here as con-
trol was probably exposed to the same fac-
tors that may have caused the lesion. Never-
theless, the differences observed in the ex-
pression of these steroid receptors are reas-
suring.

ER expression in the epithelium was ob-
served in only 20% of HPV-positive tumors,
as compared to 50% of the normal tissues (P
= 0.069). This result is similar to that ob-
tained in previous studies in which ER ex-
pression was found to be inversely associ-
ated with disease status (8,9,12). On the
other hand, a similar ER distribution was
observed in the stroma of both tumors and
normal tissues. This trend, although not sta-
tistically significant, may be related to the
fact that HPV replicates exclusively in the
epithelial layer. In fact, the distribution of
epithelial ER in our study presented greater
negativity in the lesions restricted to the
epithelial layer (CIN 1, CIN 2, and CIN 3).
The 100% ER negativity in the epithelium of
invasive carcinomas detected in our sample
leads us to speculate that the invasive lesions
“contaminate” the subjacent stromal tissue,
which then will primarily consist of tumoral
cells. When the tissue fragment to be ana-
lyzed is small, as in our study, this aspect of
predominance of tumoral cells in stromal
tissue may contribute to ER negativity.

Our negative results concerning PR ex-
pression in the epithelium of both tumoral
and normal tissues contrast with previous
reports (10-12). We have excluded a techni-
cal problem, since the stroma of the same
cases reacted positively. Recent studies us-
ing an enzyme-linked immunoassay have
shown a 74 to 100% variation in PR positiv-
ity in the normal uterine cervix (10-12).
Moreover, PR is expressed at high levels in
low and high grade CIN lesions, whereas

Table 1. Association between human papillomavi-
rus (HPV) and estrogen receptor in the epithelium
of cervical intraepithelial neoplasias and invasive
cervical cancers.

Estrogen Negative Positive Total
receptor

Negative 8 (61.5%) 11 (100%) 19 (79.1%)
Positive 5 (38.4%) 0 5 (20.8%)
Total 13 (100%) 11 (100%) 24 (100%)

A statistically significant association was detected
(P = 0.041, chi-square test).

Table 2. Association between human papillomavi-
rus (HPV) and estrogen receptors in the normal
epithelium of the uterine cervix.

Estrogen Negative Positive Total
receptor

Negative 10 (58.8%) 2 (28.5%) 12 (50%)
Positive 7 (41.1%) 5 (71.4%) 12 (50%)
Total 17 (100%) 7 (100%) 24 (100%)

There was no statistically significant association
(P = 0.371, chi-square test).
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very low levels of this receptor are observed
in invasive cervical carcinomas (8). Since
PR assembly is an estrogen-dependent pro-
cess, the presence of functional ER can be
considered to be necessary for the formation
of PR (9). In our study, all HPV-positive
tumors were negative for epithelial expres-
sion of ER, while about 38% of the HPV-
negative cases were ER positive (P = 0.041).

The transcriptional activation of the hu-
man steroid hormone receptors triggers a
series of molecular events that ultimately
affect the estrogen- or progesterone-respon-
sive elements present in different target genes.
The transcription of HPV genes, some of
which code for products with transforming
activity, is dependent on the regulatory ele-
ments present in the upstream regulatory
region (5). One of this transcription factor-
binding sites is a glucocorticoid-responsive
element found in genital HPVs, but not in
cutaneous HPV types (5). This element re-
sponds to both progesterones and glucocor-
ticoids by increasing the transcription of the
E6 and E7 genes of HPV 16 and 18, two of
the more prevalent high-risk HPV types (5).
These data suggest an interaction between
HPV and steroid hormones to promote cell
proliferation, eventually leading to cell trans-
formation.

The transformation zone of the uterine
cervix where more than 90% of HPV-in-
duced lesions and cervical cancers occur is
also the genital site most sensitive to estro-
gens (19).

Epidemiological data suggest that the use
of oral contraceptives may increase the risk
of cervical neoplasia (20). Taken together
with the biological evidence, these data indi-
cate that young women taking oral contra-
ceptives are exposed to a higher risk of de-
veloping cervical neoplasias, especially if
they were also exposed to high-risk HPVs.
What is not clear, however, is how the regu-
lation of the expression of steroid receptors
may interfere with this process. Additional
studies with a larger number of patients will
be necessary to establish the relevance of the
association between hormone receptors and
HPV-induced lesions in the uterine cervix.
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