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Summary. The role of tumour suppressor genes in the development of
human cancers has been studied extensively. In viral carcinogenesis, the
inactivation of suppressor proteins such as retinoblastoma (pRb) and p53,
and cellular oncogenes overexpression, such as c-myc, has been the subject
of a number of investigations. In uterine-cervix carcinomas, where high-risk
human papillomavirus (HPV) plays an important role, pRb and p53 are
inactivated by E7 and EG6 viral oncoproteins, respectively. However, little is
known about the in situ expression of some of these proteins in pre-malignant
and malignant cervical tissues. On the other hand, it has also been demon-
strated that c-myc is involved in cervical carcinogenesis, and that pRb partici-
pates in the control of c-myc gene expression. By using immunostaining
techniques, we investigated pRb immunodetection pattern in normal tissues,
squamous intraepithelial lesions (SILs) and invasive carcinomas from the
uterine cervix. Our data show low pRb detection in both normal cervical
tissue and invasive lesions, but a higher expression in SlLs. C-Myc protein was
observed in most of the cellular nuclei of the invasive lesions, while in SILs was
low. These findings indicate a heterogeneous pRb immunostaining during the
different stages of cervical carcinogenesis, and suggest that this staining pattern
could be a common feature implicated in the pathogenesis of uterine-cervix
carcinoma.
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Introduction

The retinoblastoma tumour suppressor gene (rb)
encodes a nuclear phosphoprotein, termed p105Rb
or pRb, which has been found, mutated or deleted in
several types of human malignant tumours (Friend et al.
1987; Lee et al. 1987; Harbour et al. 1988; Varley et al.
1989; Horowitz et al. 1990; Furukawa et al. 1991). Intro-
duction of pRb into tumour cells lacking the rb gene
invitro stops cell proliferation (Uzvolgyi et al. 1991;
Huang et al. 1988), suggesting that pRb acts in normal
cells to constrain growth and its loss in cancer cells
allows for uncontrolled proliferation.

In epithelial cultured cells, hypophosphorylated forms of
pRb predominate in G1 phase of the cell cycle (Hu et al.
1992; DiCaprio et al. 1992). As cells enter S phase,
phosphorylated forms become more abundant and per-
sist through S, G2 and M phases. When cells enter
anaphase, pRb dephosphorylation begins, reaching its
lowest phosphorylation level in G1, at which time a block
in the progression of the cell cycle from G1 to S phase is
evident (Ludlow et al. 1993). Dephosphorylated pRb
appears to regulate cycle progression by inactivating
several growth-promoting proteins, such as E2F-1 and
c-Myc transcription factors (Shirodkar ef al. 1992; Rustgi
et al. 1992) as well as certain G1 phase cyclins
(Resnitzky et al. 1992). When viral oncoproteins bind to
dephosphorylated forms of pRb (Whyte et al. 1988;
Dyson et al. 1989), they release cell proliferation factors
(Chen et al. 1992).

Epidemiological and experimental studies have impli-
cated high-risk human papillomavirus (HPV) genotypes
16 and 18 in the development of uterine-cervix carcin-
oma (Pfister 1987; zur Hausen 1991). The E6 and E7
oncoproteins encoded by HPV bind to p53 and pRb,
respectively. E7 interacts with the dephosphorylated
form of pRb (Dyson et al. 1989), thereby releasing
growth-promoting factors such as E2F-1, cyclins, Cdks
and probably Myc (Chen et al. 1992). It has also been
proposed that HPV-16/E7 induces the degradation of
pRb through the ubiquitin pathway (Boyer et al. 1996).
This mechanism appears to be crucial for the develop-
ment of cervical carcinoma in infected patients with
oncogenic HPV strains. Even in the presence of HPV
infection, other cellular oncogene alterations (Ocadiz
et al. 1996; Gariglio et al. 1987) and overexpression
(Gariglio et al. 1993) could also represent important
steps in cervical carcinogenesis.

Loss of pRb function in different types of tumour cells
have been determined by blotting techniques such as
Southern, Northern or Western Blots (Friend et al. 1987;
Lee et al. 1987; Harbour et al. 1988; Varley et al. 1989;

Horowitz et al. 1990; Furukawa et al. 1991). These
methods, however, require the use of tissue extracts
from tumour biopsies that include not only malignant
cells but various proportions of normal cells such
as fibroblasts, inflammatory cells and endothelial cells
(Xu et al. 1991). Immunohistochemical techniques allow
the detection of pRb expression in individual cells
and specific cell populations in tissue sections (Benedict
et al. 1990; Geradts et al. 1994). A low frequency of
rb gene alterations has been found in cervical carcinoma
by Southern blot (Choo & Chong 1993; Wrede et al.
1991) and so far few reports have been focused on
the cell per cell immunohistochemical expression
and localization of pRb in normal cervical epithelium
(Cordon-Cardo & Richon 1994; Amortegui et al. 1995;
Sano et al. 1998).

The main goal of this study was to make a description
of retinoblastoma protein distribution in normal, squa-
mous intraepithelial lesions (SlILs) and invasive cervical
cancer tissues harbouring high-risk HPV. We also
analysed a possible correlation between the pres-
ence and location of this protein to prognosis. Our
results show different intensity levels of pRb in SiLs
and invasive carcinomas. A low concentration of pRb
was observed in normal uterine-cervix and invasive
tumours. We also analysed c-Myc protein presence in
cervical tissue, because it has been demonstrated that
pRb is involved in c-myc oncogene expression (Hamel
et al. 1992; Salcedo et al. 1995). We found that pRb-
positive and pRb-negative malignant cells showed low
and high positive reaction for c-Myc protein, respect-
ively, supporting the idea that functional pRb, asso-
ciated with E2F-1, inhibits c-myc gene expression
(Hamel et al. 1992; Salcedo et al. 1995). The hetero-
geneous pRb detection found could reflect the great
clonal diversity of cells present during cervical carcino-
genesis.

Materials and methods
Patients and tissues

We studied biopsies from 21 patients admitted to the
Gynecology and Obstetrics Hospital #4-IMSS and
Oncology Unit, Mexico General Hospital, with squamous
cell carcinomas, clinical stages |, Il, lll and IV (Table 1)
and biopsies from 20 squamous intraepithelial lesions
(SIL) (13 low grade and 7 high grade) from patients
who were treated at the Clinic of Dysplasias of the
National Cancer Institute (Ministry of Health, Mexico).
All samples were high-risk HPV positive. Fifteen normal
cervical fresh tissues from autopsies or surgical
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specimens with uterine myomatosis of individuals with
normal cervical cytology completed the samples. All
tissues were fixed in methacarnoy fixative, dehydrated,
paraffin-embedded, cut at 5-um thick sections and
mounted in poly D-lysine coated slides.

Immunohistochemistry technique

After deparaffinization, tissue sections were preincu-
bated in 3% hydrogen peroxide for 10 min, washed in run-
ning water and covered with 10% nonimmune-blocking
swine serum for 30 min at room temperature. Tissues
were then incubated with the primary antibody for 18 h at
room temperature in a moist chamber. The primary anti-
bodies used in this study were rabbit polyclonal antipRb
C-15 (Santa Cruz Inc., CA, USA), which was raised
against a 15 aminoacid peptide (aa. 914-928) of the
carboxy terminal end domain of the human Rb protein
(1:200) and recognizes both the unphosphorylated and
phosphorylated forms of pRb, and the monoclonal anti-
body anti-Myc 1 (Oncogene Sciences Diagnostic,
Uniondale, NY, USA) which recognizes a carboxy terminal
peptide (aa. 408-439) of the Myc protein (1:100). Sub-
sequently, the slides were washed with PBS buffer and

Retinoblastoma expression in cervical cancer

treated according to the instructions of the DAKO PAP
kit (DAKO Co., Carpinteria, CA, USA). Briefly, the slides
were incubated with the secondary IgG antibody (swine
antirabbit 1:100 for pRb or goat antimouse 1:100 for
Myc) for 30 min, washed in PBS, incubated with specific
peroxidase antiperoxidase complexes (rabbit or mouse,
respectively) for 30min, washed again in PBS and
treated with 0.06% Diaminobenzidine (DAB) in 3% hydro-
gen peroxide colour developer solution. The reaction was
stopped by washing with distilled water and tissue sec-
tions were counterstained with haematoxylin. Specific
staining for pRb or c-Myc was indicated by a brown colour.

Controls

Immunohistochemical controls were produced by substi-
tution of the primary antibody with an irrelevant rabbit
IgG polyclonal antibody. Other controls used for specifi-
city of the pRb reaction were as follows: (1) the
rb~C33A cervical carcinoma cell line expressing a
mutated protein showed low staining (Scheffner et al.
1991; Fig. 1a, Panel A). After transfection with rb cDNA
this cell line gave a strong signal in some nuclei (Fig. 1b,
Panel A). (2) Saos-2 cell line lacking pRb due to a

Table 1. Immunoreactivity for Prb in different uterine-cervix tissues

TISSUE
NORMAL* HPV sIL* HPV INVASIVE** HPV G
1. (1) 16 11.1(0) 16 31.1 (0) 16/18 P
2. (0) 16/18 12.1(2) 16 32. (1) 16 M
3. (0) (=) 13.1 (2) 16 33. (0) 16 M
4. (1) 16 14.1 (1) 16/18 34.11 (2) 16 P
5. (1) ) 15.1(0) 16/18 35. (0) 18 M
6. (1) (=) 16.1 (2) 18 36. (2) 16 M
7. (1) (=) 17.1 (2) 16/18 37. (2) 18 P
8. (0) 18 18.1 (1) 16 38. (0) 31 M
9. (0) (=) 19.1 (2) 16 39. (0) 16 M
10. (0) 18 20.1(2) 16 40. (0) 16 M
11. (0) (=) 21.1(2) 16 41. (0) 33 M
12. (1) (=) 22.1(2) 18 42.(0) 16 M
13. (1) =) 23.1(2) 18 43.(2) 16 M
14. (0) () 24.h (0) 16 44. (0) 16 M
15. (1) (=) 25.h (2) 16 45. (2) 16 M
26.h (2) 16 46. (1) 18 M
27.h (2) 16 47.111 (1) 16 M
28.h (2) 16 48. (0) 16 M
29.h (2) 16 49. (2) 18 M
30.h (2) 18 50.1V (0) 16 M
51. (2) 18 P

0=less than 10%; 1=10-50% and 2 =more than 50% positive cells/tissue sample. The indicated
value represents the most frequent finding among the positive cell population. I-1V: Carcinoma clinical
stage. SIL: squamous intraepithelial lesion, I: low grade and h: high grade. HPV: HPV (-): HPV

negative.

G: differentiation grade; P (poorly), M (moderately) or W (well) differentiated squamous carcinoma.
Mean age, year (range): *44(35-53); **51(24—78) and ***48(26—-71).
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homozygous rb deletion (Shew et al. 1990; Fig. 1c,
Panel A) and then transfected with rb cDNA presented
a strong signal in some nuclei (Fig. 1d, Panel A).

The monoclonal antibody Ki-67 (1:50; DAKO Co.)
was used as a marker of cellular proliferation (Fig. 1e,
Panel A). This antibody reacts with cells at all stages of
the cell cycle, but not with cells in GO phase. The reaction
with this antibody serves as an indicator of the growth frac-
tion; that is the number of cells undergoing active division.

Interpretation and quantification

Cells were noted as positive for pRb when they showed
nuclear immunoreactivity (brown precipitate). Cytoplas-
mic staining was disregarded. Only the neoplastic region
of each tissue section was evaluated. Two slides were
analysed for each sample. To assess the stained nuclei,
the slides were reviewed at x40 magnification. The per-
centage of positive cells in each tissue section was
estimated on a semi-quantitative scale where O: less
than 10%, 1: 10-50% and 2: more than 50% of the
total tumoural area. After the examination of the slides
by three independent observers, a global agreement
was reach regarding the results.

Invasive lesions were classified as poorly (P), moder-
ately (M) or well (W) differentiated squamous cell carcin-
omas using standard histopathological criteria. Mitotic
figures were counted in 10 medium power fields (MPF;
x200 magnification) in each section.

HPYV typing

Paraffin-embedded tissue sections were deparaffinized
in xylene and rehydrated through graded ethanols
(100%, 90%, 70% and 30%) to distilled water, and
were scraped into Eppendorff tubes. Specimens were
treated with 100 L Proteinase K (100 pg/mL), 10mm
Tris-HCI pH7.2 for 2h at 50°C, then boiled for 5min,
cooled and centrifuged. Supernatants (20uL) were
directly used for PCR reactions employing the
L1C1/L1C2 oligonucleotides according to Yoshikawa
et al. (1991a). One fourth of the PCR product was
analysed for restriction fragment length polymorphism
among HPVs (Yoshikawa et al. 1991a). In order to
avoid cross-contamination the detection of HPV, DNA
sequences were performed in two other laboratories in a
blind study achieving similar results (Dr Berumen,
Military Medical School, Mexico City and Dr Cossette
Wheeler, NIH, USA). As negative controls we always
used no DNA or DNA from C33A cells (cervical cells
that do not contain HPV DNA), as well as DNA from
lymphocytes obtained from healthy individuals.

Results
HPYV detection

HPV-16 was the most common type found even in nor-
mal cervical tissue, 13.3%, SlLs, 65%, and invasive
lesions, 62%. HPV-18 was found in 13.3% of normal
tissue, 20% SlILs, and 23% invasive samples. Co-
infection of HPV-16/18 was detected in 6.66% of normal
tissue, 15% in SiLs, and 4% in invasive specimens. One
carcinoma had HPV-31 and another the 33 type
(see Table 1).

PRb in normal uterine-cervix

Normal cervical squamous epithelium showed pRb
nuclear immunoreactivity in parabasal cell layers. Cells
in the upper (mature) and lower (basal) layers of the
epithelium displayed low to undetectable levels of pRb,
whereas cells in the middle layers showed strong
nuclear staining for this suppressor protein (Fig.1a,
Panel B). Nuclear staining was detected either in
HPV-16 positive or HPV negative normal cervices. C-Myc
immunostaining was seen mainly in the nuclei of the
highly proliferative basal cell layer of the normal epithe-
lium (Hanson et al. 1994) (not shown). Proliferative
activity, measured by Ki-67 antigen staining, was
observed approximately in 50% of the epithelial cells
from basal and parabasal layers (data not shown).

pRb expression in squamous intraepithelial lesions

All the pre-cancerous cervical lesions (SIL) showed
numerous pRb positive cells (Fig. 1c,d, Panel B; see
Table 1). In most SILs, pRb staining was seen in the
basal and parabasal layer of the epithelium. The percent-
age of pRb positive cells was higher in SIL than in
normal cervical epithelium (compare Fig. 1a,b, Panel B).
Three SIL samples showed an extremely low pRb
reaction (less than 10% of positive cells); two samples
were given a value of 1 (10-50% of positive cells) and 15
samples showed more than 50% of positive cells. As can
be observed in Fig.1(b), Panel B, basal cells present
variable pRb concentration, but frequently higher than
the low level observed in the normal epithelium basal
layer (Fig.1a,b, Panel B). For c-Myc protein, nuclear
immunoreaction was observed in most of the dys-
plastic epithelial cells present in SIL. However, in some
serial sections differences between c-Myc and pRb
expression and location were observed (data not
shown).
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Figure 1. Immunohistochemical detection of pRb in normal human cervical tissues and squamous intraepithelial lesions. Immuno-
histochemical analysis of the rb gene product was performed employing Polyclonal antipRb C-15 (see Materials and methods).
Paraffin-embedded tissue sections were used to detect the pRb protein by PAP technique; DAB was used as chromogen and samples
were haematoxylin counterstained. Panel A. As control, pRb immunostaining of C33-A (a, b) or Saos-2 (c, d) cell lines were employed;
(a) and (c) non transfected C33-A and Saos-2 cell lines; (b) and (d) rb transfected cells, respectively, X400; (e) low grade squamous
intraephitelial lesions (SIL) Ki-67 immunostained, X200. The cells and tissues were haematoxylin counterstained. Panel B, normal tissue: (a)
section showing a high percentage of cells with nuclear pRb staining, SIL: (b) nuclear staining predominantly in the lower (basal layer) and
medium (suprabasal) part of the epithelium from low grade SIL (c) majority of cells presenting pRb staining in the upper third part of the
epithelium from a high grade SIL. All haematoxylin counterstained specimens (X200 amplification) were orientated in such a way that the
top represents the differentiated cell layer and the bottom the nondifferentiated basal cell layers.

© 2002 Blackwell Science Ltd, International Journal of Experimental Pathology, 83, 275-285 279
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PpRb expression in invasive cervical carcinoma

In general, the intensity of reaction and the number of
pRb positive cells in invasive uterine-cervix lesions were
significantly lower than in SIL specimens but similar to
normal samples. However, most of the positive invasive
samples were classified as 2 (more than 50% of positive
cells). Eleven invasive samples showed the lowest pRb
immunoreactivity (see Table 1). A relation between pRb
expression and clinical stage was not observed. The
positive pRb immunostaining was quite heterogeneous;
some samples showed negative pRb reaction in the
majority of cells but slightly positive reaction in the cyto-
plasm (Fig. 2a), other samples contained intense nuclear
staining (Fig. 2b,c) and few specimens showed nuclear
and cytoplasmic immunostaining (Fig. 2d). In some spe-
cimens a weak nuclear immunoreaction was observed
(Fig. 2e; indicated as 0 in Table1). In a few samples,
some positive cells formed clusters of variable size or
were scattered throughout the section (Fig. 2f). Mitotic
figures were found in 7/21 samples (Fig. 2c—e); among
these, some presented frequent mitoses (20—30 mitotic
figures per 10 LPF), and colleagues showed sporadic
mitoses (2—-5 mitotic figures detected also per 10 LPF).
Approximately 10—20% of mitoses showed pRb immuno-
reactivity while the remaining were negative (Fig.2e,
see arrows). Most squamous carcinomas (Chen et al.
1995; Boyer et al. 1996) were classified as moder-
ately differentiated (M), the remaining carcinomas were
poorly differentiated (P). We observed in most of
the poorly differentiated carcinomas a strong nuclear pRb
immunoreaction, furthermore no relation between mod-
erately differentiated carcinomas and pRb expression
was observed.

In order to compare the presence of a protein that pro-
motes cellular growth (Myc) with pRb, the pRb and Myc
proteins were evaluated employing serial tissue sections
from SlLs (Fig. 3a,b) and invasive tumours (Fig. 3c,d).

As shown in Fig. 3, strong variations of immunoreac-
tion intensity to c-Myc could be observed both in SIL
(Fig.3b) and in cervical carcinoma (Fig.3d). Different
immunostaining patterns were observed in the SIL and
invasive samples; pRb negative/Myc slightly positive
cells; pRb positive/Myc extremely low positive cells and
pRb positive/Myc positive cells. This differential staining
pattern of these proteins was confirmed employing
double immunostaining technique in the samples (not
shown). In general, proliferative activity was markedly
increased in most tumour samples showing strong
reactivity (70-90% of the cells), in contrast to SIL and
normal tissues 50-70% and 40-50% of the cells,
respectively (data not shown).

Discussion

Several studies in different normal or cancerous tissues,
employing both protein and mRNA analysis, have indi-
cated that rb gene is ubiquitously expressed (Friend et al.
1987; Harbour et al. 1988; Varley et al. 1989; Horowitz
et al. 1990; Furukawa et al. 1991; Uzvolgyi et al. 1991,
Cordon-Cardo & Richon 1994). However, these studies
were unable to distinguish between different cell types
within the tissues analysed. A few immunohistochemical
studies on pRb in human cancer (Cance et al. 1990;
Cordon-Cardo et al. 1992; Benedict et al. 1990), and in
normal tissues, including the uterine-cervix, have been
published, showing that pRb is expressed in mature and
differentiated cells, in the basal third epithelium in 90% of
normal/reactive atypia or in the scattered nuclei of nor-
mal cells in all cases investigated, respectively (Cordon-
Cardo & Richon 1994; Amortehio et al. 1995; Sano et al.
1998). In the present work the percentage of pRb posi-
tive cells and cellular location in normal, SIL and invasive
human uterine-cervix specimens was determined by
immunohistochemical assays. As was previously found
(Cordon-Cardo & Richon 1994; Sano et al. 1998), we
observed that the majority of cells in the proliferating
basal layer of the normal epithelium displayed low levels
of pRb, whereas cells in the maturing suprabasal layers
presented nuclear pRb staining, suggesting that pRb
may inhibit proliferation of mature differentiating epithe-
lial cells, rather than controlling cell-cycle progression of
their dividing progenitors. In addition to previous reports
(normal pRb expression in cervical carcinomas; Amortehio
et al. 1995; Sano et al. 1998; Parker et al. 1997), we
observed that pRb staining in invasive cervical lesions is
frequently lower than in SIL, suggesting that rb gene
downregulation could be involved in cervical carcinogen-
esis (Ludlow et al. 1993; Boyer et al. 1996; invasive
carcinomas contained less than 10% of positive cells).
Low expression of rb may also be related to pRb inacti-
vation resulting from complex formation with high risk
HPV E7 oncoprotein and its degradation (Whyte et al.
1988; Dyson et al. 1989; Boyer et al. 1996), downregula-
tion mechanisms or rb gene mutations (deletions or point
mutations). It is also possible that variable levels of E7
oncoprotein expression from cell to cell might contribute
to the heterogeneity. Different types of human cancers
have been associated with altered pRb expression pat-
terns (Furukawa et al. 1991; Cance et al. 1990; Cordon-
Cardo et al. 1992). Invasive cancers from early clinical
stages frequently express high pRb levels (Varley et al.
1989; Xu et al. 1991a; Cordon-Cardo et al. 1992; Xu et al.
1991b; Yoshikawa et al. 1991b). However, late clinical
stages of invasive cancers express low to undetectable
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Figure2. Immunodetection of pRb in invasive cervical carcinomas. Clinical stage I: (a) cytoplasmic pRb staining with a few positive
nuclei, X400; (b) strong nuclear pRb immunoreaction, X400. Clinical stage II: (c) mostly nuclear pRb staining, X400; the arrow
indicates a pRb positive staining mitosis; (d) nuclear staining, X800; the arrows show positive mitoses; (e) mitoses showing negative
pRb staining (white arrows) in a cervical carcinoma presenting low pRb concentration, X400; (f) high intensity of pRb immunostaining in
scattered nuclei, X400. All samples were haematoxylin counterstained.
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Figure 3. Differential immunodetection of pRb and c-Myc in human cervical specimens.Immunohistochemical analysis of pRb in a SIL,
X160 (a) or in an invasive cervical carcinoma clinical stage Il, X800 (c), showing different immunoreactivity. Immunodetection of Myc in
SIL, X160 (b) and invasive cervical carcinoma, X800 (d), showing strong variations of Myc protein concentration. Brownish colour
shows a positive immunoreaction. Tissue sections were haematoxylin counterstained.

levels of pRb (Cance et al. 1990; Xu et al. 1991a;
Cordon-Cardo et al. 1992). Those authors have suggested
that pRb negative tumours might be clinically more
aggressive and with a poorer prognosis than those
tumours containing a variable pRb expression (Harbour
et al. 1988; Hanson et al. 1994; Benedict et al. 1990).
Supporting this possibility, it has also been reported that
rb gene expression inhibits tumour cell invasion in vitro

(Lij et al. 1996). In this scenario, we will expect similar
results, that is that patients with invasive cervical
tumours showing low levels of pRb will present a lower
life expectancy than those with higher levels of this
suppressor protein; however, we found that some patients
with a very low number of pRb positive cells with low pRb
levels are still alive. On the other hand, patients with high
(cases 49 and 51) or low (cases 48 and 50) percentage of
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pRb positive cells are dead. Thus, there must be no
correlation between clinical stage or prognosis of cervical
tumours and pRb detection. The number of specimens
evaluated in this study is too small to allow statistically
significant conclusions to be drawn.

Most cells in SILs and invasive tumours showed
nuclear pRb detection but in five specimens pRb location
was clearly cytoplasmic. Most published reports indicate
nuclear pRb staining in a variety of tumours and normal
tissues (Cordon-Cardo & Richon 1994; Cance et al.
1990; Cordon-Cardo et al. 1992; Benedict et al. 1990;
Xu et al. 1991b; Zacksenhaus et al. 1993), considering
cytoplasmic localization as an artifact (Benedict et al.
1990) or related to rb gene mutation (Zacksenhaus
et al. 1993). Additional studies should be carried out to
support these observations. In addition, some of the
actively dividing cells (mitotic cells) showed cytoplasmic
immunoreactivity with or without staining of the chromo-
somes, indicating that in the absence of nuclear envel-
ope pRb diffuses to other cellular locations. Recently, it
has been suggested that during cellular division, pRb
may have a mitotic spindle function and/or represents
part of a nuclear protein transport system (Thomas et al.
1996) which could partly explain positive pRb mitoses.

It has been reported that the c-Myc gene is positively
regulated by the transcription factor E2F-1 (Gu et al.
1994; Amortegui et al. 1995; Dang et al. 1995; Hoang
et al. 1995), suggesting that the interaction of pRb with
E2F-1 downregulates c-myc expression (Hamel et al. 1992).
In addition, Adnane et al. (1995) have shown that pRb
negatively regulates Myc-mediated transcriptional con-
trol invivo, through protein—protein interactions. Thus,
pRb blocks both c-Myc transcription and Myc function
as transcriptional factor and alterations of pRb expres-
sion or function could lead to c-Myc upregulation. We
have recently determined in SiLs a pRb suppressor effect
on c-Myc expression in vivo (Salcedo et al. 1995). It has
been extensively demonstrated the important role of
c-Myc (overexpression and amplification) in the develop-
ment of the uterine-cervix carcinomas (Ocadiz et al.
1987; Gariglio et al. 1987; Gariglio et al. 1993; Hidalgo
et al. 2000; Solinas-Toldo et al. 1997). In the present
work the results indicate that some regions in both SiLs
and cervical carcinoma specimens showed pRb
negative/Myc positive cells or pRb positive/Myc slightly
positive cells, with a few cells expressing both pRb and Myc,
indicating that pRb-dependent c-Myc downregulation
determined invitro could also occur invivo, suggesting
that pRb must be functional in the SILs samples ana-
lysed. Genome instability due to low p53 levels by the
continuous presence of HPV E6 oncoprotein (Rangel
et al. 1994) could favour a variety of cellular gene
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mutations important for tumour progression and partially
responsible for the great heterogeneity of pRb detection
observed within and among cervical tumours. For exam-
ple, Benedict et al. (1990) suggest that during tumour
progression the expression pattern of a group of genes
implicated in this event, specifically pRb and p53,
determined by immunohistochemistry staining, could
be an important key to understand the spatio-temporal
participation of these genes in tumour evolution.

Due to the multistep nature of cancer, this could sug-
gest that in pRb negative carcinomas rb gene alterations
might be related to neoplastic initiation. If reactivity were
heterogeneous (mixture of positive and negative cells)
a progressional role would be more likely (Benedict et al.
1990). In this context, our findings in the present work
could suggest that in the majority of the cervical carcin-
omas, low levels or absence of pRb probably due to
different molecular mechanism are involved in cancer
progression. In conclusion, even though changes in
pRb concentration in individual cells should be observed
as they undergo GO/middle G1 phases of the cycle (Xu
etal. 1991b), in those cells presenting rb gene alterations
or HPV infection (different E7 oncoprotein concentra-
tions), the pRb detection could be very low to undetect-
able as we found in cervical carcinoma samples.
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