
Abstract. The aim of this study was to investigate pRb2/p130,
p107 and p53 expressions in precancerous lesions and
squamous cell carcinoma (SCC) of the uterine cervix. We
evaluated Human Papillomavirus (HPV) testing and typing
and pRb2/p130, p107 and p53 expressions (antibody D07) of
48 patients showing low-grade cervical intraepithelial neoplasia
(LCIN, 18 cases), high-grade CIN (HCIN, 13 cases) and SCC
(17 cases). Paraffin-embedded tissue sections were analyzed
for the study. High-risk HPV types were present in 67%, 89%
and in 100% of HPV-positive LCIN, HCIN and SCC,
respectively (Spearman’s correlation coefficient: 0.393,
p=0.035). Positive pRb2/p130 expression was detected in 89%
of LCIN, 77% of HCIN and in 35% of SCC (p=0.001),
whereas diffuse p107 expression was 72%, 62% and 100%,
respectively (p=0.024). The results of p53 expression in CINs
and SCCs showed values (not statistically significant)
comparable with the literature data concerning the antibody
D07. For the first time, we tested pRb2/p130 and p107
expressions in CINs and SCCs. We found a progressive
decrease in pRb2 expression from CINs to SCCs that suggests
an important role of pRb2 in cervical carcinogenesis. Indeed,
p107 expression does not seem to be a useful factor. In our
opinion, confirmed by the literature data, p53 immunostaining
helps to biologically characterize CIN (in particular LCIN)
when each case is evaluated separately considering HPV
testing/typing.

Cervical carcinoma is the second most common cancer

among women worldwide, in particular in developed

countries, whereas in developing countries it is the most

common cancer among women (1). The Papanicolaou test

(Pap-test) is an efficient procedure to detect precancerous

cervical lesions by cytological sampling of the uterine cervix,

whereas molecular or immunohistochemical methods are

utilized to characterize these lesions, allowing appropriate

clinical management and/or follow-up (2, 3).

Human Papillomavirus (HPV) is the most important risk

factor for cancer of the uterine cervix, but cervical

carcinogenesis is not completely clear. In fact, only a few

HPV-related precancerous lesions develop cervical cancer

and the reasons for this are unknown (4). Other factors are

probably needed in cervical tumor progression, e.g. p53

polymorphism at codon 72 and microsatellite instability (5,

6), but their role is not fully demonstrated.

In the nuclear compartment, E6 and E7 oncoproteins bind

p53 protein and the products of the retinoblastoma (Rb)

gene family, respectively, and inactive them by means of

ubiquitin-dependent proteolysis in the cytoplasm. E6 and E7

of high-risk HPVs bind and, consequently, more efficiently

degrade p53 and Rb than E6 or E7 of low-risk HPVs.

The Rb gene family consists of three members: Rb1/p105,

which is one of the most studied tumor suppressor genes,

Rb2/p130 and p107. These genes codify for pRb1/p105,

pRb2/p130 and p107 proteins. All three Rb proteins are

localized mainly in the nucleus and show similar structures

and functions at different timing (7). The best known

function of Rb proteins is the inhibition of cell cycle

progression by interacting with members of the E2F

transcription family (7). In addition, the Rb protein family

regulates a variety of biological aspects, such as cell cycle

regulation, growth suppression, differentiation and

apoptosis (7, 8). Different immunohistochemical studies

analyzed the correlation of pRb2/p130 and p107 expressions

in a wide spectrum of human neoplasms (e.g., lung cancer,

vulvar squamous cell carcinoma (SCC), oral SCC and

prostatic gland adenocarcinoma) (9-13). Indeed, to our

knowledge, there is an absence of similar analyses

encompassing precancerous lesions and cancer of the

uterine cervix.
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The p53 gene encodes the most common oncosuppressor

protein that is mutated in human neoplasms (14). p53

protects against genomic rearrangement or accumulation of

mutations, suppressing cellular transformation due to

oncogenic activation or loss of tumor suppressor pathways

(15). In cervical cancer, p53 is frequently inactivated by E6

HPV-oncoprotein and very rarely mutated (16, 17).

Immunohistochemical analysis of p53 expression is

controversial because p53 immunostaining is not always

abrogated by high-risk HPV infection. Moreover, many

immunohistochemical parameters (e.g., antibody and cut-

off) are heterogeneous and conflicting among various

studies (18).

The aim of our study was to investigate the expressions

of pRb2/p130, p107 and p53 proteins in precancerous

lesions and SCC of the uterine cervix.

Materials and Methods

Tissue specimens. A total of 48 Italian women were studied (median

age: 41.5 years, range: 24-62): 17 patients with low-grade cervical

intraepithelial neoplasia (LCIN) (median age, 32.5 years; range 24-

44), 13 patients with high-grade CIN (HCIN) (median age, 42.8

years; range, 25-57) and 17 patients with SCC (median age, 49.1

years; range, 38-42). Intraepithelial lesions were histologically

classified as LCIN or HCIN, as previously described (19). Formalin-

fixed, paraffin-embedded biopsies were available for the study.

HPV testing and typing. DNA extraction was performed as

previously described (19). The suitability of DNA for polymerase

chain reaction (PCR) studies was evaluated by amplifying a

fragment of p53 using the method and primers described by Storey

et al. (20) to detect p53 polymorphism at codon 72, p53Proline

(p53Pro) (142 bp) and p53Arginine (p53Arg) (177 bp). p53Arg and

p53Pro sequences were separately amplified from each sample.

Cases in which no p53Pro or p53Arg amplification occurred were

excluded from further study. The presence of HPV-DNA was

detected by PCR (Multigen HPV, DiaTech, Italy). This molecular

method was performed in a volume of 50 Ìl containing 10 Ìl of

digested material, 200 Ìl of each deoxy-nucleotide triphosphate, 

10 mM Tris-HCl (ph 8.3), 50 mM KCl, 2 mM MgCl2, 2.5 U of

Ampli Taq DNA polymerase (Perkins-Elmer Cetus, Norwalk, CT,

USA) and 100 pmole of each primer. We used two control DNA

samples, one HPV-positive and one HPV-negative. PCR was

carried out in a Thermal Cycler (Perkin-Elmer Cetus) under

conditions as follows: 50 cycles at 94ÆC for 30 sec, 37ÆC for 25 sec

and 72ÆC for 60 sec. Reaction products were analyzed by

electrophoresis on a 3% agarose gel and made visible under UV

by ethidium bromide staining. The HPV-positive PCR product was

from 142 to 151 bp. The HPV-positive cases were followed by

restriction enzyme digestion RSA 1 and TRU 9 1, 0.5 Ìl of each

enzyme and 10 Ìl of digested material, according to the instructions

given by the manufacturer (Multigen HPV, DiaTech, Italy). Each

sample were separately digested overnight for each restriction

enzyme. Digestion products were analyzed by electrophoresis on a

20% polyacrilamide gel and made visible under UV by ethidium

bromide staining. As a result, the HPV typing was identified by the

presence of different fragments: HPV 6, 33-42-67 bp (RSA 1), 142

bp (TRU 9 1); HPV 11, 33-109 bp (RSA 1), 142 bp (TRU 9 1);

HPV 16, 32-43-70 bp (RSA 1), 50-95 bp (TRU 9 1); HPV 18, 33-

38-77 bp (RSA 1), 38-52-58 bp (TRU 9 1); HPV 31, 33-112 bp

(RSA 1), 11-15-41-78 bp (TRU 9 1); and HPV 33, 32-39-71 bp

(RSA 1), 50-92 bp (TRU 9 1). The HPV types were subcategorized

into high-risk (16, 18, 31 and 33), low-risk (6, 11), and not further

typing (NFT) with the used molecular method. Considering that

HPV NFT showed the majority of high-risk HPV, we associated

the high-risk subgroup with the NFT HPV subgroup.

Immunohistochemistry. Tissue sections were cut at 2 Ì, air-dried

overnight at 37ÆC, dewaxed in xylene, rehydrated through graded

ethanols and washed in 0.01 M PBS, pH 7.4. Endogenous

peroxidase activity was blocked by 0.3% hydrogen peroxide in

methanol for 20 min. After washing in PBS, non-specific proteins

were quenched with blocking reagent (Immunotech, A Colter

Company, France) for 10 min at room temperature. Tissue sections

were washed in distilled water and immersed in citrate buffer, pH

6, for microwave antigen retrieval pretreatment. They were

irradiated three times in a microwave oven (800 W) for 5 min and

cooled down in this buffer to room temperature for 30 min. After

washing in PBS, each primary antibody was added. The type,

dilution and time of incubation of all primary antibodies used are

reported in Table I. All sections were immunostained with the

universal labelled streptavidin-biotin method (Immunotech),

according to the manufacturer’s instructions.

Positive nuclear staining for pRb2, p107 and p53 was detected with

diaminobenzidine, and hematoxylin was used as the nuclear

counterstain. Then, the sections were dehydrated through graded

ethanols, washed in xylene and mounted on glass. Brown staining of

the nucleus indicated positivity for all the three antibodies considered.

In all experiments, sections of carcinoma with previously

detected high antibody expression (e.g., a colon or breast carcinoma

for p53) were included as the positive control. The primary

antibody was omitted for the negative control.

Different qualitative and quantitative parameters of protein

expression were evaluated: i) nuclear intensity, graduated as weak

(+), moderate (++) and marked (+++); ii) nuclear positivity. A

cut-off level of 10% was selected, according to the literature data

(12). The evaluation was performed as previously described (21);

iii) absent, focal or diffuse distribution (%), and iv) type of cell
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Table I. Summary of the main immunohistochemistry conditions.

Protein Antibody Dilution and Staining

incubation

pRb2/p130 Clon C-20, polyclonal 1:75, 30 minutes nuclear

(Santa Cruz 

Biotechnology Inc.)

p107 Clon C-18, polyclonal 1:40, 45 minutes nuclear

(Santa Cruz 

Biotechnology Inc.)

p53 D07, monoclonal 1:200, 2 hours nuclear 

(Biogenex, 

San Ramon, CA, USA)



showing protein expression (squamous or glandular; basal,

parabasal, intermediate or superficial squamous cells; typical or

atypical cells). All tissue sections were analyzed independently by

two pathologists.

Statistical analysis. The Chi-square test (or Fisher’s Exact Test

when appropriate) and Spearman’s correlation coefficient were

used to analyze the differences or the relationships, respectively,

between age, HPV testing and typing, pRb2/p130, p107, p53

expression and histopathological features (SPSS version 7.5.2

Chicago, IL, USA, 1996). A p-value of <0.05 was considered

significant.

Results

HPV testing was positive in 50% of LCIN, 69% of HCIN

and in 65% of SCC. High-risk HPV types (16, 18, 31, or 33)

were present in 33% of LCIN, 56% of HCIN and 55% of

SCC. Low-risk HPV types (6 or 11) were present in 33% of

LCIN, 11% of HCIN and in no SCC, whereas NFT HPV

associated with high-risk types was 67%, 89% and 100% of

HPV-positive LCIN, HCIN and SCC, respectively

(Spearman’s correlation coefficient: 0.393, p=0.035) (Table

II). One case of HCIN showed a co-infection with 3 HPV

subtypes (16, 31 and NFT HPV).

pRb2/p130 overexpression, with marked or moderate

intensity, was detected in 89% of LCIN, 77% of HCIN and

in 35% of SCC (p=0.001). The pRb2 immunostaining was

mainly diffuse (78% for LCIN, 84% for HCIN and 59%

for SCC).

Diffuse p107 expression was 72% for LCIN, 62% for

HCIN and 100% for SCC (p=0.024). The other

immunohistochemical parameters of p107 expression were

not statistically significant.

Negative p53 expression was detected in 56% of LCIN,

62% of HCIN and in 59% of SCC; vice versa, positive p53

immunostaining was observed in 44% of LCIN, 38% of

HCIN and 41% of SCC. Weak p53 intensity was 56% in

LCIN, 69% in HCIN and 41% in SCC; vice versa, a

moderate/marked intensity was 44%, 31% and 59%,

respectively. p53 expression was absent in 22% of LCIN,

38% of HCIN and 35% of SCC. LCIN with positive p53

immunostaining showed protein overexpression in the basal

cell layer (55%, 6/11 cases), in the superficial cell layer

(27%, 3/11 cases), or in all the epithelial nuclei (18%, 2/11

cases). In p53-positive HCIN, protein overexpression was

found in all the epithelial nuclei (60%, 3/5 cases), or in the

superficial cell layer (20%, 1/5 cases) or in the basal cell

layer (20%, 1/5 cases).

There were no significant differences in the expressions

of pRb2/p130, p107 and p53 between HPV-negative and

HPV-positive cases.

Discussion

We confirmed the literature data about the relationship

between high-risk HPV and HCIN or SCC. In fact, 89% of

HPV-positive HCIN and 100% of SCC showed the most

oncogenic HPV types (Spearman’s correlation coefficient:

0.393, p=0.035). In our study, the HPV positivity in CINs

and SCCs reached 69% at the most, a lower prevalence than

other papers (e.g., 100% in SCC) (22). We agree with the

literature that the sensitivity of the PCR test is strongly

correlated to the size of the PCR product (22). In fact, we

amplified a gene fragment of about 150 bp whereas Van

Muyden et al. amplified a sequence of 65 bp. The drawback

of this last, extremely sensitive, molecular method is "the

high-risk of false-positive results because of the possible

amplifications of contaminants" (23).

We described, for the first time, the protein expressions

of pRb2/p130 and p107 in CINs and SCCs of the uterine

cervix. We found a progressive decrease in pRb2 expression

from CINs to SCCs as in other neoplasms (9-13). Our

results suggest that pRb2 plays an important role in cervical

carcinogenesis, according to the data on vulvar

precancerous lesions and SCC (12). Vulvar and cervical

carcinogenesis are similar because both multistep processes

show a strong HPV association. The results on vulvar

intraepithelial neoplasia (VIN) and vulvar SCC are very

similar to our data about CINs and cervical SCCs

(pRb2/p130 positivity: 75% of VIN III vs 77% of HCIN,

43% of vulvar SCC vs 35% of cervical SCC) (12). We agree

with Zamparelli et al. that the progressive decrease in pRb2

immunostaining from precancerous lesions to SCC "may

reflect a possible alteration of pRb2 gene function and

could represent an early event in vulvar carcinogenesis"

(12). The same conclusion may be reached for cervical

carcinogenesis. The lack of pRb2 overexpression in cervical

SCC may be due, in some cases, i) to the presence of a

mutation that abolishes the protein product, ii) to a protein
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Table II. Statistically significant molecular and immunohistochemical
parameters.

High-risk + pRb2/p130 p107

NFTÆ ++/+++  diffuse 

HPV intensity distribution

n. % n. % n. %

LCIN* 6/9 67* 16/18 89 13/18 72

HCIN* 8/9 89* 10/13 77 8/13 62

Cancer* 11/11 100* 6/17 35 17/17 100

p=0.001 p=0.024

ÆNFT: not further typing

*High-risk HPV associated with NFT HPV and histopathological

stages: Spearman’s correlation coefficient 0.393, p=0.035



degradation in the proteolytic pathway after E7 binding,

and iii) to a down-regulation of pRb2 in cervical neoplasia.

Indeed, p107 expression does not seem to be a useful factor

in CINs and SCCs, even though further studies are

required to confirm our data. In fact, our only result of

statistical significance (diffuse protein expression: p=0.024)

has no clinical relevance.

In our opinion, the main cause of heterogeneous and

controversial p53 expression results is the choice of the p53

antibody. We used the monoclonal antibody D07 because it

recognizes both wild-type and mutant p53 protein. In

general, overexpression of p53 corresponds to protein

mutation (e.g., colon and breast cancer). In fact, the

majority of mutated p53 proteins have a longer half-life

than their wild-type counterparts, permitting their detection

by visible overexpression in immunohistochemistry (25).

Indeed, in cervical cancer p53 mutation is a rare event (16,

17) and it is, in practice, absent in precancerous cervical

lesions (24). p53 inactivation is achieved by the proteolysis

mediated by E6, but protein immunostaining is not always

abrogated by high-risk HPV infection. Considering only the

studies with the antibody p53 D07, the literature data are

more homogeneous for SCCs (21, 26-28) and more similar

to our results (26, 27). In fact, Tjalma et al. (26) and

Kersemaekers et al. (27) detected p53 overexpression of

SCC in 42% and in 32%, respectively, compared to 41% of

our study. The present results are also similar to our

previous data concerning non invasive SCC (29% positivity)

(21). Recently, two papers utilizing both antibody p53 D07

and a cut-off level of 10% showed completely different

findings. Grace et al. detected positive p53 expression in all

invasive cancer cases (100%) (29), whereas Koyamatsu et al.
identified p53 overexpression in only one out of 40 cases of

cervical carcinoma considered (30). In our experience, p53

expression is not always abrogated by high-risk HPV

infection or there is not always a p53 overexpression due to

E6 or E7 binding.

The studies concerning CINs and p53 expression are

few (29, 31-33) but very similar, especially for LCIN (see

below). We also considered the results obtained with the
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Table III. Summary of p53 immunostaining evaluation.



monoclonal antibody p53 D01 (19, 34) because it

demonstrated its specificity for the same epitope of p53

as the antibody D07 (35). Our data on HCINs are

identical to our previous results (31% of

marked/moderate intensity) (19) and very similar to the

findings of Lie et al. (34) (38% vs 30% positivity). In

LCINs, we agree with the literature that p53 expression is

frequent in basal and parabasal cell layers (31, 32).

Moreover, Ziol et al. detected moderate/strong p53

intensity in 50% of LCIN vs 44% of our cases (31),

whereas Giannodious et al. identified strong intensity in

43% of LCIN (32). Considering p53 positivity, Grace et al.
showed protein expression in 30% (6/20 cases) vs 44% of

our study (8/18 cases) (29). However doubts about the

interpretation of p53 expression in cervical cancerogenesis

remain (e.g., if p53 overexpression is a positive or a

negative factor). We noted that HPV-positive or -negative

LCIN showed, in the majority of cases, p53 overexpression

in the basal cell layer, also according to the literature (31-

33). This finding represents a positive response to viral

infection or to the lesion. In fact, p53 protein is a

suppressor of HPV DNA replication (36) or it may

represent a stress response to a lesion (25). Indeed, p53

overexpression of the superficial or intermediate cell layer

frequently represents a p53 accumulation due to E6 (in

high-risk HPV infection) or to E7 (in low-risk HPV

infection) binding (32, 37, 38). This is a negative response

because p53 is inactive (Table III). Therefore, confirming

previous literature data (30-32), we proposed interpreting

p53 expression of each case considered separately on the

basis of both i) HPV testing and typing (high-risk or low-

risk HPV), and ii) overexpression or absence of

immunostaining in the superficial, intermediate, or basal

epithelial nuclei. In our opinion, this explanation,

summarized in Table III, is useful mainly for the

biological characterization of the LCIN or atypical

squamous cell of undetermined significance cases. Indeed,

HCINs are more similar to SCCs and these lesions need

more aggressive management.

There is a lack of statistical association between pRb2,

p107 or p53 expressions and HPV infection. Our result is a

frequent finding in the literature (34, 39, 40). The final

result is probably due to a balance between opposite

stimuli (e.g., protein degradation due to HPV infection, or

protein overexpression for the lesion or HPV infection),

previously described.

In conclusion, even if the Pap-test is a simple cytological

method allowing detection of CINs, a biological

characterization of cervical lesions is necessary to select

the lesions that have to be treated more aggressively. We

evaluated p53, Rb2/p130 and p107 expressions in CINs and

SCCs, but further studies are needed to confirm our

experience.
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