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The purpose of the present study was to identify the expression of p16INK4 in cervical cancer precursor lesions by immunohistochemistry and to correlate it with lesion grade and presence of human papillomavirus (HPV) infection. Cervical specimens from
144 women seen consecutively at the gynecology outpatient clinic of our institution from December 2003 to May 2005 were
analyzed by cytopathology, histopathology, polymerase chain reaction for HPV-DNA, and p16INK4 immunostaining. Histologically normal biopsies, HPV-DNA negative by polymerase chain reaction, were used as control. HPV-DNA prevalence, including
the control group, was 68.1% and the prevalence of p16INK4 expression was 55.0%. The percentage of cells stained by p16INK4
ranged from 10 to 100%, both in the group consisting of cervical intraepithelial neoplasia (CIN)1/HPV specimens and in the group
of CIN2/CIN3 specimens with P value of 0.0001. p16INK4 expression was 48.3% in the CIN1/HPV group, as opposed to 94.3%
in the CIN2/CIN3 group (P = 0.001), showing a statistically significant difference between the two groups. The quantitative
method used here is simple and less subjective than the different semiquantitative methods described in the literature. In view
of the different definitions of a p16INK4-positive case, it is almost impossible to compare the findings reported by different
investigators. This study confirms the association between p16INK4 and CIN2 and CIN3 lesions. Moreover, it shows that some low
grade lesions expressed high levels of this protein. This may indicate that such low grade lesions may be predisposed to
progress to high grade lesions. This means that p16INK4 may be a strong marker for “neoplastic lesions” induced by HPV and not
just an infection marker.
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Introduction
Cervical cancer is one of the most frequent neoplasias
in the world, including Brazil, and is responsible for the
death of thousands of women every year. The invasive
phase of cervical cancer is preceded by an intra-epithelial
phase (cervical precursor lesion/intraepithelial neoplasia,
CIN), and not all women who develop these precursor
lesions will have invasive carcinoma in the future.
Human papillomavirus (HPV) infection has been considered to be the main cause of CIN and cancer (1-4), as
well as one of the most common sexually transmitted
diseases in the world (5-7). HPV-DNA has been detected
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in almost 100% of pre-neoplastic and neoplastic cervical
lesions (8).
The traditional concept regarding the natural history of
cervical cancer considers CIN1, CIN2 and CIN3 to be
stages of a single progressive disease. This concept has
been challenged, since recent studies have shown that in
most women with a CIN2 or CIN3 diagnosis, no alterations
suggesting CIN1 were detected in previous tests. This may
indicate that CIN1 and CIN2/CIN3 represent different disease processes, CIN1 being the morphological manifestation of HPV infection, while CIN2/CIN3 represents, in addition to the morphological manifestation of HPV infection,
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the true pre-malignant lesion of cervical carcinoma (3,9,10).
Although HPV infection is extremely frequent and is
implicated as an etiological factor in cervical cancer, little is
known about many basic facts concerning natural history,
conditions of infection and risk of progression to premalignant and malignant lesions (5). Cell infection by HPV
is shown by changes in function or in the expression of host
genes, and the detection of these changes may play a
major role in the screening and follow-up of infected patients. Different types of HPV have different levels of association with cancer, and these levels presumably reflect
the variation in the potency of their respective viral
oncoproteins encoded by E6 and E7 viral genes (11).
Interaction between these genes and the host leads to cell
cycle deregulation as shown by the abnormal expression
of proteins associated with the cell cycle, such as Ki-67,
cyclin E and p16INK4 (11).
Protein p16INK4, the product of the CDKN2A gene,
inhibits cyclin-dependent kinase (a tumor suppressor protein). Its function is to slow down the cell cycle by inactivating the cyclin-dependent kinases that phosphorylate the
retinoblastoma protein. A few studies have shown that the
expression of p16INK4 is markedly influenced by the expression of the retinoblastoma protein. Overexpression of
protein p16INK4 has been demonstrated in cervical cancers
due to the functional inactivation of retinoblastoma protein
by HPV oncoprotein E7 (8,12-18).

Material and Methods
This retrospective study was approved by the Review
Board of our Institution and all patients gave written informed consent.
All patients in this study were included in a large regional study on HPV conducted at the University of Caxias
do Sul, called “Determination and Typing of Human Papillomavirus 16 (HPV 16) in the female population of the
Northeast region of the State of Rio Grande do Sul”.
Women seen at the Lower Genital Tract Pathology Service
of the Central Outpatient Clinic (UCS) were included in this
study, also approved by the Review Board of the Institution. This outpatient clinic is a secondary referral unit for
women sent by primary health care units in the region
because of some change in the usual cytopathology (Pap
smear).
Cervicovaginal secretion was obtained from all patients included in the study and samples were frozen at
–20°C in TE buffer for molecular biology studies. Next,
according to a flowchart prepared by the outpatient department for Lower Genital Tract Pathology, the patients were
submitted to colposcopy and to a guided biopsy when a
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lesion was identified.
A total of 144 cervical biopsies obtained from the
patients between December 2003 and May 2005 were
evaluated. Histopathological specimens were reviewed
and classified as normal or presenting HPV infection,
CIN1, CIN2 and CIN3 according to the morphological
criteria described by Richart (19). Histologically normal
biopsies, HPV-DNA negative by PCR, were used as the
“control group” to test for p16INK4 expression. Flat lesions
with strictly defined koilocytic atypia and no evidence of
proliferation were considered to represent HPV infection.
Mild nuclear atypia with minimal proliferation was graded
as CIN1. Moderate atypia and proliferation (2/3 of the
epithelium) was graded as CIN2 and severe nuclear atypia
with intense proliferation (full thickness of the epithelium)
was graded as CIN3. Invasive squamous carcinomas and
glandular lesions were excluded. The material was submitted to immunohistochemical study for p16INK4 expression
using the Cintec p16INK4 kit (Dako, clone E6H4, EnVision
system, Denmark), according to manufacturer instructions.
The cervicovaginal samples were submitted to a generic PCR to identify HPV-DNA using PGMY 09/11(HPV)
and GH20/PCO4 (for human ß-globin) primers (20).
The evaluation of p16INK4 expression by immunohistochemistry was performed using a quantitative method with
evaluation of percent stained neoplastic cells compared to
the total number of neoplastic cells in the lesion. Cells with
both cytoplasmic and nuclear staining were considered to
be positive. Four microphotographs of the 4 best large
magnification fields (400X) were taken with a light microscope and printed on paper. Each photograph was divided
into 4 quadrants, and a manual cell count was performed in
order to obtain the percentage.
The data were analyzed and processed by SPSS,
version 12.0, using non-parametric tests (Tukey and Kruskal-Wallis).

Results
All 144 cases showed amplification of the human ßglobin gene (100%), confirming the adequacy of the specimen regarding the quantity and integrity of the genetic
material.
As to HPV-DNA, including the control group, the frequency of the virus was 68.1% (98 cases), while 31.9% (46
cases) did not present amplification of the 450 bp of gene
L1, which produces several different types of genital HPV.
None of the samples in the control group tested positive for
HPV and therefore they were excluded from Table 1 and
Figure 1.
Table 1 shows the distribution of the presence of HPV-
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DNA related to the histopathological diagnosis in the group
DNA, the positivity of this protein was correlated with the
with histopathological lesions (N = 115), in absolute numPCR results for HPV-DNA. The results are summarized in
bers and as percentage, excluding the control group.
Table 2.
In the 29 cases constituting the control group (classiTable 2 shows that 45 (72.6%) of the 62 cases diagfied as histopathologically normal), staining for p16INK4
nosed as HPV/CIN1 were positive for HPV-DNA. In the 17
was negative both in normal epithelium and stroma, and in
remaining cases (27.4%) HPV-DNA could not be identithe metaplastic and inflammatory cells.
fied. Twelve (70.5%) of these 17 cases negative for HPVDNA also presented negative immunohistochemistry for
Figure 1 shows case distribution according to the perp16INK4, while 5 (29.4%) showed positivity for p16INK4 excentage of stained cells. Analysis of this figure shows that
INK4
pression. Interestingly, 4 (80%) of these 5 cases pretended to increase in
the number of cells stained by p16
sented weak positivity for the protein, with less than 49% of
proportion to the severity of the lesion. At one extreme it
can be seen that the lesions caused by HPV infection, in
the cells stained. Only a single case (20%) was strongly
positive for p16INK4, with 65% of stained cells.
which the expression of p16INK4 was negative or only
PCR detected HPV-DNA in 51 cases (96.2%) in the
weakly positive (with indices of up to 25% of stained cells),
CIN2/CIN3 (N = 53) group. p16INK4 staining of the few HPVoccurred in 80% of the cases. In contrast, in CIN3 lesions
negative CIN2/CIN3 cases was either negative or weak, in
the expression of p16INK4 was strongly positive (with more
than 75% of cells being stained) in 82% of the cases.
This means that there was a significant
relationship between the increase in the Table 1. Distribution of the presence of HPV-DNA related to the histopathological
histological grade of the lesion and the diagnosis (N = 115).
number of cells that express p16INK4 (P =
HPV
CIN1
CIN2
CIN3
0.001). However, no statistically significant
difference was found between CIN1 and
HPV-DNA (+)
29 (72.5%)
16 (72.7%)
14 (93.3%)
37 (97.3%)
HPV (P = 0.650) or between CIN2 and HPV-DNA (-)
11 (27.5%)
6 (27.3%)
1 (6.7%)
1 (2.7%)
CIN3 (P = 0.789).
Figure 1 also reveals that the HPV/ Data are reported as number of cases with percent in parentheses. HPV = human
CIN1 group showed a large number of nega- papillomavirus; CIN = cervical intraepithelial neoplasia. CIN1 = mild nuclear atypia
tive cases (N = 21), and that 60% of the with minimal proliferation; CIN2 = moderate atypia and proliferation (2/3 of the
epithelium); CIN3 = severe nuclear atypia with intense proliferation (full thickness
cases considered positive had less than of the epithelium).
50% of stained cells. However, in another
40% of the HPV/CIN1 cases that expressed
p16INK4, we found a strong expression of
this protein, a few samples having 100% of
stained cells, as observed in high grade
lesions.
The opposite occurred when we analyzed the CIN2/CIN3 group, in which there
were very few cases (N = 6) negative for
p16INK4 or with less than 50% of stained
cells (11.3% of the CIN2/CIN3 cases). This
means that 88.6% of the cases of CIN2/
CIN3 were positive for p16INK4 with more
than 50% of stained cells (N = 45). Among
these, a large number of cases revealed
100% of cells expressing p16INK4, again
confirming the close relationship between
the expression of this protein and lesion Figure 1. Case distribution according to the percentage of cells positive for
p16INK4, correlated with lesion grade. Cases (N = 115, controls excluded) were
grade.
clustered according to histological diagnosis as HPV (N = 40), CIN1 (N = 22), CIN2
In order to determine how closely the (N = 15), and CIN3 (N = 38). HPV/CIN1 x CIN2/CIN3 (P = 0.001), HPV x CIN1 (P
expression of p16INK4 in precursor lesions = 0.650), and CIN2 x CIN3 (P = 0.789; Pearson test). HPV = human papillomaviis associated with the presence of HPV- rus; CIN = cervical intraepithelial neoplasia.
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Table 2. p16INK4 expression in precursor cervical cancer lesions correlated with
histopathological diagnosis (Richart) and PCR results for HPV-DNA (absolute
number of cases).

ported by Kulmala et al. (24) have a parallel related to the presence of HPV-DNA in
the present study in which, considering the
cases of CIN2/CIN3 alone, the prevalence
DNA-HPV (+) (N = 96)
Total (N = 144)
DNA–HPV (-) (N = 48)
of HPV-DNA was 96.2% (51/53) while the
p16 (-)
p16 (+)
p16 (+)
p16 (-)
p16 (+)
p16 (+) prevalence was 72.4% (45/62) if we con(<49%)
(>50%)
(<49%)
(>50%)
sider only the HPV/CIN1 cases.
Kulmala et al. (24) reported results sigNormal (N = 29)
29
0
0
0
0
0
nificantly different from those obtained in
HPV (N = 40)
9
1
1
12
8
9
the present study, with close to 20% failure
CIN1 (N = 22)
3
3
0
7
4
5
CIN2 (N = 15)
1
0
0
1
2
11
to detect HPV-DNA in the CIN2 and CIN3
CIN3 (N = 38)
0
0
1
0
2
35
cases. Certainly, the small number of viral
genome copies and the low quality of the
INK4
was divided in <49% and >50% according with percentThe expression of p16
samples involved must have played an
age of cells expressing p16INK4. HPV = human papillomavirus; CIN = cervical
important part in these results (24). In the
intraepithelial neoplasia. CIN1 = mild nuclear atypia with minimal proliferation;
CIN2 = moderate atypia and proliferation (2/3 of the epithelium); CIN3 = severe present study, the number of precursor
nuclear atypia with intense proliferation (full thickness of the epithelium).
lesions that were negative for HPV-DNA in
PCR may be due to two main reasons: that
these cases are truly negative for viral DNA or that in some
contrast to the majority of HPV-positive cases in which
of these cases the protocol used was not able to detect
strong expression of this protein was consistently obviral DNA. The latter statement tends to be true, since
served.
some specimens were stored for a few months or years,
and it is known that storage time influences the quality of
Discussion
the DNA extracted.
However, these false-negative results tend to be a real
HPV-DNA prevalence when molecular biology techclinical problem if, in the future, molecular methods for the
niques are used, as in the case of PCR, varies according to
detection of HPV-DNA are used singly as a screening
the degree of change in the lesion, ranging from 15% of
method.
women who do not present any evidence of a lesion at
Despite the small number of cases that proved negacytopathological screening and in histopathological tests
tive for HPV-DNA by PCR, these results show that PCR
(21) to 99.7% in patients with cervical intraepithelial neoshould not be used as a single method for patient diagnoplasia (4).
sis or follow-up, since in about 25% of the cases it was
The percentage of HPV-DNA detected in the present
impossible to identify HPV-DNA, and in 11.2% (7/62) of
study (68.1%) corroborates the findings obtained by
this group, p16INK4 expression was positive, showing that
Cavalcanti et al. (22) in a study conducted in Rio de
cell
change had already occurred, although the viral DNA
Janeiro, in which 514 women were asymptomatic or had
could
not be isolated.
precursor lesions, with a positive result for HPV-DNA
The
quantitative method used here is simple and less
being obtained in 66.7% of the isolated samples.
subjective
than the different semiquantitative methods
In the present study, excluding the control group, which
described in the literature. In view of the different definiconsisted of 29 samples, all of them with a negative PCR
tions of a p16INK4-positive case, it is almost impossible to
for HPV-DNA, the virus frequency in patients with a lesion
compare the findings reported by different investigators.
increased to 83.4% (98/115 cases). These results agree
Some authors consider a case to be positive when both the
with Muñoz et al. (23) who detected a higher prevalence of
cytoplasm and the nucleus are stained, while others conHPV in women living in countries with high rates of cervical
sider a case to be positive case when only the nucleus or
cancer (Brazil and Colombia) than in countries with low
only the cytoplasm is stained (8,11,13,24-26). The cut-off
rates (Spain).
point for positivity ranges from 10 to 60% in the literature
Kulmala et al. (24) showed much lower percentages in
(8,11,13,24-26).
a study performed in the Soviet Union, in which the prevaThe present findings show that p16INK4 expression and
lence of HPV-DNA increased in proportion to lesion severthe number of positive cells tend to increase proportionally
ity, reaching 91.7% in patients with CIN3. On the other
with the severity of the lesion. There was a clear distinction
hand, Lin et al. (25) reported a 53.0% prevalence of HPVbetween the p16INK4 expression pattern in the group of
DNA in several different precursor lesions. The data re-
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HPV/CIN1 lesions and in the group of CIN2/CIN3 lesions
with both methods used. A close correlation was found
between the large number of positive cells in the CIN2/
CIN3 group and that described by Branca et al. (26) in a
series of 152 CIN in Italy, and by Kalof et al. (27) in a series
of 44 cases of CIN in the United States. However, there
was no statistically significant difference between the cases
classified as HPV/CIN1 or between CIN2 and CIN3. This
agrees with the idea that these are two different diseases
resulting from HPV infection, the former being HPV/CIN1,
the infectious disease, and the latter being CIN2/CIN3, the
proliferative (neoplastic) disease (9).
In contrast to the present findings, Klaes et al. (28)
detected high positivity for p16INK4 in 100% of the cases
diagnosed as CIN1 with negative HPV-DNA (N = 17),
although these investigators used a semiquantitative method to evaluate the expression of p16INK4. In this study, a few
cases of CIN1 had over 60% of cells stained for p16INK4.
What does this mean for women whose specimens have
reached high percentages of cells showing p16INK4 expression? Does this finding represent only a relationship between the expression of protein p16INK4 and the virus or a
particular HPV type? In our results, we did not find an
association of p16INK4 expression and HPV type. Does this
indicate that even with lesions that are morphologically
characteristic of CIN1/HPV, regardless of HPV type, these
patients already present molecular changes that would
make their evolutive biological behavior similar to that of a
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CIN2/CIN3 case?
The results obtained for p16INK4 in CIN2 and CIN3 in the
present study proved to be better than those obtained by
the Klaes group (28), which reported 75% positivity for
HPV-DNA and 100% positivity for p16INK4 in CIN2 and
CIN3, with N = 92.
Although our results show a close association between
the high number of cells stained by p16INK4 in CIN2 and
CIN3 lesions, no statistically significant difference in pattern of expression was found between CIN2 and CIN3.
Our findings show that the association between PCR
and immunohistochemistry may be very useful to help in
the differential diagnosis of cervical lesions. The simple
positivity of p16INK4 in lesions is not enough to discriminate
groups, since as many as 69.5% of the lesions presented
some degree of positivity. However, analysis of Figure 1,
which shows the percentage of stained cells, shows that
most of the CIN2/CIN3 cases presented high percentages
(more than 50%) of stained cells. The opposite occurred in
the HPV/CIN1 cases, as only a small number of which
presented more than 50% of stained cells.
The present study does not establish p16INK4 as a
marker of tumor progression. However, it shows a strong
correlation of p16INK4 expression with high grade lesions.
Follow-up studies are required to determine the biological
behavior of the low grade lesions in which more than 50%
of cells were stained for p16INK4.
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