
p16INK4A and p14ARF expression pattern
by immunohistochemistry in human
papillomavirus-related cervical neoplasia

Jian-Liu Wang1,5, Bi-Ying Zheng1, Xi-Dan Li1, Kristiina Nokelainen2, Tord Ångström3,
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Human papillomavirus is known to play an important etiological role in the genesis of cervical cancer, but only a
very small proportion of infected women develop invasive cervical cancer. The purpose of cervical cancer
prevention is early diagnosis of its precursors. The molecular detection of human papillomavirus DNA as a
diagnostic test to cervical carcinogenesis gave a low positive predictive value as compared to the use of
biomarkers. p16INK4A and possibly p14ARF have been proposed as putative surrogate biomarkers that would
allow identification of dysplastic cervical epithelia. Serial consecutive biopsies representing normal cervical
epithelium to cervical intraepithelial neoplasia and/or invasive cervical cancer were stained with immunohisto-
chemistry for p16INK4A, p14ARF and proliferating cell nuclear antigen. The positive rates of these markers were
significantly higher in cervical intraepithelial neoplasia and in squamous cell carcinoma than in normal cervix
(Po0.01). No significant difference was noted between lesions progressing from cervical intraepithelial
neoplasia to squamous cell carcinoma for both p16INK4A and p14ARF expression (P40.05). For both
biomarkers, nuclear staining was predominantly seen. However, the cytoplasmic stain of p16INK4A increased
with disease progression and the pattern of expression varied between different tumors and its location within
the lesion. Both nuclear and cytoplasmic staining with p16INK4A and p14ARF of affected epithelial cells were
considered positive. In the adjacent normal tissue to cervical neoplasia, the positive rates of p16INK4A, p14ARF
and proliferating cell nuclear antigen expression were higher than those found distant to these lesions but the
findings did not reach statistical significance. No correlation was seen between the human papillomavirus types
detected and the expression of p16INK4a and p14ARF. In conclusion, overexpression of p16INK4A and p14ARF
act as potential biomarkers for cervical cancer progression from premalignant lesions.
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Cervical cancer is one of the most common cancers
affecting women worldwide. Since the implementa-
tion of Pap smear screening, cervical cancer mor-
bidity and mortality have declined drastically.
Nevertheless, the number of newly diagnosed cases
worldwide is still significantly large, reaching about

400 000 cases each year.1 Early diagnosis or trend
prediction of cervical lesion development is the
main purpose for cervical cancer prevention and
treatment. Human papillomavirus (HPV) is known
to play an important etiological role in the genesis of
cervical cancer. The virus is detected in 95–100% of
invasive cervical cancer. High-risk types such as
HPV (16, 18, 31, 33, 45, 51) are among most common
types found in cervical cancers and are the main
factors implicated in cervical carcinogenesis.2,3

Biologically, cervical cancer arises as a result of an
accumulation of damages to cell cycle control and
genomic instability. The process of cervical carcino-
genesis can take from 5 to 15 years. The number of
women infected with high-risk HPV in a population
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of women aged 20 to 35 years can be as high as 30%.
Most infections clear over a period of 10–16 months
and of all those infected with HPV only a very small
proportion ever develop invasive cervical cancer.4,5

From the data obtained from epidemiological stu-
dies, women with high-risk HPV infections have at
least a 100 times higher risk for developing cervical
precancer lesions than uninfected women. HPV is
recognized and accepted as necessary for cervical
carcinogenesis, but the detection of HPV DNA in
cervical swabs has a low positive predictive value
for cervical neoplasia whereas biomarkers of carci-
nogenesis have a higher positive predictive value.6,7

In our recent study, we supported that biomarkers
such as p16INK4A could serve as a potential marker
for prediction of cervical cancer.8

Several other studies have demonstrated that the
p16INK4A protein can be regarded as a specific
biomarker that allows identification of dysplastic
cervical epithelia with the potential to progress to
invasive cervical cancer.9–13 The tumor suppressor
p16INK4A, one of the CDKN2A gene products is a
cyclin-dependent kinase inhibitor that negatively
regulates cell proliferation by inhibiting hyperphos-
phorylation of the retinoblastoma tumor suppressor
(Rb) by cyclin D-cdk4/cdk6 complexes.14 p16INK4A
is involved in the regulation of the cellular life span
and the protein accumulates in senescent cells
cultured in vitro. Loss of p16INK4A function predis-
poses mice to tumor development and in particular
to carcinogen-induced tumorigenesis.15–17

p14ARF, also known as p19ARF in mouse, is a
putative second surrogate marker for cervical neo-
plasia following p16INK4A staining.12,18 p14ARF is
encoded in part by a common region in exon 2
shared with p16INK4A but in alternative reading
frame. p14ARF is a small basic arginine-rich
nuclear/nucleolar protein that can arrest cell growth
in G1–S and G2–M in a p53-dependent manner and
its expression is increased after oncogenic stress
or cell cycle deregulation.19,20 Thus, p14ARF and
p16INK4 are unrelated from structural and func-
tional aspects, although both are tumor suppressors.

Point mutations, promoter hypermethylation and
deletions of p16INK4A and p14ARF are frequently
found in a variety of human malignancies such as
melanoma, lymphoma, lung cancer and bladder
cancer.21 In squamous cell carcinoma of the cervix,
mutation or homozygous deletions are usually
absent, and instead high expression of p16INK4A
protein is often observed.13 Presumably, HPV onco-
protein E7 expression leads to inactivation of Rb
with subsequent release of the E2F-1 transcription
factor that in turn activates p16INK4A and p14ARF
transcription.22 p14ARF overexpression may also in
part be attributable to functional inactivation of the
p53 protein by HPV oncoprotein E6 and subsequent
loss of negative feedback control.19

The relation between HPV infection, p16INK4A
and p14ARF expression requires further clarifica-
tion, and in order to evaluate the immunohisto-

chemical staining patterns of these markers we have
used cervical biopsies representing different grades
of neoplasia as our model.

Expression of p16INK4A, p14ARF and proliferat-
ing cell nuclear antigen (PCNA) were detected with
immunohistochemistry in 16 cases (38 samples)
with serial consecutive biopsies of women who had
biopsies representing normal cervical epithelium
to cervical intraepithelial neoplasia (CIN) and/or
invasive cervical cancer. The aims of this study
were (1) to analyze and characterize the expression
of p16INK4A, p14ARF and PCNA in cervical
lesions, (2) to compare the expression of these
proteins between the various histopathological
grades of cervical neoplasia, and (3) to evaluate the
expression in relation to HPV DNA status.

Materials and methods

Case Selection

Women who developed invasive squamous cell
carcinoma who had earlier precancer diagnoses on
histology were identified through linkage between
the national cancer registry and the pathological
registry of Umeå University Hospital. These women
were referred for treatment due to an abnormal Pap
smear during gynecological examination. To evalu-
ate the potential role of biomarkers, serial consecu-
tive biopsies of these women were selected as they
represent the natural history of cervical cancer
progression. A total of 19 women who fit the criteria
were identified between 1982 and 2000 (for further
details see Wang et al8). Two cases were excluded
due to insufficient material in their paraffin blocks.
The mean age of these women was 38 years of age
(range 21–78 years). Each case had two to three
consecutive biopsies with diagnosis of normal
squamous epithelium, CIN or invasive squamous
cell carcinoma. Of these, eight biopsies had only
normal epithelium and 11 had only squamous cell
carcinoma (see Table 1). The average time interval
between the first with a CIN diagnosis to invasive
cancer diagnosis was 89.9 months (range: 16–212
months). Overall, 19 biopsies had normal epithe-
lium, CIN and/or squamous cell carcinoma within
the same section. The diagnosis of all cases was
reviewed and reconfirmed by a pathologist. Owing
to problems during sectioning or insufficient mate-
rial not all paraffin sections of the biopsies were
analyzed.

Immunohistochemistry

All specimens were formalin-fixed and paraffin
embedded. Serial sections (4 mm thick) were cut
and the end section was stained with hematoxylin
and eosin to ensure that the lesion was still present
in the serial sections. The sections were processed
for immunohistochemical staining as previously
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described.8 The following primary antibodies were
used in this study: mouse monoclonal F-12 anti-
p16INK4A (Santa Cruz, CA, USA); rabbit polyclonal
Ab4 anti-p14ARF (Neomarkers, Fremont, CA, USA);
mouse monoclonal PC-10 anti-PCNA (Santa Cruz).
Antibodies were diluted 1:100. Secondary antibo-
dies goat anti-mouse IgG diluted in 1:100 (Amer-
sham Biosciences AB, Uppsala, Sweden), donkey
anti-rabbit IgG that was used according to instruc-
tions in the commercial kit (DAKO K4008). Scoring
of immunohistochemistry results were performed
on basis of both the staining intensity and distribu-
tion of immunopositive cells.12,23–25 Staining inten-
sity score: � (minus): no expression, þ : weak
expression, þþ : moderate expression, þþþ :
strong expression. Nuclear staining was considered
positive for PCNA, while nuclear staining with or
without cytoplasmic staining was considered posi-
tive for p16INK4A and p14ARF. The percentage
of immunopositive epithelial cells in the total of
normal or neoplastic cells of more than 20% was
considered positive for p16INK4A, p14ARF and
PCNA.12,23–25

HPV Detection and Typing

HPV DNA was detected by polymerase chain
reaction (PCR). Genomic DNA was extracted from
the paraffin-embedded tissue sections. HPV was
detected by nested PCR using MY09/11and GP5þ /6
þ primer sets. They targeted the HPV L1 open
reading frame. The PCR products of MY09/MY11
were 450 bp long and GP5þ /6þ 150 bp long. The
PCR reaction has been described earlier in Wang et
al.8 PCR targeting human S14 gene was used to
evaluate the presence of the DNA extractions in
these samples. CaSki cell line DNA was used as
positive control and blanks were included to check
for contamination. HPV typing was obtained from
the sequences generated by direct sequencing of
purified PCR products using ABI 377 (Applied
Biosystems, Foster City, CA, USA). PCR products
that could not be sequenced by direct DNA sequen-
cing was sequenced by Pyrosequence.26

Statistical Analysis

SPSS program was used to analyze the data.
Statistical analysis was based on w2-test with Yates’
correction. An additional two-tailed Fisher’s exact
test was used only when the number of samples in
any well of a given statistical table was five or fewer.
The t-test was used to analyze quantitative data. It
was considered significant difference when P-value
is less than 0.05.

Results

Expression of p16INK4A in Cervical Neoplastic
Lesions

Several studies have reported the predominant
expression of p16INK4A in the cytoplasm of cells
of metaplasia, dysplasia, high-grade squamous cer-
vical intraepithelial neoplasia and invasive can-
cer.11,27 Other investigators have considered only
nuclear staining of p16INK4A as positive.28,29 We
used mouse monoclonal antibody F12 to detect
p16INK4A protein expression in paraffin-embedded
cervical tissues.

In our material, p16INK4A was expressed pre-
dominantly in the nucleus of some cells in normal
epithelium, especially those adjacent to cervical
lesions. Similar staining pattern was commonly
seen in CIN and in some squamous cell carcinoma.
Both nuclear and cytoplasmic p16INK4A staining
was evident only in approximately 10–20% of
invasive cancer cells. Whereas the overall positivity
rate for p16INK4A ranges between 10 and 38% of
the entire lesion and these cells were mainly found
at the basal layer of normal epithelia and in CIN 1
and CIN 2 (Figure 1a, Table 2). As the disease
progresses, the staining intensity of the cells and the
number of positive cells also increased. In high-
grade CIN and invasive cancer, overexpression was
more evident as compared to low-grade CIN or
normal epithelium. Totally, 21% (4/19) of the high-
grade CIN in our material had positively stained
cells (nuclear or/and cytoplasm) located from the
basal layer up to the lower one-third or two-thirds of
the thickness of the entire epithelium, while almost

Table 1 Expression rates of p16INK4A, p14ARF and PCNA in cervical neoplasia

N (Total) p16INK4A p14ARF PCNA

n % n % n %

Normal 8 1 13a 2 25a 0 0a

CIN 19 15 79 14 74 12 63b

SCC 11 9 82 10 90 11 100

PCNA, proliferating cell nuclear antigen; CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.
a
Compared to CIN and SCC, Po0.01.

b
Compared to SCC, Po0.05.
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70% (13/19) of these lesions had positively stained
cells throughout the full thickness of the epithelium.
Among the invasive cancers, 10/11 cases showed
positively stained cells in the entire tumor (Figure
1b and c).

Expression of p14ARF

We detected p14ARF protein only in the nuclei of
cells in normal epithelia of the cervix and in low-
grade CIN (Figure 1d), while both nuclear/nucleolar
and cytoplasmic staining were observed in dysplas-
tic cells of high-grade CIN and invasive cancer
(Figure 1e and f). Expression of p14ARF was often
seen in the entire CIN lesion where the dysplastic

cells were or in the entire tumor. However, some of
the invasive cancers stained positively only at the
peripheral edge of the tumor towards the stroma.
The pattern of expression with p14ARF was rather
similar to that of p16INK4A. The difference being in
some cases that p14ARF positive cells were more
evenly distributed throughout the full thickness of
the epithelium in normal, CIN 1 or CIN 2 than the
corresponding p16INK4A staining.

Expression Pattern of PCNA in Relation to p14ARF
and p16INK4A

PCNA functions as an auxiliary factor for DNA
polymerase, and it is involved in DNA repair, as

Figure 1 Expression of p16INK4A, p14ARF and PCNA in cervical cancers. p16INK4A, p14ARF and PCNA expressions in three
consecutive biopsies, CIN 1–2, CIN3/CIS and squamous cell carcinoma of case 18c, 9b and 1b.
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well as in replication. A significant correlation
between PCNA staining and the grade of CIN have
been found.30 In our material, PCNA staining as
detected with PC10 monoclonal antibody was
mainly nuclear in normal epithelium, CIN or
squamous cell carcinoma (Figure 1g–i). Of the 19
CINs, PCNA-positive cells that located at the upper
one-third of the cervical epithelium were seen in
two samples (11%), or located at the lower one-third
to half of the thickness of the epithelium in five
samples (26%). In nine samples (53%) the distribu-
tion of positive cells were seen in the entire
epithelium. Interestingly, in invasive cancer,
PCNA-positive cells were distributed at the edge of
the lesion occupying one-third of the tumor in three
samples, whereas in the other samples/sections,

PCNA-positive cells were seen in the entire cancer-
ous lesion (8/11).

p16INK4A, p14ARF and PCNA Expression Rates in
CIN and Invasive Cervical Cancer

The positive rates of p16INK4A, p14ARF and PCNA
expression in normal cervix, CIN and squamous cell
carcinoma are shown in Table 1. Overall, the
positive rates of these three biomarkers were
significantly higher in CIN and in squamous cell
carcinoma than in normal cervix (Po0.01). How-
ever, no significant difference was noted between
lesions progressing from high-grade CIN to squa-
mous cell carcinoma for p16INK4A and p14ARF

Table 2 HPV DNA status, p16INK4A, p14ARF and PCNA expression in cervical sections of different biopsies

Sample HPV type Morphological
diagnosisa

p16INK4a p14ARF PCNA

% Intensity Distribution % Intensity Distribution % Intensity Distribution

1a 1 — Nor 27 + Basal — —
CIN2 48 ++ Lower 1/3 — 10 + Upper 1/3

3a 2 45 Nor — 25 ++ Entire —
CIN2 — 40 ++ Entire —

3b 3 HPV+ Nor — — —
CIN3 10 + Lower 1/2 30 ++ Lower 1/2 48 ++ Lower 1/2

4a 4 — Nor 20 + Basal 20 + Entire 10 + Sporadic
CIN3 67 ++ Entire 60 ++ Entire 60 ++ Entire

4c 5 16 Nor 20 + Lower 1/3 — 20 + Basal
CIS 37 ++ Lower 1/3 30 + Entire 30 ++ Lower 1/3

7a 6 16 Nor — 10 ++ Basal 10 + Sporadic
CIN3 10 + Entire 40 ++ Entire 25 ++ Entire

9a 7 33 Nor 38 + Basal — 10 ++ Basal
CIN3 59 ++ Entire 40 + Entire 20 ++ Lower 1/3

9b 8 18 Nor — — —
CIN3 20 ++ Entire 30 ++ Entire 30 +++ Entire

11aI 9 45 Nor 15 + Basal — 5 + Sporadic
CIS 30 + Entire — 15 ++ Upper 1/3

12b 10 16 Nor 10 + Basal — —
CIN3 30 ++ Entire 20 + Entire 10 ++ Entire

13b 11 33 Nor 10 + Basal — —
CIN3 55 ++ Entire — 28 ++ Entire

17b 12 16 Nor 35 ++ Basal 30 ++ Basal 20 ++ Basal
CIN3 62 +++ Entire 10 + Lower 1/3 20 +++ Lower 1/3

18c 13 18 Nor 10 ++ Basal 20 + Basal 15 + Basal
CIN2 60 ++ Entire 60 + Entire 57 ++ Entire

1b 14 16 CIN3 47 ++ Entire 30 + Entire 15 ++ Entire
CIS 72 ++ Entire 50 ++ Entire 65 ++ Lower 1/2

15b 15 33 Nor — — 10 + Basal
CIN3 — 30 + Entire 30 ++ Entire
SCC 10 + Focal 20 + Entire 60 ++ Entire

17c 16 16 Nor 30 + Entire 30 ++ Entire 10 + Basal
CIN3 40 ++ Entire 30 + Entire 20 ++ Entire
SCC 60 +++ Entire 20 + Entire 30 +++ Entire

5c 17 16 Nor — — —
SCC 30 ++ Entire 20 + Entire 53 ++ Edge 1/2
SCC — 20 + 53 ++

9c 18 18 CIN2 38 + Lower 1/2 40 + Entire 10 + Focal
SCC 60 ++ Entire 60 ++ Entire 70 +++ Entire

13c 19 33 CIN3 40 ++ Entire 30 ++ Lower 1/3 60 +++ Entire
SCC 60 + Entire 20 + Entire 70 +++ Entire

a
Morphological diagnosis of the histology of the cervix epithelium seen in the same paraffin section.
Nor, normal cervical epithelium; CIN, cervical intraepithelial neoplasm; CIS, carcinoma in situ, SCC: squamous cell carcinoma.
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expression (P40.05). Notably, the positive rate of
PCNA in squamous cell carcinoma (100%) was
significantly higher than in CIN (60%) (Po0.05).
The expression of p16INK4A, p14ARF and PCNA
between normal epithelia alone and normal epithe-
lia adjacent to CIN or squamous cell carcinoma was

also compared. Normal epithelium adjacent to CIN
had more positive cells for these biomarkers (Figure
2) than normal epithelium not adjacent to any CIN
or squamous cell carcinoma. The positive rates of
p16INK4A, p14ARF and PCNA in the adjacent
normal tissue were 38, 31 and 13%, respectively,

Figure 2 Expression of biomarkers in adjacent normal tissue. p16INK4A, p14ARF and PCNA expression were detected in normal,
adjacent normal tissue and CIN 1–2 lesions of the cervix. Both biopsies were HPV DNA positive.
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which were higher than that of normal epithelia
alone (p16INK4A 13%, p14ARF 25% and PCNA
0%, see Table 1). However, these differences were
not statistically significant (P40.05).

p16INK4A and p14ARF Expression in Relation to HPV
Infection

The data on p16INK4A, p14ARF and PCNA expres-
sion and HPV status are shown in Table 2. In all, 17
(90%) cases were positive for HPV DNA. The main
HPV types were HPV 16 (41%), HPV33 (24%),
HPV18 (18%) and HPV45 (12%). One sample was
HPV DNA positive but could not be typed according
to DNA sequence. HPV DNA-positive rate was 63%
in normal tissue, 90% in CIN and 100% in
squamous cell carcinoma. Among the 17 HPV DNA
positive CINs, the positive rates of p16INK4A,
p14ARF and PCNA expression were 77 (13/17), 77
(13/17) and 88% (15/17), respectively. In the two
HPV DNA-negative cases 1a and 4a, p16INK4A was
positive in both cases, while p14ARF and PCNA
were positive only in case 4a. No direct correlation
between the individual HPV types detected in each
tissue section and the expression rates of each of
these biomarkers was noted.

Discussion

High-risk HPV infection is critically involved in
cervical carcinogenesis though not all infections led
to the development of invasive cervical cancers.
High-risk HPV encoded proteins play an important
role in the control and inactivation of the Rb and
p53 tumor suppressors: of the cell cycle regulatory
cascade through the binding of its oncoproteins E6
and E7 to the tumor suppressor genes p53 and Rb.31

Cervical cancers are most often HPV related and
therefore the p16INK4A and p14ARF status of
cervical cancers could differ from non-HPV-related
cancers of other anatomical sites. Interference or
abrogation of the p53 and Rb cell cycle pathways
may cause the induction of p16INK4A and p14ARF
transcription. Therefore, most high-risk HPV-related
neoplasia stained positively for these proteins by
immunohistochemistry.

Earlier studies have shown a predominant of
cytoplasmic p16INK4A staining using immunohis-
tochemistry.11 Murphy et al9 found a small number
of CIN 1 lesions exhibiting exclusively nuclear
staining, whereas CIN 2 and CIN 3 lesions had a
predominantly cytoplasmic staining pattern while
all the invasive squamous cancers exhibited strong
nuclear and cytoplasmic staining. Hence, either
strong nuclear or cytoplasmic staining had been
considered positive for p16INK4A. The results
obtained in our study showed p16INK4A expression
as predominantly in the nuclei of most of our tumor
samples, while only a few of these tumors displayed
both nuclear and cytoplasmic staining. Thus, the

overexpression of these biomarkers in both nuclear
and cytoplasm of affected cells are to be considered
positive.

p14ARF, the alternative reading frame product of
CDKN2A, activates a p53 response that manifests
itself as elevated levels of MDM2, p21, and cell cycle
arrest in both G1 and G2/M phases.19,20 Several
studies have detected p14ARF expression with
immunohistochemistry using monoclonal and poly-
clonal anti-p14ARF antibodies in the nucleus/
nucleolus of primary tumors such as cervical cancer,
nasopharyngeal carcinomas, non-Hodgkin’s lym-
phoma and in various brain tumors.12,18,28,32–34 In
our material, p14ARF staining was predominantly
nuclear. Although, p14ARF presents it as a nucleo-
lar protein in human tumor cell lines,35 localization
of the protein has also been detected in the
nucleoplasm as reported elsewhere and in some
cases36 it is associated with aggressive growth and a
malignant phenotype.34 Sano et al12,18 described
different types of p14ARF expression patterns: those
staining the top half layer of the epithelium (the
superficial type) and those staining the full thick-
ness type. p14ARF staining was especially promi-
nent in cells showing ‘koilocytotic change’ or in
cells with marked nuclear pleomorphism,12 while
we detected p14ARF-positive cells in the entire CIN
and invasive cancer lesion.

p16INK4A and p14ARF are both strongly ex-
pressed in high-grade lesions and in invasive
cervical cancer but not significantly in normal
squamous epithelium of the cervix.9,11,12,37 Thus,
these proteins are considered potential biomarkers
for abnormal squamous epithelial dysplasia and
invasive cancer. Our study supports previous find-
ings in that both p16INK4A and p14ARF expression
in the high-grade CIN and squamous cell carcinoma
of our progressing cases were significantly higher
than the normal cervical epithelium present simul-
taneously within the same tissue sections (Po0.01).
However, the expression rate between the high-
grade CIN and squamous cell carcinoma was not
statistically significant (P40.05).

PCNA is an S-phase-associated nuclear protein.
Monoclonal antibodies to PCNA can be used as an
S-phase probe on paraffin-embedded tissue.38 PCNA
staining is often evident in basal as well as
suprabasal layers of cervical dysplasia, whose
expression corresponded to and clearly declined
with the grade of squamous intraepithelial lesions.
The relatively long half-life of PCNA coupled with
rapid cell turnover resulted in such seemingly
aberrant suprabasal staining.39 In our study, PCNA
expressing cells were located in the upper one-third
in two cases or the lower one-third to one-half of the
epithelium of CIN lesions in five cases. The positive
rate of PCNA expression was significantly increased
during progression from normal to CIN and was also
increased from CIN to squamous cell carcinoma.

In this study, the 17 cases were HPV DNA
positive, and the approximate percentage positive
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rates for p16INK4A, p14ARF and PCNA overexpres-
sion were rather similar (77–88%). Theoretically, all
high-risk HPV-associated lesions should express
p16INK4A and p14ARF. However it is unclear why
29% (5/17) of our samples that were HPV DNA
positive were also p16INK4A negative regardless of
the histological diagnosis of the lesions. We might
assume that there are other mechanisms of
p16INK4A regulation besides HPV infection, such
as promoter methylation, that could occur in
cervical cancer. We noted a slight increase in
expression of p16INK4A and p14ARF in normal
epithelium adjacent to CIN or invasive cervical
cancers. This indicates abnormalities in normal cell
functions in these cells despite their apparent
normal morphology. Presumably, the microenviron-
ment of the adjacent ‘normal’ epithelia is different to
that distant to any dysplastic lesions. In conclusion,
we confirm in this study the presence of p16INK4A
and p14ARF expression as potential biomarkers
for cervical cancer progression from premalignant
lesions.
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