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Abstract
Aim: Recent studies have shown that the protein level of cell cycle regulator p16 is overexpressed in
high-risk HPV-related squamous cell carcinomas as well as their precursor lesions. The aim of this study
was to compare the different p16 immunoexpression patterns in different cervical lesions in relation to
HPV status.
Materials and Methods: A total of 80 cervical tissue samples were included in this study. Seventy
archival tissue biopsy samples comprised a risk group for HPV infection and/or cervical neoplasia; these
were selected from the histopathology files of Al-Kadhimiya Teaching Hospital, Al-Ulwiya Teaching
Hospital, Al-Yarmouk Hospital, the Medical City Department of Teaching Laboratories, and four
private laboratories. The remaining 10 normal postmortem tissue biopsies were obtained from the
Institute of Forensic Medicine and considered as a control group. Immunohistochemistry was done for
detection p16.
Results: A significant correlation was found between p16 expression and the progression of the disease
(p < 0.01). A significant difference (P < 0.01) was found in the mean of p16 immunostaining between
HPV-positive and negative groups in CIN II/III and ISCC.
Conclusion: This study demonstrated that p16 immunohistochemical evaluation could be useful as a
biomarker for the progressive malignancy in cervical lesions.
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Introduction
p16 INK4a is a tumor suppressor protein involved
during the G1/S phase. This protein, encoded by
the CDKN2A (INK4A) tumor suppressor gene
on chromosome 9 p21, inactivates the function of
cdk4- and cdk6-cyclin D complexes.1 Functional
loss of p16 has been reported for many human
cancers whereas in the Human Papilloma Virus
(HPV)- associated cervical carcinomas, p16
overexpression has been observed.
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The HPV E7 gene product binds to the
hypophosphorylated form of the Retinoblastoma
(Rb) family of proteins.
This binding results in the phosphorylation of
these proteins, in their enhanced degradation by
ubiquination, and in the release of the
transcription factors of the E2F family activating
the transcription of gene regulating cell
proliferation.2

1. Al-Nahrain University, Iraq.
* Correspondence should be addressed to:
Arwa Al-Shwaikh
© 2012 DAR Publishers⁄ University of Jordan. All Rights Reserved.

Changes in p16INK4 Protein Expression During Cervical Cancer Progression and Correlation to HPV
Infection… Arwa Al-Shwaikh et al.
As the HPV E7 oncogene product inhibits the
immunohistochemisty.
activity of the Rb protein, p16 is up-regulated via
the loss of the negative feedback control of the
Procedure of Immunohistochemistry (IHC):
pRb expression.3,4 The p16 transcription may also
The procedure of immunohistochemical was
be directly induced by the transcription factor
carried out in accordance with the manufacturer's
E2F released from pRb after the binding of the
instructions (DakoCytomation, Denmark). The
5
viral oncoprotein E7.
process included: baking the slides in a hot air
oven at 60 oC overnight and then washing in
xylene. After gradual hydration through graded
Materials and Methods
alcohols, the sections were rinsed in distilled
Tissue Samples: A total of 80 tissue samples
water. After that the antigen retrieval 8,9 and
from uterine cervices were included in this study.
endogenous peroxidase quenching were done.
All samples were known HPV status by in situ
For localization of p16 protein, the sections were
hybridization (ISH) technique (using high
incubated for 60 min at 37 oC with a 1:25 dilution
spectrum probe). Seventy out of 80 samples that
of the monoclonal antibody of p16 and then
comprised a risk group in our study were
placed at 4 oC overnight. After that the slides
obtained from archival paraffin embedded blocks
were visualized by the visualization reagent and
selected from the histopathology files of Alincubated at 37 oC for 30 min. Next, 100 Pl
Kadhimiya Teaching Hospital, Al-Ulwiya
freshly prepared DAB-substrate chromogen
Teaching Hospital, Al-Yarmouk Hospital,
solution was placed onto the section and
Medical City Department of Teaching
incubated in darkness at room temperature for 10
Laboratories, and from four private laboratories.
min. Then the slides were rinsed gently with
The remaining 10 samples (autopsies) which
wash buffer and counterstained with Mayer's
comprised a normal control group were obtained
hematoxylin, dehydrated, cleared and mounted.
from the Institute of Forensic Medicine. These
autopsies were taken from virgin female cervices
Evaluation of the Immunostaining: Slides were
based on the fact that HPV infections are
examined by light microscope at X400
practically non-existent in the celibate
magnification. Strong nuclear as well as
population.6 Ethical approval for use of all
cytoplasmic staining was considered a positive
specimens was obtained and the histopathologic
score on a semi-quantitative scale, as follows:
diagnosis was confirmed by the review of freshly
negative (< 5% of cells were positive), focally
prepared hematoxylin and eosin-stained slides by
positive ( 25%) and diffuse positive (> 25%).10
certified pathologists and classified according to
criteria outlined by the World Health
Statistical Analysis: A spearman correlation was
Organization.
done to determine any association between the
p16 expression and the disease progression.
Materials: p16 Research Kit, code number
Comparison
between
the
quantitative
OA315 (DakoCytomation, Denmark).
immunohistochemical expression of p16INK4 in
relation to the HPV status was made using a tQuality Control: Paraffin-embedded tissue
test. All analysis was performed using the SPSS
sections containing colon cancer were used as a
program. A p value of less than 0.05 was
positive control for p16.7 The negative control
considered statistically significant.
was obtained by replacing the primary Ab with
culture supernatant containing monoclonal
Results
mouse IgG2a anti-body to Aspergillus niger
glucose oxidase, an enzyme which is neither
Immunohistochemical analysis for p16 was
present nor inducible in mammalian tissues
performed in all 80 specimens investigated in this
(DakoCytomation, Denmark). Both positive and
study, and the results in relation to histological
negative control was included for each run of
diagnosis and HPV status are summarized in
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other hand, 5 of the 18 HPV-negative cancer
table (1). In all normal and condylomatous
cases also demonstrated strong and diffuse p16
changes, cervical tissue as well as normal tissue
protein immunoreactivity and the remaining 13
fragments identified in specimens with cervical
cases showed focal to negative staining for p16.
intraepithelial neoplasia (CIN) did not show
Expression of p16 was generally very strong in
immunohistochemically
detectable
p16
expression. In a few cases, single isolated
dysplastic and neoplastic epithelia and clearly
distinguished these cells from adjacent normal
epithelial cells considered negative within
epithelia or stromal cells (figure 1).
reactive lesions or endocervical glands showed
positive staining (figure 1).
Spearman’s correlation test revealed a highly
significant relation (p < 0.01) between p16
In CIN I cervical lesions, either no (4/9, 44.4%)
staining and the increasing grade of squamous
or only weak focal p16 staining was seen (5/9,
dysplasia. The results of the present study
55.5%). In CIN II/III, p16 was focal (8/14,
evidenced that p16 is a useful marker for
57.1%) and intensities varied from weak to
moderate. However, strong and diffuse
squamous cell carcinoma of the cervix uteri and
immunoreactivity for p16 was uniformly
its precursors. The t-test showed that there is a
observed in both the nuclei and cytoplasm (2/14,
significant difference (t = 8.192, p < 0.01) in the
14.3%) of CIN II/III which they are also HPVmean of p16 immunostaining between HPVpositive. Strong and diffuse immunostaining for
positive and negative groups as shown in table
p16 was seen in all ISCC infection with HPV. On
(2).

Table (1): Quantitative immunohistochemical expression of p16INK4 in relation to histological types
and HPV status.
Histological Type* &
No.
HPV status
10
Normal
0
HPV-positive
10
HPV-negative
20
Condylomatous changes
6
HPV-positive
14
HPV-negative
9
CIN I
1
HPV-positive
8
HPV-negative
14
CIN II/III
3
HPV-positive
11
HPV-negative
27
ISCC
9
HPV-positive
18
HPV-negative
* Spearman’s rho=0.807, p < 0.01.

Negative (< 5)
10/10 (100)
0/10 ( 0 )
10/10 (100)
20/20 (100)
6/20 (30)
14/20 (70)
4/9 (44.4)
1/9 (11.1)
3/9 (33.3)
4/14 (28.5)
0/14 (0)
4/14 (28.5)
4/27 (14.8)
0/27 (0)
4/27 (14.8)

p16INK4 staining ( % ) *
Focal (  25 ) Diffuse ( > 25 )
0/10 (0)
0/10 (0)
0/10 (0)
0/10 (0)
0/10 (0)
0/10 (0)
0/20 (0)
0/20 (0)
0/20 (0)
0/20 (0)
0/20 (0)
0/20 (0)
5/9 (55.55)
0/9 (0)
0/9 (0)
0/9 (0)
5/9 (55.55)
0/9 (0)
8/14 (57.1)
2/14 (14.3)
1/14 (7.1)
2/14 (14.3)
7/14 (50)
0/14 (0)
9/27 (33.33)
14/27 (51.9)
0/27 (0)
9/27 (33.3)
9/27 (33.33)
5/27 (18.5)

Total
0/10 (0)

0/20 (0)
5/9
(55.5)
10/14
(71.42)
23/27
(85.1)

Table (2): Difference in the mean of p16 immunostaining between HPV-positive and negative
groups in CIN II/III and ISCC cases.
HPV status
NO.
HPV-positive
12
HPV-negative
29
* S.D.: Standard deviation.

Mean of p16INK4a immunostaining ± S.D.*
72.50 ± 22.953
18.41 ± 7.559
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Statistical analysis
t = 8.192
P < 0.01
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Figure (1): Immunohistochemical staining of p16 protein. Staining by DAB chromogen (dark brown), counterstained with Mayer's
haeamatoxylin. [A] Colorectal carcinoma, positive control for p16INK4a (X400). [B, C, D] Scoring system for p16INK4a immunostaining (X400): [B]
Mild condylomatous changes with p16 INK4a staining in only two isolated cells (red arrow), this case was judged as negative; [C] ISCC with p16
INK4a
staining in  25% of tumor cells (focal pattern); [D] >25% of tumor cells (diffuse pattern); no positive staining was seen in the stroma (red
arrows). [E, F] CIN III lesions: [E] with diffuse p16INK4a staining throughout the full thickness of the epithelium X100 (inset, X250); [F] the
borderline between positive and negative staining (X250). [G] ISCC with diffuse and intense staining corresponding to the HPV-infection
(X100). [H] Higher magnification of [G] (X400).
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lesions that were malignant or with high
Discussion
malignancy potential.
The p16 gene is frequently inactivated in a
Interestingly, lesions with HPV-positive, but p16variety of malignant tumors by deletion, point
negative, were diagnosed as condylomatous
mutation or promoter hypermethylation; no gene
alterations were detected in most studies on
changes and CINI, whereas those combining
primary cervical carcinomas or cervical cancer
HPV DNA with diffuse p16 expression were
cell lines indicating that they are not required for
classified as CINII/III and ISCC, respectively as
the development of this tumor type.11 Contrary
shown in table 1. These results also demonstrate
results, however, were reported by Kim et al,12
that different patterns of p16 immunopositivity
who found a high percentage (70%) of p16
could be associated with low- or high-risk HPV
mutation in cervical cancer specimens. However,
infection in cervical tissue. Begum et al 16 found
instead
of
down-regulation,
marked
that only strong, diffuse staining of the cytoplasm
overexpression of the p16 gene was
and nuclei, and not focal or weak staining, is
demonstrated by a strong and diffuse
associated with the presence of high-risk HPV in
immunostaining in precancerous and malignant
neoplasia of the female genital tract.
cervical lesions, which are infected with highrisk HPV types.5
Since expression of p16 underlies a negative
feedback control through pRb, reduction or loss
of the pRb function should result in enhanced p16
Table (1) shows the data of p16 IHC expression
in relation to histopathological diagnosis and
levels in the respective cells. Taken together,
HPV status in cervical biopsies. Our own results
these data suggest that inactivation of pRb
showed
that
the
frequency
of
p16
through HPV E7 results in the enhanced
immunostaining (0%, 0%, 55.5%, 71.42% and
expression of p16, which might therefore
85.1% in normal, condylomatous changes, CINI,
represent a specific and sensitive biomarker for
CINII/III and invasive squamous cell carcinoma
cells with active expression of HPV
ISCC, respectively) in formalin - fixed, paraffin
oncogenes.17,14
embedded cervical tissue might be nearly the
same as those reported by other studies.13,7 The
Several studies 13,18 suggested that the use of p16
value of p16 as a diagnostic marker of cervical
immunohistochemistry may identify low-grade
dysplasia and carcinomas of cervix uteri has
cervical lesions with increased risk for
already been demonstrated.7,10,11,14,15 Similarly,
progression to high-grade precancer or invasive
lesions because progression from low-grade to
we found a highly significant correlation between
high-grade precancer is very strongly associated
p16 staining and the extent of histological
abnormality (p < 0.01).
with the presence of high-risk HPV-DNA
squences.
The reaction was always evident and the marked
lesion easy to distinguish from reactive changes.
Also, Murphy et al 15 found a strong correlation
Some studies on cervical cancer have
between HPV and p16 positivity, although it
demonstrated that p16 may serve as a marker to
should be noted that p16 expression was also seen
differentiate neoplastic lesions from hyperplastic
in a limited number of HPV-negative cases.
or reactive lesions.11 In the present study, p16
However, we found focal p16 expression in
positivity patterns were found to correlate with
cervical lesions that were negative for HPV
the stage of tumor progression, focal and diffuse
DNA, of which 5/9 (55.5%) were diagnosed as
CINI, 7/14 (50%) as CINII/III and 9/27 (33.3%)
features being associated, respectively, with
of ISCC. This result suggests that moderate
premalignant and malignant cervical lesions, and
expression in the absence of viral DNA could be
negative labeling with benign lesions. These
associated with histological types and that a nonresults showed a strong correlation between
HPV E7 mediated mechanism of p16
overexpression of p16 protein and cervical
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3. Natarajan E, Saeb M, Crum CP, Woo SB, Mckee
upregulation may exist. Loss of transcriptional
PH, Rheinwald JG. Co-expression of p16INK4A and
repression in the presence of inactivating
lamini 5Ȗ2 by microinvasive and superficial
mutations in the Rb gene is the most well defined
squamous cell carcinomas in vivo and by migrating
non-HPV related mechanism of p16 upregulation.
wound and senescent keratinocytes in culture.
Indeed, p16 expression may in some cases be
American Journal of Pathology, 2003; 163 (2): 477
11
independent of pRb. The t-test showed that
– 491.
there is a significant difference (P < 0.01) in the
4. Sahebali S, Depuydt CE, Segers K, Moeneclaeg
mean of p16 immunostaining between HPVLM, Vereecken AJ, March EV, Bogers JJ. p16INK4a
positive and negative groups in CIN II/III and
as adjunct marker in liquid-based cervical
ISCC, and as shown in table 2.
cytology. Int. J. Cancer, 2004; 108: 871 – 876.
On other hand, five of the 18 HPV-negative
ISCC cases also demonstrated strong and diffuse
p16 protein immunoreactivity which may have
been due to false negative results for HPV DNA,
by a very low HPV copy number that was below
the limit of detection by our ISH method, or by
the presence of a novel unknown HPV subtype.17
In summary, routine use of p16INK4a
immunostaining in cervical biopsies can reduce
interobserver disagreement in the interpretation
of cervical lesions and lead to a more accurate
detection of high-grade precancerous lesions and
CINI associated with progressive high-risk HPV
infection. p16INK4a immunostaining directs
pathologists' attention to the intensely stained
areas in the slides and is particularly helpful in
detecting small dysplastic lesions. This method,
applied to cytology, may also prove to be useful
as an alternative to HPV DNA testing for the
triage of low-grade smear abnormalities or in
primary screening.13
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²ÂǂȇƢǨǳƢƥ ǾƬǫȐǟÂ ǶƷǂǳ¦ ǪǼǟ ÀƢǗǂǇ ¿ƾǬƫÂ °Ȃǘƫ ¾Ȑƻ p16INK4 ǺȈƫÂǂƥ ǂȈƦǠƫ Ȇǧ ǂȈǤƬǳ¦
ÄǂǌƦǳ¦ ȆǸȈǴƸǳ¦
2

ǶǛƢǯƾǠǇ 1ǦȈǘǳ ǶȈǿ¦ǂƥ¦ ǲȈǟƢǸǇ¦ 1ƺȇȂǌǳ¦ ƅ¦ ƾƦǟ ƾǿƢƴǷ ÃÂ°¢

ƨǠǷƢƳ Ƥǘǳ¦ ƨȈǴǯ(ȆǳƾǠǳ¦) Ȇǟǂǌǳ¦ Ƥǘǳ¦Â µ¦ǂǷȋ¦ ǶǴǟ ¸ǂǧ-2 ¼¦ǂǠǳ¦ ǺȇǂȀǼǳ¦ ƨǠǷƢƳ Ƥǘǳ¦ ƨȈǴǯƨȇǂȀƴǸǳ¦ ƢȈƷȋ¦ ¸ǂǧ-1
¼¦ǂǠǳ¦ ǺȇǂȀǼǳ¦
:ƨǏȐƼǳ¦
ƨºǨǴƬű ƨºȇ°ƢȀǜǳ¦ ȂºǸǼǳ¦ ȂºǇ ©ȏƢºƷÂ ǦºǋǂƄ¦ ǶƷǂºǳ¦ ǪºǼǟ ÀƢǗǂºǇ Ŀ p16 ƨºȈǴŬ¦ ¨°Âƾºǳ ǶǜǼºŭ¦ śºƫÂŐǳ¦ ŚƦǠƫ Ŀ ¨®Ƣȇ± ¨ƾȇƾǟ ©ƢǇ¦°® ©ǂȀǛ¢
®ȂºƳÂ ǞºǷ ƨºƬǫȐǟÂ µǂŭ¦ ¿ƾǬƫÂ °Ȃǘƫ ȄǴǟ ¾ȏƾƬǇȐǳ ¨ƾƟƢǧ ¦¯ śƫÂŐǳ¦ ¦ǀǿ «ƢƬǻ¦ ÀƢǯ ¦¯¤ ƢǷ ƾȇƾŢ Ȃǿ ƨǇ¦°ƾǳ¦ ǽǀǿ ǺǷ »ƾŮ¦ À¢ .©ƢƳ°ƾǳ¦
.²ÂǂȇƢǨǳ¦
ȄºǴǟ ƨºȇȂƬƄ¦ ǂºǘŬ¦ ƨºǟȂǸů ǲºưŤ Ŗºǳ¦Â śǧ¦°ƢºƦǳ¦ Ǟºſ Ŀ ¨°ȂºǸǘŭ¦ ƨȈǨȈºǋ°ȋ¦ ƨƴºǈǻȋ¦ ǺºǷ ©ǀºƻ¢ ƨºǼȈǟ ÀȂǠƦºǇ ƢºȀǼǷ ƨºǼȈǟ śǻƢºť ƮºƸƦǳ¦ ǺǸǔƫ
©ŚººƬƻ¦ ƾººǫÂ (ƨȈǻƢǗǂººǈǳ¦ Śººǣ Â¢ ƨȈǻƢǗǂººǈǳ¦) ƨººȇ°ƢȀǛ ȂººŶ ȂººǇ ©ȏƢººƷ ®ȂººƳÂ Â¢ /ǞººǷ ÄǂººǌƦǳ¦ ȆººǸȈǴū¦ ²ÂǂȇƢººǨǳƢƥ ƨƥƢººǏ¤ ®ȂººƳÂ ń¤ Śººǌƫ ǲººƟȏ®
©¦ŐºƬƼŭ¦ ȆºǸȈǴǠƬǳ¦ ½ȂºǷŚǳ¦ ȄǨºǌƬǈǷ ƨºȇȂǴǠǳ¦ ȄǨºǌƬǈǷ ȆºǸȈǴǠƬǳ¦ ƨºȈǸǛƢǰǳ¦ ȄǨºǌƬǈǷ ǺºǷ ƨȈƴȈǈǼǳ¦ ©ȐȈǴƸƬǳ¦ ©¦ŐƬű ©ƢǨǴǷ ǺǷ ©ƢǼȈǠǳ¦
¨Ȃººǈǻ ¿ƢººƷ°¢ ǪººǼǟ ǺººǷ ¨ƢººǧȂǳ¦ ƾººǠƥ ¨¯ȂƻƘººǷ ©ƢºǟǄƻ ƨººȈǬƦƬŭ¦ ©ƢººǼȈǟ ǂººǌǠǳ¦ ǲººưŤÂ .ƨººǏƢŬ¦ ©¦ŐºƬƼŭ¦ ǒººǠƥÂ Ƥººǘǳ¦ ƨººǼȇƾǷ ȄǨººǌƬǈǷ Ŀ ƨººȈǸȈǴǠƬǳ¦
ǢȈƦºǐƬǳ¦ ƨºǬȇǂǘƥ p16 śƫÂǂºƥ ŚºƦǠƫ Ǻºǟ ÄǂºƸƬǳ¦ Ļ ƾºǬǳ .ƢºȀȈǧ ©ƢƥƢǏ¤ Â¢ µ°¦Ȃǟ ®ȂƳÂ ¿ƾǟ ȆƴȈǈǼǳ¦ ǎƸǨǳ¦ ƪƦƯ¦ ¨ǂǘȈǇ ƨǟȂǸƴǸǯ °Ƣǰƥ¢
.Immunohistochemistry (IHC) ȆǟƢǼŭ¦ ȆƴȈǈǼǳ¦ ȆƟƢȈǸȈǰǳ¦
ƢºǘƦƫǂǷ p16 ǢȈƦºǐƫ ǢȈƦºǐƫ À¦ ƢºǸǯµǂºŭ¦ ¿ƾºǬƫÂ °Ȃºǘƫ ǞºǷ (p < 0.01) ÃǄºǤǷ ©¦¯ ƨºǫȐǟ ½ƢºǼǿ À¢ ƪºǼȈƥ p16 śƫÂǂºƥ ǢȈƦºǐƫ ƲƟƢºƬǻ À¦
¨ƾºƟƢǧ ©¦¯ p16 śƫÂǂºƥ ŚºƦǠƫ ÃƾºǷ ǶȈºȈǬƫ À¦ ƲƟƢºƬǼǳ¦ ©ǂºȀǛ¦ ƾºǬǳ .ÄǂºǌƦǳ¦ ȆºǸȈǴū¦ ²ÂǂȇƢºǨǳ¦ ®ȂºƳÂ ǞºǷ (p < 0.01) ÃǄºǤǷ ©¦¯ ƨºǫȐǠƥ
.ǶƷǂǳ¦ ǪǼǟ ƲȈǈǻ ¨°ƢȀǛ Ŀ ¿°Ȃǳ¦ ¿ƾǬƫÂ °Ȃǘƫ ȄǴǟ ¾ȏƾƬǇȐǳ
. p16, IHC, HPV ǶƷǂǳ¦ ǪǼǟ ƲȈǈǻ :ƨǳ¦ƾǳ¦ ©ƢǸǴǰǳ¦
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