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Cervical cancer is a major public health problem in Morocco. The cervical cancer has a long precancerous period that provides an
opportunity for the screening and treatment. Improving screening tests is a priority goal for the early diagnosis of cervical cancer. This
study was conducted to evaluate the combination of p16™“* protein expression, human papillomavirus (HPV) typing, and histopathology
for the identification of cervical lesions with high risk to progress to cervical cancer among Moroccan women. A total of 96 cervical
biopsies were included in this study. Signal amplification in situ hybridization with biotinylated probes was used to detect HPV.
Immunohistochemistry was used to evaluate the expression of p16™“* protein. HPV DNA was detected in 74.0% of the biopsies (71/96).
Of the seventy-one positive HPV cases, we detected 67.6% (48/71) of high risk (HR)-HPV (HPV 16 and 18), 24% of low risk-HPV (HPV
6 and 11), 1.4% intermediate risk-HPV (HPV 31, 33, and 35), and 7% coinfections (HPV 6/11 and 16/18). Overexpression of p16™*
protein was observed in 72.9% (70/96) of the biopsies. In addition, p16™*** protein detection was closely correlated with recovery of
HR HPV. Our result showed that p16™** expression level is correlated with HR-HPV status.

(J Cancer Prev 2016;21:121-125)
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INTRODUCTION

Cervical cancer is the third most common cancer and the
fourth cause of cancer related mortality among women world-
wide." In developing countries where access to screening is
absent or limited, cervical cancer is the third cause of cancer
mortality among women and is therefore much higher than in
developed countries where this pathology is the seventh leading
cause of cancer death.' In Morocco, cervical cancer is a major
public health problem.*” Fortunately, the cervical cancer has a
long precancerous period that provides an opportunity for the
screening and treatment before it progresses to cervical cancer.
Therefore, improving screening tests is a priority goal for the
early diagnosis of cervical cancer. p16™* is a cyclin-dependent
kinase inhibitor that regulates the activity of cyclin-dependent

kinases 4 and 6. When the high risk (HR)-human papillomavirus
(HPV) E7 oncoprotein inactivates retinoblastoma, p16™ "
expression increases dramatically.” Moreover, overexpression
of p16™* protein in cervical cancer is used as a diagnostic tool
and has been directly associated with infection by HR-HPV
genotypes.”’ The aim of this study was to evaluate the
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combination of p16 protein expression, HPV typing, and

histopathology for the early detection of cervical cancer among
Moroccan women.

MATERIALS AND METHODS

1. Patients

A total of 96 cervical biopsies were collected. The study was
conducted in the Laboratory of Histo-Cytopathology of Institut
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Pasteur du Maroc from January 2014 to October 2014 in
Casablanca, Morocco under an approved human use protocol
(Institutional Review Board, Ref: 013/14) to enroll and obtain
tissue from the cervix of females to test for abnormal or
precancerous conditions, or cervical cancer. The tissues were
obtained by performing biopsies during routine physical
examination to determine the health status of females ranging
from 38 to 69 years of age. The biopsies were transferred to
specimen collecting tubes containing 10% formalin and
transported to the laboratory for processing and screening of
precancerous or cancerous cells.
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2. Histopathology and p16 protein expression

The biopsy tissues were fixed in 10% formalin and embedded
in paraffin. Tissue sections of 3 to 4 microns were prepared in
paraffin and then placed on silanized slides. The pathology of the
tissues was then examined using H&E conventional technique.
p16™* protein expression was performed by immunohi-
stochemistry using a CINtec Histology Kit (Biogen/Roche,
Germany) according to the manufacturer's instructions.

3. Human papillomavirus detection

Signal amplification in situ hybridization (CSA-ISH, Genpoint,
DAKO, Glostrup, Denmark) with biotinylated probes for
HPV-6/11, 16/18, and 31/33/51 (ENZO, New York, NY, USA) was
used according to manufacturer protocols. After dewaxing and
hydration, the 96 tissue sections were treated with proteinase K
solution for 5 minutes at room temperature. The denaturation of
target DNA was carried out on a hotplate at 95°C and transferred
to 37°C for hybridization with probes. The revelation of reaction
product was performed using the system 'GenPoint DAKO',
which created an additional level of the signal amplification.
Revelation of the hybridization signal was produced by a
chromogenic indicator, diaminobenzidine. The slides were
counterstained with Mayer's hematoxylin, rinsed in ethanol and
xylene, mounted by the Permanent Mounting Medium (DAKO),
and then examined by light microscope.

4. Statistical analysis

Data were entered into a database using IBM SPSS ver. 20.0 for
windows (IBM Co., Armonk, NY, USA). Associations between HPV

status, histopathological diagnosis, and p16™*

expression were
analyzed using x test or Fisher's exact test. Spearman’s rank
correlation coefficients were analyzed to investigate the possible
correlations between HPV status, histopathological diagnosis,

and p16™* expression. All statistical tests were two-sided and

results with values of P < 0.05 were considered statistically
significant.

RESULTS

The histopathological diagnosis of the 96 studied biopsies
revealed 14 cervicitis, 22 low-grade squamous intraepithelial
lesions (LSIL), 36 high-grade squamous intraepithelial lesions
(HSIL), and 24 invasive cancers. Elevated expression of p16™
protein was observed in 72.9% (70/96) of the biopsies. The
p16™* positivity was more observed in HSIL (100%) as compared
to LSIL (50%). In addition, the plélea positivity rate (96%) was
very high in invasive cancers as compared to LSIL (50%).
Immunohistochemical analyses revealed that p16™ " protein
expression was diffuse in 18%, 64%, and 87% of LSIL, HSIL, and
invasive cancer, respectively. Taken together, these data indicate
that p16™* protein is more frequently expressed in invasive
cancers than in LSIL and HSIL tissues (Fig. 1A).

HPV DNA was detected in 74.0% (71/96) of the biopsies. The
positivity of the reaction resulted in a purple blue perinuclear
precipitate (Fig. 1B and 1C).

Our result showed significant difference between HPV
detection rate for cervicitis and LSIL (P < 0.001). However, no
significant differences between HSIL and LSIL (P > 0.05) nor
between HSIL and invasive cancer (P > 0.05) were observed. Of
the seventy-one HPV positive cases, we detected 67.6% (48/71) of
HR-HPV (HPV 16 and 18), 24% of low risk-HPV (HPV 6 and 11), 1.4%
intermediate risk-HPV (HPV 31, 33, and 35), and 7% coinfections
(HPV 6/11 and 16/18). Moreover, correlation between p16™
expression and histopathological grade showed a positive corre-
lation (correlation coefficient = 0.470, P < 0.05). Furthermore,
the HR-HPV status was significantly correlated with histopatho-
logical grade (correlation coefficient = 0.364, P < 0.05) (Fig. 2).

DISCUSSION

The current screening tests for cervical cancer (histology and
cytology) are unable to distinguish between the lesions which
progress to cancer and those that do not.'® To overcome these
limitations, an additional test is required to determine if onco-
genic HPV virus has already increased genetic instability and
made the infected cells sensitive to processing, leading even-
tually to the development of cancer. This test relies on the
HR-HPV detection that exerts its oncogenic potential in infected
woman. '’ In this study, the HPV DNA was detected in 74% of the
biopsies. This prevalence was very high compared to that previ-
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Figure 1. p16™* protein expression in human papillomavirus (HPV). (A) p16™* expression according to HPV types and histopathological
grades. (B, C) Detection of high risk-HPV and low risk-HPV in HPV positive cases by in situ hybridation with catalyzed signal amplification
(X 100). (B) HPV 6/11: diffuse signal (arrows). (C) HPV 16/18: punctuated signal (arrows). LSIL, low-grade squamous intraepithelial lesions:

HSIL, high-grade squamous intraepithelial lesions.
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Figure 2. p16™* expression and high risk (HR)-human papilloma-
virus (HPV) rates according to histopathological grades. LSIL, low-grade
squamous intraepithelial lesions; HSIL, high-grade squamous intra-
epithelial lesions.

ously reported among Moroccan women with normal and
abnormal cytology (15.7%).” However, another study conducted
by Khair et al."' on cancer biopsies of the cervix found a higher
incidence rate 92% close to our study. Worldwide, HPV prevalence
was very variable: in Africa 22.1%, Central America and Mexico
20.4%, Northern America 11.3%, Europe 8.1%, and Asia 8.0%."

In our study, we found some convergence of HR-HPV in HSIL
and invasive cancer. This result is consistent with those reported
in Nigeria that showed the presence of 100% of HR-HPV in all
samples with abnormal cytology.” In addition, HR-HPV detection
was related to HSIL and invasive cancer among Chinese and
Hungarian populations.'*'”

In this report, HPV 16 and 18 were the most detected. This
finding seems to be in line with previous data and highlighted
that HPV16 and HPV18 are the most common types associated

. . . 16-22
with cervical cancer worldwide.
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The p16™* protein overexpression was detected in 72.9%. In
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previous Moroccan study, the overexpression of pl
detected in 92.45% of cervical cancer specimens.” Our results
were similar to those reported in many studies, where nearly
100% of high grade lesions and invasive cancers showed a strong

"N protein, while non-dysplastic lesions

overexpression of pl6
remained negative.”*? Interestingly, our finding highlighted a
trend positive correlation between cervical lesions severity,
p16™* expression, and HR-HPV prevalence. So these two
markers are likely indicators of the severity of cervical lesions,
and may be used in case of diagnostic's doubt particularly
between LSIL and HSIL. In fact, many reports revealed p16™*
overexpression by immunohistochemistry in a very high propor-
tion of neoplasia intraepithelial high grade, 80% to 100% of
cervical intraepithelial neoplasia (CIN)2 and almost all CIN3, and
in nearly all invasive cervical cancers, with diffuse expression
2% Thus, these

data indicate that p16™ * protein expression can be used to

throughout the height of squamous epithelium.

improve the histopathological diagnosis of precancerous cervical
lesions.”

Our findings highlighted a strong link between HR-HPV and
HSIL and/or invasive cancers. Moreover, we found that plémmal
protein is a promising marker for the early diagnosis of preca-
ncerous and cancerous lesions of the cervix. The results of this
study provide an improved screening approach for the diagnosis

of the risk of lesions progressing to cervical cancer.

ACKNOWLEDGMENTS

The authors would like to acknowledge all patients for their
participation in this study. This work was supported by Institut
Pasteur du Maroc Pasteur.

CONFLICTS OF INTEREST

No potential conflicts of interest were disclosed.

REFERENCES

1. Ferlay ], Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C,
et al. GLOBOCAN 2012 v1.0. Estimated Cancer Incidence and
Mortality Worldwide in 2012; IARC CancerBase No. 11.
http://globocan.iarc.fr. Accessed February 28, 2016.

2. Attaleb M, El hamadani W, Khyatti M, Benbacer L, Benchekroun
N, Benider A, et al. Status of pl16(INK4a) and E-cadherin gene
promoter methylation in Moroccan patients with cervical
carcinoma. Oncol Res 2009:18:185-92.

3. Alhamany Z, El Mzibri M, Kharbach A, Malihy A, Abouqal R,
Jaddi H, et al. Prevalence of human papillomavirus genotype

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

among Moroccan women during a local screening program. J
Infect Dev Ctries 2010;4:732-9.

. Phelps WC, Yee CL, Miinger K, Howley PM. The human papil-

lomavirus type 16 E7 gene encodes transactivation and trans-
formation functions similar to those of adenovirus E1A. Cell
1988:53:539-47.

. Dyson N, Howley PM, Miinger K, Harlow E. The human papil-

loma virus-16 E7 oncoprotein is able to bind to the retino-
blastoma gene product. Science 1989:243:934-7.

. Koh J, Enders GH, Dynlacht BD, Harlow E. Tumour-derived p16

alleles encoding proteins defective in cell-cycle inhibition.
Nature 1995;375:506-10.

. Jedpiyawongse A, Homcha-em P, Karalak A, Srivatanakul P.

Immunohistochemical overexpression of p16 protein associated
with cervical cancer in Thailand. Asian Pac ] Cancer Prev
2008:9:625-30.

. Masumoto N, Fujii T, Ishikawa M, Saito M, Iwata T, Fukuchi T, et

al. P16 overexpression and human papillomavirus infection in
small cell carcinoma of the uterine cervix. Hum Pathol
2003;34:778-83.

. Mulvany NJ, Allen DG, Wilson SM. Diagnostic utility of

pl6INK4a: a reappraisal of its use in cervical biopsies. Pathology
2008;40:335-44.

Cuzick J. Longterm cervical cancer prevention strategies across
the globe. Gynecol Oncol 2010;117:S11-4.

Khair MM, Mzibri ME, Mhand RA, Benider A, Benchekroun N,
Fahime EM, et al. Molecular detection and genotyping of human
papillomavirus in cervical carcinoma biopsies in an area of high
incidence of cancer from Moroccan women. ] Med Virol
2009;81:678-84.

Bruni L, Diaz M, Castellsagué X, Ferrer E, Bosch FX, de Sanjosé S.
Cervical human papillomavirus prevalence in 5 continents:
meta-analysis of 1 million women with normal cytological fin-
dings. ] Infect Dis 2010;202:1789-99.

Kolawole O, Ogah J, Alabi O, Suleiman M, Amuda O, Kolawole F.
Utilization of human papillomavirus DNA detection for cervical
cancer screening in women presenting with abnormal cytology in
Lokoja, Nigeria. Jundishapur ] Microbiol 2015;8:€22620.

Zhang L, Du H, Zhang W, Yang B, Wang C, Belinson JL, et al.
Diagnostic value of multiply biopsies and endocervical curettage
on cervical lesions. Zhonghua Fu Chan Ke Za Zhi 2015;50:263-7.
Nowakowski A, de Souza SC, Jach R, Rosillon D, Ksigzek A, Holl
K. HPV-type distribution and reproducibility of histological diag-
nosis in cervical neoplasia in Poland. Pathol Oncol Res
2015;21:703-11.

Lagos M, Van De Wyngard V, Poggi H, Cook P, Viviani P, Barriga
M, et al. HPV16/18 genotyping for the triage of HPV positive
women in primary cervical cancer screening in Chile. Infect
Agent Cancer 2015;10:43.

Luquain A, Belglaiaa E, Guenat D, Vrecko S, Riethmuller D,
Valmary-Degano S, et al. High prevalence of abnormal cervical
smears in a hospital cohort of French women beyond the upper
age limit screening program. Prev Med 2015;81:157-62.

Tjalma WA, Trinh XB, Rosenlund M, Makar AP, Kridelka F,
Rosillon D, et al. A cross-sectional, multicentre, epidemiological
study on human papillomavirus (HPV) type distribution in adult
women diagnosed with invasive cervical cancer in Belgium. Facts
Views Vis Obgyn 2015;7:101-8.

Aguilar-Lemarroy A, Vallejo-Ruiz V, Cortés-Gutiérrez EI, Salga-



20.

21.

22.

23.

24.

Yassine Zouheir, et al: p16™** Protein Expression and HR-HPV in Cervical Cancer

do-Bernabé ME, Ramos-Gonzilez NP, Ortega-Cervantes L, et al;
IMSS Research Network on HPV. Human papillomavirus in-
fections in Mexican women with normal cytology, precancerous
lesions, and cervical cancer: type-specific prevalence and HPV
coinfections. ] Med Virol 2015;87:871-84.

Ayatollahi H, Homaei-Shandiz F, Kooshyar MM, Tabatabaee-Yazdi
SA, Mehrjerdian M, Jafarian AH, et al. Human papilloma virus
16/18 genotypes in patients with squamous cell carcinoma of cer-
vix in northeast Iran. Niger Med ] 2014;55:495-8.

Bansal D, Elmi AA, Skariah S, Haddad P, Abu-Raddad 1J, Al
Hamadi AH, et al. Molecular epidemiology and genotype dis-
tribution of human papillomavirus (HPV) among Arab women in
the State of Qatar. ] Transl Med 2014;12:300.

Vidal AC, Smith JS, Valea F, Bentley R, Gradison M, Yarnall XS, et
al. HPV genotypes and cervical intraepithelial neoplasia in a mul-
tiethnic cohort in the southeastern USA. Cancer Causes Control
2014;25:1055-62.

El Hamdani W, Amrani M, Attaleb M, Laantri N, Ennaji MM,
Khyatti M, et al. EGFR, p16INK4a and E-cadherin immuno-histo-
chemistry and EGFR point mutations analyses in invasive cer-
vical cancer specimens from Moroccan women. Cell Mol Biol
(Noisy-le-grand) 2010:56 Suppl:OL1373-84.

Calil LN, Edelweiss MI, Meurer L, Igansi CN, Bozzetti MC. p16
INK4a and Ki67 expression in normal, dysplastic and neoplastic
uterine cervical epithelium and human papillomavirus (HPV)

25.

26.

27.

28.

290.

30.

125

infection. Pathol Res Pract 2014;210:482-7.

Pérez C, Castillo M, Alemany L, Tous S, Klaustermeier ], de
Sanjose S, et al. Evaluation of pl16(INK4a) overexpression in a
large series of cervical carcinomas: concordance with SPF-
10-LiPA25 PCR. Int ] Gynecol Pathol 2014;33:74-82.

Krishnappa P, Mohamad IB, Lin Y], Barua A. Expression of P16 in
high-risk human papillomavirus related lesions of the uterine
cervix in a government hospital Malaysia. Diagn Pathol
2014:9:202.

Razmpoosh M, Sansregret A, Oligny LL, Patey N, Dormoy-Raclet
V, Ducruet T, et al. Assessment of correlation between pl16INK4a
staining, specific subtype of human papillomavirus, and pro-
gression of LSIL/CIN1 lesions: first comparative study. Am ] Clin
Pathol 2014;142:104-10.

Omran OM, AlSheeha M. Human papilloma virus early proteins
E6 (HPV16/18-E6) and the cell cycle marker P16 (INK4a) are use-
ful prognostic markers in uterine cervical carcinomas in Qassim
Region: Saudi Arabia. Pathol Oncol Res 2015;21:157-66.

Nucci MR, Crum CP. Redefining early cervical neoplasia: recent
progress. Adv Anat Pathol 2007;14:1-10.

Klaes R, Benner A, Friedrich T, Ridder R, Herrington S, Jenkins D,
et al. p16INK4a immunohistochemistry improves interobserver
agreement in the diagnosis of cervical intraepithelial neoplasia.
Am ] Surg Pathol 2002;26:1389-99.



