
Introduction 

Infection with oncogenic HPV types is a necessary con-

dition for the development of cervical intraepithelial neo-

plasia and cervical cancer in, at least, 95% of cases [1].

Over the last years, researchers focused their studies to de-

velop specific diagnostic techniques for the detection and

typing of virus isolated in cervical sample, and to identify

lesions at high risk for progression [2]. For these reasons,

new biomarkers, such as the protein p16

INK4a

and mRNA-

HPV dosage, encoding the high-risk HPV (HR-HPV) on-

coproteins E6, E7 have been developed [3,4]. Protein

p16

INK4a

is a cyclin-dependent kinase inhibitor that slows

down the cell cycle by inactivating the cyclin-dependent

kinases (CDK4/CDK6) involved in the phosphorylation of

the retinoblastoma protein (pRb) [5]. In normal cells

p16

INK4a

transcription is epigenetically repressed through a

polyrepressive complex-dependent mechanism. HPV16 E7

induces the expression of the cervical cancer biomarker,

p16

INK4a

. The oncogenic p16

INK4a

activity depends on inhi-

bition of CDK4/CDK6 activity and it needs to be inhibited

in order to allow cells to survive [6]. The correlation be-

tween the frequency of p16

INK4a

overexpression and the

severity of preneoplastic cervical lesions in cellular and tis-

sue specimens of women with HPV lesions was well de-

scribed by Tsoumpou et al. [7]. P16

INK4a

dosage shows

significantly higher specificity, accuracy, and positive pre-

dictive value, but not in sensitivity and negative predictive

value than HR-HPV DNA test for predicting high-grade

cervical intraepithelial neoplasia (CIN) and cervical cancer

evolvement from atypical squamous cells of undetermined

significance (ASCUS) and low-grade intraepithelial lesion

(LSIL). A correlation between p16 expressions in ASCUS-

categorized women with the presence of SILs in follow-

up biopsies and positive HR-HPV viral loads is certain.

These evidences suggest that p16 expression is an indica-

tor of pathogenic activity of HR-HPV and could be used

with more accuracy than HR-HPV viral load for the detec-

tion of reactive changes and LSILs from ASCUS-catego-

rized Pap smears [3, 8]. Therefore, p16

INK4a

protein dosage

has been used in routine clinical practice in the last five

years. Aim of the present study was to evaluate the evolve-

ment of LSIL lesions characterized to be HR-HPV positive

but p16

INK4a

protein negative. For this purpose, from 2009

to 2013 all patients with LSIL cytological diagnosis re-

ferred to the colposcopy clinic of the Division of Obstetrics

and Gynaecology of University of Catania had been tested

for HPV, virus type research (HR-HPV DNA test), and

p16

INK4a

protein immunostaining dosage. A total of 150

women between 25 and 55 years of age were included in

the study and followed-up every six months for three years. 

Materials and Methods

Between 2009 to 2013 a total of 177 patients with a cytolog-

ical diagnosis of LSIL lesion and characterized to be HR-HPV

positive and p16

INK4a

dosage negative were recruited at the Di-

vision of Obstetrics and Gynaecology of University of Catania.

All women received comprehensive and detailed information

about the study and written informed consents were obtained be-

fore entering the study in accordance to the Declaration of

Helsinki. Patients were enrolled according to their condition and

inclusion/exclusion criteria of the prospective study. The study
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was not advertised and no remuneration was offered. Col-

poscopy, HPV test, virus type research, and p16

INK4a

were per-

formed on all enrolled women. Follow-up was performed every

six months for a total duration of three years. Twenty-seven pa-

tients dropped out the study, 12 patients asked for immediately

surgical treatment pushed by anxiety, and 15 patients were ex-

cluded for poor compliance. In the end, the final participants in

the study were 150 women between 25 and 55 years, with an

average age of 40.2 years ± 8.01 DS. From a careful evaluation

of the personal history and risk factors of the enrolled patients,

the average numbers of pregnancies was 2.13 ± 1,01 DS; 19 pa-

tients (12.6%) had had promiscuous sex during the previous

seven years preceding the study, 50 (33.3%) women claimed to

have used oral contraceptives in the past, and 26 (17.3%) were

under OC treatment during the study. Regarding smoking habits,

54 (36%) patients were regular smokers, 42 (28%) patients were

ex-smokers (since at least one year), and 54 (36%) were non-

smokers. Virus co-infections cases were present in many pa-

tients: 10.7% (n=16) herpes simplex virus-2 (HSV-2), 4.7%

(n=7) hepatitis C virus (HCV), and 2.7% (n=4) human immun-

odeficiency virus (HIV). The authors also found a few cases of

super-infection: one (0.6%) case of co-infection with HPV-HCV-

HIV and two (0.3%) cases of co-infection with HPV-HSV2-HIV.

HPV type test showed that the three most representative viral

genotypes found in this study were HPV-16, detected in 70

(46.7%) patients; HPV-18, detected in 22 (14.7%) patients, and

HPV-31 detected in 20 (13.3%) patients (Table 1). During the

three years of study, all patients underwent an accurate follow-

up (cervical smear, colposcopy, p16

INK4a

protein dosage) every

six months and annual HPV-test evaluation. The authors per-

formed a targeted biopsy in 30 cases and p16

INK4a

protein dosage

on the histological sample. Pap-smear test was performed on liq-

uid cytology by THIN prep, a technique that allows to dosage

the p16

INK4a

protein directly. The cytological report followed the

Bethesda classification (2001) [9] and the result of p16

INK4a

pro-

tein quantification was performed according to Wentzensen and

Bergeron score [10]. 

Results

The present results showed no lesion progression at first

and second follow-ups, performed at six and 12 months.

In detail, during the second follow-up, 64 cases in 150

(42.7%) manifested spontaneous lesion regression and 86

(57.3%) cases showed the persistence of the lesion. In all

cases with regression and persistent lesions, the p16

INK4a

protein dosage was negative. During the prospective

study, the authors recorded only three (4.5%) cases of le-

sions progression, respectively, two (3% of all patients)

cases at 18-month follow-up, and one (1.5%) at 30-month

follow-up evaluation. All three cases were characterized

by the positivization of p16

INK4a

protein dosage. The two

cases of lesion progression showed at 18-month follow-

up were also recorded during the fourth follow-up. In ad-

dition, during the third follow-up at 24 months, the

authors registered a slight but significant increment on the

numbers of lesion regression cases, passing from 64

(42.7%) cases during the 12-month follow-up to 72 (48%)

cases at third follow-up at 18 months. Therefore, they

recorded an important reduction of persistence lesion

cases that passed from 86 (57.3%) cases at second follow-

up to 76 (50.7%) cases during the 24-month follow-up.

The p16

INK4a

protein dosage was still negative in all of re-

gression and persistence lesions cases during the third fol-

low-up. The authors can also confirm that the results

obtained during the fourth follow-up at 30 months were

absolutely similar to the results recorded during the last

follow-up at 36 months. There were 75 (50%) cases of

spontaneous lesion regression, especially among young

women, and the p16

INK4a

protein dosage was negative in

all of these cases. Furthermore, the 72 (48%) cases of per-

sistence lesion showed an improvement on colposcopy

survey associated with a normal cytological report. In

these cases the p16

INK4a

protein dosage was still negative.

The greatest data recorded was that the positivization of

p16

INK4a

protein dosage, recorded in the three (2%) cases

of lesion progression to CIN-2, steered the pathologists

to classify these lesions in high-grade intraepithelial le-

Table 1. — Viral genotypes of HPV assessed with HPV-
DNA test.
Viral genotype Numbers of cases

HPV16 70 (46.7%)

HPV31 20 (13.3%)

HPV33 17 (11.3%)

HPV18 22 (14.7%)

HPV52 4 (2.7%)

HPV58 5 (3.3%)

HPV53 5 (3.3%)

HPV59 2 (1.3%)

HPV45 2 (1.3%)

HPV35 3 (2%)

Table 2. — Follow-up results in number of lesions pro-
gression and p16INK4a presentation.
Follow-up Lesion Number of p16

INK4a

progression cases (%)

1

st

follow-up Regression 34 (22.7%) Negative

(6 months) Persistence 116 (77.3%) Negative

Progression 0 -

2

nd

follow-up Regression 64 (42.7%) Negative

(12 months) Persistence 86 (57.3%) Negative

Progression 0 -

3

rd

follow-up Regression 69 (46%) Negative

(18 months) Persistence 79 (52.7%) Negative

Progression 2 (1.3%) Positive

4

th

follow-up Regression 72 (48%) Negative

(24 months) Persistence 76 (50.7%) Negative

Progression 2 (1.3%) Positive

5

th

follow-up Regression 75 (50%) Negative

(30 months) Persistence 72 (48%) Negative

Progression 3 (2%) Positive

6

th

follow-up Regression 75 (50%) Negative

(36 months) Persistence 72 (48%) Negative

Progression 3 (2%) Positive
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sion (HSIL) instead of LSIL (Table 2).

Discussion

HPV prevalence infection has its highest peek among

young women between 20 and 24 years in Europe [1]. In

the last decade, the introduction in clinical practice of HPV

DNA test increased the low sensibility of the Pap smear test

alone, especially in cases of ASCUS or LSIL on cytologi-

cal report. HPV DNA testing is particularly indicated for

women with cervical abnormal cytological evaluation, be-

cause of its significantly higher sensitivity than repeated

cytology. However, it has a significantly lower specificity

[11]. According to literature, the specificity of the HPV

DNA testing with cytology triage for CIN 2+ was 99.2%,

whereas the specificities of the HPV DNA test alone and

cytology were respectively, 93.0% and 99.1%; moreover,

the association reached better results among women aged at

least 35 years [12]. HPV test performed alone has a good

rate of false positive characterized by high sensibility and

low specificity and, in according to this evidence, it would

create false alarmism among young women where the prob-

ability of spontaneous lesion regression is very high [13].

On the other hand, the association HPV test + cytology

markedly decreases the number of false-positive screening

test results. During this decade, other markers were evalu-

ated to predict cervical cancer progression, such as p16

INK4a

protein, with the aim to increase the specificity and the pre-

dictive positive value (PPV) of HPV test. P16

INK4a

protein

is the product of a tumour suppressor gene and inhibits for-

mation of enzymatically active complexes of cyclin-de-

pendent kinases 4 and 6 (CDK4/6) with D-type cyclins that,

preventing the phosphorylation of pRb (retinoblastoma pro-

tein), stops the progression of cellular cycle locking the

cells on G1 phase. Oncogenic stress induces p16

INK4a

ex-

pression, which in turn triggers cellular senescence through

activation of the retinoblastoma tumour suppressor. HPV-

associated tumours express high levels of p16

INK4a

in re-

sponse to E7 oncoprotein expression. HPV E7 expression

causes an acute dependence on KDM6B expression for cell

survival [14]. In normal conditions, the p16

INK4a

protein is

not detectable in the cell, but in cells with dysplasia or car-

cinoma of the cervix, the overexpression of the protein

p16

INK4a

is peculiar. This is a reflex mechanism of defence

against viral activity operated by tumour oncoprotein E7

[10]. The main oncogenic activity of E7 of HR-HPV is to

prevent the pRB function that, cooperating with the tran-

scription of E2F factor, leads to the transcription of genes

that promote cell proliferation [15]. Thus, an increased ex-

pression of p16

INK4a

, detectable by immunocytochemistry

reaction may represent a useful marker to highlight cells

transformed by HPV, which have failed to control the cell

cycle. P16

INK4a

is not the only method to predict the molec-

ular lesion suspicious behaviour, but it is used in several

studies, showing the usefulness of different biomarkers as-

sociation, such as p16

INK4a

with K – 67, in the management

of cervical neoplastic lesions. These evidences underline

how physicians’ decisions could be refined by the new spe-

cific molecular processes knowledge associating with cy-

tological results [16]. HPV testing is not an indication of

the presence of the disease; in fact only a small percentage

of women who are positive of HPV test will develop cer-

vical cancer in the future. The positivity of p16

INK4a

, how-

ever, indicates the presence of disease rather than the risk

of developing the disease over time and would therefore be

a sensitive marker such as HPV testing, but more specific

than existing disease [17, 18]. Nieh et al., comparing the

performance of p16

INK4a

associating with the use of HPV

testing in the triage of ASCUS, showed a sensitivity of

p16

INK4a

of 95%, slightly higher but not statistically signif-

icant different than sensitivity of the HPV test used alone

(86%). Conversely, the specificity was 96%, statistically

higher (p < 0.001) than HPV test sensitivity (31%) [8].

Conclusion

The quantification of p16

INK4a

protein helps us to iden-

tify, among LSIL lesions, which cases were eligible of spe-

cific treatment. The evaluation of p16

INK4a

protein should

assist to expose not well-defined cases or borderline cases

helping to better differentiate the mild lesions, and conse-

quently, to evaluate the possible adverse effects of over-

treatment in those patients overvalued morphologically.

Furthermore, a LSIL lesion negative for p16

INK4a

progresses

very rarely to HSIL, consequently women who have LSIL

HR-HPV lesions but p16

INK4a

negative may benefit from

routine screenings.

References

[1] Jemal A., Bray F., Center M.M., Ferlay J., Ward E., Forman D.:

“Global cancer statistics”. CA Cancer J, Clin., 2011, 61, 69.

[2] Tota J.E., Chevarie-Davis M., Richardson L.A., Devries M., Franco

E.L.: “Epidemiology and burden of HPV infection and related dis-

eases: implications for prevention strategies”. Prev. Med., 2011, 53
Suppl 1, S12. 

[3] Ma Y.Y., Cheng X.D., Zhou C.Y., Qiu L.Q., Chen X.D., Lü W.G.,

Xie X.: “Value of P16 expression in the triage of liquid-based cervi-

cal cytology with atypical squamous cells of undetermined signifi-

cance and low-grade squamous intraepithelial lesions”. Chin. Med.
J. (Engl.), 2011, 124, 2443.

[4] Galarowicz B., Jach R., Kidzierska J., Dyduch G., Zajac K., Pityński

K., et al.: “The role of mRNA E6/E7 HPV high oncogenic risk ex-

pression in colposcopy of cervical intraepithelial neoplasia (CIN)”.

Przegl. Lek., 2012, 69, 651.

[5] Benevolo M., Vocaturo A., Mottolese M., Mariani L., Vocaturo G.,

Marandino F., et al.: “Clinical role of p16

INK4a

expression in liquid-

based cervical cytology: correlation with HPV testing and histologic

diagnosis”. Am. J. Clin. Pathol., 2008, 129, 606.

[6] McLaughlin-Drubin M.E., Park D., Munger K.: “Tumor suppressor

p16INK4A is necessary for survival of cervical carcinoma cell lines”.

Proc. Natl. Acad. Sci. U S A, 2013, 110, 16175.

[7] Tsoumpou I., Arbyn M., Kyrgiou M., Wentzensen N., Koliopoulos



S.G. Vitale, G. Valenti, A.M.C. Rapisarda, I. Calì, I. Marilli, M. Zigarelli, G. Sarpietro, A. Cianci688

G., Martin-Hirsch P., et al.: “p16(INK4a) immunostaining in cyto-

logical and histological specimens from the uterine cervix: a sys-

tematic review and meta-analysis”. Cancer Treat. Rev., 2009, 35,

210. 

[8] Nieh S., Chen S.F., Chu T.Y., Lai H.C., Lin Y.S., Fu E., Gau C.H.:

“Is p16(INK4A) expression more useful than human papillomavirus

test to determine the outcome of atypical squamous cells of unde-

termined significance-categorized Pap smear? A comparative analy-

sis using abnormal cervical smears with follow-up biopsies”.

Gynecol. Oncol., 2005, 97, 35.

[9] Barcelos A.C., Michelin M.A., Adad S.J., Murta E.F.: “Atypical

squamous cells of undetermined significance: Bethesda classifica-

tion and association with Human Papillomavirus”. Infect. Dis. Ob-
stet. Gynecol., 2011, 2011, 904674. 

[10] Wentzensen N., Bergeron C., Cas F., Eschenbach D., Vinokurova S.,

von Knebel Doeberitz M.: “Evaluation of a nuclear score for

p16

INK4a

-stained cervical squamous cells in liquid-based cytology

samples”. Cancer, 2005, 105, 461.

[11] Arbyn M., Roelens J., Simoens C., Buntinx F., Paraskevaidis E.,

Martin-Hirsch P.P., Prendiville W.J.: “Human papillomavirus testing

versus repeat cytology for triage of minor cytological cervical le-

sions”. Cochrane Database Syst. Rev., 2013, 3, CD008054. 

[12] Lynge E., Rebolj M..: “Re: Age-specific evaluation of primary

human papillomavirus screening vs conventional cytology in a ran-

domized setting”. J. Natl. Cancer Inst., 2010, 102, 739.

[13] Eltoum I.A., Chhieng D.C., Roberson J., McMillon D., Partridge

E.E.: “Reflex human papilloma virus infection testing detects the

same proportion of cervical intraepithelial neoplasia grade 2-3 in

young versus elderly women”. Cancer, 2005, 105, 194.

[14] Witkiewicz A.K., Knudsen K.E., Dicker A.P., Knudsen E.S.: “The

meaning of p16(ink4a) expression in tumors: functional significance,

clinical associations and future developments”. Cell Cycle, 2011, 10,

2497.

[15] Narisawa-Saito M., Kiyono T.: “Basic mechanisms of high-risk

human papillomavirus-induced carcinogenesis: roles of E6 and E7

proteins”. Cancer Sci., 2007, 98, 1505.

[16] Ziemke P., Marquardt K., Griesser H.: “Predictive value of the com-

bined p16 and Ki-67 immunocytochemistry in low-grade squamous

intraepithelial lesions”. Acta Cytol., 2014, 58, 489.

[17] Carozzi F.M.: “Combined analysis of HPV DNA and p16

INK4a

ex-

pression to predict prognosis in ASCUS and LSIL pap smears”. Coll.
Antropol., 2007, 31, 103.

[18] Agoff S.N., Lin P., Morihara J., Mao C., Kiviat N.B., Koutsky L.A.:

“p16(INK4a) expression correlates with degree of cervical neopla-

sia: a comparison with Ki-67 expression and detection of high-risk

HPV types”. Mod. Pathol., 2003, 16, 665.

Address reprint requests to:

S.G. VITALE, M.D.

Department of General Surgery and

Medical Surgical Specialties

University of Catania

Via Santa Sofia, 78

Catania (Italy)

e-mail: vitalesalvatore@hotmail.com


