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P16 and Ki-67 expression improves the diagnostic
accuracy of cervical lesions but not predict persistent
high risk human papillomavirus infection with CIN1
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Abstract: Objective: To determine the association between the expression of p16 and Ki-67 and cervical lesions,
and to evaluate the role of p16 and Ki-67 as prognostic markers for persistent high risk human papillomavirus
(hr-HPV) infection. Methods: Totally 1,154 cases of cervical biopsies were enrolled, 331 cases with negative for
dysplasia (NEG), 462 with cervical intraepithelial neoplasia 1 (CIN1), 176 with CIN2, 163 with CIN3 and 22 with cer-
vical squamous cell carcinoma (SCC). Furthermore, 283 women with CIN1 were recruited into 12-month follow-up,
and HPV specific gene detection by polymerase chain reaction was used to detect hr-HPV of cervical secretions at
6-month-interval for 12-month follow-up period. 40 women were infected with persistent hr-HPV, 182 with transient
infection and 61 unfected with hr-HPV. The expression of p16 and Ki-67 were evaluated by immunohistochemical
method. The immunostaining results of p16 and Ki-67 were classified into four categories: negative, 1+, 2+ and 3+.
Results: There was significant increase in the expression of p16 (P < 0.001) and Ki-67 (P < 0.001) from NEG to SCC.
The expression of Ki-67 (P < 0.001) but not p16 (P = 0.254) significantly increased in CIN2, CIN3. Ratio of p16 (P =
0.215) and Ki-67 (P = 0.495) positivity were not correlated with persistent hr-HPV infection. Conclusion: P16 and Ki-
67 can improve the diagnostic accuracy of cervical lesions but can not predict persistent hr-HPV infection with CIN1.
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Introduction cervical lesions is important to clincians’ deci-
sion and patients’ treatment.

Cervical cancer, the second most common
malignancy in women worldwide [1], emerges
from cervical intraepithelial neoplasia (CIN).

CIN can be treated effectively to prevent pro-

Majority of high risk human papillomavirus (hr-
HPV) genotypes regress spontaneously, and
only a small subset persist. Persistent hr-HPV

gression to cervical cancer. Case of CIN1 is
usually recommended to a strict follow-up with-
out treatment [2]. CIN2 and CIN3 are usually
treated actively, including cervial conization or
cervical loop electrosurgical excision proce-
dure. The histological diagnosis of cervical
biopsies that is often considered as the “gold
standard” can be significantly hampered by
intra- and inter-observer variability [3, 4]. It is
difficult to distinguish CINs reliably from non-
neoplastic lesions, and CIN1 from CIN2/3,
resulting in either overtreatment or undertreat-
ment [5, 6]. Therefore, accurate diagnosis of

infection is necessary for development of CIN
and cervical cancer [7]. Therefore, using a suit-
able marker to predict persistent hr-HPV infec-
tion would be of considerable clinical value. In
several published studies, the duration of hr-
HPV has been defined as ranging from 2 to 14
months, with a median of 6 months [8-10].
Syrjanen K et al reported that more than
6-month hr-HPV persistence gave the most
powerful estimate of a progressive disease
[11]. P16™*42 (p16) is a cyclin-dependent kinase
inhibitor that regulates transition from the G1
phase to the S phase of the cell cycle [12, 13].
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Figure 1. Hematoxylin and eosin staining (100 x). A:
Negative for dysplasia; B: Cervical intraepithelial neopla-
sial (CIN1); C: CIN2; D: CIN3; E: Squamous cell carci-
noma.

Ki-67 has been recently found to be the most
reliable indicator of cellular proliferation [14,
15]. The value of p16 and Ki-67 in diagnosis of
CIN has already been shown. However, inter-
observer variation exists in interpretation of
p16 and Ki-67 immunostaining results and
sample size also affects the results. In regard
to the relation of p16 and Ki-67 with persistent
infection of hr-HPV, no study was found.

The aim of this study was to evaluate the clini-
cal value of p16 and Ki-67 in diagnosis of cervi-
cal lesions in a large population-based cohort
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study and to investigate the association be-
tween persistent hr-HPV infection diagnosed as
CIN1 and p16 and Ki-67 expression.

Materials and methods

Samples

Totally 1,154 consecutive patients with abnor-
mal cytology diagnosed as ASC-US, ASC-H,
LSIL, HSIL or cervical squamous cell carcinoma
(SCC) between October 2010 and April 2013 of
Haidian Maternal and Child Health Hospital of
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Table 1. Expression of p16 and Ki-67 in relation to grade of cervical

primary antibodies were

lesions (n) as follows: pl16 (dilution
. . . K , 1- Hutl

Diagnosis Negative 1+ 2+ 3+ N.S Negative 1+ 2+ 3+ NS 1:200, ZSGB-BIO, ZMO-
NEG 257 56 14 2 2 230 98 2 1 0 166). Interpretation of
CIN1 149 95 97 115 6 97 271 73 15 6 IHC staining results: p16
CIN2 2 11 8 153 2 4 38 64 68 2 was expressed in cyto-
CIN3 1 4 2 156 O 2 9 33 118 1 plasm or nucleus while
Sce 0 1 1 20 O 0 0 3 19 0 Ki-67 was expressed in
Total 407 167 122 446 10 333 416 175 221 9 nucleus. To determine the

N.S: not satisfactory. NEG: negative for dysplasia. CIN: cervical intraepithelial neoplasia.

SCC: cervical squamous cell carcinoma.

Beijing were enrolled in this study. The patients
aged from 18 to 73 years (mean 34.59 years).
Each subject underwent a colposcopy-directed
biopsy excision procedure and simultaneously
hr-HPV gene detection through polymerase
chain reaction (PCR). The Ethics Committee of
Haidian Maternal and Child Health Hospital
approved all experimental procedures. An
informed consent form was provided according
to the Declaration of Helsinki, and written
informed consent was obtained according to
institutional guidelines from all subjects.

Formalin-fixed, paraffin-embedded tissue blo-
cks were sliced in thickness of 4 um. Sections
were stained with hematoxylin and eosin (H&E)
for routine examination. Meanwhile, p16 and
Ki-67 immunohistochemical (IHC) staining were
done in all biopsy samples. All H&E stained sec-
tions were first reviewed by 2 independent
pathologists. The consensus diagnosis was a
gold standard. With diagnostic disagreement,
the consensus diagnosis was confirmed by an
expert pathology panel. All IHC stained sec-
tions were evaluated blinded to the initial diag-
nosis. 283 women with CIN1 were recruited
into a 12-month follow-up. During the 12-month
follow-up period, HPV genotyping of cervical
secretion was performed at baseline and at
6-month-interval.

Techniques of IHC staining

All the specimens were immunostained for p16
and Ki-67 antigens through the indirect biotin
streptoavidin method. All slides were deparaf-
finised in xylene, rehydrated in graded alcohols,
washed in PBS buffer, boiled in EDTA solution
(pH 8.0, 100°C, 2.5 minutes) for antigen
retrieval and cooled down. The slides were
stained using the automatic IHC staining equip-
ment (LAB VISION AUTO-STAINER 480S). The
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grade of pl6 expression,
a four-semiquantitative
class was used to des-
cribe the percentage of
positively stained tumor cells as follows: nega-
tive (below 5%), weak positive (1+, 5%-25%),
moderate positive (2+, 26%-50%), intense posi-
tive (3+, greater than 50%). To determine the
grade of Ki-67 expression, nuclei of 200 epi-
thelial cells located across the whole epithelial
layer were examined in a high-power field (x
400). Ki-67 index was defined as the percent-
age of Ki-67 positive cells: negative, 1+, 2+, 3+
was given when the Ki-67 index was below 5%,
5-25%, 26%-50% and greater than 50%,
respectively.

Detection of hr-HPV types with method of PCR

Type-specific HPV DNA testing was performed
by real-time PCR. The participants diagnosed
as CIN1 accepted no treatment during the
12-month follow-up period. Oncogenic hr-HPV
types detected were HPV-16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59 and 68. A transient
infection was defined as detection of specific
hr-HPV types in a cervical sample at baseline,
followed by a negative sample for the same hr-
HPV type at the next detection. Persistent hr-
HPV infection was defined as detection of the
same hr-HPV type at a sequence of consecutive
evaluations not interrupted by negative sam-
ples during the 12-month follow-up period, and
hr-HPV uninfection was defined as hr-HPV types
were negative at baseline.

Statistical analysis

Statistical analyses were performed using
SPSS 11.5 for Windows. Frequency tables were
analyzed by using the chi-square test. Bivariate
correlations between ordered variables were
analyzed by using spearman correlation analy-
sis. A P value < 0.05 (two-sided) was consid-
ered as statistical significance.
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AT Figure 2. Immunohistochemical staining of p16 (100 x).

Results

Demographic characteristics of subjects

Totally 1,154 patients, 331 patients with NEG
(28.7%) (Figure 1A), 462 patients with CIN1
(40.0%) (Figure 1B), 176 patients with CIN2
(15.3%) (Figure 1C), 163 patients with CIN3
(14.1%) (Figure 1D) and 22 patients with SCC
(1.9%) (Figure 1E) were included in this study.
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A: In negative for dysplasia, negative staining; B: In cer-

" vical intraepithelial neoplasial (CIN1), diffuse p16 im-
- munostaining restricted to the lower third of the cervical

epithelium; C: In CIN2, diffuse p16 immunostaining of
full thickness positivity of the cervical epithelium; D: In
CIN3, diffuse immunostaining of full thickness positivity
of the dysplastic epithelium; E: In squamous cell carci-
noma, diffuse strong positive.

Expression of p16 and Ki-67 increased with
the severity of cervical lesions

Table 1 presented the expression of p16 and
Ki-67 in relation to the grade of cervical lesions.
The positive rate of p16 in NEG (Figure 2A),
CINZ1 (Figure 2B), CIN2 (Figure 2C), CIN3 (Figure
2D) and SCC (Figure 2E) was 21.88%, 67.32%,
98.85%, 99.38%, and 100% respectively. P16
and Ki-67 (Figure 3A-E) expression significantly
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Figure 3. Immunohistochemical staining of Ki-67 (100
~ x). A: In negative for dysplasia, negative staining in nor-
mal cervical tissue except in the basal and parabasal
cells; B: In cervical intraepithelial neoplasial (CIN1): dif-
fuse Ki-67 immunostaining restricted to the lower third
of the cervical epithelium; C: In CIN2, diffuse Ki-67 im-

munostaining of two-thirds of the cervical epithelium; D:
. In CIN3, diffuse Ki-67 immunostaining of full thickness
| positivity of the dysplastic epithelium; E: In squamous
cell carcinoma, diffuse strong positive.

increased with disease progression (pl16, P <

mentioning that 268 cases with pl6

0.001; Ki-67, P < 0.001). In addition, the
expression of Ki-67 (P < 0.001) but not p16 (P
= 0.254) significantly increased in CIN2 and
CIN3.

Expression of p16 immunostaining was posi-
tively associated with that of Ki-67 immunos-
taining

Expression level of pl6 was in positive rela-
tion with that of Ki-67 (P < 0.001). It is worth
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and Ki-67 negative expression were diagno-
sed as NEG or CIN1. 199 out of 209 cases
with strong positive expression (3+) in pl6
and Ki-67 had high grade CIN (including CIN2
and CIN3) or SCC (Table 2). 3 patients with
high grade CIN whose p16 expression was neg-
ative had positive expression of Ki-67. 6
patients with high grade CIN whose Ki-67
expression was negative had positive expres-
sion of p16.

Int J Clin Exp Pathol 2015:8(3):2979-2986
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Table 2. Correlation between expression of p16
and Ki-67 immunostaining (n)

pl6

Ki-67 Negative 1+ 2+ 3+ NS Total
Negative 268 49 7 5 3 332

1+ 129 89 84 110 4 416

2+ 5 21 25 120 3 174

3+ 3 6 5 209 0 223

NS 3 2 1 3 0

Total 408 167 122 447 10 1154

Note: 3 cases of p16 staining were not satisfactory (NS).

Table 3. Expression of p16 and Ki-67 in relation to

Hr-HPV infection status (n)

Persistent Transient Hr-HPV

Result infection infection negative Pvalue
P16 negative 12 60 27 0.215
P16 positive 28 122 34
Ki-67 negative 18 68 27 0.495
Ki-67 positive 22 114 34

Hr-HPV: high risk human papillomavirus.

The expression of p16 and Ki-67 did not cor-
relate with hr-HPV infection status

Among 283 participants with CIN1, 40 cases
had persistent infection of hr-HPV, 182 cases
had transient hr-HPV infection. There was poor
correlation between p16 as well as Ki-67 posi-
tive ratio and HPV infected states (p16, r =
-0.097; Ki-67, r = -0.010). P16 as well as Ki-67
positivity ratio had no significant difference in
persistent hr-HPV infection, transient hr-HPV
infection and hr-HPV uninfection with CIN1
(p16, P = 0.215; Ki-67, P = 0.495) (Table 3).

Discussion

We previously reported expression of p53 was
similar in CINs infected with different hr-HPV
types. Here we demonstrate that there is sig-
nificant increase in the expression of p16 and
Ki-67 from NCT to SCC and that the two bio-
markers are of no prognostic value in predicting
persistent hr-HPV infection.

There are only few studies available for bio-
markers predicting persistent hr-HPV infection.
Persistent infection of HPV types 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59 and 68 has
been found to cause the great majority of CINs
and cervical cancer, and the hr-HPV genotypes
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upon have been defined as “carcinogenic” viral
types [16, 17]. Numerous studies on the value
of p16 and Ki-67 immunostaining in cervical
lesions mainly focus on reliable diagnosis of
high-grade CIN.

In present study, we collected a considerable
amount of samples and used four-category
interpretation criteria to evaluate the value of
pl6 and Ki-67 immunostaining in cervical
lesions. The present study is the first to investi-
gate the prognostic value of pl6 and Ki-67
immunostaining in persistent hr-HPV infection
diagnosed as CIN1.

The results showed the p16 and Ki-67 expres-
sion were higher in CIN2, CIN3 and SCC than
those in CIN1, and significant difference was
observed between CIN1 and NEG. It fits well
with recent studies [18, 19]. P16 and Ki-67
expression significantly increased with disease
progression. It indicates that p16 and Ki-67
immunostaining are useful in the evaluation of
cervical lesions. It is worth mentioning that 3
cases of pl6-negative CIN2/3 had positive
expression of Ki-67 and 6 cases of Ki-67- nega-
tive CIN2/3 had positive expression of pl16. It
suggests pl6 immunostaining combined with
Ki-67 can increase the diagnostic accuracy of
high grade CIN and that p16 and Ki-67 are com-
plementary biomarkers. Not pl6 but Ki-67
expression had significant difference in CIN2
and CIN3, indicating that p16 overexpression is
an early event and Ki-67 works during the
course of CIN progress. It needs a further study
to verify.

Infection with hr-HPV results in integration of
hr-HPV into the host genome. The early gene E7
is the urgent oncogene of hr-HPV. E7 binds to
the tumor suppressor retinoblastoma protein
(pPRB) and thus inactivates pRB, resulting in
G1-S transition of the cell cycle. The HPV- E7
determines the inactivation of pRb with a con-
sequent increase of free E2F in the cell, leading
to aberrant proliferation (marked by increased
levels of Ki-67 expression) [20, 21]. P16, a pRb
regulator, underlies a negative feedback con-
trolled by the pRB whose inactivation results in
an overexpression of pl6. As to the relation
between hr-HPV and p16 as well as Ki-67
expression, most researchers believe that p16
is a surrogate marker for CIN induced by hr-HPV
and that hr-HPV negative status accompanied
by p16 positivity is often regarded as a false

Int J Clin Exp Pathol 2015;8(3):2979-2986
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negative. However, our study showed that there
was poor correlation between p16 as well as
Ki-67 positive ratio and HPV infected status
(p16: r =-0.097, P = 0.103; Ki67: r =-0.010, P
= 0.867). To investigate the role of p16 and
Ki-67 in persistent hr-HPV infection, we con-
ducted a 12-month follow-up for hr-HPV detec-
tion. In our study, the studied population was
homogeneous since all the enrolled cases were
diagnosed as CIN1. Meanwhile, CIN1 reflects
active HPV replication and is generally man-
aged clinically by follow-up rather than immedi-
ate treatment. In some cases with HPV-negative
in our study, p16 was also positive, which fits
well with literature reported [22]. No significant
difference of p16 and Ki-67 expression (p16, P
=0.215; Ki-67, P = 0.495) was observed in per-
sistent hr-HPV infection, transient hr-HPV infec-
tion and hr-HPV uninfection. It reveals that p16
and Ki-67 biomarkers are useless in prediction
of persistent HPV infection. Branca et al showed
pl6 did not seem to be of any prognostic value
in predicting the clearance of hr-HPV after treat-
ment of CIN [23]. Comparably, subjects in our
study received no treatment. We also showed
pl6 and Ki-67 immunostaining was of no prog-
nostic value in persistent hr-HPV infection. The
reasons why p16 and Ki-67 had no significant
difference regardless of hr-HPV infection status
may be as follows: 1) p16 expression is closely
associated with CIN grade. In our study, all the
cases were in diagnosis of CIN1, the same
degree of CIN. For this reason, no significant
difference was observed regardless of HPV
infection status. 2) P16 overexpression is likely
due to non-HPV related genetic or epigenetic
loss of pRb [24]. 3) Whether hr-HPV will persist
or regress depends upon natural history of
pathogen itself [7] and the host response to
HPV infection [25, 26]. From this point of this
view, we put forward the hypothesis that p16
and Ki-67 have little relation to natural history
of hr-HPV and cannot be indicators of the host
immune response. The mechanisms of pl6
and Ki-67 upon hr-HPV persistence are not
clear and deserve further study.

In conclusion, p16 and Ki-67 are diagnostic
markers for cervical lesions, and the expres-
sion level of p16 and Ki-67 increase as the cer-
vical lesion is higher, p16 is an early event of
CIN and Ki-67 works in all the duration of CIN.
But p16 and Ki-67 are of no prognostic value in
predicting persistent hr-HPV infection. The
duration of our study was restricted to a
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12-month follow-up, and a longer duration of
follow-up might be more convincing.
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