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Increased Ki-67 proliferative index and absence of P16INK4

in CIN-HPV related pathogenic pathways different from
cervical squamous intraepithelial lesion
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Background/aim: It is generally assumed that similar path-
ways are involved in human papillomavirus (HPV) induced
pathogenesis of cervical squamous intraepithelial lesions
(SILs) and cancers and a subset of conjunctival intraepithelial
neoplasm (CIN)—that the malignancies or pre-cancerous
lesions arise through HPV oncoproteins E6 and E7, which
disrupt the pathways of p53 and the product of the
retinoblastoma (Rb) gene and, in turn, increase the protein
product of gene p16INK4 through the mechanism of positive
feedback. Several cell cycle molecules are detected to test this
hypothesis.
Methods: Nine cases of CIN and eight non-CIN cases were
analysed for the expression of Ki-67, pRb, p53, and p16INK4

via immunohistochemistry. Nine cases of cervical high grade
squamous intraepithelial lesion (HSIL), and 10 cases of
cervical low grade squamous intraepithelial lesion (LSIL) were
included for stain control of p16INK4a, and comparison of
p16INK4a expression to CIN cases. A nested polymerase
chain reaction and a genechip HPV typing were used to
detect HPV infection and types in the CIN and non-CIN
samples
Results: HPV positivity was demonstrated in all of the CIN
lesions but in none of the non-CIN lesions. The Ki-67
proliferative index (Ki-67 PI) was statistically higher in the
CIN group than the non-CIN group; however, there were no
differences of expression of pRb and p53 between the two
groups and no expression of p16INK4 in all cases. All nine
cases of HSIL, and seven out of 10 cases of LSIL used for stain
control were immunoreactive for p16INK4a. There were
statistically significant differences in overexpression of
p16INK4a between the CINs and SILs
Conclusions: The Ki-67 proliferative index may be a sensitive
marker for CIN lesions and these results, with significant
differences in overexpression of p16INK4a between CINs and
SILs, may provide new evidence that HPV related mucosal
dysplasia in different anatomical locations may lead to
dissimilar molecular pathways.

C
onjunctival intraepithelial neoplasia (CIN), the most
common tumour of the ocular surface,1 is thought to be
a precursor of squamous cell carcinoma (SCC), the

most common conjunctival malignant neoplasm in several
series.1–3 Invasive SCC of the conjunctiva refers to disease
invasion of the basement membrane. Oncogenic associations
of human papillomavirus (HPV) with uterine cervical SCC
have been well established,4 5 along with the association
between high risk HPV and the pre-cancerous squamous
intraepithelial lesion (SIL) of the uterine cervix.6–10 Previous
studies have demonstrated high expression rates of p16INK4a

in the cervical SILs and SCCs.11 Both lesions showed a
decrease in the proportion of pRb positive cells and a
generally inverse correlation with the expression of
p16INK4a at the tissue level.11 Although high risk HPVs (for
instance types 16 and 18) have been demonstrated in
conjunctival SCC, dysplasia, and papilloma,12–15 no data are
available on their results of immunohistochemical stains of
pRb and p16INK4a; and the aetiological role of HPV in the
development of CIN is unclear. Such data should enable us to
better understand the relation between HPV and the
expression of these cell cycle proteins in such cases of ocular
surface neoplasms. Previous studies also showed that the E6
and E7 oncoproteins of the high risk HPVs deregulate key
controls in cellular proliferation,16 promoting degradation of
p53 by the cellular ubiquitin proteolysis system, thus
compromising the ability of the cell to effect growth arrest
when there is DNA damage.17

CIN can be divided into three groups: mild, moderate and
severe dysplasia, based on the ratios of replacement of the
basal epithelium by abnormal epithelial cells lacking normal
maturation.18–20 It is very difficult to clinically differentiate
histopathologically mild dysplasia from reactive epithelial
changes. A similar problem was once encountered with the
SIL of the cervix, but was improved using immunohisto-
chemical staining of the Ki-67 PI. The Ki-67 nuclear antigen
is expressed in all phases of the cell cycle, except G0,21–23 and
has been recently found to be the most reliable indicator of
cellular proliferation.21–23 In normal cervical squamous
mucosa, Ki-67 positive cells are found mainly in the
parabasal layers and some in the basal layer.24 In cervical
SILs, the number of Ki-67 positive cells increased as the cell
grading went from normal to low grade SIL (LSIL) to high
grade SIL (HSIL).24

In a recent report by Ohara et al the Ki-67 PI in conjunctival
SCC and CIN was statistically higher than that in ptergium.25

In our study, we adopted a nested polymerase chain reaction
(PCR) based genechip method and a subsequent DNA
sequencing analysis to determine multiple HPV types in nine
CIN and eight non-CIN conjunctival mucosal samples. We
also performed immunohistochemical stains of Ki-67, p53,
pRb, and p16INK4a in an endeavour to (1) understand
whether Ki-67 can serve as a diagnostic marker, and (2)
detect the relation between HPV and the expression of these
cell cycle proteins. A few cases of LSIL and HSIL were
included for stain control of p16INK4a.

Abbreviations: CIN, conjunctival intraepithelial neoplasm; HPV, human
papillomavirus; HSIL, high grade squamous intraepithelial lesion; LP,
lymphoid proliferation; LSIL, low grade squamous intraepithelial lesion;
PCR, polymerase chain reaction; PI, proliferative index; Rb,
retinoblastoma; SCC, squamous cell carcinoma; SILs, squamous
intraepithelial lesions
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MATERIALS AND METHODS
Patients and specimens
Formalin fixed paraffin embedded tissue blocks were
obtained from nine patients (four men and five women;
mean age 51.6, range 14–75 years) with CIN and eight
patients (four men and four women; mean age 40.5, range
17–51 years) without CIN. Of the nine cases of CIN, seven
(77.8%) had mild dysplasia, and two (22.2%) moderate
dysplasia determined via histological examination of haema-
toxylin and eosin stained tissue sections.18 19 We additionally
graded mild dysplasia into low grade CIN and moderate and
severe dysplasia into high grade CIN using similar criteria
that were used in cervical SIL lesions.24 All patients under-
went total surgical excision of their lesions at the Department
of Ophthamology, National Taiwan University Hospital,
Taipei, Taiwan, during the period from August 1994 to
December 2004.

Immunohistochemistry
All specimens were formalin fixed, paraffin embedded, cut in
5 mm thick sections, and then deparaffinised, rehydrated,
and underwent antigen retrieval (Trilogy, Cell Marque, Hot
Springs, AR, USA, for p53, Ki-67; Dako target retrieval
solution, high pH, S3307 for pRb and p16INK4a, autoclaved,
10 minutes). The sources of the primary antibodies are as
follows: p16INK4a (neomarker; JC-8), pRb (Santa Cruz; IF8),
p53 (Dako; DO-7), Ki-67 (Dako; MIB-1). Staining was
performed using the Ventana autostainer (DAB detection
kit, iView, Ventana Medical Systems, CA, USA).

DNA extraction
Four 8 mm tissue sections were cut, mixed with proteinase
digestion buffer,26 and incubated. The standard phenol-
chloroform extraction and the ethanol precipitation were
used for DNA purification. In order to control the quality and

Table 1 Clinical profile, grade of CIN, and HPV typing

Case No
Age
(year/month) Sex HPV typing Diagnosis

CIN
1 31/6 F 58 and 37 Low grade CIN
2 14/1 F 11 and 18 Low grade CIN
3 59/9 M 16 Low grade CIN
4 58/9 M 16 Low grade CIN
5 75/4 F 33 High grade CIN
6 72 F 72 Low grade CIN
7 59/3 M 16 High grade CIN
8 70/1 M 16 Low grade CIN
9 23/6 F 6 Low grade CIN

Non-CIN
10 39/9 F negative SLK
11 44/5 F negative Pterygium
12 17/8 M negative LP
13 47/5 M negative Pterygium
14 51/7 F negative Pterygium
15 46/4 F negative SLK
16 50/7 M negative Pterygium
17 26/6 M negative LP

CIN, conjunctival intraepithelial neoplasm; SLK, superior limbic keratoconjunctivitis; LP, lymphoid proliferation.

Figure 1 (A) Haematoxylin and eosin
stain of high grade CIN. (B)
Haematoxylin and eosin stain of normal
conjunctiva. (C) Ki-67 stain of CIN
lesion. (D) Ki-67 stain of normal
conjunctiva.
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quantity of the isolated DNA, a 300 base pair sequence of b
actin gene was amplified by PCR as an internal control to
monitor the genomic DNA extraction procedure.

HPV detection by nested PCR
Each PCR amplification reaction was carried out in a total
volume of 50 ml containing a PCR master mixture (10 mM
TRIS-HCl pH 8.3, 50 mM KCl, 800 mM each of dATP, dCTP,
dGTP, 600 mM dUTP, 10 pmol of each primer set, 1.25 IU/l
AmpliTaq Gold DNA polymerase; Applied Biosystems, San
Francisco, CA, USA). Each PCR was carried out in the
Geneamp PCR System 9700 (Applied Biosystems) with the
first denaturation step at 94 C̊ for 3 minutes and final
extension step at 72 C̊ for 5 minutes. General consensus
primers MY09/GP6+ were used for the first PCR round to
amplify the corresponding part of the HPV L1 gene according
to the original report by others,20 with some modifications.27–29

A nested PCR was then carried out with the primers GP5+/
GP6+ according to the previously published protocols.30

HPV genotyping by genechip
A volume of 15 ml of the resultant amplified product was
then hybridised with an HPV genechip (Easychip HPV
Genotyping Array, King Car, Taipei, Taiwan), which offers a
revert blot hybridisation to detect 39 subtypes of HPV DNA in
a single reaction, as reported by Huang et al.31

Ki-67 proliferative index
A 10610 square grid graticule at 4006magnication was used
for counting the number of Ki-67 labelled nuclei in tumour
cells. The areas for cell counting were selected from the most
mitotically active parts of the CIN lesions, non-CIN lesions,
and normal conjunctival mucosa. After counting a total of
200 cells, the immunoreactive score was expressed as a
percentage of the total cell count.25

Statistical analysis
The Ki-67, p53, and pRb positive ratios of epithelial cells and
p16INK4a positive rates were first compared between CIN and
non-CIN samples. Moreover, in the CIN samples, the Ki-67
and p53 positive ratios of epithelial cells were compared
between the CIN lesions and normal mucosa. p16INK4a

positive rates were also compared between cases of CIN
and SIL. The Mann-Whitney U test was used to evaluate
statistical differences in positive ratios of Ki-67, p53, and pRb
between the CIN lesions, non-CIN lesions, and normal
conjunctiva. The x2 with Fisher’s exact test was used to
evaluate statistical differences of p16INK4a positive rates
between the CIN and non-CIN samples as well as between
CIN and SIL samples. A p value less than 0.05 was considered
signicant.

Table 2 Comparison of Ki-67 proliferative index
between different groups

Case PI (%) (SD) p Value

CIN lesion (n = 9) 31.56 (9.48) ,0.001
Normal conjunctival mucosa (n = 9) 9.78 (2.11)

Non-CIN lesion (n = 8) 10.5 (2.07) ,0.001
CIN lesion (n = 9) 31.56 (9.48)

Non-CIN lesion (n = 8) 10.5 (2.07) 0.541
Normal conjunctival mucosa (n = 9) 9.78 (2.11)

Figure 2 (A) p16INK4a stain of high
grade CIN. (B) p16INK4a stain of normal
conjunctiva. (C) p16INK4a stain of HSIL.
(D) p16INK4a stain of LSIL.

Table 3 Comparison of p16INK4a between CINs and SILs

Case

p16INK4a

positive rate
(%) p Value

CIN lesion (n = 9) 0/9 (0) ,0.00001
HSIL (n = 9) 9/9 (100)

CIN lesion (n = 9) 0/9 (0) 0.003
LSIL (n = 10) 7/10 (70)

CIN lesion (n = 9) 0/9 (0) ,0.00001
SIL (HSIL+LSIL) (n = 19) 16/19(84.21)
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RESULTS
HPV detection
HPV positivity was demonstrated in all of the CIN lesions but
in none of the non-CIN lesions, as shown in table 1.

Single infection by a high risk type HPV (HPV 16, 18, and
33) was detected in five of the nine CIN cases, whereas two of
the nine CIN cases were infected by a single low risk HPV
type (HPV 6 and 72). Two CIN cases were noted to have
double infection by either two high risk types or mixed high
and low risk types.

Histopathology and Ki-67 proliferative index
Histopathologically, two of the nine CIN cases were high
grade (fig 1A), while the others were low grade CIN lesions.
Two of the non-CIN lesions were diagnosed as superior
limbic keratoconjunctivitis (SLK), two were cases of lym-
phoid proliferation and the other four were cases of
pterygium. The Ki-67 PI of normal mucosa (fig 1B) in the
CIN specimens was also counted for comparison. The Ki-67
PI for different groups is shown in table 2.

The Ki-67 PI in CIN lesions ranged from 20–48% (mean
31.56%) (SD 9.48%) (fig 1C) and were statistically higher
than that of non-CIN lesions, which ranged from 8–12%
(10.5%) (2.07%), and normal mucosa of CIN samples which
ranged from 8–12% (9.78%) (2.11%) (fig 1D). There was no
difference between non-CIN lesions and normal conjunctival
mucosa (p = 0.541).

Immunohistochemical stains of P53, pRb, and
p16INK4a

All CIN (fig 2A) and non-CIN (fig 2B) cases were
immunohistochemically non-reactive for p16INK4a compared
with the positive control models of HSIL (fig 2C) and LSIL
(fig 2D). All nine cases of HSIL, and seven out of 10 cases of
LSIL used for stain control were immunoreactive for
p16INK4a. There were statistically significant differences in
overexpression of p16INK4a between CINs and SILs (table 3).

The percentage of p53 positive cells in CIN lesions (fig 3A)
ranged from 8–56% (24.44%) (20.24%); this was not
statistically higher (p.0.05) than that of non-CIN lesions
which ranged from 8–12% (10%) (2.14%), and normal
mucosa of CIN samples (fig 3B) which ranged from 8–12%
(9.78%) (2.91%). There was no difference between the p53
positivity ratios of non-CIN lesions and normal conjunctival
mucosa. (p = 0.859) (table 4).

The percentage of pRb positive cells in CIN lesions (fig 3C)
ranged from 0–12% (6.67%) (5.66%), and was not statistically
higher than that of non-CIN lesions (fig 3D), which ranged
from 0–12% (4.5%) (4.99%) (table 5).

DISCUSSION
Previous studies have provided some evidence of an associa-
tion between HPVs and the development of CINs.32 33 High
risk types of HPV have been demonstrated by numerous
epidemiological and molecular studies to be the aetiological
agents for an overwhelming majority of cases of SILs and
cervical SCC.34 When the host epithelial cell is infected with
the HPV, the HPV genome integrates into the host cell’s DNA.
This typically disrupts the HPV E1/E2 open reading frame,
resulting in the loss of function of E2, a physiological

Figure 3 (A) p53 stain of high grade
CIN. (B) p53 stain of normal
conjunctiva. (C) pRb stain of CIN. (D)
p53 stain of non-CIN.

Table 4 Comparison of p53 index between different
groups

Case % (SD) p Value

CIN lesion (n = 9) 24.44 (20.24) 0.06
Normal conjunctival mucosa (n = 9) 9.78 (2.91)

CIN lesion (n = 9) 24.44 (20.24) 0.065
Non-CIN lesion (n = 8) 10 (2.14)

Non-CIN lesion (n = 8) 10 (2.14) 0.859
Normal conjunctival mucosa (n = 9) 9.78 (2.91)

Table 5 Comparison of pRb between different groups

Case PI (%) (SD) p Value

CIN lesion (n = 9) 6.67 (5.66) 0.4144
Non-CIN lesion (n = 8) 4.5 (4.99)

Increased Ki-67 PI and absence of P16INK4 in CIN 897

www.bjophthalmol.com



regulatory protein for the HPV E6 and E7 oncogenes.35 36 The
E7 oncoprotein may contribute to cellular transformation by
interfering with the p16INK4a/CDK4/cycD1/pRb cell cycle
regulatory pathway and directing the catabolism of tumour
suppressor protein pRb.36 p16INK4a specically inhibits the
formation of cyclin D/cdk4,6 complexes by interacting with
cdk4 and cdk6,4 34 37 which in turn control the activity of pRb
by phosphorylation.35 The retinoblastoma tumour suppressor
protein, pRb, regulates the cell cycle at the G1/S restriction
point by complexing with and inhibiting the activity of E2F,
which serves as a transcription dependent promoter of cell
cycle progression.38 The E2F–pRb complex dissociates in the
presence of the HPV oncoprotein E7; this, in turn, activates
E2F, thereby initiating the transcription of genes required for
DNA replication and inappropriately forcing the cell past the
G1/S restriction point into the S phase.39–41 Because of positive
feedback,36 42–45 the functional inactivation of pRb by HPV E7
results in the reciprocal overexpression of p16INK4a.

In a previous report, strong p16INK4a staining was found in
most cervical SILs and SCC with an inverse correlation
between the expression of p16INK4a and the expression of pRb
at the tissue level.11 No reports are available at present
discussing the relation between HPV positivity and the
incidence of overexpression of cell cycle proteins p16INK4a

and pRb of the CIN cases.32 33 In our study, the incidences of
overexpression of p16INK4a and pRb were 0% and 66.67%
(6/9) in CINs, but there were no differences of overexpression
of p16INK4a and pRb noted between the HPV positive cases
(CINs) and HPV negative (non-CINs) cases. Our results also
failed to detect the generally inverse correlation between the
expression of p16INK4a and pRb in the cases of CINs, a
relation which has been demonstrated in a previous report on
cervical SILs.11 These findings may represent new evidence
that the molecular pathways to HPV related malignancy may
be influenced by anatomical location.

In our study, the percentage of p53 positive cells in CIN
lesions was not statistically higher than that of non-CIN
lesions, or of normal mucosa of CIN samples. This may imply
different stabilisation of p53 protein in the CINs. The
expression of p53 protein in the non-CIN lesions and normal
mucosa may have been contributed by normal p53 that is
somehow abnormally stabilised or increased to the detectable
level.

Ki-67 is present in all phases of the cell cycle except the G0
phase. Ki-67 immunohistochemical analysis has been applied
in the histopathological diagnosis of malignant
tumours.22 46 47 An increase of Ki-67 positive cells was seen
from the normal to LSIL, and then to HSIL.24 Similar findings
have been recently reported in cases of conjunctival SCC and
intraepithelial neoplasia.25 According to Ohara et al, by
comparing tissue specimens obtained from patients with
SCC, CINs, and non-CIN lesions (pterygium), it was revealed
that the level of Ki-67 PI from highest to lowest was SCC .

CINs . pterygium. In our case series, the Ki-67 PI of high
grade CINs (44% and 48%) seemed higher than low grade
lesions (27.43%) (5.38%), but our sample size was too small.
We also found that the Ki-67 PI was statistically higher in
CINs than non-CIN lesions or normal conjunctiva. Judging
from these results, we hypothesise that Ki-67 PI may serve as
a diagnostic marker for CINs and might be an important
factor reflecting the malignancy grading. However, contra-
dictory results have also been reported.48 Mahomed and
Chetty investigated Ki-67 antigen expression rates in
conjunctival squamous neoplasia that ranged from mild
dysplasia to invasive carcinoma and reported a very low rate
of Ki-67 antigen expression, even in HIV+ cases.48 Our
explanation for this discriminative result is that different
clones of antibodies and different methods of antigen
retrieval procedure were used. In our experience, a proper

and complete antigen retrieval procedure is necessary for
successful immunohistochemical staining of Ki-67. An
inadequate antigen retrieval procedure may lead to false
negative results. In our (autoclaved, 10 minutes) and Ohara’s
(microwave 95 C̊, 15 minutes) experiments, complete anti-
gen retrieval procedures were performed, but a different
procedure was accepted by Mahomed and Chetty (microwave
85 C̊, 10 minutes).25 48 Different related viruses may lead to
different pathogenic pathways in the same kind of pre-cancer
and cancer lesions. All of our CIN and SIL cases were HPV
related, but in Mahomed and Chetty’s report, only HIV status
was clarified. We believe that different case selection and
methodology may lead to these contradictory results.

This study revealed that the Ki-67 PI, which correlates well
with the histopathological diagnosis of CINs, may be a useful
marker for their clinical diagnosis. We also demonstrated
new evidence that the molecular pathways leading to HPV
related malignancy may be influenced by anatomical loca-
tion. Further studies and more cases are needed to clarify the
relation between Ki-67 PI, histopathological grading, mole-
cular aetiology and clinical prognosis.
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