








the hypothesis that HPV DNA integration
into the host DNA results in disruption of
the E1/E2 open reading frames with loss of
the E2-controlled regulation of E6 and
E7.12

The direct relationship between the
grade of cervical dysplasia and the inten-
sity of p16INK4a staining has been well
established in recent years. However,
significant variability remains in the
reported percentages of CIN grades that
are immunoreactive for p16INK4a. Most
studies report negative to minimal
p16INK4a staining in normal or reactive
cervical biopsy specimens, with the great-
est variability in the number of low-grade
CIN lesions that are p16INK4a positive.
Although most studies report nearly
90–100% p16INK4a positivity in high-grade
CIN lesions,19–21 24 32 33 some investigators
report up to 15–30% of high-grade CIN
that are negative for p16INK4a.18 34

Accordingly, while a specific indicator of
CIN, a negative result for p16INK4a does
not exclude the presence of CIN. The
p16INK4a immunohistochemistry there-
fore plays an adjunctive/supportive role
in conjunction with the morphological
interpretation. Improvement in the het-
erogeneity of p16INK4a immunoexpression
could come from: (1) more uniform
morphological categorisation of CIN; (2)
standardisation in the scoring of p16INK4a

immunoexpression (positive vs negative,
nuclear and/or cytoplasmic staining, dis-
tribution within the epithelium); and (3)
standardisation of the antibody clone
used.

Patterns of p16INK4a immunostaining
LG-SIL (CIN 1) shows a characteristic
focal to diffuse staining of p16INK4a

within the lower one-third to half of the
epithelium.20 HG-SIL (CIN 2 and 3)
typically shows intense, diffuse staining
for p16INK4a in the upper two-thirds to
full-thickness of the epithelium (figs 4F
and 5C). Heterogenous staining has been
reported in CIN 1 lesions with a range of
positive LG-SIL cases ranging from 31%

to 100%.18 20 33 34 This heterogeneity may
reflect the varying percentage of CIN 1
lesions harbouring HR HPV virus. Despite
these differences, we reserve the role of
p16INK4a immunohistochemistry as a
potential marker of dysplasia in difficult
lesions (eg, CIN 1 vs atypical squamous
metaplasia), with the caveat that negative
results does not exclude dysplasia.
Nevertheless, heterogeneous p16INK4a

immunoreactivity has been reported in
CIN 1 lesions, and its usefulness in this
setting is not well established.
Heterogeneity in immunostaining may
also represent a difference in potential
aggressiveness among low-grade lesions,
perhaps reflecting the different physical
states of the virus (ie, episomal vs
integrated). It is possible that the low-
grade lesions exhibiting higher levels of
p16INK4a immunoexpression could show a
greater proportion of integrated HPV and
may therefore be a useful potential
marker of LG-SILs at risk of progression.
Similarly, the dysplastic foci that are
negative for p16INK4a (fig 8) may repre-
sent lesions that are in the process of
regression with a potential for clearance
of the virus. Naturally, there is significant
difficulty in the interpretation of an
evolving process through a single static
picture, emphasising the role of multiple
adjunctive modalities in the diagnosis of
CIN.

Use of HPV in situ hybridisation
In situ hybridisation (ISH) can detect HPV
within a morphological context and has
been used as an indicator of HPV physical
status within the host cell. HPV infection is
initiated with episomal virus. This state is
characterised by a diffuse ISH signal,
correlating with the productive phenotype
of HPV and the koilocytic changes seen in
low-grade cervical dysplasia.7 HPV DNA
integration has been found to be a good
marker of high-grade lesions and invasive
cervical carcinoma, and this event is
characterised by a nuclear dot-like, or
punctate, ISH signal.9 33 In a study of ISH

signal patterns obtained using a highly
sensitive tyramide-based ISH assay of 22
CIN 2/3 lesions and 26 CIN 1 lesions, all
CIN 2/3 lesions (100%) exhibited basal
punctate signals (ie, integrated virus;
fig 9).9 In contrast, only 5 of 26 (25%)
CIN 1 lesions exhibited basal punctate
signals, the majority of which were asso-
ciated with HR HPV types 16 and 18.9 It has
been widely hypothesised that acquisition
of integrated virus (especially in the basal
cell layer) is critical for the development of
a high-grade lesion through disruption of
the HPV E1/E2 open reading frames.9 12

Examination of the physical status of the
virus within a morphological/histopatho-
logical context is a valuable adjunct to the
diagnosis of CIN. Indeed, evidence of viral
integration through ISH (ie, punctate
signal pattern) could prove to be a poten-
tial predictor of aggressive behaviour in
these lesions and deserves further study.

Use of proliferation marker Ki-67
The Ki-67 antigen detects cells in all active
phases of the cell cycle and has been used
as an indicator of CIN. Expressed normally
in the parabasal cells of mature squamous
epithelium, qualitative evaluation of Ki-67
cells involving the upper two-third of the
epithelium has been reported to have
improved specificity in detecting CIN
(fig 2B, D).19 21 35 36 As Ki-67 shows only
sporadic focal staining of the basal/para-
basal cells in atrophic biopsies (fig 6B), it is
extremely helpful in distinguishing
between cervical atrophy and high-grade
dysplasia. Although being a sensitive mar-
ker of cervical neoplasia, the increased
proliferation seen on Ki-67 must be inter-
preted with caution while examining reac-
tive, inflammatory lesions. Maloriented
specimens may also present difficulties in
interpretation with denuded superficial
aspects of the squamous epithelium, or if
the basal and parabasal zones are tangen-
tially sectioned. In addition, hormonal
influences can effect Ki-67 staining in
cervical epithelial cells with increased
positivity in parabasal cells during the
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Figure 8 Low-grade squamous intraepithelial lesion (LG-SIL) (CIN 1): (A) H&E-stained section exhibiting marked human papillomavirus-associated
koilocytic changes; (B) Ki-67 immunohistochemistry showing positivity restricted to the lower half of the epithelium; and (C) negative p16INK4a

immunohistochemistry.
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luteal phase of the menstrual cycle and
during pregnancy.37 38

A detailed discussion of the sensitivity
and specificity of surrogate markers Ki-67
and p16INK4a in the diagnosis of SIL,
whether used in combination or alone, is
deferred to a more extensive review else-
where.39 Although a highly specific marker
of HG-SIL, focal immunostaining for
p16INK4a has been reported in reactive and
metaplastic lesions of the cervix, leading to
the potential for false positives. In contrast,
Ki-67 is a sensitive marker of HG-SIL, but
lacks significant specificity, especially in the
setting of inflammatory, reactive lesions.
When resorting to ancillary studies in
difficult cervical lesions, we always use
both immunomarkers in conjunction with
the morphological impression. Of the
approximately 1000 colposcopically guided
cervical biopsies we examined in 2005, we
used ancillary studies (p16INK4a and Ki-67
immunohistochemistry) in approximately
10% of cases.

SUMMARY
Morphological analysis remains the ‘‘gold
standard’’ in the diagnosis and grading of
CIN; however, recently, immunohisto-
chemical markers such as p16INK4a and
Ki-67 have emerged as helpful adjuncts to
the diagnosis. They have proven benefi-
cial in distinguishing high-grade cervical
dysplasia from its benign mimics such as
cervical atrophy, immature squamous
metaplasia and reactive inflammatory
lesions. As no ancillary test attains 100%
sensitivity or specificity, we advocate the
combined use of p16INK4a and Ki-67 in
lesions that are morphologically suspi-
cious for CIN. The utility of these markers
in CIN screening has not been estab-
lished. Their use in conjunction with
possible ISH for HPV (episomal vs inte-
grated signal patterns) has been shown to
improve diagnostic accuracy and signifi-
cantly reduce interobserver variability.31

Further large-scale studies are needed to
examine the clinical usefulness of
p16INK4a immunostaining and HPV ISH

signal patterns, alone or in combination,
in identifying CIN 1 lesions at higher risk
of progression.
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Take-home messages

N Morphological analysis remains
the ‘‘gold standard’’ in the grad-
ing of cervical intraepithelial neo-
plasia (CIN), but significant
intraobserver and interobserver
variability in the diagnosis of
CIN still exists.

N Potential benign mimics of high-
grade cervical dysplasia (CIN 2
and 3) include basal-cell hyper-
plasia, immature squamous meta-
plasia, reactive/inflammatory
lesions and squamous atrophy.

N Surrogate markers such as immu-
nohistochemistry for p16INK4a

and Ki-67 have been shown to
improve diagnostic accuracy and
reduce interobserver variability.

N We support the combined use of
p16INK4a and Ki-67 immunohis-
tochemistry in lesions that are
morphologically suspicious for
CIN.
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