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The p16 protein (p16) is a cyclin-dependent kinase
(CDK) inhibitor that decelerates the cell cycle by in-
activating the CDKs that phosphorylate retinoblas-
toma (Rb) protein. Recent biological studies have re-
vealed that p16 expression is markedly influenced by
the status of Rb expression, and p16 overexpression
has been demonstrated in cervical cancers because of
functional inactivation of Rb by human papillomavi-
rus (HPV) E7 protein. To clarify the relationship be-
tween p16 overexpression and HPV infection in cer-
vical carcinogenesis, immunohistochemical analysis
of p16 and detection of HPV by in situ hybridization
and polymerase chain reaction were performed on
139 formalin-fixed and paraffin-embedded samples of
cervical and genital condylomatous and neoplastic
lesions. Marked overexpression of p16 protein, ie,
diffuse and strong immunostaining, was observed in
all cervical cancers and preneoplastic lesions with
infection by high- and intermediate-risk HPVs, ie,
subtypes 16, 18, 31, 33, 52, and 58. Condylomata
acuminata and low-grade squamous intraepithelial le-
sions with infection by low-risk HPV such as HPV-
6/11 showed focal and weak immunohistochemical
staining for p16. Our results clearly showed that the
mode of p16 expression in lesions with high- and
intermediate-risk HPVs differed from its expression
in lesions with low-risk HPVs and thus might be at-
tributable to differences in functional inactivation of
Rb protein by different HPVs. (Am J Pathol 1998,
153:1741–1748)

Many studies have shown that human papillomavirus
(HPV) infection plays an important role in cervical carci-
nogenesis.1 In fact, HPV infection has been detected in
almost all preneoplastic and neoplastic lesions of the
cervix. Recent extensive studies have revealed the exis-
tence of more than 70 subtypes of HPV, of which approx-
imately 20 can infect the cervical epithelium and give rise

to various lesions of the cervix.1–3 Moreover, each HPV
subtype has been shown to be associated with a different
risk of neoplastic transformation by cervical epithelial
cells, and the HPV subtypes have been classified into
three categories according to the risk: high, intermediate,
and low.2,3 HPV-16 and -18 are representative of high-
risk HPVs and are the most clinically important HPV sub-
types, because infection by these viruses has a marked
influence on outcome. HPV-31, -33, -35, -51, -52, and -58
are associated with intermediate risk for development of
cervical cancer and high-grade squamous intraepithelial
lesions (HSILs), whereas HPV-6 and -11 are classified as
low-risk HPVs and are usually associated with benign
hyperplastic lesions such as condylomata acuminata and
low-grade squamous intraepithelial lesions (LSILs).1–3

The reasons for the differences in oncogenic potential
of each HPV subtype in cervical carcinogenesis remain
unresolved. However, oncogenes E6 and E7 of HPV have
been suggested to play an important role in the differ-
ences in oncogenic potential of each HPV subtype in
cervical carcinogenesis.4,5 The oncoproteins encoded
by the E6 and E7 genes have the ability to bind host cell
regulatory proteins, especially tumor suppressor gene
products p53 and hypophosphorylated retinoblastoma
(Rb) protein (pRb).6,7 These changes may lead to deg-
radation of p53 by the E6 oncoprotein and to functional
inactivation of pRb through binding to the E7 gene prod-
uct.6,7 As a result of loss of tumor suppressor function, a
decrease in the p21 protein level and liberation of the
transcriptional factor E2F-1 from the E2F-Rb complex
may occur, allowing activation of cyclin-dependent ki-
nase and transcriptional activation of target promoters,
respectively.8–11

The CDKN2A gene product, p16 protein (p16), is a
tumor suppressor protein that inhibits cyclin-dependent
kinases (CDK)-4 and -6, which regulate the G1 check-
point.12,13 The CDKs phosphorylate pRb, which results in
a conformational change and release of E2F from the
pRb. Thus, inactivation of either p16 or pRb function
allows the cell to enter the S phase after only a pause at
the G1 checkpoint. Recent studies have revealed that
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pRb inactivation is usually reciprocal with p16 expression
in various cancers.14–23 However, our previous immuno-
histochemical study clearly demonstrated that both pRb
and p16 are co-expressed in cervical preneoplastic and
neoplastic lesions, in contrast to the neoplastic lesions of
other organs.24 In the present study, moreover, we dem-
onstrated the interrelationship between immunohisto-
chemical expression of p16 and infection with different
HPV subtypes in genital and cervical preneoplastic and
neoplastic lesions.

Materials and Methods

Cell Lines and Tissue Specimens

Five established cell lines (four neuroblastomas and the
cervical cancer cell line SiHa) were fixed with 10% buff-
ered formalin for 24 hours at 4°C and embedded in
paraffin. The cell blocks embedded in paraffin were used
to examine the specificity of the anti-p16 antibodies used
in this study. Two of the four neuroblastoma cell lines,
TGW and LAN1, were known to be positive for p16 ex-
pression, but the other two cell lines, LAN2 and NB69,
were devoid of p16 expression due to transcriptional
inactivation by methylation of the promoter region or for
unknown reasons.25 Overexpression of p16 in the HPV-
16-positive SiHa cells was previously confirmed by West-
ern blotting.26

A total of 139 lesions, including 28 genital condylomata
acuminata, 57 low- and high-grade squamous intraepi-
thelial lesions (20 LSILs and 37 HSILs) of the cervix, and
54 invasive cervical carcinomas were randomly selected
from the pathology files of Gunma University Hospital.
The sites and numbers of the condylomata acuminata
were as follows: anus, 3; penis, 13; vulva, 10; and vagina,
2. Of the 54 invasive carcinomas, 27 were invasive squa-
mous cell carcinomas of either the keratinizing or nonke-
ratinizing large-cell type, 12 were microinvasive squa-
mous cell carcinomas, 9 were adenocarcinomas, and the
remaining 6 were adenosquamous carcinomas.

HPV Typing by in Situ Hybridization and
Polymerase Chain Reaction

All samples were investigated for the presence of HPV
types 6 and 16 DNAs by the highly sensitive in situ hy-
bridization (ISH) technique as described in our previous
paper.27 Briefly, formalin-fixed and paraffin-embedded
blocks that had been used for routine pathological diag-
nosis were used for the ISH study. DNA probes for HPV-6
and -16 were prepared by nick translation of purified
pBR322 plasmids containing HPV-6 or -16 DNA (kindly
provided by Dr. H zur Hausen, German Cancer Research
Center, Heidelberg, Germany) with biotin-11-deoxyuri-
dine triphosphate (Bioprobe, ENZO, NY). After hybridiza-
tion, the streptavidin-peroxidase reaction was performed
and followed by signal amplification with biotinylated
tyramide.27,28 Finally, the hybridization signals were visu-
alized by the benzidine reaction.

The ISH signal patterns for HPV were classified as
three different morphological types, according to Cooper
et al29,30: diffuse, dot, and mixed. Diffuse, dot, and mixed
ISH signal patterns have been reported to correspond to
episomal, integrated, and both episomal and integrated
forms of HPV DNA, respectively.29

After the ISH analysis of all samples was completed,
those that failed to show either HPV-6 or -16 DNA were
further studied for the presence of HPV DNA by the
polymerase chain reaction (PCR) with consensus primers
in formalin-fixed and paraffin-embedded tissues. Details
regarding DNA extraction from the paraffin blocks and
the PCR assay for detection and typing of HPVs are
described elsewhere.31 The consensus primers, L1C1/
L1C2 for the L1 region of HPV (L1C1; 59-CGTAAACGTTT-
TCCCTATTTTTTT-39 and L1C2; 59-TACCCTAAATAC-
CCTATATTG-39), which allowed amplification and
identification of at least nine types of genital HPV DNA,
were used in this study.31,32 The amplified HPV frag-
ments were typed on the basis of restriction fragment
length polymorphism (RFLP) by using three restriction
enzymes, RsaI, DdeI, and HaeIII.32

Figure 1. Immunohistochemical staining using anti-p16 antibody JC8 in cell
lines. A and B: Diffuse and strong staining was observed in SiHa (A) and
LAN1 cells (B) with intact p16 expression. C: LAN2 cells with inactivated p16
gene by hypermethylation showed no positive staining. D: NB69 cells that
had lacked p16 expression by Western and Northern blotting showed almost
no expression, but a few positive cells were observed.
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Immunohistochemistry for p16

Sections 4 mm thick on silane-coated glass slides were
dewaxed by passage through xylene, and the endoge-
nous peroxidase activity was blocked with 0.3% H2O2/
methanol. The slides were then rehydrated with 0.01
mol/L sodium phosphate/citrate buffer, pH 8.0, micro-
waved at 90°C for 15 minutes for antigen retrieval, and
then left to cool for 15 minutes. After rinsing in 0.01 mol/L
phosphate-buffered saline (PBS), pH 7.4, nonspecific an-
tibody binding was reduced by incubating the sections
with 10% normal horse serum in PBS for 30 minutes. After
decanting excess serum, sections were incubated over-
night at 4°C with a mouse monoclonal antibody that rec-
ognizes an epitope in the first ankyrin repeat (amino
acids 1 to 32) of the p16 protein (JC8, 1:500 dilution with
PBS).24,33,34 After washing thoroughly with PBS, the
slides were incubated with biotinylated horse anti-mouse
IgG for 30 minutes followed by a 1:100 dilution of the
avidin-biotin-peroxidase complex (Vectastain, Vector
Laboratories, Burlingame, CA) for an additional 30 min-
utes. Peroxidase was then visualized with 0.02% 3–39-
diaminobenzidine tetrahydrochloride containing 0.005%
H2O2 in 50 mmol/L ammonium acetate/citric acid buffer,
pH 6.0. Finally, the sections were counterstained lightly
with hematoxylin.

The staining pattern for p16 was graded in each lesion
as follows: negative, 0 to 5% cells stained positive; focal/
scattered positive, fewer than 80% cells stained positive;
diffuse positive, more than 80% cells stained positive.
This scoring system was devised based on the results in
normal or reactive cervical specimens where anti-p16
antibody did not stain at all or only weakly stained a small
subset of proliferating cells, such as fibroblasts, capillary
endothelial cells, and histiocytes.24

Three anti-p16 antibodies, JC8 plus two commercially
available antibodies (polyclonal anti-p16 from Pharmin-
gen, San Diego, CA; DCS-50.1, a mouse monoclonal
anti-p16 from NeoMarkers, Fremont, CA), were used to
immunohistochemically check 4-mm-thick sections pre-
pared from the cell lines for the specificity of p16 staining.

Results

Immunohistochemical Staining for p16 in
Cell Lines

To check the specificity of the three antibodies for p16,
we performed immunostaining for p16 in five cell lines in

which the status of p16 expression has been well char-
acterized. Strong and diffuse p16 immunoreactivity was
demonstrated with JC8 monoclonal antibody in three cell
lines, SiHa (Figure 1A), TGW, and LAN1 (Figure 1B), but
LAN2 cells were completely devoid of p16 immunoreac-
tivity (Figure 1C). Most NB69 cells were negative for p16,
but a small number of p16-positive NB69 cells were seen
in clusters (Figure 1D). Immunohistochemical staining for
p16 with a mouse monoclonal anti-p16 antibody (Neo-
Markers) showed results similar to those obtained with
JC8 antibody. All cell lines stained diffusely for p16 with
polyclonal antibodies purchased from PharMingen.
Therefore, JC8 was found to be reliable in its immunohis-
tochemical specificity and was therefore used for analy-
sis of all clinical specimens.

Detection and Typing of HPV in Cervical and
Genital Lesions

ISH for HPV-6 and -16 DNAs was carried out on all
specimens, and as shown in Table 1, 56 demonstrated
signals for HPV-16 DNA in the nuclei of the tumor cells
and 34 demonstrated signals for HPV-6 DNA. ISH for
HPV-6 always detected HPV-11 DNA. Only one HSIL
showed positive signals for both HPV-6 and -16 in differ-
ent areas of the section.

ISH signals in the nuclei showed various patterns but
could be morphologically classified into diffuse, dots,
and mixed patterns. ISH signals for HPV-16 DNA showed
dots (Figure 2A) or mixed patterns in all invasive cervical
cancers. Among the squamous intraepithelial lesions
showing positive signals for HPV-16 DNA by ISH, all
LSILs and 12 of the 28 HSILs showed diffuse signals,
which were usually seen in nuclei located from the middle
to the superficial layer of the cervical dysplastic epithe-
lium, especially in the cells showing koilocytotic changes
or with marked nuclear pleomorphism. However, the re-
maining 16 HSILs positive for HPV-16 DNA had dotted or
mixed signal patterns (Figure 2C). The ISH signals in the
LSIL and condylomatous lesions positive for HPV-6/11
DNA, on the other hand, showed a diffuse or mixed
pattern (Figure 2E).

Among the remaining 49 lesions, in which neither HPV-
6/11 nor -16 DNA could be detected by ISH, a combina-
tion of PCR and RFLP analysis revealed various HPV
subtypes, including HPV-16. There were four cervical
cancer lesions with HPV-16, six lesions with HPV-52, five
with HPV-33, six with HPV-18, two with HPV-31, two with

Table 1. Results of HPV Typing in Condylomas and Cervical Neoplasms

Cervical lesions (n) HPV-6/11 HPV-16 Other types HPV negative

Condylomata acuminata (28) 28 (28) 0 ND ND
LSIL (20) 6 (6) 7 (7) 7* ND
HSIL (37) 0 28 (28)† 9‡ ND
Cervical cancer (54) 0 25 (21) 12§ 17

Shown in parentheses are the numbers of positive cases with ISH. ND, no data.
*Three of HPV-52, one of HPV-33, one of HPV-18, and two of unknown type.
†One case showed simultaneous HPV-6 and -16 infection by ISH in different areas of the same section.
‡Three of HPV-33, two of HPV-52, one of HPV-31, one of HPV-58, and two of unknown type.
§Five of HPV-18, one of HPV-33, one of HPV-31, one of HPV-52, one of HPV-58, and three of unknown type.
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Figure 2. ISH for HPV (A, C, and E) and immunohistostaining for p16 (B, D, and F). A and B, C and D, and E and F are in the same areas of each lesion. A and
B: HPV-16-positive cervical cancer case. A: ISH pattern showing the dot-type signals. B: Clear and distinct positive staining for p16 was seen throughout the nuclei
and cytoplasm of the tumor cells. No positive staining was seen in the stroma. C and D: HPV-16-positive HSIL case. C: ISH pattern showing a mixture of dotted
and diffuse signals. D: Intense and diffuse p16 reactivity in both nuclei and cytoplasm was confined to the dysplastic lesion. E and F: HPV-6-positive condyloma
acuminatum case. E: ISH pattern showing a mixture of many diffuse signals and a few dots. F: Positive stained tumor cells were heterogeneously scattered among
the many negative cells within the lesion.
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HPV-58, and seven with unknown HPV types. No HPV
DNA was detected in the remaining 17 cancers by PCR in
this study, and they were therefore regarded as HPV
negative. The 17 HPV-negative cancers included 9 ade-
nocarcinomas (7 endocervical-gland-type adenocarcino-
mas and 1 clear-cell adenocarcinoma and mucinous car-
cinoma each) and 1 adenosquamous cell carcinoma.
The relationship between the histopathological diagnosis
of the lesions and their HPV subtype is summarized in
Table 1.

Immunohistochemical Staining for p16 in
Cervical and Genital Lesions

Immunohistochemical analysis for p16 was performed in
all 139 specimens investigated with JC8 in this study, and
the results in relation to HPV subtype are summarized in
Table 2. In the lesions judged to be diffusely positive,
almost all neoplastic cells were strong and homoge-
neously positive for p16, whereas most lesions consid-
ered to be focal/scattered positive contained fewer than
30% neoplastic cells showing weak p16 immunostaining.
In general, immunoreactivity for p16 was not detected in
the non-neoplastic epithelia or in mesenchymal cells, but
variable weak immunoreactivity for p16 was occasionally
seen only in the nuclei and cytoplasm of proliferating
fibroblasts, endothelial cells, some inflammatory cells
surrounding the cancer tissue, and hyperplastic endo-
cervical glands. These non-neoplastic cells were always
weakly stained, and immunoreactivity was seen in only a
small subset of the cells, but this served as an internal
positive control when lesions were judged negative for
p16 immunostaining. However, strong and diffuse immu-
noreactivity for p16 was uniformly observed in both the
nuclei and cytoplasm of all HSILs and invasive cancer
lesions as well as those of many LSILs, in marked
contrast with non-neoplastic tissues (Figure 2, B and D).
In most condylomas and approximately one-third of
LSILs, p16 immunoreactivity was focal and scattered
(Figure 2F).

Strong and diffuse immunostaining for p16 was seen in
various cervical lesions infected with HPV-16 and other
HPV subtypes, namely, HPV-18, -31, -33, -52, and -58
and unclassified subtypes. As an exception, only one
unclassified HPV subtype was detected in one LSIL in
which p16 immunoreactivity was focal and weak. On the
other hand, 32 of 34 lesions positive for HPV-6 showed
heterogeneous focal immunostaining of the tumor cells
for p16. Weakly p16-positive tumor cells were sparsely

scattered or sometimes focally clustered within these
lesions. The remaining two specimens were completely
negative for p16. Diffuse, strong p16 staining, similar to
that seen in the lesions positive for HPV-16 and other HPV
subtypes, was not observed in HPV-6-positive lesions. In
a unique HSIL case in which ISH demonstrated simulta-
neous HPV-6 and -16 infection in different areas, p16
immunoreactivity was clearly shown to be strong and
diffuse in the HPV-16-positive area but completely absent
in the HPV-6-positive area. The border between the areas
of infection by the different HPV subtypes demonstrated
by ISH and p16 protein immunoreactivity was clear and
distinct (Figure 3).

On the other hand, 12 of the 17 HPV-negative cancer
cases also demonstrated strong and diffuse p16 protein
immunoreactivity, and the remaining 5 cases showed
focal to negative staining for p16. Interestingly, these five
cases that lacked p16 protein immunoreactivity con-
sisted of four adenocarcinomas (including one case each
of clear-cell adenocarcinoma and mucinous carcinoma)
and one adenosquamous carcinoma of the cervix.

Discussion

The p16/cyclin D1/cdk4/pRb cell cycle regulatory cas-
cade is central to regulation of the G1-to-S phase transi-
tion and to understanding human cancers. HPV infection
is critically involved in cervical carcinogenesis and plays
an important role in the p16/cyclin D1/cdk4/pRb cell cy-
cle regulatory cascade by binding of its oncoproteins E6
and E7 to tumor suppressor genes p53 and pRb, respec-
tively.4–7 In cervical cancers, loss of p53 function is the
most frequently observed and best characterized epige-
netic alteration caused by p53 protein degradation as a
result of HPV E6 protein binding.6 These p53 alterations
have been shown to influence the p16/cyclin D1/cdk4/
pRb cell cycle regulatory cascade indirectly by altering
p21 function. In the p16/cyclin D1/cdk4/pRb cell cycle
regulatory cascade, the correlation between pRb and
p16 is obvious in various cancers. Various cancers with
mutation or deletion of the Rb gene show overexpression
of p16, and a reciprocal correlation between pRb and
p16 has been established.14–17,21,22 The Rb gene in
cervical cancers has been shown to be functionally inac-
tivated as a consequence of HPV E7 protein expression.7

Rb and CDKN2A/p16 gene alterations are infrequent
events in cervical cancer.11,35–37 Experimental studies
have demonstrated not only p16 overexpression in
established cervical cancer cell lines but also marked
enhancement of p16 expression in immortalized human
ectocervical cells by HPV-16 and -18.26,38 These studies
have also suggested that inactivation of the p16/cyclin
D1/cdk4/pRb cell cycle regulatory cascade by HPV
occurs during the early immortalization step in cervical
carcinogenesis, but not during late malignant trans-
formation.38

The present and our previous immunohistochemical
studies have clearly demonstrated that p16 is strongly
expressed in almost all cervical cancers and that immu-
noreactivity for pRb is also preserved.24 This finding in

Table 2. Results of Immunohistochemical Analysis of p16 in
Association with HPV Type

Number of
cases Diffuse

Focal/
scattered Negative

HPV-6/11 34 0 32 2
HPV-16 60 60 0 0
Other types 28 27 1* 0
HPV negative 17 12 3 2

*LSIL case of unknown HPV type.
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cervical cancer is in contrast to the results of previous
studies in other cancers: immunoreactivity for p16 has
been reported to be inversely correlated to immunoreac-
tivity for pRb in cancer of the lung, breast, and blad-
der.14–17,21,22 Cervical cancers are different from other
cancers in regard to the status of Rb tumor suppressor
function; ie, Rb tumor suppressor function is thought to
be functionally inactivated by HPV oncoproteins, result-
ing in p16 overexpression in cervical cancer.26,38 Re-
cently, HPV-associated tonsillar carcinomas have also
been demonstrated to overexpress p16 by both Western
blotting and immunohistochemical methods.39

The monoclonal antibody JC8 used in this study has
already been used for immunohistochemical analysis of
p16 expression in glioblastomas and lung cancers, in
which p16-positive immunostaining can exclude inactiva-
tion of the p16 gene by deletion and methylation.33,34 Our
immunohistochemical study using this antibody clearly
demonstrated strong p16 expression in cervical and gen-
ital lesions, including cervical cancers. Also, the immu-

nohistochemical specificity of JC8 against p16 was
clearly certified using five known cancer cell lines, in
which the status of p16 expression had already been
determined by molecular biological techniques.25,26 In-
terestingly, JC8 showed focal strong reactivity in some
NB69 cells that did not express p16 on Northern and
Western blots.25 The results seemed to be due to the high
sensitivity of JC8 immunohistochemistry on individual
cells beyond the limit of detection by molecular tech-
niques. The results suggest that heterogeneity of p16
expression among tumor cells is present even in estab-
lished cell lines; however, additional studies are required
to explain this phenomenon. In this study, monoclonal
antibody JC8 failed to detect p16 immunoreactivity in
most normal cells. Immunoreactivity for p16 in the nuclei
and cytoplasm of tumor cells was more distinctive and
intense than in the non-neoplastic mucosa and glands
within the same sections. However, the lack of p16 im-
munoreactivity does not necessarily imply loss of p16
expression; ie, lack of p16 immunoreactivity may not

Figure 3. HSIL case double positive for HPV-16 and -6 in different areas within the same section. A: ISH for HPV-16. B: ISH for HPV-6. C and D: Immunostaining
for p16 in the same lesion. Diffuse and intense staining corresponding to the HPV-16-positive lesion was seen (left side of the lesion), whereas the HPV-6-positive
lesion was negative for p16 expression (right side; C). D: Higher magnification of the border between the positive and negative staining.
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reflect gene inactivation but may represent a physiolog-
ical normal state in non-neoplastic or nonproliferating
cells.33,40 In most normal cells, p16 expression is known
to be low at both the mRNA and protein levels.14,22,33,40

In this regard, expression of p16 may be detectable
immunohistochemically only when p16 is physiologically
up-regulated, especially in cervical and genital lesions.
The p16 immunonegativity only in proliferating neoplastic
cells may indicate inactivation of the gene by deletion or
methylation, although the presence of a low level of p16
cannot be ruled out completely.

No HPV DNA was detected in 17 cervical cancers by
either PCR or ISH in this study, and 5 of these cancers did
not show strong, diffuse immunostaining for p16. The
high rate of HPV negativity (17/54) may be due to the bias
in our series, which included many cases of adenocarci-
noma or related subtypes. All of the 17 HPV-negative
cases were confirmed immunohistochemically to express
Rb,24 and thus an inverse correlation between p16 and
Rb was seen only in the 5 cases in which diffuse p16
staining was not seen, which may indicate inactivation of
the p16 gene. There were no p16-negative cases in the
high-risk HPV group. Overexpression of p16 in the re-
maining 12 cancers negative for HPV may have been due
to false negative results for HPV in this study caused by
loss of a subgenomic region on the HPV DNA, by a very
low HPV copy number that was below the limit of detec-
tion by our PCR method, or by the presence of a novel
unknown HPV subtype.31,32,41

In this study, we demonstrated that p16 immunostain-
ing patterns are markedly different in cervical cancers
infected with low-risk and high- or intermediate-risk
HPVs. The strong immunoreactivity for p16 in various
cervical lesions suggested that deletion or mutational
inactivation of the p16 gene is infrequent and that up-
regulation or overexpression of the p16 gene occurs in
cervical carcinogenesis. Our observation that p16 immu-
nostaining differed in cervical lesions with low-risk and
high-risk HPVs may be attributable to the difference in
functional inactivation of pRb. The results of previous
studies have indicated that viral oncoproteins of low-risk
HPV such as HPV-6 have no effect on p16/cyclin D1/
cdk4/pRb complexes, because the affinity of HPV-6 E7
protein for cellular pRb is 10-fold lower than that of
HPV-16 E7 for pRb.42–45

Our immunohistochemical study suggested the possi-
ble usefulness of p16 protein as a marker to differentiate
high- and intermediate-risk-HPV-related neoplastic le-
sions from low-risk-HPV-related lesions in the cervix. It
was particularly noteworthy that p16 staining appears to
be most useful in LSIL cases, which may contain low-
or high-risk HPV, because the lesions would progress to
HSIL or cancer if they were caused by high-risk
HPV.2,3,32 In this study, diffuse and strong p16 immuno-
reactivity was so highly specific and sensitive among the
high- and intermediate-risk-HPV-related lesions that its
overexpression in cervical precursor lesions, especially
in LSILs, may provide valuable information regarding
the HPV subtype infecting the lesions without the need
for molecular techniques such as PCR, Southern blotting,
or ISH.

In conclusion, p16 is overexpressed in most cervical
lesions, and the status of its immunoreactivity allows dif-
ferentiation between infection with low-risk HPVs and
high- or intermediate-risk HPVs.
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