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Abstract Inactivation or down-regulation of the cell-
cycle inhibitors pl6MTSL p21WAFL and p27KIPLl s in-
volved in the carcinogenesis of various human tumors. In
cervical squamous cell carcinomas that are associated
with human papillomavirus (HPV) infection, the expres-
sion or function of these proteins is impaired by the ac-
tion of viral oncoproteins E6 and E7. Comparably lessis
known about the role of these cyclin-dependent kinase
inhibitors in cervical adenocarcinomas, 15-40% of
which are HPV negative. Therefore, we studied the ex-
pression of pl6MTSL p2IWAFL and p27KIPl by immuno-
histochemistry in 60 cervical adenocarcinomas. HPV in-
fection was determined by PCR, and HPV 16 and 18
E6/E7 oncogene expression was analyzed by RNA-RNA
in situ hybridization. We found significant correlations
of strong p16 expression with HPV 16/18 infection and
HPV 16/18 E6/E7 oncogene expression (P=0.001). Mod-
erate or strong pl6 expression was also observed in 41%
of HPV-negative carcinomas, indicating that HPV-inde-
pendent mechanisms might also lead to pl6 overexpres-
sion. In addition, stronger p21 and p27 expression was
significantly associated with the detection of HPV 16 or
18 E6/E7 transcripts (P=0.015 and 0.030, respectively).
Obviously, the tumor suppressor action of these proteins
can be overcome in HPV-positive lesions. In contrast, ab-
sent or low pl6, p21, and p27 immunostaining was ob-
served in most HPV-negative cervical adenocarcinomas
and might contribute to carcinogenesis in these tumors.
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Introduction

Our knowledge about the etiology of cervical cancer has
dramatically increased during the last 20 years. It is now
widely accepted that nearly 100% of cervical squamous
cell carcinomas (SCC) are associated with certain high-
risk human papillomavirus types, mainly HPV 16, 18,
31, 33, 35, 45 [34]. Malignant transformation of the cer-
vical epithelia cells is associated with expression of the
viral oncogenes E6 and E7 with dramatic implications
for cell cycle regulation, differentiation, and genomic
stability [32, 40].

Cervical adenocarcinomas represent 15-25% of all
cervical carcinomas [10, 16]. In contrast to SCC, HPV 18
is the most common HPV type in cervical adenocarcino-
mas, and 15-40% of these tumors are not associated with
papillomavirus DNA [6, 21, 26]. The etiology of these
HPV-negative cases is still unknown. Activation of on-
cogenes (i.e. K-ras) or inactivation of tumor-suppressor
genes (i.e. p53) has only been detected in a small frac-
tion of these carcinomas[11, 22].

Cyclin-dependent kinase (cdk) inhibitors are impor-
tant negative regulators of cell cycle progression. After
binding to cdk—cyclin complexes in the G1 phase of
the cell cycle, they block the kinase activity of cdk’s,
preventing phosphorylation of members of the Rb
gene family and transition to S phase [9, 37]. P16 (ad-
ditional names: MTS1 for “multiple tumor suppressor
1" or CDK4l for “CDK4-inhibitor”), the product of
the ink4a gene, specifically binds to cyclin D—cdk4/
cdk6 complexes. Loss of this cell-cycle inhibitor by
homozygous deletion of the gene, mutation or pro-
moter hypermethylation is observed in several human
tumors: many pancreatic carcinomas, bladder carcino-
mas, T-ALL, familial melanomas, etc. [27]. In con-
trast, strong p16 overexpression was observed in cervi-
cal squamous intraepithelial lesions (SIL) and squa-
mous cell carcinomas which are associated with high-
risk HPV types [28], indicating that the suppressor
function of p16 can be overcome in the presence of
viral oncogenes.
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The cdk inhibitors p21/WAF1 and p27/KIP1 are able to
bind in aless selective manner to various cdk—cyclin com-
plexes [9]. Both cell-cycle inhibitors are bound and inacti-
vated by HPV E7 proteinsin experimental systems|[39].

P21 isinduced by p53 after DNA damage which leads
to adelayed cell cycle progression and leaves some time
for DNA repair processes [4]. In addition, activation of
various intracellular signaling pathways, i.e. MAPK cas-
cade or TGFI3, can lead to enhanced p21 expression.

P27 expression is mainly regulated post-translational -
ly by protein degradation via ubiquitin—proteasome com-
plexes. Strong p27 expression is found in most normal
epithelial cells, and p27 down-regulation is frequently
observed in several human tumor types [3, 31].

The role of pl16, p21, and p27 in the etiology of glan-
dular cervical carcinomas has not been well analyzed. In
a study without HPV analysis, Lu et al. [18] found en-
hanced expression of these cell-cycle inhibitors in most
cervical adenocarcinomeas relative to normal endocervical
glands. However, to enhance our understanding of the
role of these proteins in cervical cancer, the papillomavi-
rus infections which influence their expression or func-
tion should be considered. To compare the expression of
pl6, p21, and p27 with the HPV statusin cervical adeno-
carcinomas, we performed immunohistochemistry in 60
tumors. All cases were analyzed for HPV 16 and 18 in-
fection by PCR, and HPV 16 and 18 E6/E7 oncogene ex-
pression was studied by RNA-RNA in situ hybridization.

Materials and methods
Tissue samples

We studied paraffin-embedded tissue samples from 60 patients
(mean age 47 years, range 27-89 years) with cervical adenocarci-
nomas selected from the files of the Department of Gynecopatholo-
gy, University Clinics Hamburg, and the Division of Women's and
Perinatal Pathology at Brigham and Women's Hospital (Boston,
Mass.). All cases were re-classified by two pathologists indepen-
dently according to the most recent (1994) WHO criteria, and his-
tological subtyping was performed. The pathologists classified 45
tumors as FIGO stage | (1A: 7 cases, stage IB: 38 cases), 8 cases as
stage 11, and 5 carcinomas as stage 11 or IV. In 2 cases, staging
data were not available. The histological subtypes of the tumors
included in the study are shown in Table 2. All tissues had been
routinely fixed in 4% buffered formalin and paraffin embedded.

Detection of HPV infection and HPV 16/18 E6/E7
oncogene expression

HPV detection was performed by PCR after DNA extraction from
paraffin sections as described with general primers MY09/MY 11
[19] and type-specific primers for HPV 16, HPV 18, HPV 6/11
[26], and HPV 31 [20]. In order to analyze HPV 16 and 18 E6/E7
expression in the tumors, in situ hybridization with 35S-labeled
RNA probes was performed, and the results were evaluated as
described before [25, 26]. For statistical analysis, all HPV 16 and
18 E6/E7 RNA-positive cases were combined and compared with
those tumors without detectable HPV 16/18 oncogene expression.

Immunohistochemistry

P16 IHC was performed on paraffin-embedded tissue sections
after microwave pretreatment with the monoclona antibody

G175-405 (Pharmingen, Hamburg, Germany; 1:100) in an auto-
mated immunohistochemistry system (Ventana Medical Systems,
Strasbourg, France). Bound primary antibodies were detected
using an amplification kit and a detection kit (both Ventana Medi-
cal Systems). Expression of p21 and p27 was investigated manual -
ly with the monoclonal antibodies NCL-p27 (Novocastra; 1:50),
and SXM30 (Pharmingen, Hamburg, Germany; 1:150) after
microwave pretreatment of the tissue sections.

Immunoreactivity was evaluated by examination of staining in-
tensity (0: no staining; 1: weak staining; 2-3: intermediate and
strong staining intensity) and percentage of positive tumor cells
(0: no positive cells; 1: <10%; 2: 11-50%; 3: 51-80%; 4: >80%
positive tumor cells) by two independent persons. After multipli-
cation of both values, the IHC results were graded from 0 (no re-
activity in tumor cells) to 12 (more than 80% positive tumor cells
with strong staining intensity in the majority of the cells). For p16,
both nuclear and cytoplasmic immunoreactivity was evaluated,
whereas for p21 and p27, only nuclear staining was observed.

Statistics
Correlations of the data were examined by Chi-square statistics

and Fisher’s exact test using the SPSS 10.0 software. P-values of
0.05 or less were considered statistically significant.

Results

Sixty cases of cervical adenocarcinoma were included in
the study. By PCR, 17 tumors (28%) were HPV-negative,
22 carcinomas (37%) harbored HPV 18 DNA, 15 cases
(25%) were positive for HPV 16, whereas in 6 (10%) tu-
mors, HPV 16 and 18 DNA could be detected. HPV 6/11
and HPV 31 DNA were detected in none of the tumors.
In addition, none of the carcinomas was general primer-
positive, but negative for HPV 16 and HPV 18.

RNA-RNA in situ hybridization with 35S-labeled
probes from the E6/E7 region of the HPV 16 and
HPV 18 genomes was performed in 53 tumors. These
results have partly been described before [26]. In 20
cases (38%), no E6/E7 mRNA could be detected. There
were 24 carcinomas (45%) that were positive for HPV
18 mRNA, and 9 cases harboring HPV 16 mRNA (17%).
In 4 tumors infected with both HPV 16 and HPV 18 only
HPV 18 transcripts (n=4) could be detected. HPV infec-
tion and E6/E7 oncogene expression results are summa-
rized in Table 1, and an example of HPV 16 E6/E7 ISH
isshowninFig. 1A.

Table 1 Comparison of human papillomavirus (HPV) infection as
detected by PCR and HPV 16 or HPV 18 E6/E7 expression as de-
tected by RNA-RNA in situ hybridization (1SH)

HPV-DNA (PCR)

Negative HPV 16 HPV 18 HPV 16+18

n a7 (15) (22) (6)
E6/E7-RNA (ISH)

Negative 12 3 3 2
HPV 16 - 9 - -
HPV 18 2 - 18 4
ISH not done 3 3 1 -




Fig. 1 A HPV E6/E7 expression and B, E p16, C p21, and D, F
p27 immunostaining in cervical adenocarcinomas. A-D Well-dif-
ferentiated adenocarcinoma. x400 A HPV 16 E6/E7 oncogene ex-
pression shown by black grains over carcinoma cells. In the insert
region, hybridization signals were labeled green. B Strong nuclear
and cytoplasmic p16 expression in tumor cells, weak nuclear ex-
pression in single fibroblasts. C Moderate nuclear p21 expression
in tumor cells. D Strong nuclear p27 expression in tumor cells and
surrounding fibroblasts. E Well-differentiated cervical adenocarci-
noma with strong nuclear and cytoplasmic p16 immunoreactivity
in tumor cells. On the left, a normal endocervical gland without
detectable p16 staining is surrounded by several weakly positive
fibroblasts. x200 F Adenosquamous cervical carcinoma showing
very weak p27 expression in tumor cells and p27-positive nuclei
in several fibroblasts. x400

Evaluable pl6 results were obtained in 58 cervical
adenocarcinomas. In 50% of the cases (n=29), strong
p16 immunoreactivity (IHC 8-12) in tumor cells was ob-
served. In al pl6-positive cases, both nuclear and cyto-
plasmic staining were present in varying proportions
(Fig. 1B, E). Negative IHC results were obtained in only
8 cases (14%), among them mainly endometrioid and
mucinous tumors (Table 2), whereas weak pl6 staining
was shown in 21 carcinomas (36%). Some carcinomas
displayed strong heterogeneity with respect to staining
intensity and the percentage of p16-positive tumor cells.
Nuclear staining was observed in some stromal fibro-
blasts, whereas normal glandular or squamous epithelia
were always pl6 negative. In cases with positive p16 re-
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Table2 P16 expressionin cer-
vical adenocarcinomas; associ-
ations with HPV infection as
detected by PCR, HPV 16/18

p16 (IHC score)

0-2 37 8-12

E6/E7 expression, and histo-
logical type HPV-DNA (n=58)
Negative

HPV 16

HPV 18

HPV 16+18

E6/E7-mRNA (n=50)
Negative

Positive

Histological type
Endometrioid
Mucinous

Clear cell
Adenosquamous
Serous-papillary
Mixed differentiation
Intestinal
Undifferentiated
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Table 3 P21 and p27 expres-
sion in cervical adenocarcino-
mas; associations with HPV in-
fection as detected by PCR,

p21 (IHC score) p 27 (IHC score)

0 1-3 438 05 6-12

HPV 16/18 E6/E7 expression,
and histological type HPV-DNA (n=58)
Negative

HPV 16

HPV 18

HPV 16+18

E6/E7-mRNA (n=52)

Negative
Positive

17
15
22

20
32

Histological type
Endometrioid
Mucinous

Clear cell
Adenosquamous
Serous-papillary
Mixed differentiation
Intestinal
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sults, normal glands and neoplastic cells were clearly
distinguishable by their different p16 immunoreactivity
(Fig. 1E).

P16 expression was significantly associated with both
HPV 16/18 infection and HPV 16/18 oncogene expres-
sion (Table 2). Among the tumors with minimal or ab-
sent pl16 staining, 10 of 13 were HPV negative according
to PCR, and 7 of 9 had no detectable E6/E7 expression.
In contrast, strong pl6 expression was associated with
HPV infection (mostly HPV 18) and HPV 16/18 E6/E7
oncogene expression. No correlations of pl6 expression
with age, stage, or histological subtype were found.

P21/WAF1 expression showed an exclusively nuclear
pattern with 1-90% positive tumor cells in 60% (36/60)
of the cases, whereas 24 tumors (40%) were p21 nega-

tive (Table 3, Fig. 1C). Interestingly, mucinous, clear-
cell, and adenosguamous carcinomas were most often
p21 negative, athough the low numbers of cases in the
histological subgroups do not allow statistical analysis.
Normal glandular epithelia showed weak p21 staining in
10-30% of the cells. In squamous epithelia, moderate
p21 immunoreactivity in the suprabasal epithelial layers
was observed as described by others [38], and positive
nuclei were only sporadically found in stromal cells.

For statistical analysis, p2l-negative carcinomas,
tumors with weak p21 expression (IHC score 1-3) and
cases with higher p21 expression (IHC 4-12) were com-
bined. No correlation of p21 expression with age, stage,
histological subtype, or HPV infection as detected by
PCR was observed. In contrast, strong p21 immunore-



activity was significantly associated with HPV 16 or
18 E6/E7 oncogene expression (P=0.015; Table 3).

Nuclear p27 expression was observed in al analyzed
carcinomas with varying staining intensities and differ-
ent proportions of positive tumor cells (Fig. 1D, F).
Weak immunostaining was observed mainly in mucinous
and adenosquamous carcinomas. Normal endocervical
glandular epithelia cells and most stromal fibroblasts
and endothelial cells were p27 positive. In squamous
epithelia, negative or only weak p27 staining was found
in basal cells and the first suprabasal cell layer, but
strong p27 expression was detected in the outer epithe-
lial layers as described [38].

For statistical analysis, carcinomas with p27 expres-
sion in less than 50% of tumor cells and an IHC score of
<6 (n=17; 28%) were combined and compared with
those with >50% positive tumor cells (n=43; 72%). No
significant correlation of p27 expression with age, stage,
histological subtype, or HPV DNA detection results was
found (Table 3). However, in a similar way to p21, re-
duced p27 expression was significantly more often de-
tected in carcinomas without detectable HPV oncogene
expression (50%) than in HPV 16/18 E6/E7-positive
tumors (19%).

Discussion

In contrast to cervical squamous cell carcinomas, only
60-85% of the cervical adenocarcinomas are associated
with papillomavirus DNA [6, 21, 26], and the viral load
is often very low in glandular lesions. The percentage of
72% HPV-positive cases detected in our study after PCR
with general primers MY09/MY 11 and primers for HPV
16, 18, 6/11, and 31 is lower than that of a recent study
in which a highly sensitive short-fragment PCR was
used, where 83% HPV-positive invasive carcinomas were
found, among them 4% HPV45- and 1% HPV 35-positive
tumors [24]. These HPV types should have been detect-
able by general-primer PCR, but this method is not as
sensitive as type-specific PCR protocols, resulting in
smaller PCR products. Therefore, we cannot exclude the
possibility that single carcinomas that are weakly posi-
tive for HPV 45, 35, 52, etc. may have escaped our
approach, athough HPV 45 is less prevalent in Europe
than in North America[1].

The mechanisms of carcinogenesis in the HPV-nega-
tive cervical adenocarcinomas are still largely unknown.
Cyclin-dependent kinase inhibitors (CDKIs) play an im-
portant part in the regulation of cell cycle progression
and differentiation [9]. Inactivation of CDKIsisinvolved
in the etiology of various malignant tumors, i.e. breast
cancer, pancreatic carcinomas etc. [2, 3, 4, 5, 17, 27]. In
cervical carcinoma cells, cell-cycle regulation is disrupt-
ed by viral oncoproteins in various ways, i.e. binding and
inactivation of p53 by HPV E6 proteins and binding of
Rb, p21, and p27 by E7 oncoproteins [32, 39, 40]. If this
is a necessary condition for malignant transformation in
HPV-associated tumors, inactivation of cell-cycle-regula-
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tory proteins by HPV-independent mechanisms may be
involved in the etiology of the HPV-negative group of
cervical adenocarcinomas. Therefore, the aim of our
present study was to compare the expression of CDKls
with the HPV status in cervical adenocarcinomas, and to
ascertain whether CDKIs pl16, p21, and p27 might be
involved in carcinogenesis in HPV-negative cervical
tumors.

Functional inactivation of p16/MTS1/Ink4a by homo-
zygous deletion, somatic mutation, or promoter hyper-
methylation is involved in the etiology of many human
tumors [27]. In cervical carcinomas (mostly SCC), pl6
mutations have not been found [13, 36] and homozygous
deletions were absent [13] or detected in only 5% of the
carcinomas [36]. Instead, cervical squamous intraepithe-
lial lesions (SIL) and carcinomas which are associated
with high-risk HPV types show a striking overexpression
of pl6 [28]. A possible explanation of this phenomenon
might be the functional inactivation of the retinoblasto-
ma protein Rb which is able to act as a repressor of pl6
transcription [27]. The release of pl6 expression from
Rb repression in HPV-infected cervical dysplastic cells
might lead to strong p16 overexpression, but obviously
displays no cell-cycle-inhibitory effect because Rb has
already been blocked by HPV E7 oncoproteins. There-
fore, additional inactivation of cdk4 by pl6, which
would normally keep the Rb protein in its active, hypo-
phosphorylated form, probably has no influence on cell
proliferation.

Detectable p16 expression has been described in 58%
of cervical adenocarcinomas in a prior study [18]. The
higher percentage of p16-positive tumors found by usis
probably due to the highly sensitive immunohistochem-
istry protocol used in this study. P16 expression and
HPV status in cervical adenocarcinomas have only been
analyzed within the scope of larger studies on cervical
carcinomas. In an immunochistochemical analysis of 44
cervical carcinomas, among them 5 adenocarcinomas,
Kim et al. [14] found a positive association of p16 stain-
ing with HPV infection, but significantly weaker immu-
noreactivity in adenocarcinomas compared with squa-
mous tumors. Similarly, Sano et al. studied 54 cervical
carcinomas including 9 adenocarcinomas and 6 adeno-
squamous tumors and found negative p16 and HPV re-
sults in 4 adenocarcinomas and 1 adenosquamous carci-
noma, but in none of the squamous cell carcinomas [28].

In our larger cohort of cervical adenocarcinomas, we
found strong positive correlations of p16 expression and
HPV infection status or HPV 16/18 E6/E7 expression,
respectively. Interestingly, pl6 expression was signifi-
cantly associated with both HPV infection and HPV on-
cogene expression, even though in 20% of the HPV
DNA-positive carcinomas, no E6/E7 mMRNA was detect-
ed by in situ hybridization. This indicates that, in addi-
tion to the disruption of Rb control by E7 oncoproteins,
other as yet unknown mechanisms might lead to p16 up-
regulation after HPV infection. In a model system with
HPV-immortalized or transformed ectocervical and
endocervica epithelial cells, Nakao et al. [23] found a
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dramatic enhancement of p16 mMRNA and protein expres-
sion after immortalization by HPV 16 or HPV 18. This
overexpression was not further increased after malignant
transformation of the cells. In in situ hybridization
studies, strong E6/E7 expression was only observed in
severe dysplasia or cervical carcinomas, but not in weak
dysplasia [7], whereas pl6 expression has already been
shown in early stages of oncogenic progression [23].
Further studies will be necessary to elucidate the mecha-
nism of pl6 up-regulation after infection of cervical cells
with high-risk HPV types.

In contrast to the tumors with strong pl6 expression,
which are associated with HPV infection in 93% of
cases, 31% of the carcinomas showing moderate p16 im-
munostaining (IHC score 3—7) were negative for HPV
DNA. In addition, moderate or strong immunostaining
was observed in 41% of the HPV DNA-negative carcino-
mas. These results indicate that HPV-independent mech-
anisms can lead to pl6 overexpression in these tumors,
i.e. Rb inactivation or accumulation of the relatively
stable p16 proteins in strongly proliferating cells.

In HPV-negative cervical carcinomas, the control of
the G1 restriction point by the Rb protein is not influ-
enced by viral oncoproteins. Therefore, weak or absent
p16 expression in 10 out of 17 tumors may contribute to
enhanced cell cycle progression in these cases.

Expression of p21/Wafl was significantly associated
with HPV oncogene expression but not with HPV infec-
tion, indicating that E6/E7 proteins may be involved in
the regulation of this cell-cycle inhibitor. In cervical
squamous carcinomas, Skomedal et a. [29] found p21
overexpression in 96% of the tumors, and in a study con-
ducted in Sweden and Ireland on 40 cervical adenocarci-
nomas [30], p21 expression was detected in 85% of the
tumors, in comparison with 60% p21 immunostaining
found by us. These discrepancies might be explained by
different IHC protocols or differences in evaluation of
IHC results.

Mutations of the p21 gene are rare in human carcino-
mas and have not been described in cervical cancer. P21
protein expression is activated by the tumor suppressor
protein p53, which is bound and blocked by HPV 16/18
E6 oncoproteins. Therefore, reduced p2l expression
might be expected in tumors with E6/E7 expression. On
the other hand, the HPV E7 oncoprotein leads to a stabi-
lization and increased protein levels of p21/WAF1 in hu-
man fibroblasts or keratinocytes [12, 33]. The positive
correlation of p21 and HPV oncogene expression found
in our study is in accordance with this p53-independent
p21 regulation. Zehbe et a. [38] reported that the cell-
cycle-inhibitory function of p21 can be overcome in
HPV-positive cervical carcinoma cells, probably through
direct interaction of p21 with E7.

In contrast to the tumors with HPV 16/18 oncogene
expression, which were p21-positive in 75% of cases,
55% of the HPV E6/E7-negative tumors had no detect-
able p21 protein. A possible reason might be p53 muta-
tions, which are reported in 8% [22] to 32% [11] of cer-
vical adenocarcinomas, mainly in HPV-negative tumors.

Alternatively, p53-independent down-regulation of p21
may contribute to proliferation in these tumors. Werness
et al. [35] reported that p21 expression in cervical carci-
nomas is influenced by various transactivators, such as
TGFR, p73 and c/EBPR[8].

Similar to p21, p27/Kipl expression was significantly
associated with HPV E6/E7 expression, but not with
HPV infection. P27 down-regulation was observed in
50% of the tumors without E6/E7 expression, but in only
19% of the E6/E7-positive carcinomas. The molecular
mechanisms leading to these differences are still un-
known. It was previously shown that HPV oncogenes
can overrun the cell-cycle-inhibitory effects of p27,
probably by direct interaction of E7 and p27 proteins
[38]. In HPV-negative adenocarcinomas, down-regula-
tion of p27 protein levels may be involved in enhanced
cell-cycle progression and carcinogenesis.

In contrast to our results, Kim et al. [15] found lower
p27 expression in HPV-positive than in HPV-negative
tumors in a study on 45 cervical carcinomas including 4
adenocarcinomas. Yet, in this study HPV was only de-
tected by HPV 16 and HPV 18 PCR, which resulted in
31% HPV-negative cases. Given the fact that nearly
100% of cervical SCC are associated with HPV accord-
ing to various studies [34], the supposed HPV-negative
cases probably harbored additional HPV types, such as
HPV 31, 33, 35, 45, and 51, and the differences in p27
expression in this study may reflect variations in tumors
with different HPV types.

In conclusion, our study has demonstrated high levels
of the cdk inhibitors p16, p21, and p27 in cervica
adenocarcinomas with detectable HPV E6/E7 protein ex-
pression. Obviously, the anti-proliferative effect of these
proteins can be overcome by the viral oncogenes in these
lesions. Interestingly, negative immunostaining or only
low protein levels of p16, p21, and p27 were detected in
most HPV E6/E7-negative carcinomas suggesting that
down-regulation of these cell-cycle inhibitors may be in-
volved in the etiology of this group of cervical adenocar-
cinomas.
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