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Abstract Serous adenocarcinoma of the cervix (SACC) is a
very rare tumor. Our study aimed to characterize the immune
profile and human papillomavirus (HPV) status of SACC, in
comparison with other serous adenocarcinomas arising in the
female genital tract. The pathological specimens obtained
from 81 patients with serous carcinoma of the uterine cervix
(n=12), 29 endometrium, 20 ovary and 20 patients with
mucinous carcinoma of the uterine cervix were reviewed.
We assessed the expression of WT-1, p53, pl6, HER2,
CEA, and CA125 by immunohistochemistry and HPV DNA
by PCR in 12 SACC samples. Their immune profile was
compared with that of uterine papillary serous carcinoma
(UPSC), ovarian serous adenocarcinoma (OSA), and mucin-
ous endocervical adenocarcinoma (MEA). WT-1 and HER2
were expressed in very few SACC samples (0 and 0 %,
respectively), but p16, CA125, CEA and p53 were present
in 100, 92, 58 and 50 %, respectively. The difference in WT-1
expression between SACC and UPSC, MEA is not signifi-
cant, but SACC differ significantly from OSA (p<0.01). HPV
DNA (type 16 or 18) was detected in 4 of the 12 SACC. The
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immunophenotype of SACC was similar to UPSC, whereas
the frequency of expression of WT-1 was significantly lower
in SACC than OSA. It appeared that pS3 expression was
associated with worse clinical outcome in patients with
SACC, and that HPV infection was related to its occurrence.
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Introduction

Serous adenocarcinomas are one of the most aggressive gy-
necological cancer types, very rare in the uterine cervix, but
common in the ovary, fallopian tube, and peritoneum. It
represents <10 % of endometrial carcinomas [1]. Zhou et al.
[2] reported the first detailed clinicopathological features of 17
cases of serous adenocarcinoma of the uterine cervix (SACC).
Our previous retrospective study assessed the clinicopatho-
logical features and prognosis of 12 patients with SACC who
underwent hysterectomy [3]. However, little is known about
the immunoprofile and human papillomavirus (HPV) involve-
ment in SACC.

In the present study, we characterized the immunohisto-
chemical features of 12 SACCs, using seven antibodies
against WT-1, p53, pl16, human epidermal growth factor
receptor 2 (HER2), carcinoembryonic antigen (CEA), and
CA125 and compared the immunoprofile with uterine papil-
lary serous carcinoma (UPSC), ovarian serous adenocarcino-
ma (OSA) and mucinous endocervical adenocarcinoma
(MEA). In this way, we aimed to characterize the
immunoprofile and HPV status of SACC, in comparison with
other serous adenocarcinomas arising in the female genital
tract and MEA.
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Materials and Methods
Patients and Tissue Samples

We reviewed the medical records and pathological specimens
obtained from 81 patients with serous carcinoma of the uterine
cervix (n=12), 29 endometrium, 20 ovary and 20 patients
with mucinous carcinoma of the uterine cervix. All 81 patients
were treated in the Department of Gynecology and diagnosed
in the Department of Pathology and Clinical Laboratories,
National Cancer Center Hospital, Tokyo, Japan, between
1985 and 2005 and underwent surgical staging according to
the International Federation of Gynecology and Obstetrics
(FIGO) system. All patients with serous carcinomas of the
cervix had radical hysterectomy and bilateral salpingo-
oophorectomy in order to exclude a primary neoplasm in the
corpus, ovary or tube. All hematoxylin-eosin-stained slides
were reviewed in all cases, and final diagnoses were con-
firmed by two observers (S.T. and Y.S.).

The diagnosis of SACC was made only when an invasive
endocervical adenocarcinoma exhibited a prominent papillary
structure and/or slit-like glandular spaces, and usually moder-
ate to marked cytologic atypia (Fig. 1a) without either intra- or
extra-cytoplasmic mucin. Absence of concurrent or previous
primary endometrial, ovarian, fallopian tubal or peritoneum
serous carcinoma was a prerequisite for the diagnosis of
SACC. At least 10 % of the tumor area had to be of papillary
serous type for inclusion as a SACC in this study. Seven of 12
SACC cases were classified as pure serous adenocarcinomas,
and the other 5 were mixed serous adenocarcinoma. Uterine
and ovarian serous adenocarcinoma and mucinous

Fig. 1 Histopathological
presentation of SACC. a H&E
staining. (x100). b
Immunohistochemical staining
showing lack of WT-1 expression
(x200). ¢ Immunohistochemical
staining showing expression of
p53 (x200). d Immunohisto-
chemical staining showing ex-
pression of p16 (x200)
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endocervical adenocarcinoma were diagnosed according to
the World Health Organization International Histological
Classification of Tumors [4]. Eleven cases of mixed types
were included among the 29 UPSCs, but mixed serous ade-
nocarcinoma and mucinous adenocarcinomas were excluded
from this study among the cases of OSA. All cases were
included only when destructive or frank stromal invasion
was observed.

Immunohistochemistry

All tumor tissue specimens having been fixed in formalin and
embedded in paraffin were cut into 4-um-thick serial sections
for immunohistochemical staining, in addition to the usual
hematoxylin and eosin staining. This study was performed
with the approval of the Internal Review Board on ethical
issues. Antibodies used for immunohistochemistry were WT-
1 (clone 6 F-H2, 1:50, Dako, Glostrup, Denmark), p53 (clone
DO-7, 1:100, Dako), p16 (clone 16P07, 1:100, Neomarkers
Inc., Fremont, CA), HercepTest (Dako), CEA (polyclonal,
1:5,000, Dako), and CA125(clone M11, 1:20, Dako).
Immunohistochemical staining for WT-1, p53, pl6, HER2,
CEA, and CA125 products was performed with an
autoimmunostainer (Autostainer Link 48, Dako) according
to the manufacturers’ instructions.

Scoring of the Results
The results of the immunohistochemical staining were evalu-

ated as the percentage of positively stained neoplastic cells. In
mixed type tumors, only the serous component was evaluated
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in this study. For all antibodies except HER2, the level of
expression was graded according to the percentage of immu-
noreactive neoplastic cells of the serous carcinoma component
as follows: 0, <10 %; 1+, 10-25 %; 2+, 26-50 %; 3+, >50 %.
Tumors with >10 % stained cells were considered positive for
expression of that antigen. Immunoreactivity for HER2 was
scored semiquantitatively as follows: 0, no immunostaining,
or membrane staining in <10 % of cells; 1+, weak or barely
perceptible staining in >10 % of cells, the cells stained in only
part of the membrane; 2+, weak or moderate staining in the
whole membrane in >10 % of tumor cells; 3+, strong staining
in the whole membrane in >10 % of tumor cells [5]. We
defined cases scoring 2+ and 3+ as HER2—positive. The
immunohistochemical evaluation was performed by two ob-
servers (S.T. and Y.S.) separately, and the median value was
used.

Polymerase Chain Reaction and Sequencing Analysis

DNA samples were extracted from paraffin embedded
sections using the QIAamp DNA FFPE tissue Kit
(Qiagen, Hilden, Germany) according to the manufac-
turer’s protocol. PCR was performed using HPV con-
sensus primers GP5+/6+ as previously described [6].
DNA samples obtained from cervical squamous cell
carcinoma with HPV 16 infection and from the HelLa
cell line, which is positive for HPV 18 DNA, were used
as positive controls. GAPDH was amplified to ensure
proper DNA extraction using the primer pair 5-GCAG
TGGGGACACGGAAGGC-3' and 5'-ACTGTGGATG
GCCCCTCGG-3'. The PCR products were electropho-
resed in a 2 % (w/v) agarose gel and visualized under
ultraviolet light with ethidium bromide staining.

The PCR products were purified using QIAquick Spin
(Qiagen) and bidirectionally sequenced with the same primers
as used for amplification. Sequence data were analyzed by
BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

Statistics

Inter-group comparisons were made by Fisher’s exact test.
P<0.05 was considered statistically significant.

Results

Expression of WT-1, p53, p16, HER2, CEA, and CA125
in Cancer

Table 1 shows a comparison of staining with each
antibody in SACC, UPSC, OSA and MEA. WT-1 and
p53 staining was nuclear, pl6 staining was both
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Table 1 Immunohistochemical findings
Molecule ~ Number of cases (%)
Immunohistochemistry score
0(0-9%) 1(10-25%) 2(26-50%) 3 (50 %<)
SACC (n=12)
WT-1 12 (100) 0 (0) 0(0) 0 (0)
p53 6 (50) 2 (17) 0(0) 4 (33)
pl6 0 (0) 0 (0) 2(17) 10 (83)
HER2 11 (92) 1(8) 0(0) 0 (0)
CEA 5(42) 3(25) 1(8) 3(25)
CA125 0 (0) 1(8) 0(0) 11 (92)
UPSC (n=29)
WT-1 23 (80) 2(7) 1(3) 3 (10)
p53 6 (21) 0 (0) 3 (10) 20 (69)
plé 1(3) 1(3) 2(7) 25 (87)
HER2 23 (80) 1(3) 1(3) 4 (14)
CEA 20 (69) 4 (14) 2(7) 3 (10)
CA125 1(3) 0 (0) 2(7) 26 (90)
OSA (n=20)
WT-1 0 (0) 0 (0) 0(0) 20 (100)
p53 4 (20) 0 (0) 0(0) 16 (80)
pl6 0 (0) 5(25) 15 14 (70)
HER2 18 (90) 0 (0) 15 1(5)
CEA 18 (90) 2 (10) 0(0) 0 (0)
CA125 0 (0) 0 (0) 0(0) 20 (100)
MEA (n=20)
WT-1 20 (100) 0 (0) 0(0) 0 (0)
p53 18 (90) 1(5) 0 (0) 15
plé 1(5 1(5) 0 (0) 18 (90)
HER2 19 (95) 1 (5 0(0) 0(0)
CEA 1(5 4(20) 1 (5 14 (70)
CA125 1(5 0 (0) 1 (5 18 (90)

SACC Serous adenocarcinoma of the cervix, HER2 human epidermal
growth factor receptor 2, CEA carcinoembryonic antigen, UPSC uterine
papillary serous carcinoma, OSA ovarian serous adenocarcinoma, MEA
endocervical adenocarcinoma

cytoplasmic and nuclear, HER2, CEA and CA125 stain-
ing was only at the membrane.

Serous Adenocarcinoma of the Uterine Cervix (SACC)

Representative immunohistochemical stainings for each anti-
body are shown in Figs. 1 and 2. WT-1 and HER2 were
negative in all SACC (Figs. 1b and 2a). Six SACC cases
(50 %) were positive for p53 (Fig. 1¢), with 4 of them showing
strong (3+) expression. In contrast, p16 had intermediate (2+)
or strong expression in all 12 SACC (Fig. 1d), and 11/12 were
strongly positive for CA125 (Fig. 2d).
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Fig. 2 Histopathological
presentation of SACC. (a)
Immunohistochemical staining
showing negative expression of
HER2. (x200).
Immunohistochemical staining
showing expression of (b) CEA
(x200), (¢) CA125 (x200)

Uterine Papillary Serous Carcinoma (UPSC)

Representative immunohistochemical stainings for each
antibody are shown in Fig. 3. Only 21 % (6/29) of UPSC
cases were positive for WT-1 (Fig. 3b) and only one case of
UPSC was CK5/6-positive (Fig. 3b). Similarly, 17 % (5/29)
of UPSC s were positive for HER2 (Fig. 3d), with 4 cases
having strong expression. In contrast, pl6 and CA125
showed intermediate or strong positive expression in the
majority of cases (93 % and 97 %, respectively). These
findings in UPSC are thus similar to SACC. p53 was

Fig. 3 Histopathological
presentation of UPSC. (a) H&E
staining. (x100).
Immunohistochemical staining
showing expression of (b) WT-1
(x200), (¢) p53 (x200), (d) HER2
(x200)
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positive in 23 cases of UPSC (79 %)(Fig. 3c), and strongly
positive in most of these (69 %).

Ovarian Serous Adenocarcinoma (OSA)

Representative immunohistochemical stainings for each anti-
body are shown in Fig. 4. WT-1 (Fig. 4b) and CA125 were
positive in all OSA. Thus, the frequency of WT-1 expression
was significantly higher in OSA than SACC (p<0.01). p53
and p16 were strongly positive in 80 % (16/20) and 70 % (14/
20) of OSA cases, respectively (Fig. 4c and d). In contrast,
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Fig. 4 Histopathological
presentation of OSA. (a) H&E
staining. (x100).
Immunohistochemical staining
showing expression of (b) WT-1
(x200), (c) p53 (x200), (d) p16
(x200)

HER2 and CEA expression was rare, at only 10 % (2/20)
each.

Mucinous Endocervical Adenocarcinoma (MEA)

Representative immunohistochemical stainings for each anti-
body are shown in Fig. 5. WT-1 and HER2 were negative in
all MEA, p53 expression was rare, at 10 % (2/20). In contrast,
pl6 and CA125 both showed strong positive expression in
90 % (18/20) of cases (Fig. 5b and d).

Fig. 5 Histopathological
presentation of MEA. (a) H&E
staining. (x100).
Immunohistochemical staining
showing expression of (b) p16
(x200), (c) CEA (x200), (d)
CA125 (x200)

We suggested binarizing the immunostaining results as
positive vs negative, and comparing using the Fisher’s
exact test. WT-1 and p53 appear to show differences in
percent of cases expressing these proteins between SACC,
UPSC, OSA and MEA. The difference in WT-1 expres-
sion between SACC and UPSC, MEA is not significant,
but SACC differ significantly from OSA (p<0.01). In the
case of p53, overexpression (3+ staining) is seen in 4/12
SACC which differs significantly compared to either en-
dometrial (20/29) or ovarian (16/20) serous carcinomas.
There is a tendency between recurrence and p53
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overexpression (p=0.06). The differences in frequency of
HER?2 expression are not significant.

HPV Infection

GAPDH was negative in the PCR for 2 of 12 SACC (cases 2
and 6), suggesting poor DNA preservation. These were ex-
cluded from further analysis. Among the remaining ten cases,
four (cases 1, 3, 7 and 9) were positive when using the HPV
consensus primers GP5+/6+ (Fig. 6). Sequencing of the PCR
products showed that they had been derived from HPV16 in
two samples (cases 1 and 9) and from HPV 18 in the other two
(cases 3 and 7).

Discussion

The p53 tumor suppressor gene plays a major role in cell cycle
control and growth arrest following DNA damage. Mutations
of'this gene are the most common genetic alterations in human
cancers [7]. Overexpression of p53, as detected by immuno-
histochemistry, has been proposed to indicate a worsened
prognosis in some malignancies [8]. In our study, 50 %
(6/12) cases of SACC were positive for p53, among them 4
with strong expression. In contrast, 90 % of MEA were
negative for p53. Hunt et.al. [8] reported that pS3 was not
expressed in 86 % (30/35) of their uterine cervical adenocar-
cinomas, implying a difference in the pathogenetic mecha-
nisms between SACC and MEA in the context of p53 inacti-
vation. However, there is a report that the rates of p53 gene
mutation and p53 nuclear immunoreactions in adenocarci-
nomas of the uterine cervix are relatively high, at 46 % and
32 %, respectively [9]. Therefore, further studies are needed to
clarify differences in the pathogenetic mechanisms in SACC
and MEA.

Interestingly, 3 of 4 SACC cases which showed strong p53
expression had died, and there is a tendency between recur-
rence and p53 expression (p=0.06). Zhou et al. [2] reported
that nuclear immunoreactivity for pS3 was present in 5 of 12
SACC cases, and, of the five patients with p53 positive
tumors, 4 developed metastases. Batistatou et al. [10] reported
a deceased case of SACC with p53 expression. Recently,

QQQ
1345678101120
GP5+/6+

Fig. 6 Detection of HPV DNA by polymerase chain reaction, Four cases
(cases 1, 3, 7 and 9) were positive using the HPV consensus primers
GP5+/6+. DW, distilled water (no DNA template); +ve, positive control.
GAPDH served as a positive control
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Nofech-Mozes et al. [11] reported p53 immunostaining in 9
of 10 SACC cases, of which 3 had strong expression (>50 %
of cells positive). That study [11] included 3 deceased cases of
SACC, of whom two had strong expression (>50 % of cells).
Thus, the strong p53 expression in SACC seemed to be
associated with worse clinical outcome. Establishing p53
status may therefore contribute to prognostic indicators in this
disease.

In addition, overexpression of p16 induced by HPV has
been found to be associated with cervical squamous carcino-
ma [12—-15]. It was also reported to be expressed in cervical
adenocarcinoma [16—18]. In our study, 90 % (18/20) of MEA
and 83 % (10/12) of SACC were strongly positive for pl6,
with no significant difference between SACC and MEA.
Chiesa-Vottero et al. [19] reported that pl6 overexpression
was present in uterine and ovarian high grade serous adeno-
carcinomas. In our study, both OSA and UPSC showed p16
expression, with no significant differences among serous ad-
enocarcinomas arising from different female genital tract or-
gans and MEA.

Some studies have shown that persistent infection with
high risk HPV is an important etiological factor for the occur-
rence of cervical adenocarcinoma [20, 21]. In the present
study, 2 cases had HPV 16 DNA and 2 had HPV 18 DNA
(both high risk HPV types). Nofech-Mozes et al. [22] reported
that high-risk HPV DNA was found in 3 of 4 SACCs. Another
study reported that HPV was detected in 1 of 3 SACCs [23].
We suggest that high risk HPV infection affects the occurrence
of SACC.

Despite different origins, serous adenocarcinomas of the
female genital tract show similar morphologic features, char-
acterized by the presence of a prominent papillary structure
and/or slit-like glandular spaces, and usually moderate to
marked cytologic atypia. It has been shown that among the
various histological types of ovaian carcinoma, the incidence
of WT-1 positive tumors is highest in ovarian serous adeno-
carcinoma [24-27]. Nofech-Mozes et al. [28] concluded that
strong WT-1 expression was associated with OSA rather than
UPSC. In our study, WT-1 was positive in all OSA, whereas
only 3 of 29 (10 %) UPSC showed strong expression of this
antigen. In addition, WT-1 was negative in all SACC in this
study. Nofech-Mozes et al. [11] also reported that only two
cases of 10 SACC showed immunoreactivity to WT-1 where
staining was seen in <50 % of all neoplastic cells. This is
similar to the findings in our study. We suggest that SACC has
biological features similar to UPSC. These may be associated
with its embryologic developmental origin, in that both the
uterine cervix and the uterine corpus are derived from the
mullerian duct. On the other hand, the ovary is derived from
indifferent gonad.

Generally, a majority of endocervical adenocarcinomas is
CEA positive [29]. Alkushi et al. [30] reported that all
endocervical type cervical adenocarcinomas expressed CEA
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as detected by the polyclonal antibody. In our study, 95 % (19/
20) of MEA were positive (>10 % of cells) and 58 % (7/12) of
SACC were also positive (>10 % of cells). Zhou et al. [2]
reported that 50 % (6/12) of SACC were positive for CEA, but
Nofech-Mozes et al. [11] reported that only 30 % (3/10) were.
Another two SACC cases were reported to be negative for
CEA. The frequency of CEA expression in SACC tended to
be low compared with MEA. Therefore, it was thought to be
useful to distinguish SACC from MEA with respect to CEA
immunostaining.

Although CA125 is a valuable serum marker for gyneco-
logic cancer, its utility as an immunohistochemical marker is
limited. Zhou et al. [2] reported that 75 % (9/12) of SACC
were positive for CA125, and, in our study, 92 % (11/12) of
SACC were strongly positive. Similarly, all OSA, 90 % (26/
29) of UPSC, and 90 % (18/20) of MEA showed strong
expression of CA125. There was no significant difference in
CA125 expression among serous adenocarcinomas arising in
different female genital tract organs and MEA.

HER2 immunostaining is associated with poor patient out-
come in UPSC [31-33]. However, 92 % (11/12) of SACC
were negative for HER2, and the differences in frequency of
HER?2 expression are not significant. HER2 expression ap-
pears not to be associated with poor prognosis in SACC, but
this may due to the small number of SACC patients studied.

In summary, we have found that p53, p16 and CA125
expression is common in SACC. p53 expression seems to be
associated with worse clinical outcome, and HPV infection is
related to its pathogenesis. The immunohistochemical expres-
sion pattern in SACC samples was similar to UPSC. Although
SACC is a very rare tumor, it is hoped that appropriate
immunoprofiling will contribute to the introduction of im-
proved management of patients with this tumor.
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