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ABSTRACT

ÖZ

Objective: According to the widely accepted pathway, a serous
borderline tumor becomes invasive either by progressing into a
noninvasive micropapillary tumor or directly through microinvasion.
Our objective was to investigate the role of serous borderline tumors
and their accompanying extraovarian lesions in pathogenesis of
serous ovarian cancer using immunohistochemistry as a tool.

Amaç: Over kanserinin yaygın olarak kabul gören patogenez modeline
gore bir seröz borderline tümör invaziv olmadan önce, noninvaziv
mikropapiller aşamaya geçer veya tipik bir seröz borderline tümör
zemininde mikroinvazyon yaparak invaziv aşamaya geçer. Bu
çalışmanın amacı seröz borderline tümörler ve over dışı lezyonlarının
seröz over kanseri patogenezindeki rolünü immunohistokimyasal bir
panelle incelemektir.

Material and Method: An immunohistochemical panel of p16, p53,
CD24, EpCAM and calretinin was applied to cutting edge matrix
assembly-like tissue arrays of 46 cases consisting of typical, focal
micropapillary, micropapillary, microinvasive, cystadenoma, and
low-grade carcinoma cases. These tissue arrays are better choices than
conventional tissue arrays to examine thin walled and heterogenous
neoplasia like serous borderline tumors as they facilitate the analysis
with linear sections rather than a core.
Results: For two tumor supressor gene markers; no diffuse and strong
expression of p53, and strong and patchy/heterogenous expression of
p16 were detected in all cases. Focal and strong calretinin expression
was detected in micropapillary tumors while expression of EpCAM
was lost in the same areas. Strong cytoplasmic CD24 expression was
detected in cases with peritoneal implants, favoring the theory that
change of expression localization of cell adhesion molecules is in accordance with phenotypical changes and tumor progresssion. Furthermore, circumfrential membranous and cytoplasmic expression of
CD24 and EpCAM was detected in neoplastic cells in lymph nodes
and microinvasion areas.
Conclusion: Our results show that different levels of serous
ovarian tumor progression are accompanied by changes in the
immunohistochemical expression pattern of EpCAM, CD24, and
calretinin.

Gereç ve Yöntem: Tipik, fokal mikropapiller, mikropapiller,
mikroinvaziv, kistadenom ve düşük dereceli karsinom alanları içeren
46 olguluk seröz borderline tümör grubuna p16, p53, CD24, EpCAM
ve kalretininden oluşan immünohistokimyasal bir panel uygulandı.
Bu panelin degerlendirilmesi icin seröz borderline tümörler gibi
kistik/ince duvarlı ve heterojen neoplazileri incelerken lineer bir
kesite bakma imkanı vermesi nedeni ile daha avantajlı olan “cutting
edge” matriks-benzeri doku arrayleri hazırlandı.
Bulgular: Tümör supresör gen grubunda değerlendirilen iki işaretleyici
ile diffüz, kuvvetli p53 ekspresyonu hiçbir olguda saptanmaz
iken,olguların tümünde p16 ile kuvvetli, heterojen ekspresyon izlendi.
Kalretinin ile mikropapiller tümörlerde fokal kuvvetli ekspresyon
izlenirken, EpCAM ile aynı alanlarda ekspresyon kaybı saptandı.
Hücre adezyon moleküllerinin ekspresyon lokalizasyonlarındaki
değişikliklerin fenotipte değişme ve tümör progresyonu ile ilişkili
olabileceğini destekler şekilde, peritoneal implantların saptandığı
olgularda sitoplazmik ve kuvvetli CD24 ekspresyonu görüldü. Lenf
nodu tutulumu ve mikroinvazyon alanlarında çembersel membranöz
ve sitoplazmik CD24 ve EpCAM ekspresyonu görüldü.
Sonuç: Bulgular, seröz over tümörü progresyonunun farklı aşamalarına EpCAM, CD24, ve kalretinin immünohistokimyasal ekspresyon
paternindeki değişikliklerin eşlik edebildiğini göstermektedir.
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INTRODUCTION
Low-grade serous carcinomas of the ovary evolve from
adenofibromas or borderline tumors following Type
I pathway through a slow step-wise process. A serous
borderline tumor (SBT) progresses either to noninvasive
micropapillary or microinvasive stage before becoming
invasive. On the other hand, high-grade serous carcinomas
develop rapidly without a definite precursor lesion through
Type II pathway. Rare high-grade serous carcinomas arising
through the Type I pathway have been reported (1-3).
In this study, immunohistochemical expression of p16,
p53, CD24, EpCAM and calretinin, markers with defined
roles in tumor suppression, cell adhesion, therapy and
differentiation, respectively, have been investigated in a
group of SBTs (4-7).
This study is an initiative to understand the role of
SBTs and their accompanying extraovarian lesions in
histopathological progression of serous ovarian cancer
considering that effective prevention and screening
methods are still lacking for ovarian cancer.
MATERIAL and METHODS
Case Selection: Cases diagnosed as low grade serous
carcinoma or SBT of the ovary over 12 years at our pathology
department were re-evaluated by 2 pathologists with 5 to
19 H&E slides of neoplastic ovarian tissue from each case.
The study group of 46 cases were composed of cases that
were diagnosed as serous cystadenoma with borderline
component (n=2), typical SBT (n=22), micropapillary SBT
(n=3), focal micropapillary SBT (SBT with micropapillary
areas) (n=11), microinvasive SBT (n=6) and low grade
serous carcinoma (n=2). Demonstrative H&E slides (1 to
5 slides for each case) were selected and paraffin blocks
were pulled from the archives. All the cases registered in
the pathology files with accompying features to borderline
morphology and 22 classical serous borderline tumors
were randomly selected. Accompanying extraovarian
lesions (peritoneal implant, lymph node involvement or
endosalpingiosis) were noted when present. This study was
proceeded by permission from the Ethical Commission of
our institution (FON 05/41-22).
Construction of CEMA-like Tissue Blocks: Tissue
blocks were prepared using the principle of “Cutting Edge
Matrix Assembly (CEMA)” method introduced by Rui and
LeBaron (8-9). Common pathology laboratory equipment
can be used to generate a CEMA array without additional
instruments (needle, machine, receiver paraffin block)
needed for tissue microarray technique (TMA) (Figure 1ACilt/Vol. 28, No. 3, 2012; Sayfa/Page 220-230
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D). Moreover, a feature of CEMA that core based sample
arrays does not provide is the ability to array samples that
are thin walled and heterogenous like SBTs due to the nature
of the neoplasia. Thirteen new blocks were prepared by this
method. The samples (1 to 5 from each case) were taken
from extraovarian lesions whenever possible as well as from
the neoplastic ovarian tissue. Once the CEMA array block
had been constructed, repeated microtome sectioning
allowed production of microarray copies for serial analyses
of stains. The array block was sectioned transversely using
a microtome to yield micrometer-thin array sections. 6
sections from each of the 13 blocks were taken: 1 for H&E
and 5 for immunohistochemical staining.
Histopathologic diagnostic criteria: The histopathologic
criteria for each diagnosis according to the WHO
(World Health Organization) classification is as follows
(10): Serous cystadenoma with borderline component:
Serous cystadenoma cases containing stratified epithelial
proliferation with mitotic activity and nuclear atypia in
less than 10% of the area. Typical SBT: Cases containing
intracystic and exophytic, stratified epithelial proliferation
in more than 10% of the area, with hierarchically branched
papillas and without stromal invasion. The cells lining the
papilla may contain mitotic activity and nuclear atypia.
Micropapillary SBT: Cases containing intracystic and
exophytic, stratified epithelial proliferation in at least one
focus in a 5 mm area continuously, with nonhierarchically
branched, hair-like, regularly contoured micropapillas
and without stromal invasion. Focal micropapillary SBT
(SBT with micropapillary areas): The cases in which
micropapillary SBT features are exhibited in an area less
than 5 mm. Microinvasive SBT: SBT cases containing
single tumor cells or cell groups in single or multiple foci in
stroma. Microinvasion extent is not over 3-5 mm/10 mm2 in
a single focus. Low grade serous carcinoma: Architecturally
complex cases where stromal invasion extent is over
microinvasion and is infiltrative with cytologic atypia.
Endosalpingiosis: A lesion located on periton, pelvic organ
surfaces or in pelvic lymph nodes, composed of one or more
glands with tubal type, flattened, cuboidal or columnar
multilayered epithelial lining of serous and mostly ciliated
cells with minimal cytologic atypia. Noninvasive peritoneal
implant: Papillary or glandular epithelial proliferation,
located on serosal surfaces or septae between fat globules,
composed of cells with large, eosinophilic cytoplasm. The
border between the implant and underlying benign tissue
should be sharp and there should be no invasion to the
underlying tissue.
Immunohistochemistry: Formalin-fixed, paraffinembedded tissues were dewaxed and gradually rehydrated
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with alcohol. Endogenous peroxidase activity was blocked
by 3% hydrogen peroxidase-metanol solution. Antigen
retrieval for p16, p53,WT-1, c-erbB-2 and calretinin
was achieved by pressure-cooking in citrate buffer (0.01
M, pH=6) for 20 minutes. Slides were pre-treated with
tripsin for EpCAM and no pre-treatment for CD24.
Immunohistochemical stainings were performed using
LSAB (labeled streptavidin–biotin; DAKO) methods.
The antibodies, their manufacturer and dilutions are as
follows: p16 (LabVision; dilution 1:50), p53 (Immuno
Vision; dilution 1:100), CD24 (Neomarkers; dilution
1:100), EpCAM (Neomarkers; dilution 1:100), Calretinin
(Biogenex; dilution 1:50). Slides were subsequently
incubated with the antibodies for 30 minutes. DAB
(Diaminobenzidine) was used as a chromogen.
Evaluation: In each case, the localization, distribution,
proportion and intensity of the immunohistochemical
staining of the markers were evaluated. Staining localization
categories for membranous antigens, CD24 and EpCAM,
were circumferential, apical and basolateral whereas the
categories for nuclear antigens, p16, p53 and calretinin,
were nuclear and nuclear and cytoplasmic. Staining
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Figure 1: “Cutting Edge
Matrix Assembly” (CEMA)
method. (A) The samples were
prepared by cutting the blocks
manually with a microtome
knive.
(B) Block were constructed by
using a cyanoacrylic glue.
(C, D) The blocks are ready
to use.

distribution was classified as diffuse and patchy. Staining
ratio was evaluated quantitatively as follows: 0 (negative),
1+ (staining in less than 10% of the neoplastic cells), 2+
(staining in 10-50% of the neoplastic cells) and 3+ (staining
in over 50% of the neoplastic cells). Staining intensity was
evaluated semi-quantitatively as follows: 0 (negative), 1+
(weak), and 2+ (strong).
Statistical Analysis: SPSS 11.0 was used for statistical
analysis. Categorical variables, such as the staining
distribution, staining ratio and staining intensity were
summarized as frequency and percent. The Chi-square
analysis was used to assess the relationship between
categorical variables. Spearman’s rho, Kendall’s-tau-b and
Pearson’s correlation coefficient were used to calculate the
correlation between different markers. P values < 0.05 were
considered statistically significant.
RESULTS
The distribution of p16, p53, CD24 and EpCAM expression
as number and percentage of cases according to tumor
types and extraovarian lesions is summarized on Table I.
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Table I: The distribution of p16, p53, CD24 and EpCAM expression as number and percentage of cases according to tumor types and extraovarian lesions. The staining
properties given for microinvasive borderline tumors and low grade carcinomas represent the areas with typical borderline morphology in those cases. The staining
properties given for extraovarian lesions represent the neoplastic areas in the ovary
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Expression of p16 and p53: p16 staining was strong
and patchy in all (38/38) cases (Figure 2A). The pattern
of staining was nuclear and cytoplasmic in 37 (97.4%)
cases. Diffuse and strong positivity in stromal cells in the
neoplastic areas was noticed (Figure 2B). The neoplastic
cells in the lymph nodes and microinvasion areas also
showed strong, patchy and nuclear and cytoplasmic staining
(Figure 2C). In low grade carcinoma cases, p16 expression

YILDIZ AKTAŞ I et al: Borderline Tumor Immunohistochemistry

was diffuse (Figure 2D). P53 expression was present in
68% (30/44) of the cases. No p53 expression was detected
in borderline tumors with cystadenoma component. Only
10% (3/30) of the p53 positive cases had a staining ratio of
over 50%. Furthermore, the intensity of p53 staining was
weak in 80 % (24/30) of the positive cases. Neoplastic cells
in the lymph node were observed to express p53 in a higher
ratio and intensity (Figure 3A,B). 1 case that showed diffuse

a

b

c

d

Figure 2: p16 expression intensity and pattern. (A) Strong and heterogenous/patchy expression in all cases (x400). Expression in
(B) stromal cells (x200), (C) involved lymph nodes (x200). (D) Homogenous/diffuse expression in low grade serous carcinoma (x400).
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same markers. No statistically significant difference was
found between EpCAM expression in different tumor types
and extraovarian lesions.
a

Expression of calretinin: Focal, strong, nuclear and
cytoplasmic calretinin expression was detected in two
micropapillary borderline tumors (Figure 6A,B). No
calretinin expression was detected in other cases or in the
neoplastic cells in the lymph node and microinvasion areas.

b
Figure 3A, B: p53 expression in involved lymph nodes (x400).

and strong p53 expression was a focal micropapillary SBT
with areas of high grade serous papillary carcinoma.
Relation between p16 staining ratio and p53 staining
intensity was not found to be statistically significant.
Correlation between the staining proportion of two markers
was not statistically significant either. The concordance
between p16 and p53 expression rate was calculated as 22%.
Expression of CD24 and EpCAM: CD24 expression
was present in 98% (43/44) of the cases. Expression
was membranous (apical or circumferential) and/or
cytoplasmic. Staining was patchy in 53% (23/44) and
strong in 77% (33/44) of the cases. All of the cases that
showed diffuse staining had also strong staining whereas
patchy stained cases were all weak in intensity. Cytoplasmic
staining accompanied the apical membranous staining in
40% (17/44) of the cases. Strong, diffuse and circumferential
membranous and cytoplasmic staining was detected in the
neoplastic cells in the lymph node (Figure 4A and 4B). The
neoplastic cells in the microinvasion area showed weak
staining. Intensity of EpCAM expression was strong in 97%
(39/40) of the cases. EpCAM expression was patchy and
circumferential membranous in 57% (23/40) of the cases.
Cytoplasmic expression accompanied in 20% (8/40) of the
cases. EpCAM expression in the neoplastic cells in the lymph
node and area of microinvasion was also cytoplasmic (Figure
5A, B). EpCAM expression loss was noticed in all of the
micropapillary cases and no circumferential membranous
staining was present. Cytoplasmic expression ratio was high
in cases with extraovarian lesions. No statistically significant
relation was found between the cytoplasmic expression of
CD24 and EpCAM and between diffuse expression of the
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Figure 4A, B: CD24 expression in involved lymph nodes (x400).
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a

a

b
Figure 5: EpCAM expression in (A) involved lymph nodes (x400),
and (B) microinvasion areas (x400).

DISCUSSION
Checkpoints of the cell cycle are investigated in great detail
in studies related to tumor progression. p16 and p53, as
regulator genes of cell proliferation and apoptosis, are main
targets in the chromosomal changes. p53 gene inactivation
is the most common defect in ovarian cancer with a 60%
mutation rate in advanced stage ovarian carcinoma whereas
immunohistochemical p53 expression in SBTs varies from
0 to 33,3% (11-21). Ratio of p53 expression in SBTs is
reported to be between benign and malignant tumors (15,
22-24).
In our study p53 expression was either absent or scarce
(0 to 10% ) in 64% (28/44) of the cases. When evaluated
according to the percentage of p53 expressing cells, staining
over 50% was present in only 2 cases (7%). Additionally,
SBTs with wide areas of cystadenoma were p53 negative.
In contrast to our findings, Chan et al. reported no
detectable p53 expression in borderline tumors (25). This
controversy is due to differences in semiquantification of
p53 expression. p53 mutation rate is reported higher in
SBTs with carcinomatous component when compared
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b
Figure 6: Calretinin expression in micropapillary borderline
tumors (A, x200; B, x400).

to conventional SBTs (26). In this study, 53% of typical
borderline tumors had a p53-positive cell percentage of less
than 10%. Although the case group is small, p53 positivity
was between 10-50% in 60% of the microinvasive tumors
and over 50% in low grade serous carcinoma.
Growth control by p53 is intact in low malignant potential
tumors and activated p53 limits the cell proliferation in
this tumor group. It is proposed that tumors without p53
Cilt/Vol. 28, No. 3, 2012; Sayfa/Page 220-230
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mutation can bypass the negative regulating effects of wildtype p53 using the changes in other growth regulating genes
(p16, Rb) (27-28).

cycle mechanisms and despite p16 expression, neoplastic
cell proliferation cannot be prevented and progression
continues due to the defect at this checkpoint.

Dong et al. have detected no p16 expression in the neoplastic
cells of benign ovarian tumors whereas only 11% of the
malignant tumors did not express p16 (29). Supportingly,
Fujita et al. proposed that loss of p16 expression is correlated
with good prognosis, low grade and low stage (30).

Cytoplasmic expression of CD24, which is accepted as
a metastasis related cell surface protein, is reported as
an independent prognostic factor (36-37). Cytoplasmic
expression of CD24 might be reflecting overproduction of
CD24 or the disorder in the distribution of CD24 inside
the cell or both (38). In neoplasia, the loss of cell polarity is
characteristic, whereas, it is conserved in organized normal
cells.

In our study, p16 positivity was present in all of the cases
(staining intensity was strong but not diffuse in any of the
SBTs) and its expression was over 50% in 58% of the cases.
O’neill et al. reported p16 expression in less than 50% of
the cells in 72% of the SBT cases and in more than 50%
of the cells in 92% of the high grade carcinomas (31). On
the contrary, Sui et al. reported that p16 expression was
decreased in ovarian carcinomas (32).
In Dong’s study epithelial and stromal cells of the
nonneoplastic ovary expressed little or no p16 (33). In
contrast with the tumor cells, high p16 expression rate in
stromal cells is proposed to be related to longer survival (29,
33). In stromal cells of the normal tissue p16 positivity rate is
low as expected, because, there is no p16 expression in cells
at rest (34). Stromal-epithelial interactions are important
in carcinogenesis; p16 might be preventing the stromal
support to the tumor by an antiproliferative function in
the stromal cells that are forced to proliferate by the growth
factors from the tumor (35). This kind of stromal positivity
might suggest that tumor growth is, in part, related to the
p16 positivity in the matrix. In our study, the diffuse and
strong p16 positivity detected in the stromal cells of all the
cases might be related to the good prognosis of SBTs.
Strong nuclear and cytoplasmic p16 expression in all of the
cases in this study supports potential role of p16 in serous
tumor pathogenesis. p16 expression was diffuse when
there was progression to low grade serous carcinoma. It
is possible to relate patchy p16 expression in borderline
tumors and diffuse p16 staining pattern in higher grade
tumors to p16’s selection of proliferating cells. The patchy
staining pattern of p16 in SBTs may be considered as a
sign of the fact that neoplastic cells with different rates of
proliferation are present together in these heterogenous
tumors. Furthermore, diffuse and strong expression of p16
in advanced stage ovarian carcinomas, may be due to the
autonomy they acquired, independent of the cell cycle,
as a result of p53 mutation. In relation to this hypothesis,
the patchy p16 staining in SBTs and low grade serous
carcinomas, which are accepted as sequential lesions, may
be because these neoplasia are still under the control of cell
Cilt/Vol. 28, No. 3, 2012; Sayfa/Page 220-230

We found that the polarized apical localization of CD24 was
spared in SBTs. It was also noticed that cytoplasmic CD24
staining in SBTs was accompanied by microinvasion or
peritoneal implant. The neoplastic cells in the microinvasion
area were examined in only one case and weak CD24
expression was detected. Cytoplasmic expression was
detected in 40% (2/5) of the cases, when areas other than
the microinvasion areas were evaluated in microinvasive
tumors. In low grade carcinoma cases, in nonneoplastic
areas, apical membranous expression was detected whereas
cytoplasmic expression was present only in the neoplastic
areas. These findings are not compatible with the findings of
Choi et al., who reported that cytoplasmic positivity in areas
other than the microinvasion areas in borderline tumors
with multiple microinvasion foci, guided the pathologist to
find the microinvasive focus (37). On the other hand, we
observed that cases with peritoneal implants had increased
cytoplasmic and strong CD24 staining rates (60% and 80%
respectively). Additionally, circumferential membranous
and cytoplasmic CD24 staining detected in the presence of
lymph node involvement might be considered as a sign of
loss of polarity.
Compared to the diffuse, strong and cytoplasmic CD24
staining detected in high grade serous carcinoma, it can
be concluded that the expression pattern of CD24 in
SBTs is variable (patchy/cytoplasmic/weak) and change in
localization of the expression might be evaluated as a sign
of transformation to invasive phenotype.
EpCAM, which functions as an intercellular adhesion
molecule, has also been related to metastasis and ovarian
tumor differentiation (39). Santin et al. detected its
expression rate in serous papillary carcinoma to be 39 times
of normal ovarian surface epithelium (40) and Cherchi et
al. reported its expression in 50% of the serous tumors (41).
Anti-EpCAM antibody is a therapeutic option in ovarian
cancer. Kim et al. also suggested that EpCAM has a role
in early phase of tumorigenesis of both borderline and
invasive tumors (42).
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In many non-neoplastic epithelial tissue EpCAM is
expressed in a basolateral membranous pattern. In our
study, EpCAM expression was present in all of the cases with
a strong, patchy and membranous pattern (basolateral and/
or circumferential). Its expression was lost in large extent
in areas with classical micropapillary morphology whereas
stronger, more diffuse and circumferential membranous
and/or cytoplasmic staining was present in areas of focal
micropapillary morphology. The loss of EpCAM expression
might be related to the cellular morphological changes that
take place when unciliated cuboidal cells of micropapillary
SBT replaces the ciliated columnar cells of typical SBT (43).
Loss of EpCAM expression may be considered as a sign of
tumor cell dedifferentiation as well (44).

05D11101005) . The authors would like to thank to Orhan
Başhan, Çiğdem Karakoç and Arda Günay for technical
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The pattern of EpCAM expression in neoplastic cells
in the extraovarian lesions was cytoplasmic instead
of membranous. Gosens et al. have also observed the
membranous expression of EpCAM to be replaced by
cytoplasmic expression in colorectal carcinoma cells,
and correlated it with tumor budding, tumor grade,
and local recurrence (43). Morphoregulatory activity of
EpCAM is different when it is cytoplasmic, compared
to the membranous localization, and this change in
morphoregulatory activity may result in easier movement
and distribution of neoplastic cells (43).

4. Choi YL, Kim SH, Shin YK, Hong YC, Lee SJ, Kang SY, Ahn
G: Cytoplasmic CD24 expression in advanced ovarian serous
borderline tumors. Gynecol Oncol 2005, 97:379-386

Ovarian surface epithelial cells show both mesothelial and
epithelial differentiation and the Müllerian metaplasia of
this epithelium is accepted as a step in ovarian carcinoma
progression (45-46). Lugli et al. has detected strong
calretinin expression in 6,8% and weak calretinin expression
in 38,6% of ovarian serous carcinomas whereas Drapkin et
al. have not detected any calretinin expression in ovarian
carcinoma (47, 48).
In our study, calretinin was expressed in two micropapillary
SBT cases focally and strongly. This observation requires
further verification with larger case groups. It might be
explained as a result of the resemblance of the unciliated,
round nucleated, cuboidal cells lining the micropapilla to
the ovarian surface epithelium which has not gone through
Müllerian metaplasia and expresses calretinin.
In summary, our findings suggest that changes in
immunohistochemical expression pattern of p16, p53,
CD24, EpCAM and calretinin accompany different stages
of ovarian tumor progression.
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