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Abstract Ovarian cancer is the most common cause of gyne-
cologic cancer death. Both morphologically and
immunohistochemically, metastatic mucinous tumors are the
best mimickers of mucinous ovarian tumors; its pathogenesis
s t i l l r e m a i n s a m y s t e r y . PAX 2 a n d PAX 8
immunohisyochemistries are useful for differentiating numer-
ous primary tumour types from metastatic ones. There are few
studies in literature about PAX expressions in mucinous and
seromucinous tumors. None of these are takes into account the
histologic type (whether it is seromucinous or mucinous) or the
metastatic origin. With this purpose hematoxylin and eosine
slides of ovarian mucinous and seromucinous tumors were re-
evaluated and one block was chosen for each case. The study
included 76 ovarian mucinous and seromucinous tumors of the
ovary reported in Hacettepe University department of pathology
between 2000 and 2013. Tissue microarray (TMA) was de-
signed from the chosen blocks, PAX2, PAX8, CDX2
immunostains was preformed to the TMA slides. As a result,
most of the metastatic cases were negative for PAX2 (91.2 %)
and PAX8 (86.3 %), many were diffusely and strongly positive
for CDX2 (68.2 %). Seromucinous tumors were devoid of
CDX2 expression; but all cases (except one) displayed strong
and diffuse positivity with PAX8. In other words differing from
mucinous tumors, seromucinous tumors show strong PAX8
positivity–similar to serous tumors. This study shows that
PAX8 and CDX2 could be useful in differentiating primary

mucinous frommetastatic tumor. Furthermore unlike the homo-
geneity in seromucinous tumors for PAX8 and CDX2 mu-
cinous tumors shows heterogeneity with different expression
patterns.
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Introduction

Primary ovarian mucinous carcinomas represent 3 % [1] of
ovarian carcinomas while metastatic ovarian carcinomas con-
stitute approximately 7 % [2] of all ovarian tumors. Though
they are rare, depending on the similar histological and
immunophenotypical appearance, distinction between them is
still challenging field of routine pathology practice. There are
many studies in the literature indicating how to differentiate
metastatic tumors from primary ones. Majority of the reports
are agreed that the true diagnosis depends on the evaluation of
classical immunomarkers (CK7, CK20, CK19, CDX2, WT-1,
B-cathenin, etc.), gross examination and clinical features [3, 4].
Althoughmorphological and immunophenotypical information
is documented, there is still some mucinous tumors that cannot
be definitively classified as primary andmetastatic regardless of
multidisciplinary aspects.

Recently, newmullerian markers (PAX2 and PAX8) are doc-
umented as useful markers to differentiate mullerian mucinous
tumors from non-mullerian tumors [5–7]. PAX is a transcription
factor, belonging to a paired box gene family that regulates
embryonic development of kidney, mullerian organs, and thy-
roid. This transcription factor has a crucial role for normal func-
tion of related organs. Deletion in PAX8 expression results in
lack of endometrium, poor development of the myometrium,
but normal function of fallopian tubes, cervix, and vagina.
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Ovarian mucinous tumor pathogenesis is still a mystery. To
elucidate the pathogenesis, new theories have been develop-
ing. Theories for this content are summarized below:

Endometriosis may have a role in pathogenesis of the
seromucinous tumors. 30 % to 57 % of endometriosis related
tumors (clear cell, endometrioid type) shows ARID1A tumor
suppression gene mutation [8, 9]. Loss of ARID1A
immunoexpression is seen in 33% of borderline seromucinous
tumors [10]. 8 % of teratomas contain benign, borderline and
malign mucinous tumor [11, 12]. This relatively frequent con-
currence is considered as mucinous tumors were originated
from teratomas. Lastly Kell et al highlights Bmicrosatellite
polymorphism analysis showed some mucinous carcinomas
arise from female gametes and thus are of germ cell origin^
[13]. Some mucinous tumors may be derived from teratomas.
Mucinous tumors are also frequently accompanied by Brenner
tumors. It is thought if extensive sectioning is done to mucin-
ous cyst adenomas, many of them will contain foci of Brenner
component. It is proposed that mucinous tumors frequently
contain Walthard nests that are frequently located at the
paratubal region. It is speculated that Brenner tumors and mu-
cinous tumors have the same histogenesis; both are derived
from microscopic Walthard regions [14]. 75 % of mucinous
ovarian tumors show KRAS mutation. Moreover mucinous
cyst adenoma, borderline and carcinoma foci in the same tu-
mor show KRAS mutations at the same codon (codon 12 and
13). It means that cyst adenoma borderline and carcinoma has
developmental sequence [15]. A proteoglycan called LGAL4
(galactin 4) expressed in mucinous borderline and carcinoma
cases are contrarily negative in cyst adenoma. Therefore this
proteoglycan could be responsible for early development of
mucinous tumor [16].

The aim of this study is to suggest a new beneficial marker
for mucinous ovarian tumor workup to differentiate metastatic
and primary ones and propose an idea whichmay be helpful to
find a way out of this puzzling pathogenetic problem.

Material and Methods

Case Selection

Seventy-six cases of mucinous (borderline, primary and met-
astatic) and seromucinous tumors were identified from surgi-
cal pathology files of the Hacettepe University Pathology
Department from 2000 to 2013. The cases that were without
paraffin block or that has insufficient data were eliminated
from the study. All the selected ones were routine in-house
cases. All slides of all cases were re-classified according to the
current clinical-radiological data, co-biopsies, up-to-date
knowledge and literature. According to the current classifica-
tion criteria [17], 46 metastatic mucinous tumors, 8
seromucinous borderline tumors, 15 mucinous borderline tu-
mors and 7 primary mucinous adenocarcinomas were includ-
ed. Primary source for metastatic tumors were searched. Ten
cases out of 46 metastatic tumors, primary tumor was not
determined. Those 10 cases were classified in metastatic
group based on their morphology, multiple field involvement,
laterality and poor prognosis.

Preparation of TMA’s (Tissue Microarray)
and Immunomarkers

Formalin fixed and paraffin embedded tissue sections
were reviewed to identify representative areas of the
tumor and to acquire the cores of the microarray anal-
ysis. One block was chosen and for each case and 3
cores of 1 mm in diameter were collected from the most
proliferative and chaotic area by using Advanced Tissue
Arrayer (Ata 100). 16 cases (48 tissue) were placed in a
TMA block. Different tissues (thyroid and tuba uterina) were
included to create TMAmap, which guided the array reading.
Four μm sections were obtained from each TMA for
immunohistochemistry.

Table 1 Details of
immunohistochemical antibodies Antibody Manifacturer Clone/Catalog Number Dilution Antigen Retrival

PAX2 GeneTex GTX 62120 1/500 ER2 (EDTA)

PAX8 Biocare API 438 AA Ready-To-Use ER2 (EDTA)

CDX2 Biocare PM 226 AA Ready-To-Use ER2 (EDTA)

*ER indicates Epitop Retrival solution

a b c d

Fig. 1. Evaluation of intensity (20×): Intensity of staining graded between 1 and 3 1a: Grade 1 intensity. 1b: Grade 1 intensity: staining that can barely
seen. 1c: Grade 2 intensity: staining intensity between 1 and 3. 1d: Grade 3 intensity: strong dark nuclear positivity
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PAX2, PAX8 and CDX2 expressions were evaluated via
immunohistochemistry. Immunohistochemical antibody clone
names, sources, dilutions and antigen retrieval details were
listed in Table 1. Adjustment of PAX2 and PAX8 dilution
was tested till the dark and nuclear staining were achieved in
tubal secretory and basal cells. The same procedure was im-
plemented for CDX2 in colonic adenocarcinoma tissue. The
sections were kept in incubator at 70 °C for 30min. They were
then brought to an automated stainer (Leica-Bond-Max).

Interpretation and Scoring of Immunohistochemistry

Nuclear expressions of PAX2, PAX8 and CDX2 were consid-
ered positive staining reactions. 3 tissues from each case were
scored according to the staining intensity and percentage.

1. Staining intensity was graded according to the darkness of
staining. Intensity of staining graded between 1 and 3 (1:
staining that can barely seen, 2: staining intensity between
1 and 3, 3: strong nuclear positivity as in control tuba
uterina blocks). Fig. 1a-d demonstrates intensity
interpretations.

2. Staining distribution was graded semi quantitatively based
on the percentage of positive staining tumor cells. Grade
was between 1 and 5 (1: <5 %, 2: 5–25 %, 3: 25–50 %, 4:

50–75 %, 5: 75–100 %). Fig. 2a-e demonstrates distribu-
tion interpretations.

3. The staining Bscore^ was calculated by multiplication of
those two grades (intensity and percentage of staining).
The staining score was between 1 and 15.

Statistical Analysis

Chi-square test was used for qualitative values that cannot be
attributed by numerically (intensity). Numerically given
values were analyzed with Mann-Whitney U-test. When the
group number was more than 2, then Kruscall-Wallis test was
used. All the data was analyzed in SPSS 20 pocket program.
For positive/negative predictive, sensitivity and specificity
values MedCalc Version 12.7.7 was used.

Results

Clinical and Macroscopic Findings

30 out of 76 cases included in the study were primary tumors
while 46 of them were metastatic mucinous tumors. Average
age of the cases was 47while the average age of seromucinous

a b c d e

Fig. 2. Evaluation of distribution (20×): Staining distribution was graded
semi-quantitatively based on the percentage of positive staining tumor
cells. 2a: Grade 1 distribution: 0–5 % of tumor cells are positive 2b:
Grade 2 distribution: 5–25 % of tumor cells are positive 2c: Grade 3

distribution 25–50 % of tumor cells are positive 2d: Grade 4 distribution
50–75 % tumor cells are positive 2e: distribution 5 75–100 % of tumor
cells are positive

Table 2 Clinical features
of the cases Diagnosis Number of Patient and percentage (%) Age Ovary Diameter Bilaterality

Metastasis 46 (60.6 %) Av: 48

Max:92

Min:21

Av: 9

Max:25

Min:2

38 (82.6 %)

BOT-SM 8 (10.5 %) Av: 30,5

Max:48

Min:22

Av:11,42

Max:20

Min:5

2 (25 %)

BOT-M 15 (19.7 %) Av: 55

Max:87

Min:21

Av: 17

Max:28

Min:6

0 (0 %)

CA 7 (9.2 %) Av: 52

Max:65

Min:40

Av: 15,6

Max:22

Min:9

1 (14 %)

Total 76 (100 %) - - 41 (100 %)

*BOT-SM (Borderline seromucinous), *BOT-M (Borderline mucinous), *CA (primary mucinous
adenocarcinoma)
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borderline tumors was 30.5. Age, tumor diameter and
laterality details of the patients in the study were listed in
Table 2. Seromucinous tumors were observed at younger ages
compared to other primary mucinous tumors (p = 0.02).
Although it was statistically insignificant, it was found that
they were frequently more bilateral than the other primary
tumors and had smaller tumor diameters (p > 0.05).

Endometrial adenocarcinoma was found only in 2 cases.
Metastatic lymph node was observed in 14 cases, under the
metastatic mucinous tumor group. Twenty-seven of the pri-
mary mucinous ovarian tumor cases were FIGO stage 1 (25 of
them stage 1 A), while 3 cases were FIGO stage 2.

36 out of 46 metastatic mucinous adenocarcinomas con-
sists of cases where primary origin was confirmed by biopsy
(13, 13, 6, 2, 1 and 1 cases were originated from appendix,
colon, stomach, pancreas, cervix and, small intestine
respectively).

Immunohistochemical Findings

PAX2, PAX8 and CDX2 scores were listed in Table 3.
Positive and negative predictive values of staining percentage,
intensity and scores of PAX8 and CDX2 were calculated.
Intensity, percentage and scores were found to be 75, 68,
and 69 for PAX8, 65, 53, 67 for PAX2 and 85, 85, 82 for
CDX2 respectively. Since they are very closed set of numbers
for the same stain, hereafter only the Bscore^ values are
discussed in the manuscript. By that way results are simpli-
fied. Staining scores were between 1 and 15 and -for simpli-
fication- they were evaluated into 3 groups 1–5, 6–10, 11–15.
Shedding or peeling was observed only in metastatic cases
during staining procedure of TMA slides. Shedding was seen
in 2 cases for PAX2, 3 cases for PAX8 and 4 cases for CDX2.
Sensitivity scores for CDX2 to differentiate metastasis, PAX2
and PAX8 to differentiate primary tumor is 73.91, 80.2 82.61
respectively. Specificity scores for CDX2, PAX2 and PAX8 is
80, 60 and 60 respectively.

Metastatic Mucinous Ovarian Tumors 91.2 % of the meta-
static mucinous tumor cases were in score B1–5^ group for
PAX2 while 86.3 % of them were in score B1–5^ group for
PAX8. On the other hand, for CDX2 expression 68.2 % of the
metastatic tumors was in B10–15^ score group.

Primary Seromucinous Type Ovarian Tumors All of the
seromucinous tumors (except one) showed strong and diffuse
nuclear positivity with PAX8 and all was CDX2 negative.

Primary Mucinous Ovarian Tumors 80 % and 66.7 % of
the borderline mucinous tumors were in B1–5^ score for
group for PAX2 and PAX8 expression respectively.
85.7 % of primary mucinous adenocarcinomas were in
B1–5^ group for PAX2. T
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Role of PAX2, PAX8 and CDX2 in Distinguishing
Primary/Metastasis and Mucinous/Seromucinous p values
obtained after statistical analysis were shown in Table 4.
Accordingly, PAX2, PAX8 and CDX2 scores were sta-
tistically significant (this significance continues even
when the seromucinous group expressing strongly
PAX8 was removed).

Metastatic Mucinous Tumors Expressing PAX2 or PAX8
Contrary to the statistical significance of results and general
tendency, some metastatic mucinous tumors expressed PAX2
or PAX8. 7 cases among all metastatic tumors were
incompatible by demonstrating PAX2 or PAX8 expres-
sion. 3 of those were metastatic from appendix, 1 was
from colon, 1 was from stomach and 2 of those were in the
group with an unknown primary.

PAX8 Heterogeneity in Mucinous Tumors All mucinous/
seromucinous tumor results were re-examined after the docu-
mentation of diffuse and strong PAX8 expression in
seromucinous tumors (7 out of 8 seromucinous tumors) was
completed. 7 of the mucinous tumors included in the study
demonstrate more staining with PAX8 and 9 of them demon-
strate more staining with CDX2. 6 mucinous tumors did not
have any staining distribution and intensity to clearly demon-
strate any CDX2 or PAX8 dominance.

Discussion

Since the first classification of epithelial tumors of ovary in the
19th century, remarkable progress has been achieved, and par-
ticularly significant changes were observed regarding the se-
rous tumor pathogenesis. As to the present situation, it is stat-
ed that there is no entity as the epithelial ovarian tumor; its
origin is tubal epithelial for serous tumors, endometriosis for
endometrioid and clear cell tumors, transitional metaplasia in
the tuba peritoneal junction – possibly – for mucinous tumors
[18]. Moreover, testicle (a homologous organ of ovary) does
not have Bepithelial testicle tumor^ is explained with the fact
that males do not possess endometriosis and tuba uterina [18].

Considering the mucinous ovarian tumors, pathogenesis of
the ovarian tumors is still a mystery. Researchers showed great
interest in the matter based on the companion of mucinous

epithelium with the other primary tumors of ovary (such as
Brenner, teratoma, Sertoli-Leydig cell tumor including heter-
ologous element) and the metastatic tumor’s successful mim-
icry of the primary ovarian tumor. Since the first mucinous
tumor excision of Dr. EphraimMcDowell [19], there has been
important progress for pathogenesis and differential diagnose.
After it was proven that most of the mucinous adenocarci-
nomas (previously known as the 10 % of all epithelial tumors)
are the metastatic tumors to the ovary in many reported cases,
it was revealed that primary mucinous adenocarcinomas are
very rare tumor of the ovary (3 % of all ovarian tumor based
on current statistics) [1].

To overcome the difficulty in diagnosis, new markers are
arising each day to distinguish metastatic-primary mucinous
tumor. It has been shown that primary-metastatic distinction
can be possible with the combined evaluation of morpholog-
ical, clinical and radiological data [ [20]]. Recent studies have
showed that the use of PAX2 and PAX8 immunomarkers are
functional markers for revealing the origin of metastasis in
many organs. For instance, they are useful to distinguish
PAX8 positive tumors (kidney, primary or metastatic
mullerian system tumors except mucinous tumors, thymus,
and thyroid) from PAX8 negative tumors (adrenal, breast,
gastrointestinal system, and lung, prostate) [6, 21, 22]. It is
even a marker in routine practice to distinguish serous ovarian
adenocarcinomas from breast adenocarcinomas or mesotheli-
oma [6, 7]. There are limited studies in literature about PAX
expressions in mucinous tumors. None of these takes the his-
tologic type or the metastatic origin into account (whether it is
seromucinous or mucinous). Review of the literature was
listed in Tables 5 and 6.

The study is empowered by the fact that 78 % of the met-
astatic cases selected in the study have primary biopsy diagno-
sis proven with pathology report. The most important factor to
relieve the pathologist during decision-making process for pri-
mary or metastatic in mucinous tumors is the existence of
morphologically similar primary tumor, and it is important
for reliability to have primary biopsy in many cases. When
the results of the study are considered, it is seen that most of
the metastatic cases (85–90 %) are negative with PAX2 and
PAX8, while majority of them (68.2 %) show diffuse and
strong reaction with CDX2. Results are statistically significant.

Although as our study showed positive/negative predictive
values of staining distribution, intensity and Bscores^ of PAX8

Table 4 Statistical results of
different combinations Comparisons between ovarian tumor diagnosis PAX2 score

p value
PAX8 score
p value

CDX2 score
p value

All of the primary mucinous tumors VS Metastasis 0.000 0.000 0.000

BOT-SM VS (BOT-M + CA) 0.629 0.001 0.013

(BOT-M + CA) VS Metastasis 0.001 0.001 0.004

*BOT-SM (Borderline seromucinous), BOT-M (Borderline mucinous), CA (primary mucinous adenocarcinoma)
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and CDX2 are very similar to each other combined evaluation
of both staining distribution and staining intensity in routine
practice may create more correct results.

Another interesting issue with respect to mucinous tumors
is the Bseromucinous type^ tumor group. It has been found
that this group is different than the mucinous tumors within
the endometriosis related tumor group and shows ARID1
gene mutation [10, 26]. Lastly in WHO 2014 classification
seromucinous tumors are not classified as a subtype of mucin-
ous tumor; they are categorized as a distinct ovarian tumor.
Additionally, textbooks include information that they are rare
tumors, constitute 15 % of all borderline tumors, are observed
at younger ages compared to other primary mucinous tumors,
have a tendency [27] to become bilateral more often. In our
case series, seromucinous borderline tumors make up the
34.7 % of all borderline mucinous tumor cases which is more
than double of the expected number. Researches need to be
conducted to understand whether they vary in different popu-
lations. No significant clinical difference was found compared
to the other primary tumors with respect to being bilateral. It is
also statistically significant that they were seen at younger
ages than the other primary tumors which were compatible
with the present literature.

None of the studies in the literature on the mucinous tumor
and PAX expression, showed expression differences based on
the type of mucinous tumor, mucinous or seromucinous. There
was no attempt to put forward a pathogenetical mechanism
based on PAX2 or PAX8 expressions. The results of the study
revealed that seromucinous tumor had no CDX2 expression

and that all cases (except 1) had strong diffuse positive with
PAX8. That means, seromucinous tumors have a different
staining pattern for PAX8 and CDX2 than and primary
mucinous tumors (p = 0.000–0.013). Just like the pelvic
serous tumors, they also express a mullerian marker PAX8.

We also see that mucinous tumors are not as homogenous
as seromucinous tumors. One cluster of mucinous ovarian
tumors (8 of them) expresses diffuse and strong PAX8, while
the other cluster (9 of them) expresses diffuse and strong
CDX2. Some mucinous tumors (6 of them) allow selecting
neither CDX2 nor PAX8 dominance. This gives the idea that
the mucinous tumors are heterogeneous tumors. As it is
known that the seromucinous tumors are developed from a
different pathway than the other primary tumors, our findings
may indicate that the one cluster of the mucinous tumors has
mullerian origin as the seromucinous tumors and even the
serous tumors, that one cluster may develop as colon tumors
(such as FAP and Lynch), and that one cluster may develop
from a different pathway or from multiple pathways.

The restraining aspects of the study are the fact that only 76
cases are included in the study and immunohistochemistry is
applied to TMA blocks. Even though it is attempted to select
independent points for TMA preparation when dealing with
this technique, it may not be realistic to give distribution infor-
mation. In addition, truth of intensity results may be affected by
the heterogeneity of the fixation periods of the tissues. Besides,
the study is interesting as summarizing the literature about mu-
cinous tumor’s PAX2-PAX8 expressions. It is also promising
for distinguishing primary and metastatic tumor and reveals the

Table 6 PAX2 Expressions;
Review of the English Literature Study Diagnosis Number of PAX2

positive cases
Number of mucinous
tumor in the study

Percentage of PAX2
positive cases to all
mucinous cases (%)

Tabrizi et al. [25] CA 1 30 3,3

Ozcan et al. [6] BOT-M/C 4 21 19

Ozcan et al. [6] CA 0 9 0

BOT-M (Borderline mucinous), CA (primary mucinous adenocarcinoma), C (Cystadenoma)

Table 5 PAX8 Expressions;
Review of the English Literature Study Diagnosis Number of PAX8

positive cases
Number of mucinous
tumor in the study

Percentage of PAX8
positive cases to all mucinous
cases (%)

Kobel et al. [23] CA 2 31 6,4

Nonaka et al. [24] CA 1 12 8,3

Ozcan et al. [7] CA 4 10 4

Ozcan et al. [6] BOT-M/
C

3 13 23

Laury et al. [21] CA 10 25 40

Chu P.G et al. [4] CA 3 19 15

Tabrizi et al. [25] CA 0 30 0

BOT-M (Borderline mucinous), CA (primary mucinous adenocarcinoma), C (Cystadenoma)
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diffuse and strong PAX8 expression in seromucinous border-
line tumors, and may suggest an idea for pathogenesis.
Findings are pioneers for future full section studies. Our study
can be considered as a preliminary study of whole slide studies
with wide series, to be done in comparison with the so far usual
and conventional markers as CK7 and CK20.
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