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Abstract

Ovarian epithelial tumors with transitional cell features are well-recognized.
They morphologically resemble urothelium or urothelial carcinomas of the urinary
tract and are classified as transitional cell tumors of the ovary which currently
includes Brenner tumors and transitional cell carcinomas of the ovary. Brenner
tumors are further classified as benign, borderline and malignant subtypes. The
clinical and biological features of transitional cell tumors of the ovary are not well
defined and the histogenesis of Brenner tumors is still uncertain. We report here
our Immunohistochemistry (IHC) findings of PAX8 and p63 on transitional cell
tumors of the ovary, the cell lineage specific transcription factors for Mullerian
and urothelial epithelial cells, respectively. We show here that PAX8 and p63
were mutually exclusively expressed in Brenner tumors (PAX8-/p63+) and
transitional cell carcinomas of the ovary (PAX8+/p63-), underlying a cell lineage
difference between these two tumors. We also report that transitional metaplasia
is a common phenomenon of the fallopian tube epithelium in the fimbriae and
may represent an additional innate differentiation potential of the fallopian
tube epithelium. The metaplastic transition type epithelium closely resembles
immature urothelial cells and Brenner tumors on IHC, but not transitional cell
carcinoma of the ovary. We thus suggest an alternative histogenesis for Brenner
tumors arising from fallopian tube epithelium derived ovarian inclusion cysts. The
cell lineage difference between Benner tumors and transitional cell carcinomas
justifies the use of PAX8 and p63 to accurately diagnose transitional cell tumors
of the ovary and separation of these two tumors in future classification of
epithelial ovarian tumors.
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to the cisplatin-based chemotherapy and May response to the Poly-
ADP Ribose Polymerase (PARP) inhibitors which are under clinical
try for BRCA related ovarian carcinomas [4-6]. Thus, it is imperative
to have an accurate diagnosis of transitional cell tumors of the ovary
for proper chemotherapy and evaluation of the treatment effects. In
addition, the histogenesis of Brenner tumors still is puzzling because
of the unique histologic features [7].

Introduction

Tumors histologically similar to benign urothelium or urothelial
carcinomas of the urinary tract are well-recognized in the ovary and
are classified as transitional cell tumor of the ovary, which currently
includes Brenner tumors and transitional cell carcinomas of the ovary
[1]. The Brenner tumors are further classified into benign, borderline
and malignant types. The differential diagnosis of primary malignant

transitional cell tumors of the ovary can be challenging because they
are morphologically indistinguishable and have been traditionally
dependent on the identification of benign or borderline components
of Brenner tumors. When the benign or borderline components
are present, the malignant transitional cell tumor is diagnosed as
malignant Brenner tumor, otherwise, as transitional cell carcinomas
of the ovary [2]. However, it is conceivable that the benign or
borderline components may be overlooked or misinterpreted and
thus leads to the misclassification of transitional cell tumors of the
ovary.

Recent evidences have indicated that transitional cell carcinomas
of the ovary may have distinct clinical and biological features. The
transitional cell morphologies are reported more frequently seen in
BRCA gene mutation related ovarian carcinomas [3]. Transitional
cell carcinomas of the ovary were reported to have better response

In this study, we investigated the expression of PAXS8, p63, as
well as cytokeratin 5/6, 7, and 20 in transitional cell tumors of the
ovary utilizing THC. We also studied the expression of these markers
in the recently recognized metaplastic transitional epithelium of the
fallopian tube [8-10]. We report here that fallopian tube epithelium
frequently undergoes transitional (or urothelial) cell differentiation
in the fimbriae. The metaplastic transitional type epithelium closely
resembles immature urothelium and Brenner tumors on IHC. We
suggest that Brenner tumors arise in the ovary from the metaplastic
transitional epithelium of the fallopian tube epithelium derived cysts
and therefore have a unified histogenesis as other ovarian epithelial
tumors, i.e., a direct Miillerian epithelial origin. We also suggest that
a cell lineage-related approach with IHC including PAX8 and p63 is
more reliable to distinguish transitional cell tumors of the ovary and
hence will facilitate to further define these tumors.
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Material and Methods

The tissues used in this study included 5 cases of fallopian tube with
metaplastic transitional epithelium, 27 Brenner tumors (25 benign,
1 borderline, and 1 malignant), and 23 transitional cell carcinomas
of the ovary. The H&E sections of tumor cases were reviewed and
the corresponding diagnoses were confirmed. A Tissue Microarray
(TMA) was assembled with three 0.6 mm cores of representative
tissues from each benign Brenner tumor or ovarian transitional
cell carcinoma for THC study. The cases of metaplastic transitional
epithelium were selected from the prophylactic sapingo-ovulectomy
specimen for patients with BRCA 1 or 2 germline mutations or family
history of breast and ovarian carcinomas. A TMA with 41 invasive
urothelial carcinomas of the urinary bladder was used as control in
this study.

IHC with PAX8 (Proteintech, Chicago, IL), p63 (Ventana,
Tuscon, AZ) as well as CK5/6, CK7 and CK20 was performed in a
Dako autostainer utilizing avidin-biotin peroxidase method after
appropriate antigen retrieval according to the manufacture manual.
Only distinct nuclear staining was considered to be positive for PAX8
and p63. The staining intensity was graded as negative, weak (1+),
moderate (2+) and strong (3+).

Results

The metaplastic transitional epithelium of the fallopian tube is
defined as areas of stratified epithelium composed of multiple layers
of uniform epithelial cells with round or oval nuclei and nuclear
grooves morphologically resembling the urothelium in the fallopian
tube epithelium. We have reviewed the H&E sections of fallopian
tubes from 30 RRSO specimens performed for patients with high
risk of developing ovarian carcinomas either confirmed BRCAI or
BRCA2 germline mutation or strong family history of breast and
ovarian carcinomas. The patients varied from 30 to 52 year old (an
average of 41 years). All fallopian tubes were submitted entirely for
histologic examination according to the recently proposed protocol
which generated 8 to 12 sections (an average of 10 sections) for each
case. Areas of transitional-like epithelium were found in five cases
which were readily identified because of its stratification of multiple
layers of epithelial cells distinct from the single layer of ciliated
fallopian tube epithelium. The transitional type epithelium usually
were present bilaterally (4/5), multifocal, and varied from 1 to 5 mm
in width and 5 to 10 cell layers. The transitional type epithelium was
found in the fimbriae either franked by or growing under the ciliated
serous epithelium (5/5) as well as in the peritoneal-tubal junctions
(2/5). The transitional-like areas are uniform and small and the cells
in the superficial layers appeared to be larger and flatten, but there
were no typical umbrella-like cells present (Figure 1). In addition
to areas of transitional type epithelium, one with high grade serous
intraepithelial carcinoma, one with endometrial metaplasia, and one
with mucinous metaplasia (endocervical type) were also identified in
these 30 cases (data not shown).

We next investigated the immunohistochemical features of the
transitional-like epithelium in the fallopian tube utilizing IHC. We
selected a short panel of antibodies against PAXS, p63, CK5/6, CK7,
and CK20 because these proteins represent markers of cell lineages
and differentiation. PAX8 is a nuclear protein for the Miillerian
epithelial cell lineage marker and is expressed in the non-ciliated

Figure 1: Transitional type Epithelium (TE) of the fallopian tube. A) TE in
the peritoneal-tubal conjunction (H&E, 50x); B) TE flanked by the ciliated
fallopian tube epithelium (H&E, 100x); C) TE under the ciliated fallopian tube
epithelium (H&E, 200x); D) TE with uniform oval nuclei and nuclear grooves

(H&E, 400x).

secretory (serous) cells of the fallopian tube epithelium, whereas
p63 is the transcription factor required for the development of
the stratified epithelium including squamous epithelium and
urothelium. It is expressed in the immature urothelial cells in basal
and intermediate layers or stem/progenitor cells in the urothelium.
The cytokeratin expression has distinct pattern in the urothelium
and reflects the differentiation stages of urothelial cells: CK7 in all
urothelial cells (terminally differentiated or immature), CK5/6 in
the maturing urothelial cells of the basal and intermediate urothelial
layers, and CK20 in the terminally differentiated superficial umbrella
cells. The transitional-like epithelium of the fallopian tube was
positive for CK7, CK5/6, and p63; and negative for PAX8 and CK20.
The CK7 staining was detected in all layers of the transitional-like
epithelium of the fallopian tube epithelium; CK5/6 and p63 were
detected in the basal and intermediate cells. The most superficial cells
were usually negative for CK5/6 and p63 as well as for CK20 (Figure
2). The fallopian tube epithelium is diffusely positive for CK7 and
focally positive for CK5/6; the interspersed non-ciliated serous cells
were positive for PAX8; no p63 or CK20 staining was detected in the
fallopian tube epithelium (data not shown).

We then investigated the expression of these markers in
transitional cell tumors of the ovary. The 25 benign Brenner tumors
were from 23 patients of 30 to 60 years old (average of 45 years old).
Seven cases were incidental microscopic findings and were less than 1
cm in size. In these cases, the nests or microcysts with transitional-like
epithelium were embedded in the dense fibrotic or stromal tissues. The
others (18/25) had grossly identified tumors varied from 2 to 3.5 cm
in size (average of 2.5 cm). Seven of these tumors were predominately
solid, 6 were mainly cystic, and 5 were solid and cystic. Three of the
cystic benign Brenner tumors were associated with benign mucinous
cystadenomas. The tumors were located in the cortex, medulla or hilar
areas and confined to the ovaries. The clinical and histologic features
of the borderline and malignant Brenner tumors were described in
previous publication [11]. For the transitional cell carcinomas, the
transitional-like components either constituted the predominant
portion of the ovarian tumors (>50%) or associated with other types
of high grade ovarian carcinomas as a minor component. IHC stains
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Figure 2: Immunohistochemistry (IHC) of transitional type epithelium of the
fallopian tube. A) PAX8; B) p63; C) CK7; D) CK20 (IHC, 20x).

showed the Brenner tumors (27/27), benign, borderline or malignant
were positive for CK5/6, CK7, p63, negative for PAX8 and K20; all
the transitional cell carcinomas of the ovary (23/23) were positive for
CK7 and PAXS, negative for CK5/6, CK20, and p63. There was no
co-expression of PAX8 and p63 detected in either Brenner tumors or
transitional cell carcinomas of the ovary in this IHC study.

Discussion

The origin of ovarian carcinomas has been a matter of debate
[12]. For decades, the ovarian surface epithelium has been considered
as the tissue origin of ovarian carcinomas, especially for the high
grade serous carcinomas. This was also known as “incessant ovulation
theory” which attributed the ovulation-related ovarian surface
epithelium damage and repair to ovarian carcinogenesis [13]. The
incessant ovulation theory was mainly based on the observations
of super ovulation increasing (in poultry hens) and suppression
of ovulation decreasing (in women with multiple pregnancies or
long-term use of contraceptives) ovarian carcinomas. However,
the incessant ovulation theory was not able to adequately address
some important issues in the ovarian carcinogenesis. For example,
no convincing premalignant lesions have been identified on the
ovarian surface epithelium despite of extensive investigation,
which contradicts the stepwise progression of malignant epithelial
neoplasms. In addition, there is significant difference between the
purported tissue of origin and malignant tumors. The ovarian surface
epithelium is in continuity with the pelvic peritoneum and is of
mesothelium in nature whereas ovarian carcinomas are malignant
epithelial tumors and different from the ovarian surface epithelium
at histological, immunohistochemical and ultrastructural levels [14].
Nevertheless, the incessant ovulation theory was widely accepted and
has dictated the efforts of treatment, prevention and basic research
for ovarian carcinomas in last several decades.

It was until recently the theory was challenged and alternative
theories gained increasing supports. The evidences emerged initially
from patients with BRCA1 or BRCA2 germline mutations [15-17].
These patients have a significantly increased risk of developing
high-grade serous carcinomas of the ovary. Bilateral Salpingo-
Oophorectomy (BSO) is provided as a prophylactic and risk-
reducing measure for these patients. Such specimens provided

unique opportunities to study the initiation of ovarian carcinomas.
Histological examination of these specimens unexpectedly revealed
that the long-sought premalignant lesions or occult (early)
carcinomas were found primarily on the fimbria of fallopian tubes
and were rarely seen on the ovarian surface epithelium. Subsequent
studies demonstrated that such a phenomenon was not limited to the
hereditary ovarian carcinomas and the fimbria of fallopian tubes of
some sporadic ovarian carcinomas also harbored similar premalignant
lesions [18]. In addition, gene expression profile [19,20] and cell
lineage studies [21-24] also showed that papillary serous carcinomas
of the ovary were more closely related to the fallopian tube epithelium
instead of the ovarian surface epithelium. These findings strongly
indicate that high-grade serous carcinomas of the ovary arise from the
fimbria of fallopian tubes instead from the ovarian surface epithelium.
The ovary is involved secondarily by tumor implantation or direct
invasion from the fallopian tubes because of their close proximity.
These tumors eventually “become” ovarian carcinomas because the
ovary involvement is always extensive. These evidences have initiated
the recent shift for ovarian carcinogenesis from the ovarian surface
epithelium to the fallopian tube epithelium. The new model indicates
that high-grade ovarian carcinomas has a direct Mullerian origin and
derives from the Miillerian-derived fallopian tube epithelium in the
fimbria of the fallopian tubes [7,25-28].

A direct Miillerian origin has been well-documented for other
types of ovarian carcinomas such as endometrioid and clear cell
adenocarcinomas of the ovary. Both tumors frequently arise from the
preexisting endometriosis in the ovary or pelvis [29,30]. A related cell
lineage with the fallopian tube epithelium was also demonstrated for
low-grade serous ovarian epithelial tumors which may also arise from
fallopian tube type epithelium [31]. However, it is intrigue whether
the theory of direct Miillerian origin can be extended to all ovarian
epithelial tumors, especially for those ovarian epithelial tumors with
unique histological features. These tumors include Brenner tumors
and gastrointestinal types of ovarian mucinous carcinomas, which
contain neoplastic cells similar to epithelial cells in the urinary and
gastrointestinal tract, respectively [7]. Here we propose that Brenner
tumors may also directly arise from the Miillerian epithelium and
may be related with the transitional cell metaplasia of the fallopian
tube epithelium, an under-recognized cellular differentiation of the
Miillerian epithelial at the distal end of the fallopian tubes.

Transitional cell metaplasia is a morphologic transformation of
non-urothelial epithelium into urothelium-like epithelium, which is
characterized by a stratified epithelium composed of uniform epithelial
cells with moderate amount of cytoplasm, round or oval nuclei, and
nuclear grooves. Transitional cell metaplasia has been identified
in several types of epithelium, such as the respiratory epithelium,
gastrointestinal epithelium, and mesothelium, which usually is the
result of reactive epithelial changes to various chronic physiological
or pathological stimuli. In the female genital tract, transitional cell
metaplasia frequently occurs in the transformation zone of the
uterine cervix but was believed very rare in the fallopian tube [32,33].
However, recent reports have shown that transitional cell metaplasia
is also common in the fallopian tube and these findings were made
possible because of the recent recognized significance of fallopian
tubes in ovarian carcinogenesis [8-10]. When the fallopian tubes were
examined entirely as for the specimens of RR-BSO, as much as 20% of
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these fallopian tubes contained areas of transitional type epithelium.
The transitional cell metaplasia was reported to be in the plicae of
the fimbriae or at the peritoneal-tubal junction of the serosal aspect
of the fallopian tubes. In this study, we reviewed 30 cases of RR-BSO
specimen from patients with BRCA1 or 2 germline mutation and the
fallopian tubes were submitted entirely for histological examination.
The transitional type epithelium was identified by the segments of
stratified epithelium of variable length in the native single layer of
ciliated epithelium of the fallopian tube and was more frequently seen
in the tips or the lateral aspects of the fimbrial plicae (5/5) than in
the peritoneal-tubal junction (2/5). The origin of transitional cell-type
epithelium at the peritoneal-tubal junctions may be elusive because it
could arise from either the mesothelium or fallopian tube epithelium;
whereas the one in the fimbrial plicae most likely is the direct result
of transitional cell metaplasia of the fallopian tube epithelium.
The transitional cell metaplasia appeared to be the most common
morphological changes in the RR-BSO specimens since only one
(0.3%) of focal endometrioid epithelium, one (0.3%) endocervical
type mucinous epithelium, and one of serous carcinoma in-situ were
identified in the same cohort. It has been under-recognized mainly
because of inadequate histological examination of the fallopian tubes
in the past. Transitional cell metaplasia may represent one innate
form of the differentiation potentials of the Miillerian epithelium,
in addition to the well-recognized serous, glandular (endometrial),
mucinous (endocervical) and clear cell morphologies [34].

The transitional type epithelium in the fallopian tube has not
been fully characterized immunohistochemically. In this study,
we investigated its immunohistochemical features with a panel of
antibodies including for PAXS, p63, CK5/6, CK7, and CK20. PAX8
and p63 are the cell lineage specific transcription factors essential for
the development of Miillerian epithelium [35] and urothelium [36],
respectively. PAX8 is expressed in the Miillerian derived normal
epithelium or neoplastic tissues and has been used for Miillerian cell
lineage marker; p63 is expressed in the stem/progenitor cells in the
urothelium and basal and intermediate urothelial cells and is the key
regulator for the differentiation of urothelial cell lineage [37]. We
have shown the transitional type epithelium in the fallopian tube was
diffusely positive for p63, CK5/6, CK7, negative for PAX8 and CK20,
resembling the immature urothelial cells in the urothelium. Findings
of gain of p63 and loss of PAX8 expression in the transitional type
epithelium in the fallopian tube epithelium further underlie the
importance of these two transcription factors in the differentiation
and maintenance of Mullerian or urothelial cell lineage features.

Brenner tumors are not only morphologically and but also
immunohistochemically similar to urothelial neoplasms of the
urinary tract and are significantly different from other common
ovarian epithelial tumors [1,38,39]. The unique features have made
the histogenesis of Brenner tumors even more intrigue. Brenner
tumors were purported arising from the ovarian surface epithelium,
Walthard nests, or even sex-cord tissue. In this study, we have shown
that Brenner tumors closely resemble the metaplastic transitional
type epithelium of the fallopian tube with characteristic expression of
p63, CK5/6, CK7 [40-42], and absence of PAX8 expression. This leads
us to propose an alternative pathway for Brenner tumor histogenesis
and we suggest that Brenner tumors arise from the transitional type
epithelium of the fallopian tube, especially from those fallopian tube

Figure 3: Expression of PAX8 and p63 in Brenner tumors and transitional cell
carcinomas of the ovary. A, B, C) Benign Brenner tumor, H&E, PAX8, and
p63 (20x), respectively; D, E, F) Borderline Brenner tumor, H&E, PAX8, and
p63 (20x), respectively; G, H, I) Malignant Brenner tumor, H&E, PAX8, p63,
respectively; J, K, L) Transitional cell carcinoma of the ovary, H&E, PAX8,
and p63, respectively.

epithelium-derived cysts in the ovarian parenchyma [43]. It was
reported recently that as much as 70% of ovarian inclusion cysts were
lined by fallopian tube type epithelium and derived from the fallopian
tube. The fallopian tube epithelium in the ovarian inclusion cysts may
still retain the potential of transitional cell metaplasia and give rise to
Brenner tumors. The scenario of ovarian cyst origin is consistent with
the distribution of Brenner tumors in the ovary. Other secondary
Miillerian structures such as endometriosis, endosalpingiosis, and
rete ovarii in the ovary conceivably can undergo transitional cell
metaplasia and may contribute to the development of Brenner
tumors as well.

Transitional cell carcinomas of the ovary are generally considered
a variant of high grade ovarian carcinomas [44]. They are similar to
serous ovarian carcinomas immunohistochemically and different
from Brenner tumors [44,45]. In addition to the lacking of p63
expression as reported, we have showed in this study that transitional
cell carcinomas of the ovary are consistently positive PAX8 as serous
ovarian carcinomas.

Although they take on “transitional” type morphology,
transitional cell carcinomas of the ovary are still composed of
malignant neoplastic cells retaining the canonical Miillerian cell
lineage features and might have directly derived from the fallopian
tube epithelium. Our findings further indicate the difference of the
cell lineage and histogenesis between Brenner tumors and transitional
cell carcinomas of the ovary, which was highlighted by the mutually
exclusive expression of PAX8 and p63. The significant difference may
not justify classifying these two tumors in the same group.

Ovarian carcinomas with transitional cell pattern have received
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increased attentions recently [3,46]. Transitional cell carcinomas
of ovary appeared to have a favorable response to the conventional
chemotherapeutic agents and a better prognosis than other subtypes
of high grade ovarian carcinomas [4-6]. Recent evidences showed
that the transitional cell patterns are more frequently seen in ovarian
carcinomas associated with BRCA1/2 germ line mutations. The new
antitumor agents such as PARP also demonstrated promising effects
on BRCA1/2 associated ovarian carcinomas [47]. Therefore, it is
imperative to accurately diagnose the transitional cell carcinomas of
the ovary, especially from malignant Brenner tumors. The differential
diagnosis of primary malignant transitional cell tumors in the ovary
has been heavily dependent on the morphological identification of
benign or borderline components of Brenner tumors in the resected
specimen. When the benign or borderline components are identified,
the malignant transitional cell tumor is diagnosed as malignant
Brenner tumors; otherwise the malignant transitional cell tumor
is diagnosed as transitional cell carcinoma of the ovary. However,
the benign or borderline components may not be always identified
due to the overgrowth of the malignant components or inadequate
sampling; on the other hand, the lower grade components of
transitional cell carcinomas of the ovary may be erroneously regarded
as benign or borderline components of Brenner tumors. All these
may lead to the misclassification of primary malignant transitional
cell tumors of the ovary. The transitional cell carcinomas are more
aggressive than malignant Brenner tumors even at same stages
of disease and the cell lineage differences of these two malignant
tumors may convey different responses to various chemotherapeutic
agents. Misclassification of these two malignant tumors might have
contributed to the reported inconsistent findings on these tumors
48 and delays to define the clinical and biological features of these
tumors. Therefore, we suggest a cell lineage dependent IHC approach
including PAX8 and p63 to diagnose transitional cell tumors of
the ovary in addition to the morphological criteria. A p63+/PAX8-
transitional cell tumor in the ovary is composed of neoplastic cells of
urothelial cell lineage and consistent with Brenner tumors; whereas
the p63-/PAX8+ tumor is composed of neoplastic cells of Miillerian
cell lineage and is consistent with transitional cell carcinomas of
the ovary. These combined measures will be more accurate for the
differential diagnose of malignant transitional cell tumors of the
ovary, facilitate the elucidation of clinical and biological features of
these tumors and selection of proper treatment regimens.
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