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Abstract: Current research has strongly proposed that contrary to prior beliefs, many ovarian epithelial cancers 
(OECs) do not, as their name suggests, originate in the ovaries. Recent findings regarding both high-grade and low-
grade serous carcinomas has implicated the fallopian tube as a cell source for these OECs, but until now, there has 
been little insight into the cellular source for clear cell and endometrioid carcinomas. In this commentary review 
article, we aimed to discuss the new findings that support the possible contribution from the fallopian tube in clear 
cell and endometrioid carcinomas. Specifically, we have provided results that showcased ovarian surface epithelia 
(OSE) and ovarian epithelial inclusions (OEIs) as having mesothelial and tubal origins and have strongly recognized 
the secondary müllerian system and the ability for tubal epithelia to implant upon the ovarian surface as contribut-
ing to fallopian tube-derived OEIs (F-OEIs). We have provided initial indications of these F-OEIs and their relationship 
to endometriosis and then clear cell and endometrioid carcinomas and subsequently offer our new proposal of a 
probable tubal origin. This new proposal is a paradigm that drastically changes the understanding behind the origin 
of these OECs and has significant clinical implications in the near future. 
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Introduction

Ovarian epithelial cancer (OEC) is categorized 
into two types depending on its morphological, 
histological, and genetic composition. Type I 
ovarian cancers are typically defined by their 
confinement to the ovary and relative genetic 
stability. On the other hand, Type II ovarian can-
cers are defined by their rapid evolution and 
high rate of TP53 mutations, which, as a result, 
makes Type II cancers highly aggressive [1]. 
Serous carcinomas are the most common type 
of ovarian cancer and are categorized into low-
grade and high-grade groups [2]. High-grade 
serous carcinomas are more common than low-
grade serous carcinomas, comprising about 
70% of ovarian carcinomas. They are usually 
diagnosed in advanced stages and are micro-
scopically characterized by their papillary, glan-
dular, and solid growth structures [3]. In con-

trast, the less common low-grade serous 
carcinomas have higher genetic stability, show 
mutations in the KRAS and BRAF genes, and 
are believed to advance through a stepwise 
phase involving ovarian cortical inclusions cysts 
(CICs) or ovarian epithelial inclusions (OEIs), 
benign cystadenomas, and borderline tumors 
[1]. In addition, other types of ovarian carcino-
mas include mucinous, endometrioid, and clear 
cell carcinomas [3]. 

For years, studies have aimed to understand 
the cell origin and pathogenesis of these OECs 
in an effort to better diagnose and treat 
patients. Recently, there have been increasing 
studies linking the fallopian tube as the cell ori-
gin for many of the OECs. There has been evi-
dence that high-grade serous carcinomas arise 
from tubal secretory epithelial cells that implant 
on the ovarian surface before concluding in 
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metastatic disease. Studies observed the pres-
ence of serous tubal intraepithelial carcinomas 
(STICs) in women who were at high-risk for 
serous carcinomas and patients who already 
had dispersive high-grade serous carcinomas 
[4]. Similarly, there has been evidence that low-
grade serous carcinomas also have their cell 
origin in the fallopian tube [1, 3, 5]. Using spe-
cific morphologic characteristics and immuno-
histochemical markers, it was found that there 
are two types of ovarian surface epithelia (OSE), 
one mesothelial in nature and the other of tubal 
origin. There are also two types of OEIs corre-
sponding to mesothelium and tubal epithelium 
respectively. Since most OEIs show a signifi-
cantly higher resemblance to the fallopian tube 
rather than the typical mesothelium-derived 
OSE, we have concluded that the fallopian tube 
is the main cellular source for low-grade serous 
carcinomas [6]. Additionally, the cell origin for 
mucinous ovarian carcinomas has been highly 
controversial and unclear, though preliminary 
data has shown a relationship with gastrointes-
tinal mucosa, also indicating a non-ovarian ori-
gin [1]. As a result, these studies have prompt-
ed exploration into the cell origin of clear cell 
and endometrioid carcinomas. It has been pre-
viously believed that the cell origin of both clear 
cell and endometrioid carcinomas is derived 
from ovarian endometriosis, which is believed 
to originate from the endometrium through the 
process of retrograde menstruation [7, 8]. 
However, based upon current clinicopathologi-
cal observations and recent experimental 
results, a new proposed paradigm has emer- 

ged, linking the fallopian tube as another cellu-
lar source of ovarian clear cell and endometri-
oid carcinomas. Since many researchers have 
already published on the tubal origin of ovarian 
serous cancers, including low-grade serous car-
cinomas [1, 3, 5], this commentary review arti-
cle will instead focus on the recent findings of 
the tubal origin underlying clear cell and endo-
metrioid carcinomas. 

The secondary müllerian system 

Prior to discussing the cell origin of ovarian 
clear cell and endometrioid carcinoma, it is 
necessary to first give a brief overview of the 
secondary müllerian system, since it is both 
conceptually and histologically linked to our 
understanding of the carcinogenesis behind 
these carcinomas. During embryonic develop-
ment, portions of the two distal müllerian ducts, 
also known as the primary müllerian system, 
fuse to form the uterus, cervix, and upper third 
of the vagina, with the remaining ducts then 
staying separated to become the fallopian 
tubes [9]. It has been observed that müllerian 
tissue structures can also be found outside of 
the derivatives of the primary müllerian system, 
a phenomenon that has been termed the “sec-
ondary müllerian system” [10, 11]. The ectopic 
presence of müllerian-derived tissue-a phe-
nomenon that encompasses endosalpingiosis, 
endometriosis, and endocervicosis-is referred 
to as müllerianosis [12]. Endosalpingiosis and 
endometriosis, defined as the ectopic pres-
ence of tubal and endometrial epithelia respec-

Figure 1. Morphologic transitions between endosalpingiosis and endocervicosis. A single ovarian epithelial inclu-
sion (A) shows mucinous epithelial cells (endocervicosis) on the left and serous epithelia (endosalpingiosis) on the 
right. A similar finding of such a transition between endosalpingiosis (left) and endocervicosis (right) was found in 
another ovary (B). 
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tively, are the most common cases of mülleria-
nosis. However, all three components of the 
secondary müllerian system can be morpho-
logically interchangeable-from endosalpingio-
sis to endometriosis or endocervicosis-via a 
probable metaplastic change, as seen in Figure 
1. This morphologically interchangeable phe-
nomenon of müllerianosis was well observed 
and emphasized by Lauchlan about 40 years 
ago [10, 11]. These various müllerian differen-
tiations are able to provide outstanding inter-
pretations of how different types of OECs devel-
op [13]. 

It has been previously believed that the OSE 
were comprised entirely of mesothelial cells. As 
a result, because it was also hypothesized that 
OEIs are formed from the invagination of OSE, it 
was believed that OEIs exclusively had OSE ori-
gins [10]. It was further believed that the invagi-

nation of OSE occurred prior to the cells under-
going “müllerian metaplasia”, leading to the 
formation of the secondary müllerian system 
[14]. However, the müllerian metaplastic pro-
cess for OSE-derived OEIs is purely a hypothe-
sis without supporting scientific evidence. As a 
result, we carried out a study that looked into 
OSE and OEIs in an effort to provide clear evi-
dence of the cell origin of both. 

We designed a study with immunohistochemi-
cal staining that used tubal-specific vs. meso-
thelia-specific markers: PAX-8, a member of the 
PAX gene family [15], is specific to the secretory 
tubal epithelia [16] while calretinin is a recog-
nized mesothelial cell marker [17]. We observed 
a total of 856 cases of OEIs from the ovaries of 
45 patients and found that 667 (78%) were of 
tubal origin (calretinin-/PAX-8+) while the 
remaining 22% were of ovarian surface meso-

Figure 2. Comparison of immunophenotype between OEIs and the fallopian tube. The fallopian tube and two types 
of OEIs (A, D, G) were immunohistochemically stained with PAX8 and calretinin. The mesothelium-derived OEI (M-
OEI) was negative for PAX8 (E) but positive for calretinin (F). Conversely, the fallopian tube-derived OEI (F-OEI) was 
positive for PAX8 (H) but negative for calretinin (I), a result that is identical for the stainings of the tubal secretory 
cells (B and C).
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Figure 3. Tubal ovarian adhesions serve as a common process to spread tubal epithelia on the ovarian surface 
before forming endosalpingiosis. Tubal epithelial cells are commonly seen on the ovarian surface, particularly when 
tubal ovarian adhesions are present (top panel). This panoramic picture shows magnified tubal epithelia (A), ad-
herent tubal epithelia (B) on the ovarian surface, residual original ovarian surface epithelia that is mesothelial in 
nature (C), a newly formed ovarian epithelial inclusion (OEI) with surface adhesions (D), and a better formed and 
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thelial origin [6]. The morphologic observations 
corresponded to the immunohistochemical 
results, as the tubal OEIs (F-OEIs) were obser- 
ved to be comprised of secretory and ciliated 
cells, which are characteristic of tubal epithelia, 
while mesothelium-derived OEIs (M-OEIs) were 
comprised of flat, non-ciliated cells, which is 
characteristic of the mesothelial OSE [6]. 
Representative pictures of the immunohisto-

chemical stainings on both F-OEI and M-OEI are 
presented in Figure 2. Additionally, immunohis-
tological stainings, morphologic indicators, and 
entire ovarian sectioning also provided evi-
dence of two types of OSE as opposed to one: 
those that display a mesothelial phenotype 
(96%) and those that display a tubal phenotype 
(4%). Though the presence of tubal OSE was 
low, the results showed that it was possible for 

dilated OEI (E), which dynamically depicts the process of fallopian tube-derived OEI formation. Morphologically, the 
epithelial cells on the ovarian surface (B) are identical to tubal epithelia (A). The cells in panels (D and E) show more 
secretory cells and less ciliated cells compared with the original tubal epithelia (A). This is in contrast to the residual 
mesothelia (C), which are flat without any cilia and is apparently different from the tubal epithelia. PAX8 staining 
provides further clarification of the epithelial cells on the ovarian surface as well as the process of OEI formation 
(bottom panel). The tubal derived epithelial cells are positive for PAX8 (A, B, D, E) while the residual mesothelium 
on the ovarian surface is negative (C). Interestingly, the top half of the OEI (far right side) shows negative for PAX8 
staining, indicative that part of the epithelial cells were entrapped into the OEI during the process of OEI formation 
due to adhesion.

Figure 4. Initial endometriosis. Initial endometriosis is the earliest morphologic indicator of endometriosis and  
can be seen near the surface of the ovary (A-D). These lesions are commonly seen from the transition of OEI or en-
dosalpingiosis to the initial formation of endometriosis, which illustrates the stromal cellular changes from spindle 
to oval or round in shape and significantly increased microvessel density immediately adjacent to the epithelia, 
which are similar to those tubal derived cells. Additionally, the early onsets of eventual OEI formation can be seen 
by the deep invagination near the ovarian surface (arrows in panel B). Original magnifications: 100 × (A, B) and 200 
× (C, D). 
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benign tubal epithelia to implant upon the ovar-
ian surface and microscopically mimic “OSE” 
[18], as shown in Figure 3. The basis behind 
this implantation can be traced back to the cel-
lular nature of tubal cells. Tubal epithelial cells 
are prone to easy detachment due to the scarce 
amount of stroma cells that is present within 
the tubal fimbria [19]. This tendency for cells to 
slough off easily can result in easy implantation 
onto the ovarian surface due to the close ana-
tomical relationship between the two, as the 
fallopian tube lies in close proximity to the 
ovary, with the fimbriated ends of the fallopian 
tube reaching almost every portion of the ovary 
[20]. In other words, the close relationship 
between the tubal fimbria and the ovary, as well 
as the easy detachment of tubal epithelial cells, 
provides the basis of tubal type “OSE” forma-
tion, which truly represents the so-called endo-
salpingiosis (ectopic tubal epithelia) (Figure 3). 
This involves a process of tubal detachment 
through commonly observed activities such as 
ovulation, inflammation, surface adhesion, and 
dynamic ovarian stromal modulation [1, 6, 9], 
adhesion to the ovarian surface, and invagina-
tion into the ovarian cortex. Regarding the inter-

pretation of the small percentage of tubal type 
epithelia on the ovarian surface and the large 
amount of F-OEIs within the ovarian cortex, we 
think that tubal epithelia have a bigger poten-
tial to grow than the mesothelial cells and 
M-OEI cells [18], although the exact mecha-
nism remains to be clarified. In summary, 
recent results have shown that contrary to pre-
vious beliefs, there are two types of OSE: those 
that originate from the sloughing of tubal epi-
thelia onto the ovarian surface and those that 
are comprised of mesothelial cells on the ovar-
ian surface. Additionally, from our understand-
ing of the two types of OSE, we can now con-
clude that there are, consequently, two types of 
OEI: M-OEI (approximately 20%) and F-OEI 
(approximately 80%). 

In addition to our recent findings about the two 
types of OSE and OEI, an associative relation-
ship has been identified between endosalpin-
giosis and endometriosis [21]. According to a 
study by Heinig et al., 38% of patients with 
endosalpingiosis also had endometriosis [22], 
showcasing a relatively common phenomenon 
of the combination of both endometriosis and 

Figure 5. Ciliated epithelia seen in endometriosis are 
similar to tubal mucosa cells. There are two types of cells 
within the fallopian tube: ciliated cells and secretory cells 
(non ciliated). Part of the tubal fimbria (A) and magnified 
picture (B) from the boxed area of A clearly show cilia-
tions (arrows) in the luminal borders. Ciliated cells are 
also seen in a case of well-formed endometriosis (ar-
rows, C).
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endosalpingiosis. Since endosalpingiosis is 
often found alongside endometriosis [21, 22], 
we believe that endosalpingiosis has the ability 
to convert into endometriosis. In addition, 
endosalpingiosis can also lead to endocervico-
sis, but its relationship to neoplastic change is 
less certain and has not been significantly 
observed in the endocervical types of OECs, 
and thus will not be discussed further. While 
the underlying mechanism behind how endo-
salpingiosis converts to endometriosis is still 
unclear and is in the process of being studied 
[19], F-OEIs are believed to play a part in the 
emergence of endometriosis. 

Cell origin of endometriosis 

Since the first dependable observation of endo-
metriosis in the mid-1800s [23], scientists 
have tried to better understand the cell origin 
of endometriosis in an effort to treat this dis-
ease. Though many theories have been pro-
posed, there is no consensus regarding the cell 
origin of endometriosis due to the difficulty of in 
vivo models and varied hormonal responsive-
ness [19]. One such theory, the coelomic meta-
plasia theory, has been believed to be a legiti-
mate theory on the cell origin of endometriosis, 
yet the lack of morphologic evidence would 
indicate otherwise. In an effort to test this the-
ory of metaplasia, we aimed to identify the ear-
liest signs of morphologic changes of endome-
triosis within the ovaries. We first proposed that 
the earliest morphological indicator of endome-
triosis is initial endometriosis (IE), which is 
described as lesions showing direct transitions 
from endosalpingiosis or F-OEI to areas of mini-
mal formation of endometriosis and then to 
areas of full-blown endometriosis, as illustrated 
in Figure 4 [24]. IE lesions were classified into 
two groups: Type I IE is found on the ovarian 
surface while Type II IE is found within the ovar-
ian cortex [24]. In our 2005 study [24], 34 IE 
cases were identified out of 110 cases of ovar-
ian endometriosis. Type II IE was found in 25 
(73.5%) of cases, with Type I IE comprising 6 
(17.6%) and cases with both Type I and Type II 
comprising 3 (8.8%) [24]. A majority of the IE 
cases studied were thus derived from OEIs. 
Specifically, we believe that these are mostly 
F-OEIs rather than M-OEIs due to the clear pres-
ence of ciliated cells (Figure 5). Logically speak-
ing, a majority of these IE within the ovary, and 
therefore subsequent cases of ovarian endo-
metriosis, seem to have their cell origin in the 

fallopian tube. However, it took us eight years 
to consider this option [19]. When this paper 
was published in 2005, limitations on under-
standing pointed to the idea that IE showcased 
a developing metaplastic process through its 
gradual transformation between OEI and mani-
festation of endometriosis, assuming that 
these OEIs were derived from mesothelial cells 
on the OSE [24]. This was simply because at 
the time, almost everybody in the field had the 
concept that all OEIs originated from OSE, 
which are mesothelial in nature, before being 
converted into müllerian type cells through a 
metaplastic process. However, this is in con-
trast to what has been currently observed, 
where, as discussed earlier, the majority of 
OEIs are derived directly from tubal epithelial 
cells. Furthermore, the formation of such F-OEIs 
does not require metaplasia to convert meso-
thelial cells into müllerian epithelia. Rather, 
direct morphologic evidence of gradual change 
from F-OEI to IE is readily observed in the major-
ity of specimens with ovarian endometriosis or 
endometrioma, thus suggesting that IE is likely 
converted through a direct transition from 
endosalpingiosis. Such transitional changes 
are believed to be a metaplastic process, 
although the detailed mechanism remains to 
be clarified. 

Furthermore, in order to show scientific evi-
dence of the tubal origin of endometriosis, we 
have to demonstrate that endometriosis is not-
or is unlikely to be-derived from the endometri-
um. Starting about five years ago, we designed 
a series of experiments to address this impor-
tant question. To do this, we looked for distinct 
markers that are able to link the fallopian tube 
with endometriosis at the exclusion of the 
endometrium. Using a differential gene array 
process, we identified a set of novel genes that 
are either highly expressed in the fallopian tube 
or in the endometrium. Understanding these 
unique gene markers allowed us to study the 
protein expression in endometriosis and com-
pare it to the protein expressions found within 
the fallopian tube and the endometrium. It was 
found that about 60% of the ovarian endome-
triosis studied was likely to be derived from the 
fallopian tube, with the remaining 40% likely 
originating from the endometrium [19]. Using 
these observations, we recognize the fallopian 
tube as a cellular contributor to endometriosis. 
While this new theory does not 100% exclude 
the endometrium as the cell origin for endome-
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triosis, there is support that more than 50% of 
endometriosis is derived from the fallopian 
tube. The new evidence supporting a tubal ori-
gin for endometriosis is crucial to finding a new 
effective way to prevent and treat ovarian endo-
metriosis, which has a significant impact on 
many women in their reproductive age. 

Endometriosis as a precursor of clear cell and 
endometrioid carcinomas

Both ovarian clear cell and endometrioid  
carcinomas are strongly linked to endome- 
triosis, which is regarded as a precursor for 
these endometriosis-associated ovarian can-
cers (EAOCs) [1, 25]. Although endometriosis 
has been found in 21-54% of cases of clear cell 
and endometrioid carcinomas [26-30], there is 
a possibility that a majority of these carcino-
mas, if not all, are derived from endometriosis 
[31-33]. 

Although endometriosis is a relatively common 
benign gynecologic disorder, affecting approxi-

mately 10% of women of reproductive age [23], 
it has the potential to undergo malignant trans-
formation in 0.7-1.0% of patients with endome-
triosis [34, 35]. Though the molecular events 
behind this transformation are unclear, studies 
have shown a correlation between clear cell 
and endometrioid carcinomas and the pres-
ence of genetic mutations, particularly muta-
tions in the ARID1A gene, a gene that encodes 
proteins that participate in chromatin remodel-
ing [36, 37]. ARID1A has been recently identi-
fied as a tumor suppressor gene, with associ-
ated mutations found in about 50% of clear cell 
carcinomas and about 30% of endometrioid 
carcinomas [36]. Subsequent studies have 
shown ARID1A mutations in atypical endome-
triosis, indicating that these somatic mutations 
have a specific role in the pathogenesis of OECs 
[38]. A case of endometriosis, then, has the 
potential to develop into more dangerous neo-
plastic processes such as ovarian clear cell 
and endometrioid carcinomas, as seen in 
Figure 6. Understanding the potential tubal ori-

Figure 6. Clear cell and endometrioid carcinomas are associated with endometriosis and atypical endometriosis. 
A representative sample of an ovarian clear cell carcinoma (upper right corner, A) shows atypical endometriosis in 
adjacent area (left side with a single arrow, A). The area of atypical endometriosis is better viewed under 200 × mag-
nification (B) and the clear cell carcinoma is magnified 100 × in panel (C) An example of endometrioid carcinoma 
(upper right corner, (D) also shows endometriosis (mid-left with arrow, (D). The area of endometriosis is magnified 
in (E) (200 ×) and the endometrioid carcinoma is magnified in (F) (200 ×).
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as a probable cellular source for at least some 
of the clear cell and endometrioid cancers. 
Additionally, since these cancers are closely 
associated with endometriosis, our observa-
tions about the tubal origin of endometriosis 
may have a significant impact on the clinical 
management and prevention of this common 
disease in women. 

In summary, numerous studies have shown 
that so-called ovarian carcinomas, contrary to 
what their name suggests, barely originate in 
the ovaries. Instead, the fallopian tube is now 
being recognized as the main contributor to 
these OECs. HGSC of the ovary has been essen-
tially confirmed to have tubal origins while LGSC 
of the ovary most likely has tubal origins. In this 
commentary review article, we have provided 
preliminary evidence of the possible tubal ori-
gin for at least some of the ovarian clear cell 
and endometrioid carcinomas. In contrast, 
there is barely any evidence supporting the 
notion that OECs are derived from the ovary or 
the OSE, although the cell origin of ovarian 
mucinous and Brenner tumors is completely 
unclear and remains to be determined. Our 
findings of the possible tubal origin of endome-
triosis and then clear cell and endometrioid 
carcinomas will further heat up research in 
every aspect of the fallopian tube and its rela-

gin of endometriosis and endometriosis as a 
precursor to clear cell and endometrioid carci-
nomas will certainly focus the spotlight on the 
fallopian tube within the field of ovarian cancer 
research and clinical practice.

Proposal of tubal origin for clear cell and 
endometrioid carcinomas

Traditionally, it was believed that the cellular 
source for OECs was, logically, the ovaries. 
However, within recent years, mounting evi-
dence has surfaced that OECs, particularly the 
serous cancers, are tubal instead of ovarian in 
origin. This novel theory has largely recognized 
the contributions of the secondary müllerian 
system to ovarian epithelial carcinogenesis, 
specifically through tubal epithelial implanta-
tion onto the ovarian surface before acting as a 
direct transition into F-OEIs. The pathogenesis 
behind these OECs, specifically clear cell and 
endometrioid carcinomas, showcases a mor-
phologic transformation beginning with endo-
salpingiosis and F-OEIs before ending with 
atypical endometriosis and subsequent neo-
plastic transformation. A holistic diagram of 
this theory is presented in Figure 7. 

This paradigm regarding the tubal origin of 
clear cell and endometrioid carcinomas con-

tains enormous implications 
for the future of preventative 
care of these cancers. Though 
the fallopian tube cannot be 
said to be the only cell origin of 
these ovarian carcinomas, 
there is evidence that the 
majority of these carcinomas 
are derived from the fallopian 
tube. Additionally, more rese- 
arch has to be done in order to 
gather a deeper understand-
ing of the mechanisms linking 
these morphologic transfor-
mations. While the molecular 
mechanisms behind the ap- 
pearance of ovarian epithelial 
carcinomas has been rese- 
arched, the understanding of 
the cell origin of ovarian epi-
thelial carcinomas currently 
lies on shifting tides, as previ-
ous limits in understanding 
give way to a new model that 
implicates the fallopian tube 

Figure 7. Proposed model of the development of clear cell and endometri-
oid carcinoma from tubal-derived endometriosis. BTE-benign tubal epithelia; 
OSE-ovarian surface epithelia; OEIs-ovarian epithelial inclusions; M-OEI-me-
sothelium-derived OEI; F-OEI-fallopian tube-derived OEI. It is the F-OEI, not 
M-OEI, which has the potential to develop into clear cell or endometrioid 
carcinoma through multi-steps of endometriosis.
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tion to cell differentiation and cancer develop-
ment. These bench works are expected to have 
a significant clinical translational impact in the 
near future. 
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