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Abstract: Ovarian endometriosis has been associated with increased risk for ovarian clear cell carcinoma (CCC). 
Atypical endometriosis shares common molecular alterations with CCC and therefore, has been proposed as a 
precursor lesion of CCC, although it is unclear if benign endometriosis is pre-neoplastic. In this study, we examined 
some molecular alterations in ovarian benign endometriosis, atypical endometriosis, and CCC in comparison to 
papillary serous carcinoma (PSC). These included BAF250a (encoded by ARID1A), a recently identified major tumor 
suppressor in ovarian CCC, as well as hepatocyte nuclear factor (HNF)-1b, estrogen receptor (ER), progesterone 
receptor (PR), and P53. We confirmed that CCC but not PSC had loss of BAF250a expression, HNF-1b up-regulation, 
loss of ER expression and P53 expression. We further showed that both atypical endometriosis and adjacent CCC 
had loss of BAF250a expression (38.5% vs. 57.7%), HNF-1b up-regulation (53.8% vs. 92.3%), and loss of ER (84.6% 
vs. 92.3%) and PR (76.9% vs. 84.6%) expression. Importantly, about 20% of benign ovarian endometriosis had loss 
of BAF250a expression, 33% with HNF-1b up-regulation, 23% loss of ER expression and 50% loss of PR expression, 
respectively. The concurrent rate of loss of BAF250a expression, HNF-1b up-regulation, and loss of ER expression 
was not observed in any benign endometriosis, and was increased to 23.1% in atypical endometriosis, and was 
further increased to 42.3% in CCC. Therefore, the molecular alterations accumulate in a stepwise manner along the 
transformation process from benign endometriosis through atypical endometriosis to CCC. These data suggest that 
a portion of benign ovarian endometriosis has already undergone genetic alterations that lead to aberrant protein 
expression, possibly conferring a higher risk for malignant transformation.
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Introduction

Endometriosis is an estrogen-dependent, 
chronic inflammatory gynecological disorder 
affecting 5-15% of women of reproductive age 
[1, 2]. It is classically defined as the presence 
of endometrial glands and stroma outside the 
uterine cavity and musculature. Although endo-
metriosis is considered a benign condition, it 
shares some common features with malignant 
cells: uncontrolled growth, local invasion, and 
distant metastasis [3]. The suspected transfor-
mation of endometriosis into ovarian cancer 
was first reported in 1925 [4]. In recent years, 
data from large cohort and case-control stud-
ies demonstrate that women with ovarian 
endometriosis have an increased risk (2-13-
fold) of ovarian clear cell carcinoma (CCC) [5-9]. 

Similarly, roughly 20-70% of patients with CCC 
that underwent surgery have simultaneous 
endometriosis, compared to 3-7% with papillary 
serous carcinoma (PSC) [10-12]. It is therefore 
conceivable that endometriosis might be a pre-
cursor lesion of CCC. 

However, the frequency of malignant transfor-
mation of endometriosis has been estimated 
as low as 0.7-1.6% over an average of 8 years 
[5], suggesting that only a tiny proportion of 
endometriosis has the potential to progress 
into carcinoma. This has led investigators to 
seek morphological features and molecular/
genetic markers that can identify endometrio-
sis that might undergo malignant transforma-
tion. Atypical endometriosis has thus come to 
be considered the earliest stage of malignant 
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transformation in ovarian endometriosis 
[13-15].

Atypical endometriosis, though controversial, 
as defined by the presence of either hyperpla-
sia or cytological atypia, has been identified 
adjacent to concomitant CCC [13-15]. A direct 
continuous transition was noted from clearly 
benign endometriosis through atypical endo-
metriosis to carcinoma [15]. Patients with pre-
viously biopsy-proven atypia within endometrio-
sis developed CCC that arose in the same ovary 
a few years later [16], implicating a chronologi-
cal association between these two conditions. 
Moreover, atypia is significantly more common 
in patients with CCC compared to patients with 
solitary endometriosis (61-100% versus 1-2%) 
[17]. At the molecular level, atypical endometri-
osis and CCC share common molecular/genetic 
alterations such as somatic PTEN mutations 
[18], PIK3CA mutations [19], hepatocyte nucle-
ar factor (HNF)-1b up-regulation [20], loss of 
estrogen receptor (ER) and progesterone recep-
tor (PR) [21], and rarely P53 mutations [22].

Although benign ovarian endometriosis shows 
no atypia morphologically, several studies have 
demonstrated molecular abnormalities in these 
benign-appearing lesions including monoclo-
nality [23], loss of heterozygosity (LOH) [24, 
25], and PTEN mutations [18]. However, the 
results from these studies were somewhat 
inconsistent [26], perhaps in part due to the 
lack of specific molecular markers and the 
inability to clearly distinguish atypical endome-
triosis from benign ones. More recently, the 
loss of BAF250a expression caused by truncat-
ing mutations has been identified in both CCC 
and adjacent atypical endometriosis with high 
frequency, but rarely in PSC [27-29], suggesting 

that the loss of BAF250a expression is highly 
specific to endometriosis-associated ovarian 
cancer. Therefore, BAF250a might be a poten-
tially useful marker to identify the initiation of 
malignant transformation of endometriosis. In 
this study, we examined whether benign endo-
metriosis has already accumulated molecular 
alterations that are commonly observed in 
atypical endometriosis and CCC by analyzing 
the expression of BAF250a as well as the 
expression of other proteins such as HNF-1b, 
ER, PR, and P53. 

Materials and methods

Sample collection

Hematoxylin- and eosin-stained sections 
retrieved from the files of the Department of 
Pathology, University Hospitals Case Medical 
Center, were reviewed. We selected 36 cases 
of solitary ovarian endometriosis, 26 of primary 
ovarian CCC, and 24 of primary ovarian PSC. 
Normal eutopic endometrium was chosen as a 
control. In ovarian endometriosis, patients with 
simultaneous ovarian cancer or any history of 
ovarian cancer were excluded. On the basis of 
the histopathological criteria described previ-
ously, of the 26 patients with CCC, 13 patients 
with synchronous endometriotic lesions were 
identified and all 13 patients had atypical 
endometriosis adjacent to the cancer [13]. All 
these patients had undergone surgical resec-
tion between 1995 and 2010. All specimens 
analyzed were formalin-fixed and paraffin-
embedded tissue sections. Atypical endome-
triosis was diagnosed based on marked cyto-
logical atypia or hyperplastic changes of the 
epithelial cell component [13, 19]. Institutional 
Review Board (IRB) of the University Hospitals 

Table 1. Antibodies used in the study

Antibody Dilution Source Clone Incubation Instrumentation

p53+ PDL* Ventana; AZ DO-7 24 min BenchMark XT

PR+ PDL* Ventana; AZ 1E2 20 min BenchMark XT
ER+ PDL* Ventana; AZ SP1 16 min BenchMark XT

HNF-1b** 1:100 Santa Cruz Bio; 
CA H-205 15 min Leica Bond

BAF250a** 1:100 Sigma ; MO HPA005456 15 min Leica Bond
*Denotes a pre-diluted antibody. **Antigen retrieval was performed with Bond Epitope Retrieval Solution 1 (Leica), a citrate 
buffer-based pH 6.0 solution for 20 minutes at 100 º C. +Antigen retrieval was performed with Cell Conditioning 1 (Ventana), a 
tris-based buffer pH 8.3 solution for 30 minutes at 100ºC.
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Table 2. Immunoprofiles of ovarian clear cell carcinoma (CCC) versus papillary serous carcinoma (PSC)

BAF250a
%(N)

HNF-1b
%(N)

ER
%(N)

P53
%(N)

PR
%(N)

CCC
(N=26)

42.3% 
(11/26) 

92.3% 
(24/26)

7.7% 
(2/26)

7.7%
(2/26)

15.4% 
(4/26)

PSC
(N=24)

100% 
(24/24)*

4.2% 
(1/24)*

91.8% 
(22/24)*

62.5% 
(15/24)*

16.7% 
(4/24)

*p<0.001 by Fisher’s exact test

Figure 1. Immunoprofiles of BAF250a (A,B), HNF-1b (C,D), ER (E,F), and 
P53 (G,H) in CCC and PSC by IHC. CCC showed undetectable expression of 
BAF250a(A), ER (E), and P53 (G), and expression of HNF-1b (C). In contrast, 
PSC showed expression of BAF250a (B), ER (F), and P53 (H), and undetect-
able expression of HNF-1b (D). Positive staining of all these markers is intra-
nuclear. The expression of PR is not shown.

Case Medical Center app- 
roved the research protocol.

Immunohistochemical (IHC) 
staining

Immunohistochemistry was 
performed by the diagnostic 
Immunohi s to chemi s t r y 
Laboratory of University Hos- 
pitals Case Medical Center. 
Briefly, unstained 4-µm sec-
tions were prepared from 
paraffin blocks and baked 
for 30 minutes at 60ºC in a 
Boekel Lab oven. The slides 
were then processed using a 
Bond Automated Immunos- 
tainer (Leica)or a BenchMark 
XT (Ventana). The slides we- 
re deparaffinized, antigen retri- 
eved, incubated in primary 
antibody and subsequently 
counterstained onboard the 
automated instruments (Se- 
e table 1).Histological imag-
es were obtained with the 
use of a ScanScope® XT 
digital scanning system 
(Aperio Technologies, Vista, 
CA, USA). For all the antibod-
ies in this study, nuclear 
immunoreactivity was con-
sidered a positive expres- 
sion.

Immunoreactivity was scor- 
ed by two investigators inde-
pendently based on the per-
centage and intensity of 
positive epithelial cells (per-
centage: 0: <1%, 1+: 1%-2- 
5%, 2+: 26-75%, 3+: 76%-
100%; intensities: undetect-
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Figure 2. Comparison of Immunoprofiles of BAF250a, HNF-1b, ER, and PR in benign and atypical endometriosis by 
IHC. Panels A-C, show the H&E sections of normal endometrium (A), benign endometriosis (B) and atypical endome-
triosis (C); panels D-F, expression patterns of BAF250a; panels G-I, HNF1-b; panels J-L, ER; panels M-O, PR. Normal 
endometrium (A, D ,G, J, M) showed expression of BAF250a (D), ER (J), and PR (M), and undetectable expression of 
HNF-1b (G). A small portion of benign ovarian benign endometriosis (B,E,H,K,N) showed undetectable expression of 
BAF250a (E), ER (K), and PR (N), and expression of HNF-1b (H), similar to atypical endometriosis (C, F, I, L, O) and 
CCC (see Figure 1).

able, weak, moderate and strong) [29, 30]. 
Score 0 was considered negative. With respect 
to BAF250a expression outcome was consid-

ered to be the result of technical failure, when 
neither normal cells in the stroma nor tumor 
cells were immunoreactive. In addition, 
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absence of immuno staining has previously 
been shown to correlate with ARID1A mutation-
al status [27, 28].

Statistical analysis

Comparison of the ARID1A/BAF250a, HNF-1b, 
ER, PR, and P53 expression was done by using 
the Fisher’s exact test (two-tailed).

Results

Expression of BAF250a, HNF-1b, ER, PR, and 
P53 in CCC and PSC

Of the 26 CCC, 15 (57.7%) had undetectable 
BAF250a undetectable by IHC (Table 2 and 
Figure 1). In contrast, none of the 24 PSC 
showed loss of BAF250a expression. The 
expression of HNF-1b was up-regulated in CCC, 
but not in PSC, while the expression of ER was 
detected in only 7.7 % (2/26) of CCCs and 91.8 
% (22/24) of PSCs, respectively. P53 over-
expression, a surrogate marker for P53 muta-
tion, was found in 62.5 % (15/24) of PSCs, and 
only in 7.7 % ( 2/26) of CCCs. PR expression 
was not significantly different between CCCs 
and PSCs. These results demonstrate that 
BAF250a in combination with HNF-1b, ER and 
P53 can readily distinguish CCC from PSC in 
morphologically challenging cases. 

Expression of BAF250a, HNF-1b, ER and PR in 
ovarian endometriosis

We also identified atypical endometriosis con-
comitant with CCC in 13 cases (13/26, 50%). 
None of the PSC had endometriosis (0/24). Of 
the 13 cases with atypical endometriosis, 5 
showed loss of BAF250a expression (5/13, 
38.5%, p=0.6 compared to 57.7% in CCC) that 
was observed in the concomitant CCC as well. 
In addition, atypical endometriosis had up-reg-

ulation of HNF-1b, and loss of ER and PR 
expression; these observations are not signifi-
cantly different from those for CCC (Table 3 and 
Figure 2). Interestingly, of the 2 CCCs with P53 
over-expression, 1 had P53 over-expression in 
the concomitant atypical endometriosis (data 
not shown). In summary, atypical endometrio-
sis had a similar immunostaining profile to its 
nearby CCC, supporting the notion that atypical 
endometriosis is probably a precursor lesion of 
CCC [3].

To avoid possible confounding factors, we 
selected 36 benign solitary endometriosis 
involving the ovary, and none of these showed 
morphological atypia histologically. The low fre-
quency of atypia in solitary ovarian endometrio-
sis is consistent with published data [17]. Even 
though no morphologic atypia was present, 
some of the endometriosis already showed loss 
of BAF250a expression (7/36, 19.4%). The 
expression pattern of other proteins, such as 
up-regulation of HNF-1b, and loss of expression 
of ER and PR, was also similar to that of atypi-
cal endometriosis and CCC, albeit to a lesser 
degree. Therefore, a small portion of typical 
ovarian endometriosis harbors the molecular 
genetic alterations that are commonly present 
in atypical endometriosis and CCC before mor-
phological atypia is identifiable. 

Co-expression patterns of biomarkers in ovar-
ian endometriosis and CCC

We then compared the co-expression pattern 
of these biomarkers in ovarian endometriosis 
and CCC (Table 4). Of benign endometriosis, 3 
were BAF250a negative/HNF-1b positive, and 
3 were BAF250a negative/ER positive, sug-
gesting that loss of BAF250a, functioning as an 
early transformation event, could occur inde-
pendently of or together with HNF-1b up-regula-

Table 3. Immunoprofiles of ovarian endometriosis

BAF250a 
%(N)

HNF-1b 
%(N)

ER 
%(N)

PR 
%(N)

Normal endometrium
(N=5)

100%
(5/5)

0
(0/5)

100%
(5/5)

100%
(5/5)

Benign endometriosis
(N=36)

80.6%
(29/36)

33.3%
(12/36)

77.8%
(28/36)

50%
(18/36)

Atypical endometriosis
(N=13)

61.5%
(8/13)

53.8%
(7/13)

15.4%*

(2/13)
23.1%
(3/13)

*p<0.01 vs. benign endometriosis (Fisher’s exact test).
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tion and loss of ER. On the other hand, the HNF-
1b up-regulation and the loss of ER didn’t occur 
in benign endometriosis. Nevertheless, the 
combined altered expression pattern of 
BAF250a negative/HNF-1b positive/ER nega-
tive has been detected in 23.1% of atypical 
endometriosis and 42.3% of CCC, respectively, 
but not in benign endometriosis. The findings 
support the notion that atypical endometriosis 
should be categorized as a separate entity, 
which harbors a genetic alteration similar to 
that of CCC. This also indicates that in atypical 
endometriosis and CCC, the loss of BAF250a 
expression is most often accompanied by HNF-
1b up-regulation and loss of ER expression. 

Discussion

Mutations of ARID1A are a frequent event in 
CCC, with 46%-57% showing mutations in the 
ARID1A gene [27, 28]. ARID1A encodes 
BAF250a protein, a key component of the 
multi-protein SWI/SNF chromatin-remodeling 
complex [31]. Mutations of ARID1A identified in 
CCC correlate with the loss of BAF250a expres-
sion [27, 28], suggesting that ARID1A functions 
as a major tumor suppressor gene in CCC. 
Interestingly, based on their distinctive clinico-
pathologic and molecular features, CCC has 
been classified as type 1 tumors as opposed to 
type 2 tumors such as papillary serous carci-
noma [32]. It has, therefore, been proposed 
that ARID1A mutation plays an important role 
in the development of type 1 tumors. In line 
with this, loss of BAF250a expression has also 
been noted in other type 1 tumors such as 
ovarian endometrioid carcinoma [27, 28], uter-
ine endometrioid carcinoma (about 30%) and 
uterine CCC (about 30%) [33, 34]. Since loss of 
BAF250a expression is specific to CCC com-
pared to PSC, it can be potentially useful as a 
biomarker to differentiate them, as shown in 
current and previous studies. In addition to 

BAF250a, the expression pattern of HNF-1b, 
ER and P53 is also helpful to differentiate CCC 
from PSC.

In the above study, nearly all ARID1A mutations 
are truncation mutations, which result in the 
loss of BAF250a protein expression, and the 
study also showed a strong relationship of 
ARID1A truncation mutation and loss of 
BAF250a protein expression by immunohisto-
chemisty. However, if there is other non-trun-
cated mutation present in ARID1A, the immu-
nohistochemical staining of BAF250a would 
not be able to differentiate the mutated protein 
from the normal protein. Fortunately, based on 
the current available study, that possibility is 
minimum [27].

Loss of BAF250a expression has also been 
noted in atypical endometriosis adjacent to 
CCC [27, 29]. Wiegnand et al. also reported that 
loss of BAF250a expression in atypical endo-
metriosis in the cul-de-sac area and develop-
ment of a frank endometrioid carcinoma at this 
site two years later [33]. A recent study from 
Yamamoto et al further showed loss of BAF250a 
expression concomitant with PIK3CA muta-
tions in atypical endometriosis adjacent to 
CCC, but not in endometriosis distant from CCC 
or any solitary endometriosis [29]. These stud-
ies collectively suggest that loss of BAF250a 
expression, similar to PIK3CA mutations, 
occurs in atypical endometriosis before the 
development of carcinoma and is an early event 
during malignant transformation of ovarian 
endometriosis. 

However, in our study we found that the loss of 
BAF250a expression was also observed in 
about 20% of benign ovarian endometriosis. 
Similarly, Sato et al. previously reported PTEN 
mutation in 15% of benign endometriosis [18]. 
A later study from Samartzis et al showed that 

Table 4. Co-expression patterns of biomarkers in ovarian endometriosis and CCC

BAF250a-/HNF-1b+ 
%(N)

BAF250a-/ER-
%(N)

HNF-1b+/ER- 
%(N)

BAF250a-/HNF-1b+/ER- 
%(N)

Benign endometriosis
(N=36)

8.3%
(3/36)

8.3%
(3/36)

0
(0/36)

0
(0/36)

Atypical endometriosis
(N=13)

23.1%
(3/13)

23.1%
(3/13)

46.2%
(6/13)

23.1%
(3/13)

CCC
(N=26)

53.8%*

(14/26)
46.2%*

(12/26)
76.9%*

(20/26)
42.3%*

(11/26)
*p<0.01 vs. benign endometriosis (Fisher’s exact test).
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loss of BAF250a expression in 15% of ovarian 
endometriosis [30], although in this study, loss 
of BAF250a expression was observed in both 
the epithelium and stromal cells, raising con-
cern about the staining quality. Here we showed 
normal BAF250a expression in stromal cells 
(Figure 2), which serves as an internal positive 
control. Regardless, both studies suggest that 
loss of BAF250a expression already occurs in 
benign ovarian endometriosis before the devel-
opment of atypia, indicating that a small por-
tion of benign endometriosis has undergone 
the transformation process. This notion is fur-
ther strengthened by HNF-1b up-regulation and 
the loss of ER and PR expression in benign 
endometriosis as shown in this study, all of 
which are commonly seen in atypical endome-
triosis and CCC. Interestingly, concurrence of 
these molecular alterations (i.e., loss of BAF- 
250a expression, HNF-1b up-regulation, and 
loss of ER expression) is extremely rare in be- 
nign endometriosis, increases to around 23.1% 
in atypical endometriosis, and peaks at 42.3% 
in CCC in our study, clearly demonstrating that 
the accumulation of these molecular alteratio- 
ns escalates along with the process of maligna- 
nt transformation in a stepwise manner. 

That atypical endometriosis has similar genetic 
alterations to CCC, suggests that the former is 
an early malignant lesion, and should be docu-
mented. More importantly, a small percentage 
of benign ovarian endometriosis has already 
undergone genetic alterations that lead to 
aberrant protein expression, including loss of 
BAF250a expression, HNF-1b up-regulation, 
and loss of ER and PR expression, before show-
ing morphological atypia. These molecules 
might be potentially useful in screening high-
risk endometriosis. Our findings provide evi-
dence that aberrant expression of these bio-
markers can be viewed as indication of high 
risk for malignant transformation and suggest 
that routine screening for expression of these 
biomarkers after resection might be helpful in 
identifying high-risk patients who may develop 
cancer. The development of this paradigm to 
screen high-risk patients with endometriosis 
and to intervene appropriately should be fur-
ther studied. 
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