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Summary

Nongastrointestinal-type mucinous borderline tumors have been described as displaying

endocervical and serous differentiation and hence have been termed “endocervical-type” mucinous

borderline tumors, “mixed epithelial papillary cystadenoma of borderline malignancy of mullerian

type” or “atypical proliferative seromucinous tumors”. A striking feature of these tumors is their

frequent association with endometriosis, which has been reported in a third to a half of cases. This

is an unusual finding as pure endocervical and serous tumors are not usually associated with

endometriosis. ARID1A is a recently identified tumor suppressor, which frequently loses its

expression and is mutated in endometrium-related carcinomas including ovarian clear cell, ovarian

endometrioid and uterine endometrioid carcinomas. Although ARID1A mutations and expression

have been studied in gynecological cancer, the expression pattern of ARID1A has not been

investigated in ovarian atypical proliferative (borderline) tumors. In this study, we analyzed

ARID1A expression in serous, gastrointestinal-type and endocervical-type (seromucinous)

mucinous, and endometrioid atypical proliferative (borderline) tumors using

immunohistochemistry and performed mutational analysis in selected cases. We observed loss of

ARID1A staining in 8 (33%) of 24 seromucinous tumors. In contrast, ARID1A staining was

retained in all the other 32 tumors except in one endometrioid tumor (p<0.01). Mutational analysis

was performed on two representative seromucinous tumors, which showed complete loss of

ARID1A. Both tumors harbored somatic inactivating ARID1A mutations. Previous studies have

reported loss of expression and/or mutation of ARID1A in 30–57% of endometrioid and clear cell

carcinomas but only rarely in serous tumors. The findings in this study, showing a significantly

higher frequency of loss of ARID1A expression in endocervical-type (seromucinous) tumors,

presumably due to mutation, compared to the other histologic types suggest that they are

molecularly related to endometrioid and clear cell tumors.

Keywords

ARID1A; ovarian borderline tumor

Address Correspondence and reprint requests to Ie-Ming Shih, Johns Hopkins Medical Institutions, 1550 Orleans Street, CRB2-305,
Baltimore, MD 21231, USA. ishih@jhmi.edu.

Conflict of interest statement

The authors declare that there are no conflicts of interest.

NIH Public Access
Author Manuscript
Int J Gynecol Pathol. Author manuscript; available in PMC 2012 November 20.

Published in final edited form as:

Int J Gynecol Pathol. 2012 July ; 31(4): 297–303. doi:10.1097/PGP.0b013e31823f8482.

$
w

aterm
ark

-tex
t

$
w

aterm
ark

-tex
t

$
w

aterm
ark

-tex
t



Introduction

In 1988, Rutgers and Scully reported two different types of mucinous borderline tumors that

were distinct from the more typical gastrointestinal-type mucinous tumor. One of these was

designated “Müllerian mucinous papillary cystadenoma of borderline malignancy” and the

other “mixed-epithelial papillary cystadenoma of borderline malignancy of Müllerian type”

(1, 2). The former was characterized by a population of cells that were for the most part of

endocervical-type whereas the latter were composed of endocervical type mucinous cells as

well as a mixture of serous, endometrioid and indifferent cells with abundant eosinophilic

cytoplasm. In our experience these nongastrointestinal type mucinous tumors almost always

contain a mixture of multiple cell types. Moreover, their behavior and clinical features,

including their frequent association with endometriosis, suggests, that they are closely

related variants. Unlike their gastrointestinal type counterpart, which is typically glandular,

the endocervical-type tumors are papillary and contain ciliated cells. Because of these

features, under low magnification they closely resemble serous borderline tumors, which led

us in 2002 to resurrect the term “seromucinous” to describe this group (3). In this report, we

have used the various terms interchangeably. Since then we have been struck by their

similarity to endometrial-type tumors. Specifically, the endometrial surface epithelium is

ciliated and endocervical-type mucinous differentiation is quite common in endometrial

proliferative lesions. These features along with the frequent association with endometriosis

suggest that the endocervical-type mucinous tumors are closely related to endometrioid

tumors.

We and others have recently reported somatic sequence mutations in a tumor suppressor

gene termed ARID1A in 46–57% of ovarian clear cell carcinomas (4, 5), 40% of uterine

endometrioid carcinomas (6) and 30% of ovarian endometrioid carcinomas (5) but rare (≤

10%) in other types of carcinomas. Importantly, a close correlation between the mutational

status and the expression pattern of ARID1A was found (5, 6). Loss of ARID1A

immunoreactivity was found in 42–59% ovarian clear cell carcinomas, 21% ovarian

endometrioid carcinomas and 26–34% uterine endometrioid carcinomas (5, 6). These

findings prompted us to hypothesize that seromucinous tumors might display a similar

molecular profile to endometrioid and clear cell tumors. Accordingly, we undertook an

immunohistochemical analysis of a group of atypical proliferative (borderline)

seromucinous tumors and compared them to serous, gastrointestinal-type mucinous, and

endometrioid atypical proliferative tumors in an attempt to confirm our hypothesis.

Materials and Methods

Tissue Material

Paraffin embedded tissue sections of a total of 57 ovarian atypical proliferative (borderline)

tumors were obtained from the Department of Pathology of the Johns Hopkins Hospital over

the past 10 years. Some of them were the consultation cases to one of the authors (RJK and

IMS). The use of the archival materials was approved by the internal review board of both

institutions. For mutational analysis, genomic DNA isolated from case 314 and case 620 was

used. Both samples consisted of fresh tumor cells that were isolated by incubating tumor

fragments with 0.5% trypsin and EDTA at 37°C for 20 min with agitation. The tumor cells

on the surface of papillae were carefully scraped off and the epithelial cells were cultured

overnight. Red and white blood cells were removed after several washes before the attached

epithelial cells were harvested for DNA purification using the Qiagne Blood DNA kit.
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Immunohistochemistry

Immunohistochemical analysis was performed on tissue sections from ovarian atypical

proliferative (borderline) tumors (13 serous, 8 endometrioid, 12 gastrointestinal type

mucinous and 24 seromucinous tumors. A polyclonal rabbit anti-ARID1A antibody (Sigma-

Aldrich HPA005456) was used for immunohistochemistry; the specificity of the antibody

was validated in a previous report (6). Antigen retrieval was performed by placing sections

in citrate buffer (pH 6.0), which were then placed in an autoclave at 120 °C for 10 minutes.

The sections were incubated with the rabbit antibody at a dilution of 1:200 overnight at 4

°C. A positive reaction was detected using the EnVision+System (Dako, Carpinteria, CA).

Tumor stromal cells served as positive internal controls. Only nuclear staining was scored.

In this study, we defined “complete loss” as negative ARID1A staining in ≥ 90% of tumor

cells. A previous study demonstrated that loss of nuclear expression correlated with

mutation of the gene. Hence, absence of nuclear staining (diffuse or focal) was considered

positive for gene mutation.

Mutation analysis

Two tumor samples from SMBT-1 and SMBT-2 were analyzed for somatic ARID1A
mutations in all exons (form exon 1 to exon 20). Normal tissues from the matched cases

were also sequenced. Tumor cells were enriched by affinity purification from fresh tissues

using Dynal Epithelial enriched beads. The method of PCR and nucleotide sequences of

PCR primers were previously reported (7). Sanger’s sequencing was performed on the

purified PCR products. Sequence variations were detected using Mutation Surveyor DNA

Variant Analysis software (SoftGenetics, Stage College, PA).

Results

The ARID1A immunostaining pattern in all subtypes of ovarian atypical proliferative

(borderline) tumors is summarized in Table 1. Atypical proliferative seromucinous tumors

(APSMTs) demonstrated the most frequent loss of ARID1A immunoreactivity as this

occurred in 8 (33%) of 24 cases. Among these 8 tumors, 7 showed complete loss of

ARID1A staining and one demonstrated clonal loss with focal tumor areas devoid of

ARID1A immunoreactivity. In contrast, the serous and gastrointestinal mucinous tumors did

not show any loss of ARID1A staining; one endometrioid tumor exhibited complete loss.

Thus, the frequency of loss of ARID1A expression in APSMT was higher than other types

of atypical proliferative tumors (p< 0.01, Fisher’s exact test, two-tailed). For all ARID1A

negative staining tumors, stromal cells were intensely positive for ARID1A, which served as

an internal positive control (Fig. 1). Morphologically, APSMTs are papillary and nearly

always contain a mixture of cells including endocervical-type cells, ciliated cells, rounded

and hobnail cells with abundant eosinophilic cytoplasm and sometimes squamous cells.

Although it has been reported that loss of ARID1A expression in tumors correlates very well

with inactivating somatic mutation of ARID1A, we selected two representative APSMTs

(SMBT-1 and SMBT-2), which showed complete loss of ARID1A staining for mutational

analysis to confirm that finding. All the exons (exon 1- exon 20) of the gene from both

tumor and normal tissue were sequenced. We found one-base pair deletion at 3216

(3216delA) in SMBT-1 and a 7-base pair deletion at 2165 (2165_2171delACCAGAT) in

SMBT-2. Based on chromatograms, we did not detect a second (wild-type) peak, indicating

that the somatic sequence mutations were accompanied by either an interstitial deletion or a

chromosomal arm loss in the other allele. The deletion mutations resulted in a frameshift and

introduction of a stop codon, which results in a truncating protein. Since APSMTs had the

most frequent ARID1A loss, we further correlated ARID1A expression with

clinicopathological features. Seven (41%) of 17 APSMTs with documented assessment of

endometriosis in pathology reports contained concurrent endometriosis (no evidence of
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atypical endometriosis) and two tumors were associated with adenomyosis. None of the

other tumors were associated with endometriosis (Table 2). As shown in Table 2, there was

no significant correlation between ARID1A immunostaining pattern, the patients’ age and

the presence of endometriosis. The small number of cases precluded a definitive conclusion.

ARID1A immunoreactivity was also determined in three representative ARID1A-negative

APSMTs of which the adjacent endometriosis (endometriotic cyst) epithelium was available

for staining. We found that in all three cases, ARID1A immunoreactivity was also lost in the

epithelium of endometriotic cysts (Fig. 2).

Discussion

Chromatin remodeling is essential for almost all nuclear activities including DNA

replication, transcription, DNA methylation and DNA repair (8–16). Thus, it is not

surprising that aberration in chromatin remodeling activity, as a result of gene mutations or

amplification involving various chromatin remodeling factors, is one of the mechanisms in

the pathogenesis of human cancer (17). For example, somatic inactivating mutations have

been detected in several SWI/SNF chromatin remodeling genes including PBRM1 BAF180)

(18) in renal cell carcinoma, BRG1 (SMARCA4) in lung carcinoma (19, 20) and ARID2 in

hepatocellular carcinoma (21). Amplification of Rsf-1, a gene participating in ISWI

chromatin remodeling, has been demonstrated to promote chromosomal instability, propel

tumor progression, and contribute to disease aggressiveness in ovarian and oral cancer (22–

26). ARID1A BAF250A) is a chromatin remodeling factor which promotes the formation of

the SWI/SNF chromatin remodeling complexes containing BRG1 or BRM. ARID1A has

been proposed as a candidate tumor suppressor gene based on the finding of frequent

inactivating mutations of ARID1A in a variety of gynecological malignancies. In fact, a

recent study has demonstrated that restoring wild-type ARID1A expression in ovarian

cancer cells that harbor ARID1A mutations is sufficient to suppress cell proliferation and

tumor growth in mice, whereas silencing of ARID1A expression in non-transformed

epithelial cells enhances cellular proliferation and tumorigenicity (27).

In this report, we found that atypical proliferative seromucinous tumors (APSMTs)

frequently lost ARID1A immunoreactivity compared to the other tumor types. Except for

loss of expression of ARID1A in one of 8 atypical proliferative (borderline) endometrioid

tumors, all the other tumors in this study failed to show loss of ARID1A expression. This

frequency of loss of ARID1A immunoreactivity in the atypical proliferative (borderline)

endometrioid tumors (8%) is substantially lower than the 21% previously reported in

ovarian endometrioid carcinoma (5). This is most likely related to the limited number of

cases analyzed.

We demonstrated somatic mutations of ARID1A in two representative APSMTs with

complete loss of ARID1A expression, confirming the utility of immunohistochemistry as a

surrogate for mutational analysis. Because ARID1A mutations and loss of expression are, in

general, restricted to endometrium-related lesions, either uterine endometrioid carcinoma,

ovarian clear cell carcinoma, ovarian endometrioid carcinoma, or atypical endometriosis (5–

7, 28, 29), the above data provide molecular evidence that APSMT is closely related to

endometrial-type proliferative lesions. Moreover, of the 24 APSMTs, approximately one

third of cases in which clinical data were available were associated with endometriosis.

Interestingly, one of these endometriosis associated APSMTs also contained a clear cell and

endometrioid carcinoma. In contrast, none of the other tumors in the study were associated

with endometriosis.

In this study, we observed “clonal loss” of ARID1A staining in one of the APSMTs, which

was characterized by relatively large groups of ARID1A negative tumor cells in a
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background of ARID1A positive tumor cells. In a previous study of uterine endometrioid

carcinomas, we found a similar clonal loss of ARID1A immunoreactivity associated with

ARID1A mutation (27). The nature and significance of clonal loss of ARID1A waits further

study.

In summary, we analyzed different types of atypical proliferative (borderline) tumors for

their expression of ARID1A, a newly identified tumor suppressor gene, and found that, as

compared to other types of atypical proliferative (borderline) tumors, APMSTs frequently

lost ARID1A expression. Moreover, in two of these cases, ARID1A inactivating mutations

were found. These findings along with the frequent association with endometriosis and

infrequent expression of WT-1 (30) strongly suggest a closer relationship of these tumors to

endometrioid and clear cell tumors than to mucinous and serous tumors.
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Fig. 1.
ARID1A immunoreactivity in two representative atypical proliferative (borderline)

seromucinous tumors. Both tumors show a characteristic morphological feature of a

seromucinous tumor containing mixed serous and mucinous epithelium, forming complex

papillary fronds. Tumor cells are negative for ARID1A staining but the tumor stromal cells

are positive for ARID1A expression. Mutational analysis showed somatic ARID1A

mutations in both tumors. A and B: SMBT-1; C and D: SMBT-2.
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Fig. 2.
ARID1A expression in SMBT-23 which contains both atypical proliferative (borderline)

seromucinous tumor (A, B) and associated endometriotic cyst (C, D). ARID1A staining was

not detected in the epithelial cells of the endometriotic cyst (stromal cells serving as the

positive control) and in the majority of tumors cells from the seromucinous tumor. There are

occasional ARID1A positive tumor cells in the seromucinous tumor component and those

positive cells contain abundant eosinophilic cytoplasm and appear extruded from the

epithelial layer (inset).
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Table 1

ARID1A immunoreactivity in ovarian atypical proliferative (borderline) tumors.

Serous Endometrioid Gastrointestinal
type mucinous

Seromucinous

Cases with loss of ARID1A immunoreactivity 0 1 0 8

Total case number 13 8 12 24

% of cases with loss of expression 0 13 0 33
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Table 2

Clinicopathological features and ARID1A expression in ovarian seromucinous borderline tumors

Case age Endometriosis or adenomyosis Associated lesion ARID1A

SMBT-1 67 no no lost

SMBT-2 50 no complex atypical hyperplasia lost

SMBT-3 39 no no lost

SMBT-4 45 no no positive

SMBT-5 66 no no positive

SMBT-6 52 endometriosis EMC + CCC positive

SMBT-7 59 no no positive

SMBT-8 51 no mature teraroma positive

SMBT-9 44 adenomyosis no positive

SMBT-10 37 endometriosis no positive

SMBT-11 46 endometriosis + mucinous and endometrioid borderline tumor no positive

SMBT-12 85 NA NA positive

SMBT-13 33 no no positive

SMBT-14 46 endometriosis + adenomyosis no lost

SMBT-15 49 NA no positive

SMBT-16 39 NA no clonal lost

SMBT-17 53 NA NA lost

SMBT-18 66 no no positive

SMBT-19 62 NA NA positive

SMBT-20 39 endometriosis no positive

SMBT-21 NA NA NA positive

SMBT-22 44 endometriosis uterine endometrioid CA lost

SMBT-23 51 endometriosis no lost

SMBT-24 56 NA no positive
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