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ABSTRACT

Objectives: Determination of the primary site of origin for

mucinous neoplasms identified in the peritoneal and/or pel-

vic cavities may be challenging, with major differential di-

agnoses including appendiceal mucinous neoplasm (AMN)

and ovarian mucinous neoplasm (OMN). Special AT-rich se-

quence binding protein 2 (SATB2) has been shown to be

highly selectively expressed in the lower gastrointestinal

tract, including the appendix.

Methods: We investigated the utility of a dual stain (DS)

with SATB2 or caudal type homeobox 2 (CDX2) and cyto-

keratin 20 (CK20) or villin in distinguishing AMNs from

OMNs. Tissue microarrays with 40 AMNs and 18 OMNs

were stained with SATB2 or CDX2 paired with either CK20

or villin.

Results: SATB2 single stain showed a good sensitivity of

83% and the highest specificity of 78% for AMNs over

OMNs among all four stains. DS with SATB2 and villin

showed an identical sensitivity of 78% but specificity in-

creased to 94%, while DS with SATB2 and CK20 showed a

sensitivity of 80% and a specificity of 100%. In contrast, DS

with CDX2 and CK20/villin showed slightly higher sensitiv-

ity but much lower specificity.

Conclusions: DS with SATB2/CK20 shows the greatest po-

tential clinical utility in distinguishing AMNs from OMNs

and is superior to DS with CDX2/CK20. Importantly, DS

could be helpful for specimens with limited tissues.

Mucinous neoplasms (MNs) of various sites have a

similar morphologic appearance to mucin-producing

glandular epithelial cells and extracellular mucin.

Although most cases of MNs arise from the gastrointesti-

nal (GI) tract, they may also arise from the breast, lung,

pancreas, and gynecologic tract. MNs frequently metasta-

size to the ovary, peritoneal surface, liver, or lung.1,2

Sometimes, the primary site of origin for MNs identified

in the peritoneal and/or pelvic cavities is not easily dis-

cerned, and the major differential diagnosis includes

appendiceal mucinous neoplasm (AMN) and ovarian mu-

cinous neoplasm (OMN).

MNs express low-molecular-weight cytokeratins, such

as cytokeratin (CK) 7, CK8, CK18, and CK20, with CK7

and CK20 having the most diagnostic value.1,3,4 In general,

the lower GI tract mucinous neoplasms express CK20,
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whereas non-GI MNs express CK7.4 However, CK7 maybe

expressed in up to 37% of appendiceal MNs, and CK20 may

be expressed in 47% to 83% of ovarian MNs.5-7 Similar re-

sults have been also found with another marker that has

been used in the GI tract, villin.

Caudal type homeobox 2 (CDX2) is a transcription fac-

tor regulating intestinal epithelial cell differentiation and is

strongly expressed in up to 100% of GI epithelial tumors, in-

cluding AMNs.8,9 Previous studies have evaluated CDX2

expression in primary OMNs, and the reported range of ex-

pression of CDX2 in primary ovarian mucinous tumors is

broad (0%-100%), with an average of 40%.7-19

Besides CK20, CK7, and CDX2, other markers, includ-

ing paired box gene 8 (PAX8) and estrogen receptor (ER),

can be used to differentiate OMNs from AMNs. Although

PAX8 is very specific for OMNs over AMNs that do not

express PAX8, its sensitivity is low, since only 40% of

OMNs express PAX8.20 Similar results have been found for

ER expression in OMNs, with only 50% of OMNs express-

ing ER.21

Special AT-rich sequence binding protein 2 (SATB2) is

a 733–amino acid human DNA-binding protein involved in

transcriptional regulation and chromatin remodeling, and its

expression is restricted to glandular cells lining the lower GI

tract.22 A recent study demonstrated that SATB2 is a sensi-

tive and highly specific marker for colorectal carcinoma

(CRC) with distinct positivity in 85% of all CRCs, and

SATB2 in combination with CK20 can identify 97% of

CRCs.23 The same study also revealed 3.3% of ovarian can-

cers and 5.7% of lung adenocarcinomas were positive for

SATB2, while all gastric and pancreatic cancers were nega-

tive for SATB2.23 Other studies showed that downregulated

expression of SATB2 is associated with metastasis and poor

prognosis in colorectal cancer.24,25 Besides expression in

the lower GI tract, SATB2 is also a marker of osteoblastic

differentiation in benign and malignant mesenchymal tu-

mors.26,27 Two recent studies demonstrated that SATB2

was useful in differentiating OMN from AMN.28,29 Given

the high sensitivity and specificity of SATB2 in CRC and

the challenge in differentiating abdominal/pelvic mucinous

neoplasms, we were interested in its utility compared with

CDX2, especially in combination with CK20 or villin, in

distinguishing AMNs from OMNs.

In this study, we explored the expression of SATB2,

CDX2, CK20, and villin in both AMNs and OMNs by

using dual stains (DSs) with one of the nuclear stains,

SATB2 or CDX2, in combination with the cytoplasmic

stain CK20 or villin and compared their sensitivities and

specificities to determine whether any combination

could provide improved diagnostic utility. DSs are par-

ticularly useful when limited material is available for

staining.

Materials and Methods

Case Selection and Microarray Construction

After institutional review board approval from Ohio

State University (OSU), an electronic pathology archive

database search was performed for all primary AMNs and

OMNs (including borderline tumors and carcinomas) diag-

nosed from 2000 to 2011 at OSU Wexner Medical Center.

Forty AMNs and 18 OMNs were identified, and the diagno-

sis was confirmed after reviewing slides and correlating

with patients’ clinical history. A tumor block representative

of the primary tumor was collected from each case, and tis-

sue microarrays (TMAs) were constructed with quadrupli-

cate cores (AMNs) or duplicate cores (OMNs) of 1 mm for

each tumor.

Dual Immunostains and Scoring

Double stains were performed on TMAs by pairing nu-

clear stain CDX2 (1:300; BioGenex, San Ramon, CA) or

SATB2 (1:50; Santa Cruz Biotechnology, Santa Cruz, CA)

with cytoplasmic stain CK20 (1:200; Dako, Carpenteria,

CA) or villin (1:50; Cell Marque, Rocklin, CA). The 4-lm

sections were dried at 55 �C for 3 hours and then subjected

to heat-induced epitope retrieval for 20 minutes on a Leica-

Bond Autostainer (Leica Biosystems, Buffalo Grove, IL).

CDX2 and SATB2 were labeled as brown, and CK20 and

villin were labeled as red. Bond Polymer Refine Detection

Kits (Leica Biosystems) were used sequentially, and the sec-

tions were counterstained with hematoxylin. The Bond

Polymer Refine Detection Kit was used as the brown chro-

mogen, and the Bond Polymer Refine Red Detection Kit

(Leica Biosystems) was used as the red chromogen. Stained

slides were reviewed by three pathologists (R.R., J.R., and

W.L.F.), and a consensus staining result was reached for

each case. Staining results were scored as positive or nega-

tive, with a positive threshold of staining for 5% of tumor

cells.

Representative images are demonstrated in Image 1

and Image 2 .

Statistical Analysis

The sensitivity, specificity, and overall percentage cor-

rect (in differentiating AMNs from OMNs) were calculated

with exact binomial 95% confidence intervals (CIs) for each

stain and DS combination separately. Next, sensitivity and

specificity were directly compared between selected stains

using McNemar’s test for paired comparisons; exact P val-

ues were calculated. The 95% CI for the differences be-

tween sensitivities and specificities were calculated using

methods based on the score interval as previously de-

scribed.30,31 All analyses were performed using SAS/STAT
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software, version 9.4 of the SAS System for Windows (SAS

Institute, Cary, NC).

Results

We first evaluated the staining results in AMNs and

OMNs for each marker individually. As shown in Table 1 ,

SATB2 nuclear staining was present in 33 (83%) AMNs but

only in four (22%) OMNs. CK20 cytoplasmic staining was

present in 39 (98%) AMNs and nine (50%) OMNs. CDX2

nuclear staining was seen in 37 (93%) AMNs and eight

(44%) OMNs. Villin cytoplasmic staining was identified in

38 (95%) AMNs and 14 (78%) OMNs.

Next we evaluated the dual staining results. DS with

SATB2 and CK20 showed positivity for either marker in all

40 AMNs (100%). Thirteen OMNs (72%) showed positive

staining for either SATB2 or CK20. None of OMNs was

positively stained for both SATB2 and CK20 simulta-

neously. In contrast, 32 AMNs (80%) showed positive stain-

ing for both SATB2 and CK20 simultaneously. For DS with

CDX2 and CK20, 36 AMNs (90%) were positively stained

for both markers, while eight OMNs (44%) also showed

positive staining for both markers. DS with SATB2/villin or

A B

C D

Image 1 Representative images of dual stains with special AT-rich sequence binding protein 2 (SATB2) and cytokeratin 20

(CK20) or villin in appendiceal and ovarian mucinous neoplasms. A, Invasive appendiceal mucinous carcinoma (H&E, �200).

B, Dual stain with both positive SATB2 (brown nuclear staining) and positive CK20 (red cytoplasmic staining) in invasive appen-

diceal mucinous carcinoma (�200). C, Dual stain with positive SATB2 and positive villin (red cytoplasmic staining) in invasive

appendiceal mucinous carcinoma (�200). D, Ovarian mucinous borderline tumor (H&E, �200).
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CDX2/villin showed positive staining for both markers in

most AMNs. One OMN (6%) was positive for both SATB2

and villin; however, eight OMNs (44%) showed positive

staining for CDX2 and villin simultaneously Table 2 .

The sensitivity and specificity for each marker or each

DS combination were determined. SATB2 single stain

showed a sensitivity of 83% and a specificity of 78% for

AMNs over OMNs while CDX2 single stain showed a sen-

sitivity of 93% and a specificity of 56% for AMNs. CK20

single stain showed a sensitivity of 98% and a specificity of

50% for AMNs, while villin single stain showed a sensitiv-

ity of 95% and a specificity of 22% for AMNs. For DSs

with both positive, DS with SATB2 and villin showed a sen-

sitivity of 78% and a specificity of 94% for AMNs, while

DS with SATB2 and CK20 showed a sensitivity of 80% and

a specificity of 100% for AMNs. In contrast, DS with

CDX2 and CK20 showed a slightly higher sensitivity (90%)

but much lower specificity (56%) Table 3 . DS with CDX2

and villin showed similar sensitivity (88%) and specificity

(56%) to DS with CDX2 and CK20.

Finally, we directly compared the sensitivity and specific-

ity among different single stains or DSs. No statistically signif-

icant differences were found in either sensitivity or specificity

between SATB2 and CDX2 single stain (P¼ .289 for sensitiv-

ity and P¼ .388 for specificity). Furthermore, there were no

statistically significant improvements in sensitivity for any DS

compared with CDX2 single stain alone. However, both

SATB2/CD20 and SATB2/villin DSs (both positive) had

higher specificities compared with CDX2 alone (difference in

specificity for SATB2/CD20 vs CDX2 alone¼ 0.44 [95% CI,

0.13-0.69]; difference in specificity for SATB2/villin vs

CDX2 alone¼ 0.39 [95% CI, 0.06-0.64]; P< .05 for both

comparisons). In addition, SATB2/CK20 DS (both positive)

did show a significantly higher specificity in identifying

AMNs than CDX2/CK20 DS (difference in specificity¼ 0.12;

95% CI, 0.09-0.17; P¼ .001).

Discussion

The appendix and ovary are the two main sites of origin

for MNs presenting in the pelvis and/or peritoneum.

Differentiation between these two sites of origin can, at

times, be very challenging because MNs from either site can

appear morphologically identical.32 Approximately 37% of

all malignant appendiceal neoplasms are mucinous cystic

neoplasms, and there is a female predominance.33,34 The fe-

male predominance in AMNs can lead to challenges when

discerning the site of origin from the ovary. OMNs consti-

tute 15% of all ovarian neoplasms, and most OMNs are uni-

lateral.35 In addition, pathologists may have very little

epithelium available for diagnosis, and if a panel of immu-

nohistochemical (IHC) stains is necessary, tissue depletion

can limit the number of stains that may be performed.

Therefore, it is important to use IHC stains efficiently to de-

termine site of origin without doing unnecessary stains to in-

crease hospital costs for the patient and wasting tissue.

Although multiple immunostains or different combinations

of immunostains, including CK7, CK20, villin, CDX2,

PAX8, and ER, have been previously investigated, none is

able to effectively differentiate AMNs from OMNs with a

high sensitivity and specificity. The IHC nuclear stain for

E F

Image 1 (cont) E, Dual stain with negative SATB2 and positive CK20 in ovarian mucinous borderline tumor (�200). F, Dual

stain with negative SATB2 and positive villin in ovarian mucinous borderline tumor (�200).
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SATB2 has recently been proven as a reliable marker for

the lower GI tract, including the appendix.23 Two recent

studies investigated the utility of SATB2 staining in differ-

entiating OMN from AMN.28,29 Strickland et al28 found

SATB2 was positive in 93.8% (30/32) of appendiceal tu-

mors and in only one of 40 ovarian tumors. Moh et al29

found SATB2 was positive in 20 of 22 primary and meta-

static AMNs but positive in only four of 12 mucinous cysta-

denomas with mature teratoma, and it was negative in 22

mucinous cystadenomas that lacked a component of mature

teratoma, 60 mucinous borderline tumors, and 17 mucinous

adenocarcinomas.

Consistent with the findings from these two recent stud-

ies, our data showed SATB2 stained most AMNs while

showing almost no expression in OMNs with a sensitivity of

83% and a specificity of 78% for AMNs. Furthermore, our

study demonstrated that the DS with SATB2 and CK20

showed positivity for either marker in 100% of AMNs,

while none of OMNs was positively stained for both

SATB2 and CK20 simultaneously, with a sensitivity of 80%

and a specificity of 100% for AMNs. Our data demonstrated

that SATB2/CK20 DS (both positive) had a significantly

higher specificity in identifying AMNs than CDX2/CK20

DS (both positive).

A B

C D

Image 2 Representative images of dual stains with caudal type homeobox 2 (CDX2) and cytokeratin 20 (CK20) or villin in

appendiceal and ovarian mucinous neoplasms. A, Invasive appendiceal mucinous carcinoma (H&E, �200). B, Dual stain with

positive CDX2 (brown nuclear staining) and positive CK20 in invasive appendiceal mucinous carcinoma (�200). C, Dual stain

with positive CDX2 and positive villin in invasive appendiceal mucinous carcinoma (�200). D, Ovarian mucinous borderline

tumor (H&E, �200).
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The current study is limited by the small cohort size, as

well as the fact that the sensitivity of the single stains was very

high (>90% for all stains), making improvements in sensitiv-

ity with DSs difficult to detect. In addition, we used TMA

rather than whole sections in this study to demonstrate the util-

ity of these stains in a small biopsy specimen. Additional stud-

ies with larger cohorts are necessary to validate our findings.

In summary, the current study is one the few showing

the utility of SATB2 to help distinguish AMN from OMN.

Specifically, it demonstrates the utility even with small sam-

ples. In addition, to our knowledge, it is the first immunohis-

tochemical analysis of these neoplasms with the use DSs of

SATB2 or CDX2 with CK20 or villin, and it directly com-

pared DSs of SATB2 and CK20/villin with DSs of CDX2

and CK20/villin. Our data suggest that DS with SATB2/

CK20 shows potential clinical utility in distinguishing

AMNs from OMNs and is superior to any single stain or

CDX2/CK20 DS investigated in our study. In addition, our

E F

Image 2 (cont) E, Dual stain with scattered CDX2 positivity (arrows) and positive CK20 in ovarian mucinous borderline tumor

(�200). F, Dual stain with scattered CDX2 positivity (arrows) and positive villin in ovarian mucinous borderline tumor (�200).

Table 1
Single-Stain Results in AMNs and OMNs for Each Marker

Neoplasm CDX2þ, No. (%) SATB2þ, No. (%) CK20þ, No. (%) Villinþ, No. (%)

AMN (n¼40) 37 (93) 33 (83) 39 (98) 38 (95)

OMN (n¼18) 8 (44) 4 (22) 9 (50) 14 (78)

AMN, appendiceal mucinous neoplasm; CDX2, caudal type homeobox 2; CK20, cytokeratin 20; OMN, ovarian mucinous neoplasm; SATB2, special AT-rich sequence binding

protein 2; þ, positive.

Table 2
Dual-Stain Results in AMNs and OMNs for Each Combination

Neoplasm CDX2/CK20, No. (%) CDX2/Villin, No. (%) SATB2/CK20, No. (%) SATB2/Villin, No. (%)

AMN (n¼40)

Both (þ) 36 (90) 35 (85) 32 (80) 31 (78)

Either (þ) 40 (100) 40 (100) 40 (100) 40 (100)

Both (�) 0 (0) 0 (0) 0 (0) 0 (0)

OMN (n¼18)

Both (þ) 8 (44) 8 (44) 0 (0) 1 (6)

Either (þ) 9 (50) 14 (78) 13 (72) 17 (94)

Both (�) 9 (50) 4 (22) 5 (28) 1 (11)

AMN, appendiceal mucinous neoplasm; CDX2, caudal type homeobox 2; CK20, cytokeratin 20; OMN, ovarian mucinous neoplasm; SATB2, special AT-rich sequence binding

protein 2; þ, positive; –, negative.
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results suggest that DSs could be helpful for classification

of specimens with limited tissues.

Corresponding author: Wendy L. Frankel, Dept of Pathology,

Wexner Medical Center at The Ohio State University, 410 W. 10th

Ave, Columbus, OH 43210; wendy.frankel@osumc.edu.
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