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Abstract

Signet-ring morphology is recognized throughout the gastrointestinal tract. However, this pattern
may be observed in other primary sites giving rise to diagnostic challenges in the work-up of
metastases. Relatively newer immunohistochemical markers have not been evaluated in this
context. We assessed expression patterns of several common immunohistochemical markers in
tumors with signet-ring morphology to delineate a pragmatic approach to this differential
diagnosis.

Primary breast and gastrointestinal carcinomas showing signet-ring features were reviewed. Non-
mammary and non-gastrointestinal tumors with this morphology were included for comparison.
Estrogen receptor (ER), progesterone receptor (PR), e-cadherin, CK7, CK20, GCDFP-15,
mammaglobin, CDX2, GATA-3, and HepPar-1 immunohistochemistry was performed. Expression
patterns were compared between breast and gastrointestinal tumors as well as lobular breast and
gastric tumors.

Ninety-three cases were identified: 33 breast carcinomas including 13 lobular, 50 gastrointestinal
tumors including 23 gastric, and 10 from other sites. ER (Sensitivity=81.8%, Specificity=100%,
Positive predictive value (PPV)=100%, Negative predictive value (NPV)=89.3%) and GATA-3
(Sensitivity=100%, Specificity=98%, PPVV=96.8%, NPV=100%) expression were associated with
breast origin. CK20 (Sensitivity=66.7%, Specificity=93.3%, PPVV=94.1%, NPVV=63.6%) and
CDX2 (Sensitivity=72%, Specificity=100%, PPVV=100%, NPV=68.9%) demonstrated the
strongest discriminatory value for gastrointestinal origin. These markers exhibited similar
discriminatory characteristics when comparing lobular and gastric signet ring carcinomas. In a
limited trial on metastatic breast and gastric cases, these markers successfully discriminated
between breast and gastric primary sites in 15 of 16 cases.
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ER and GATA-3 are most supportive of mammary origin and constitute an effective panel for
distinguishing primary breast from primary gastrointestinal signet-ring tumors when combined
with CK20 and CDX2 immunohistochemistry.
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1. Introduction

Tumors with signet-ring morphology are most commonly recognized throughout the
gastrointestinal tract. This pattern has also been observed in adenocarcinomas arising from
other sites such as the breast, lung, pancreaticobiliary tract, Mullerian tract, and other less
common sites. In the breast, signet-ring carcinoma is not typically recognized as a specific
entity although the morphology may give rise to diagnostic challenges in certain situations
[1,2,3].

Breast carcinoma is recognized to metastasize to the stomach with clinical and pathologic
features mimicking a gastric primary [4, 5, 6]. Presently, this diagnostic issue has been
explored predominantly in the form of case reports in the literature [1, 3]. In some instances,
gastric metastases may be detected prior to identification of the breast primary [7].
Conversely, gastric primary signet-ring carcinomas have been reported to metastasize to the
breast [8]. Tumors arising from both breast and the Gl tract may metastasize to other similar
locations [9]. For example, both lobular breast and gastric signet-ring carcinomas are
recognized to cause peritoneal carcinomatosis and show similar patterns of infiltrative
growth [10]. Given this overlap in locations and morphology, the distinction between these
tumors is an important diagnostic challenge as the available management options depend on
identification of the primary site.

Immunohistochemistry (IHC) is often utilized for determination of a suspected primary
location. Markers such as CK20, CK7, and estrogen receptor (ER), have been employed in
the differential diagnosis of signet ring tumors [11]. Chu and Weiss previously evaluated
signet-ring carcinomas from the breast, stomach, and colon in a series of 60 cases for
expression of a variety of markers. They found ER, MUC1 (EMA), hepatocyte paraffin 1
(HepPar-1), and CDX2 to be useful in distinguishing breast from gastric primaries while ER,
CDX2, MUC2, and MUCS5AC were useful for breast versus colonic primaries [12].
Relatively newer markers such as GATA-3 and mammaglobin have not been evaluated as
part of a panel in this context.

We assessed staining patterns of several common immunohistochemical markers including
ER, PR, e-cadherin, cytokeratin 7 (CK7), cytokeratin 20 (CK20), gross cystic disease fluid
protein 15 (GCDFP-15), mammaglobin, CDX2, GATA-3, and HepPar-1 in the signet-ring
component of tumors with known breast and gastric origin. We also compared expression to
some tumors showing signet-ring morphology from extra-mammary and extra-
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gastrointestinal sites. Using our findings, we delineate a pragmatic immunohistochemical
work-up for the distinction between these tumors.

2. Methods

2.1. Case selection

With institutional review board approval, cases of primary breast and gastrointestinal
carcinomas showing signet-ring features from 1/1/2002 to 2/28/2017 at Rhode Island
Hospital and The Miriam Hospital were retrieved and reviewed. Primary breast cases were
categorized into lobular, ductal and other histologic subtypes including mucinous carcinoma.
Classification of the breast carcinomas including distinction between ductal versus lobular
carcinoma was determined by morphology with confirmation through review by an expert in
breast pathology (YW). The gastrointestinal cases were subcategorized by primary site.
Non-mammary and non-gastrointestinal tumors with signet-ring morphology were also
collected for comparison. Signet-ring tumor cells were defined by the presence of an
intracytoplasmic inclusion displacing the nucleus often with discohesive single cell or linear
“indian filing” growth. For gastrointestinal tumors, signet-ring cells were required to
comprise at least 50% of the tumor mass on the hematoxylin and eosin-stained (H&E)
section for inclusion. Tumors with fewer than four high-power fields (400X) consisting of
signet-ring cells with primary sites outside of the gastrointestinal tract were excluded. These
areas were identified morphologically.

2.2. Immunohistochemistry

Initially, immunohistochemistry for CK7, CK20, ER, PR, mammaglobin, GCDFP-15, e-
cadherin, GATA-3, and CDX2 was performed on 4-micron whole tissue sections from an
appropriate block showing signet-ring features. In cases with metastatic disease, tissue from
the primary tumor was used for staining if available. Sections were baked at 60°C for one
hour and loaded onto an Omnis Autostainer (Dako, Carpinteria, CA) for deparaffinization,
antigen retrieval, antibody incubation and detection. Detection was achieved using Dako
EnVision FLEX reagents (Dako). The methods of antigen retrieval and characteristics of the
primary antibodies are summarized in Table 1. For CK7, CK20, mammaglobin, and
GCDFP-15, positive staining was characterized by cytoplasmic staining of at least 10% of
the signet-ring cells. ER, PR, GATA-3, CDX2 were considered positive if at least 10% of
nuclei stained positive. Positive expression of e-cadherin required membranous or
cytoplasmic staining of at least 10% of the lesional cells. Staining was only considered
positive if the expected pattern was identified in the signet-ring component. Cases with
expression only within the non-signet-ring component were considered negative.

2.3. Tissue microarray

A tissue microarray (TMA) was prepared to assess additional cases of tumors with signet-
rings. For comparison, pulmonary adenocarcinomas, urothelial carcinomas, and Mullerian
carcinomas showing signet-ring features were also included in the study. The tissue
microarray was prepared by identifying areas enriched with tumor cells showing signet-ring
morphology. For each case, three qualifying areas and one background non-tumor area were
circled. Cases that did not have three qualifying signet-ring areas were excluded. The
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corresponding locations on each block were then extracted using 1 mm core punches and
arranged onto two TMA blocks using a manual tissue microarrayer (Beecher Instruments
Inc, Sun Prairie, WI). Five-micron sections were cut from the microarray and stained for
each marker on the selected panel.

2.4. Statistical analysis

Statistical analysis was performed using Fisher’s exact test and Student’s t-test using Excel
software (Microsoft, Redmond, WA). Breast primary carcinomas including lobular, ductal,
and mucinous tumors were compared to the gastrointestinal tumors as a group as well as all
non-mammary carcinomas as a group. Further, appraisal of staining between specifically
lobular and gastric carcinomas was performed. A p-value of 0.05 was used as the cutoff for
statistical significance. The sensitivity, specificity, positive predictive value, negative
predictive value, and respective 95% confidence intervals were also calculated as
appropriate. These characteristics guided the composition of a proposed initial IHC panel.

2.5. Trial of Proposed Immunohistochemical Panel

3. Results

Specimens from metastatic breast and gastric tumors from 2000-2017 were retrieved and
reviewed for unequivocal signet-ring morphology. Qualifying tumors were stained with the
proposed initial diagnostic panel for differentiating primary breast carcinomas from primary
gastric tumors. Immunohistochemistry for the panel of markers with the best differential
characteristics was applied to these cases.

3.1. Case selection

In total, 93 cases meeting the study criteria were identified consisting of 33 primary breast
adenocarcinomas and 50 gastrointestinal adenocarcinomas including 6 pancreaticobiliary
tumors. Ten carcinomas with signet-ring features including 4 lung, 4 Mullerian, and 2
bladder primaries were also included. Of the 33 primary breast carcinomas, 19 were ductal,
13 lobular, and 1 was mucinous. Among the primary gastrointestinal signet ring tumors 23
were primary gastric adenocarcinomas. The remainder included 9 appendiceal, 7 colonic, 5
pancreatic, 3 esophageal, 2 small intestinal, and 1 ampullary primary carcinoma. With the
exception of one case of ductal carcinoma (1/33, 3%), all of the breast tumors were from
female patients. For the remaining 60 carcinomas with signet-ring features from other sites,
30 (50%) were from male patients and 30 were from female patients. For some
immunostains, the tissue was either lost or the signet-ring cells were not identified on the
TMA. These cases were excluded from the analysis for the respective marker. The number
of cases stained from each primary site and their corresponding expression patterns for each
marker are summarized in Table 2.

3.2. Comparison of expression in breast primary versus gastrointestinal primary tumors

CK20, ER, PR, mammaglobin, GCDFP-15, CDX2, GATA-3, and HepPar-1 all showed
significant differences in staining between breast and GI tumors. The corresponding
sensitivities, specificities, positive and negative predictive values, and corresponding 95%
confidence intervals for these markers are tabulated in Table 3. Qualitatively, there were no
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apparent differences in expression patterns for these markers. CK7 (p=0.221) and e-cadherin
(p=0.813) expression was similar between the two groups. Expression of PR, mammaglobin
and GCDFP-15 significantly favored breast origin. However, the sensitivity of these markers
for breast tumors was low, showing 54.5%, 41.7%, and 75% sensitivity respectively. On the
other hand, CK20 and Hep-Par-1 expression significantly favored gastrointestinal origin,
again with low sensitivities of 66.7% and 34% respectively. Both of these markers were less
sensitive compared to CDX2 (72%). ER and GATA-3 demonstrated the best characteristics
for supporting breast origin with 81.8% and 100% sensitivity respectively and 100% and
98% specificity respectively.

3.3. Comparison of expression in lobular breast carcinomas versus gastric signet-ring

carcinomas

Separate appraisal of these markers in lobular breast carcinomas versus gastric signet-ring
carcinomas also showed differential expression of CK20, ER, PR, CDX2, and GATA-3.
These results and corresponding sensitivities, specificities, positive and negative predictive
values, and corresponding 95% confidence intervals are tabulated in Table 3. Examples of
staining for lobular breast carcinoma and gastric signet-ring carcinoma are shown in Figure
1. ER, GCDFP-15, and GATA-3 had the highest sensitivities and specificities for lobular
carcinoma. For gastric signet-ring carcinomas, CK20 and CDX2 were most effective while
ER, GATA-3 and GCDFP-15 expression was absent in all cases. While 100% positive
predictive values were found with CK20, CDX2, and HepPar-1, the negative predictive
values of all three of these markers for gastric carcinoma was low. CK7 failed to
differentiate between any of the compared groups. E-cadherin showed significant differences
in expression only when comparing lobular breast carcinoma to gastric carcinoma
(p=0.0052). Mammaglobin staining also reached statistical significance in discriminating
between the lobular breast and gastric signet-ring groups. However, the differences were less
pronounced compared to ER, CDX2, and GATA-3 as shown in Table 4. ER showed greater
sensitivity (81.8% and 84.6%) for mammary origin compared to PR (54.5% and 38.5%) in
both comparisons.

3.4. Unexpected expression of markers

Among the breast primaries, CK20 was positive in one case (1/33, 3%) of pleomorphic
lobular carcinoma which was also CK7, ER, PR, and GATA-3 positive by IHC. One case of
lobular breast carcinoma showed expression of HepPar-1. Among the Gl primaries, one
appendiceal signet-ring carcinoma expressed GATA-3. GATA-3 was also found in one case
of primary lung adenocarcinoma. ER was negative in all non-breast tumors expressing
GATA-3.

3.5. Trial of Proposed Immunohistochemical Panel

Eight cases of metastatic gastric signet-ring carcinoma and eight cases of metastatic breast
carcinoma with signet-ring features were identified as shown in Table 5. Among the gastric
tumors, 4 were metastatic to the ovary, 3 to lung, and one to liver. Of the metastatic breast
cases, 3 were metastatic to the liver, 2 to bone, 2 to soft tissue, and 1 to the ovary. In all
cases, the metastatic tumor exhibited unequivocal signet ring morphology. CK20 and CDX2
were both positive in 6 of the metastatic gastric tumors with absent expression of ER and
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GATA-3. One metastatic gastric carcinoma exhibited only CDX2 staining while another did
not express any of the four markers. In contrast, the 8 metastatic breast carcinomas with
signet-ring features were positive for ER, positive for GATA-3, negative for CK20, and
negative for CDX2.

4. Discussion

Signet-ring cells are thought to derive from cellular alterations including abrogation of cell-
to-cell adhesion, enhancement of mucin production, and disruption of mucin secretion.
These mechanisms are thought to contribute to signet-ring morphology in carcinomas
regardless of primary site [12, 13, 14]. While their morphology may be similar from organ-
to-organ, they typically retain expression of markers from their site of origin [15]. Our data
demonstrate that these qualities can be leveraged to distinguish primary breast tumors with
this morphology from gastrointestinal signet-ring tumors with relatively newer
immunohistochemical markers.

Among the cytokeratin markers, differences in CK20 staining between breast and gastric
tumors as well as breast versus all of the GI tumors as a group were statistically significant.
On the other hand, CK7 did not reach statistical significance in this application. This finding
is consistent with prior studies demonstrating that the utility of CK7 alone is limited to
specific circumstances [11, 16]. Moreover, it suggests that for signet-ring tumors where the
differential is breast versus gastrointestinal origin, CK7 could be omitted from the work-up
given the appropriate context.

Differences in the membranous staining pattern with e-cadherin have been reported in some
non-signet-ring micropapillary tumors. We did not observe any qualitative differences in
staining observed in our signet-ring tumors. E-cadherin is implicated as a driver or
participant in the development of signet-ring morphology which would suggest that this
pattern of growth may show similar expression of e-cadherin regardless of primary site [13].
In our cases, no differences in e-cadherin staining were detected when comparing all breast
tumors as a group to the gastrointestinal cases (p=0.813). However, when specifically
comparing lobular breast carcinomas to gastric carcinomas, a statistically significant
difference was identified (p=0.005) with 74% of the gastric carcinomas and 23% of lobular
carcinomas showing expression. Prior to immunohistochemical staining, we classified breast
carcinomas by morphologic criteria alone in accordance with consensus in the literature
[17]. We also believe this approach was prudent as some e-cadherin-expressing lobular
carcinomas have been reported [18]. In three cases with a consensus diagnosis of lobular
carcinoma, e-cadherin expression was retained. Therefore, the significant contrast in e-
cadherin staining between these two primary sites would have been more ostensible if the
breast tumors retaining expression had been excluded as lobular carcinoma.

ER and PR were both absent in the gastrointestinal primary carcinomas. Aside from the
breast tumors, these two markers were expressed in ovarian and endometrial carcinomas as
expected. The difference in staining between the breast signet-ring tumors and primaries
from other sites was statistically more significant with ER. ER also showed a greater
sensitivity for breast carcinoma although its specificity was similar to PR. However, this may
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reflect the higher prevalence of ER expression (82%) compared to PR expression (55%) in
our breast cases. Notably, ER has been reported to be positive in some gastric carcinomas
[19]. Nash et al previously reported that ER and PR had limited utility in separating
metastatic breast tumors from other metastatic carcinomas to the liver. They also reported
aberrant immunoreactivity for PR in some metastatic tumors from non-breast sites with ER
identified only in breast primaries. [19]. In the context of our data, this confirms that ER has
more favorable characteristics than PR for our differential diagnosis.

GATA-3 exhibited the strongest qualities to differentiate between the groups with high
sensitivity and specificity consistent with findings from prior studies on primary breast
tumors [20, 21]. Comprehensive review of the literature indicates that almost all lobular
breast carcinomas express GATA-3. All 31 cases of breast carcinoma with signet ring
features that were successfully stained with GATA-3 were positive in our study. Notably,
Wendroth et al. previously reported a case of ER-negative signet ring breast carcinoma
which lacked GATA-3 expression in their series [21]. Accordingly, it would be advisable to
utilize a panel of markers that include gastric carcinoma markers for this differential
diagnosis. At least 90% of carcinomas with signet-ring features arise from either the breast
or Gl tract [12]. Since the cases included in our study reflect this distribution with few cases
arising outside of the breast and gastrointestinal tract, the utility of GATA-3 in a broader
differential is less clear. In particular, GATA-3 is also expressed in urothelial carcinomas
among others [20, 22]. However, all gastric signet-ring carcinomas were negative for
GATA-3 lending credence to the utility of this marker when the distinction from lobular
breast carcinoma is necessary.

For tumors where breast and gastrointestinal are the main primary sites suspected, our data
confirm that CDX2 is an effective marker for identifying gastrointestinal-primary in the
signet-ring components [23]. HepPar-1 was strongly preferentially expressed in the
gastrointestinal tumors also in concordance with prior studies [12]. We identified one case of
pleomorphic lobular breast carcinoma with signet rings positive for HepPar-1. To our
knowledge, this is the first report of this aberrant expression in the literature. Although these
markers may be effective for the differential diagnoses interrogated in this study,
immunohistochemical studies for lung, bladder or other sites are still prudent in the setting
of relevant past history or other strong clinical suspicion [22, 24].

Both GCDFP-15 and mammaglobin, markers commonly used to identify breast tumors,
showed significant differences in staining between breast and GI or gastric tumors. Staining
was considered positive only if the signet-ring component showed expression. For
mammaglobin, some cases showed weak staining in the non-signet-ring components while
the signet-ring cells were negative. In concordance with prior studies, our data show these
markers are specific but less sensitive for breast tumors when compared to ER and GATA-3
[21, 25]. Cases found to express GCDFP15 and mammaglobin expressed GATA3 and were
often ER-positive. These markers may improve sensitivity or specificity marginally. Since
our goal was to propose an efficient initial diagnostic panel for this differential, our findings
would support excluding these markers from the initial workup. However, given their high
specificity for breast tumors, they may be useful in an expanded metastatic work-up.
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The selected panel of CK20, CDX2, ER, and GATA-3 were applied to a set of metastatic
breast and gastric tumors with unequivocal signet-ring morphology. In this set, gastric
carcinomas were readily differentiated from primary breast carcinomas. However,
metastases comprised entirely of unequivocal signet-ring cells were rare and the number of
cases identified were limited. More aberrant staining patterns may be expected in a larger
cohort. We detected one case of metastatic gastric carcinoma exhibiting only CDX2 staining
using our panel while another expressed neither CK20 nor CDX2. However, ER and
GATA-3 were negative in both tumors which could prompt a more expanded work-up should
these cases present. Overall, the utilization of this panel including both gastric and breast
markers reduces the likelihood of tumors that elude identification of their primary sites.

The use of whole tissue sections for staining of some cases and TMAS to assess others
facilitated the examination of a larger number of cases. While the TMAs were helpful in our
assessment of additional cases, some tumors with heterogeneous staining in the signet-ring
component would not have been identified. Comparison of the signet-ring components to
non-signet-ring components was not possible for every case. Therefore, we specifically
analyzed areas exhibiting signet-ring morphology without particular assessment of other
tumor components. Furthermore, direct comparison of expression in metastatic tumors and
their respective primary tumors was not performed since some cases were unavailable or the
material in one of the specimens was too scant for staining. Finally, our inclusion criteria
required only a focal well-defined signet-ring component on the examined sections or
biopsies. These may have represented a smaller proportion of the tumors compared to prior
studies.

In summary, we compared expression profiles of commonly utilized immunohistochemical
markers in surgical pathology practice for signet-ring components in breast and
gastrointestinal tract tumors. We identified rare unexpected expression in some tumors that
may constitute diagnostic pitfalls. Overall, ER, GATA-3, CK20 and CDX2 exhibited the
most significant differences between the compared groups with the best discriminating
characteristics for their respective tumors. Therefore, we recommend these four markers as
an initial diagnostic panel for this metastatic workup. In the differential diagnosis between
lobular breast carcinoma and gastric signet-ring carcinoma, a combination of ER and
GATA-3 should effectively discriminate between these two entities.
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Highlights

ER and GATA-3 are effective for discriminating breast from gastrointestinal
signet-ring tumors

CK20 and CDX2 are also useful for supporting gastrointestinal origin in
signet-ring tumors

The utility of CK7 is limited in this differential diagnosis
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