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Abstract
Aims—In addition to estrogen and progesterone receptors, gross cystic disease fluid protein-15
(GCDFP-15) and mammaglobin (MAM) are the most common markers to identify breast origin
by immunohistochemistry (IHC). GCDFP-15 expression has been reported in approximately 60%
of breast carcinomas and MAM expression in approximately 80%. Data on their expression in
triple-negative breast cancer (TNBC) are very limited. In this study, we examined the expression
of these markers in TNBC to determine their utility in pathologic diagnosis.

Methods and Results—We studied their IHC expression in 63 primary and 118 metastatic
TNBCs. GCDFP-15 staining was present in 14% of primary and 21% of metastatic TNBCs. MAM
staining was present in 25% of primary and 41% of metastatic TNBCs. The expression frequency
of GCDFP-15 and/or MAM was 30% in primary and 43% in metastatic TNBCs, and many
positive tumors had only focal staining.

Conclusion—Staining for GCDFP-15 and/or MAM in triple-negative carcinomas helps confirm
breast origin, but most tumors in this subgroup of breast carcinomas lack expression of either
marker.
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Introduction
Immunohistochemistry (IHC) has become an indispensable tool for aiding in pathologic
diagnosis. Tissue-specific IHC markers, used in conjunction with histomorphology, are
particularly helpful in characterizing tumors of unknown origin. For patients with a history
of breast cancer, when carcinoma occurs at another organ site, it is clinically important to
distinguish between metastatic breast cancer and a second primary, since the management
and prognostic implications of these tumors can be markedly different. When a metastasis
presents in a patient without a history of cancer, breast carcinoma may also enter the
differential diagnosis. Furthermore, although the breast is an uncommon site to harbor
metastatic disease, carcinomas from other organs such as the lung, ovary and gastrointestinal
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tract can infrequently involve the breast.1-4 Tissue-specific IHC markers may be helpful in
these scenarios to determine the site of origin.

Estrogen receptor (ER) and progesterone receptor (PR) are frequently expressed in breast
carcinoma but not entirely breast specific. Positive staining is frequently detected in both
breast carcinoma and carcinomas from the gynecologic tract, therefore these markers cannot
be used to distinguish between the two.5 Although hormone receptor staining has been
reported in adenocarcinomas from other sites such as the lung and stomach, such staining
appears to be limited to a small percentage of these tumors.6,7 Human epidermal growth
factor receptor 2 (HER2) is not a breast specific marker, but in patients with a history of an
HER2-positive breast carcinoma, positive HER2 staining in a second tumor may help
confirm its breast origin.

Gross cystic disease fluid protein-15 (GCDFP-15, also known as BRST-2) is one of the
proteins detected in the breast cyst fluid. Its monomer has a molecular weight of 15
kilodaltons.8 Mammaglobin A (MAM) is a 10.5-kilodalton secretory protein that shares
homology with the uteroglobin family.9 GCDFP-15 and MAM are currently the most
commonly used IHC markers to identify tumors of breast origin, the former being more
specific.10,11 In addition to breast carcinoma, GCDFP-15 reportedly stains the salivary
gland, sweat gland, and prostatic carcinomas.12 Rarely it stains other carcinomas as
well.12-15 Reactivity for MAM has been identified in many endometrial endometrioid
carcinomas and sweat gland and salivary gland tumors, as well as in gastric, pulmonary,
colonic, and ovarian carcinomas and in some melanomas.13,16-19 Although there is some
variation between studies, the expression frequency of MAM overall is approximately 80%
in primary breast carcinoma.13,16,18,20-23 The expression frequency of GCDFP-15 in breast
carcinoma appears to be somewhat lower, overall around 60%, and more variable between
studies, ranging from 35% to 85% in a few large series.12,13,16,22-24 Positive staining for
GCDFP-15 and/or MAM in a tumor of unknown origin favors breast carcinoma in the right
clinical setting, although negative staining in a tumor does not exclude breast origin.

In patients with primary or metastatic triple-negative (ER negative, PR negative and HER2
negative) breast cancer (TNBC), ER, PR and HER2 are by definition of no utility in
confirming breast origin. In this subgroup, GCDFP-15 and MAM are the only markers to
rely upon. To date, most studies published on the IHC expression of these two markers in
breast cancer have included breast carcinomas with various combinations of ER/PR/HER2
status. Some authors have attempted to find correlations between the expression of
GCDFP-15/MAM and ER/PR/HER2,12,18,21,25,26 but only rarely have studies demonstrated
an association between positive MAM staining and ER positivity in breast tumors.18,25

Little is known about the expression of GCDFP-15 and MAM in TNBC, yet this is the
subgroup for which these two markers might be needed the most. It is important to know the
sensitivity of an IHC marker in a particular subgroup before rendering a diagnostic
interpretation. Our impression in routine practice has been that GCDFP-15 and MAM
expression is lower in TNBC than that reported for breast carcinoma in general. In this
study, we examined the expression of these two markers in primary and metastatic TNBC to
determine their expression frequency in this important subgroup of invasive breast
carcinomas.

Materials and methods
Identification of primary TNBC and Immunohistochemistry for GCDFP-15 and MAM

This project was approved by the institutional review board of MD Anderson Cancer Center.
Patients with TNBC who had surgical resection between January 2006 and December 2011
and for whom there were available archival paraffin tissue blocks for the study were
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identified in our pathology database. ER, PR and HER2 IHC staining results and HER2
fluorescence in situ hybridization assay results were obtained from the pathology reports.
ER-negative and PR-negative status was defined for this study as nuclear staining in no
more than 5% of invasive tumor cells, as invasive tumors with minimal hormone receptor
staining were regarded clinically as TNBC. HER2 negative status was defined according to
the guideline recommendations of the American Society of Clinical Oncology (ASCO) and
College of American Pathologists (CAP).27,28

IHC staining for GCDFP-15 and MAM was performed using the polymeric biotin-free
horseradish peroxidase (HRP) method on the Leica Microsystems Bond Max autostainer. In
each case, one unstained tissue section of 4-μm thick that had been prepared from a
representative paraffin block of a surgically excised TNBC was incubated at 60°C for 20
min. Following heat-induced epitope retrieval with citrate buffer for 20 min at 100 °C, slides
were incubated with mouse monoclonal antibody to GCDFP-15 (clone D6, Covance,
Princeton, NJ; 1:100) or MAM (clone 1A5, Biocare Medical, Concord, CA; pre-diluted).
The Refine Polymer Detection kit was used to detect bound antibody, with 3,3-
diaminobenzidine serving as the chromogen (Leica Microsystems). Slides were
counterstained with Mayer's hematoxylin. Results were evaluated with known positive and
negative tissue controls. Any cytoplasmic staining was considered positive. Staining in 5%
of tumor cells or less was considered focal. The stains were reviewed by two pathologists
(LH and HZ) independently, and a consensus was reached by re-reviewing the slides when
there was any disagreement.

Identification of metastatic TNBC
Metastatic/recurrent TNBCs with available GCDFP-15 and MAM staining results from
patients with diagnostic material obtained between January 2003 and June 2011 were
identified by searching our pathology database. The inclusion criteria were triple-negative
marker status of the primary breast cancer reported in the pathology database and/or medical
records, triple-negative marker status in the metastasis/recurrence if the marker assays were
performed, and histologic and clinical features consistent with breast origin. Any case with
clinical uncertainty regarding site of tumor origin was excluded regardless of a history of
primary TNBC. A reported negative result for ER/PR was accepted as negative if the
percentage of invasive tumor cells with nuclear staining was not stated in the report. If the
percentage was included in the report, up to 5% ER/PR staining was allowed in the primary
or metastatic tumor if such tumors were considered clinically to be TNBCs. Unknown
HER2 status in the primary breast tumor (for patients with a remote history of breast cancer)
was accepted if the metastasis was documented to be HER2 negative. GCDFP-15 and MAM
staining results were obtained from the pathology reports. The presence of any staining was
considered positive. Focal staining if reported was noted. The location of the metastasis and
the type of surgical procedure (core biopsy or excision) were recorded.

Statistical analysis
The association between the type of procedure and staining results in the metastatic/
recurrent TNBCs was analyzed using Fisher's exact test. A P value of <0.05 indicated
statistical significance.

Results
GCDFP-15 and MAM expression in primary TNBC

Sixty-three primary invasive TNBCs from 63 patients with available paraffin blocks from
the surgical resection were identified. All of the patients were women between the ages of
28 and 81 years (median, 54 years). Fifty patients had a diagnosis of invasive ductal

Huo et al. Page 3

Histopathology. Author manuscript; available in PMC 2014 January 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



carcinoma. Thirteen patients had a diagnosis of metaplastic carcinoma, including 9 with
invasive ductal carcinoma and a spindle cell sarcomatoid component, 3 with invasive ductal
carcinoma and a squamous carcinoma component, and 1 matrix-producing carcinoma.

As summarized in Table 1, positive GCDFP-15 staining was observed in 9 (14%) of 63
primary TNBCs, including focal staining in 5 cases. Positive MAM staining was present in
16 (25%), including focal staining in 9. Staining for both markers was seen in 6 tumors
(10%) and for either marker in an additional 13 tumors, resulting in 19 tumors (30%) with
staining for GCDFP-15 and/or MAM (Figure 1, A-D).

Among the metaplastic carcinomas, 1 of the 9 cases with a sarcomatoid component showed
staining for MAM and focal staining for GCDFP-15 in the ductal carcinoma areas (Figure 1,
E-F). None of the cases showed staining for either marker in the sarcomatoid areas. The 3
cases with a squamous component and the 1 case of matrix-producing carcinoma were
negative for both markers.

GCDFP-15 and MAM expression in metastatic TNBC
One hundred eighteen pathologic specimens in 116 patients with GCDFP-15 and/or MAM
IHC performed on metastatic/recurrent TNBC at the time of diagnosis were identified. Of
these 118, 109 specimens contained metastatic carcinoma and 9 contained locally recurrent
invasive carcinoma. All of the patients were women between the ages of 20 and 84 years
(median, 56 years). The primary tumor was invasive ductal carcinoma in 112 patients,
pleomorphic invasive lobular carcinoma in 1 patient and metaplastic carcinoma in 3 patients.
Two patients each had two specimens. One had brain and bladder metastases, and the other
had lung and bone metastases.

The results of GCDFP-15 and MAM IHC staining in the different organ sites are
summarized in Table 2. GCDFP-15 IHC was available for 110 specimens; staining was
present in 23 (21%), including focal staining in 10. MAM IHC was available in 64
specimens; staining was present in 26 (41%), including focal staining in 20.

Results for staining of metastatic/recurrent tumors with GCDFP-15 and/or MAM are
summarized in Table 3. For the entire cohort, staining for one or both markers was seen in
42 specimens (36%), including 25 specimens with only focal positivity. Staining for both
markers was performed on 56 specimens. Twenty-four of them (43%) had positive staining
for either or both markers, including 18 with only focal positivity. In 7 specimens (13%),
there was staining for both markers, including focal staining for both in 4 specimens. No
association was observed between these staining results and the type of surgical procedure
(core biopsy versus excision) performed (Table 4).

The metaplastic carcinomas in this cohort consisted of two metastases and one local
recurrence. Both metastatic metaplastic carcinomas had negative staining for GCDFP-15.
Staining for MAM was not performed in these two cases. In the locally recurrent metaplastic
carcinoma, GCDFP-15 was focally positive and MAM was negative. In the single metastatic
pleomorphic lobular carcinoma to the bone, focal staining for both GCDFP-15 and MAM
was observed.

For the two patients for whom there were two metastases each, one had negative staining for
both markers in both the lung and bone metastases, and the other had focal staining for both
markers in the brain metastasis but negative staining for both markers in the bladder
metastasis.
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Discussion
In the current study we found that expression of GCDFP-15 and MAM occurs in a smaller
proportion of both primary and metastatic/recurrent TNBCs than that reported in the
literature for breast carcinoma in general. In our study, GCDFP-15 expression was detected
in 14% of primary TNBCs and 21% of metastatic TNBCs, and MAM expression was
detected in 25% of primary TNBCs and 41% of metastatic/recurrent TNBCs. The expression
frequency of GCDFP-15 and/or MAM was slightly higher, reaching 30% in primary TNBCs
and 43% in metastatic TNBCs. For both markers, we noted that a large proportion of the
positive cases had only focal staining in both primary and metastatic TNBCs. When IHC
markers are used to classify tumors, diffuse staining is more likely to be considered
supportive of a diagnosis than focal staining which needs to be interpreted more cautiously.

To our knowledge, this is the first study to evaluate the staining frequency of GCDFP-15
and MAM in metastatic TNBC. Only rarely have published studies reported the expression
of both of these markers in primary TNBC. One study using tissue microarrays, in which
any staining was considered a positive result, showed expression in 1 (3%) of 33 primary
TNBCs for GCDFP-15 and in 7 (17%) of 41 TNBCs for MAM.22 In that study, non-TNBCs
showed staining for GCDFP-15 in 25 (66%) of 38 cases and staining for MAM in 31 (82%)
of 38 cases. Another study using tissue microarrays, in which ≥5% tumor staining was
considered a positive result, reported MAM staining in 7 (21%) of 33 primary TNBCs
compared with 107 (52%) of 205 non-TNBCs.18 In contrast to the low expression rates
reported in the above two studies, a third study,23 which used whole slide sections and
considered any cytoplasmic staining as positive, detected positive GCDFP-15 expression in
14 (61%) of 23 ER-negative, HER2-negative primary breast carcinomas, and MAM
expression in 11 (58%) of 19. Positive staining was reported as 82% for GCDFP-15 and
78% for MAM in the ER- and/or HER2-positive cases in the same study. As ER-negative,
PR-positive breast carcinoma is infrequent, most of the ER-negative, HER2-negative cases
were most likely TNBCs. However, in the third study, ER positivity was defined such that
moderate staining in less than 10% of the tumor and weak staining in less than 50% of the
tumor would be considered ER negative. It is possible that some of the ER-negative cases in
that study would be considered ER positive using our criteria or those of others.
Nevertheless, the results of this third study are markedly different from the first two and
from the current study.

Compared with the first two studies mentioned above,18,22 expression of GCDFP-15 and
MAM was slightly higher in our primary TNBC cohort. This may be due in part to the
differences in the cutoff for positive staining and/or the use of whole slide sections
compared with tissue microarrays. For both markers, we considered any cytoplasmic
staining as positive, and we used whole slide sections of the primary carcinomas. Both
GCDFP-15 and MAM often stain breast carcinomas in a patchy pattern.16,23 It has been
shown that the sensitivity of detecting these markers can be lower in tissue microarrays than
in whole slide sections, likely owing to the limited sampling of the tumors in tissue
microarrays.16

Among the few published studies of GCDFP-15 and/or MAM expression in metastatic
breast carcinoma, most have found higher expression than in our study, varying from 44% to
76% for GCDFP-1512,13,16,29 and from 58% to 84% for MAM.13,16,19,30 Because these
studies included cases with various combinations of ER/PR/HER2 status, our results from
the metastatic cohort support our hypothesis that expression of GCDFP-15 and MAM is
lower in TNBC. One exception is a study including 115 recurrent and metastatic breast
carcinomas that showed an expression frequency of 11% for GCDFP-15 and 48% for MAM,
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with no association between the expression of these markers and ER, PR or HER2 status.26

There was no direct comparison between TNBC and non-TNBC tumors in that study.

Most metaplastic carcinomas are triple negative and our study of TNBCs included a
relatively large proportion of metaplastic carcinomas. In our primary TNBC cohort, there
was very low expression of GCDFP-15 and MAM. Only 1 of the 13 cases had staining for
GCDFP-15 and MAM, and the staining was present in the invasive ductal carcinoma
component of the tumor. In the 9 cases with a sarcomatoid component, both GCDFP-15 and
MAM were negative in the sarcomatoid areas. The other 4 cases (1 matrix-producing
carcinoma and 3 carcinomas with a squamous component) were also negative for both
markers. Therefore, GCDFP-15 and MAM are not likely to be helpful in confirming the site
of origin for metaplastic carcinomas of the breast.

Although ours is the largest study to date on the expression of GCDFP-15 and MAM in
TNBC, our study is nevertheless limited because of its retrospective nature and potential
selection bias. Metastatic tumors that were not confirmed clinically to be of breast origin
were excluded, and this may have selected for a disproportionate number of metastatic
tumors with either GCDFP-15 or MAM expression. In spite of this, however, the expression
of each marker in TNBCs was quite low, supporting our hypothesis for this subgroup of
breast carcinomas.

In summary, our study showed that the expression of GCDFP-15 and MAM in primary and
metastatic TNBCs is lower than that reported for breast carcinomas in general. While
positive staining supports breast origin, negative staining for each marker is to be expected
in the majority of the cases. Therefore, the clinical utility of IHC staining for GCDFP-15 and
MAM in TNBCs is limited to a small proportion of this subgroup of breast carcinomas.
When new breast-specific markers are developed, their utility specifically in TNBC should
be clinically validated.
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Figure 1.
Immunohistochemical staining in primary TNBC. (A) and (B), a carcinoma with positive
staining for both GCDFP-15 (A) and MAM (B). (C) and (D), a carcinoma with positive
staining for GCDFP-15 (C) and negative staining for MAM (D). (E) and (F), a metaplastic
carcinoma with focal staining for GCDFP-15 (E) and positive staining for MAM (F) in the
carcinoma component (lower left) but negative staining for both markers in the adjacent
sarcomatoid areas. E inset, a hematoxylin and eosin stain of the tumor. (Original
magnifications: A, B, E, E inset, F, ×200; C, D, ×100)
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