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Abstract

The lack of oestrogen receptor, progesterone receptor and human epidermal growth factor receptor-2 expression in breast
cancer (BC) is the basis for the categorization of the tumour as triple negative breast carcinoma (TNBC). The majority of
TNBCs are aggressive tumours with common metastases and decreased expression of markers that could help in identifying
the metastatic lesion as of mammary origin. Breast markers, such as gross cystic disease fluid protein-15 (GCDPF-15), GATA
binding protein 3 (GATA3), mammaglobin (MGB) and SOX10, are not uniquely specific to BC. Our aim was to evaluate
trichorhinophalangeal syndrome type 1 (TRPS1) protein as a breast marker in a series of cytokeratin-5-expressing TNBC,
mostly corresponding to basal-like TNBCs, previously characterized for the expression of other breast markers. One hundred
seventeen TNBCs in tissue microarrays were immunostained for TRPS1. The cut-off for positivity was > 10%. The repro-
ducibility of this classification was also assessed. TRPS1 positivity was detected in 92/117 (79%) cases, and this exceeded
the expression of previously tested markers like SOX10 82 (70%), GATA3 11 (9%), MGB 10 (9%) and GCDFP-15 7 (6%).
Of the 25 TRPS1-negative cases, 11 were positive with SOX10, whereas 5 to 6 dual negatives displayed positivity for the
other makers. The evaluation showed substantial agreement. Of the five markers compared, TRPS1 seems the most sensitive
marker for the mammary origin of CK5-expressing TNBCs. Cases that are negative are most often labelled with SOX10, and
the remainder may still demonstrate positivity for any of the 3 other markers. TRPS1 has a place in breast marker panels.
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For therapeutic and prognostic purposes, breast cancer (BC)
is often classified on the basis of oestrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth
factor receptor-2 (HER2) expression. The lack of immu-
nohistochemical evidence of these proteins in tumour cells
leads to the categorization of the tumour as triple negative
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breast carcinoma (TNBC). TNBCs are often high-grade
tumours (not uncommonly even devoid of obvious glandular
differentiation) with poor prognosis that overlap with carci-
nomas classified as basal-like on the basis of gene expres-
sion profiling [1-3], especially if they express cytokeratin
5 (CKS5) and/or epidermal growth factor receptor [4]. How-
ever, the two categories are not identical, as TNBCs can be
subdivided according to gene expression into distinct cat-
egories [5-7], and also include rare tumours with a relatively
indolent behaviour [8]. Even with this in mind, the majority
of TNBCs are aggressive tumours with common metasta-
ses and decreased expression of markers that could help
identifying the metastatic lesion as of mammary origin. Per
definition, TNBCs lack ER, PR and HER2 expression that
are not specific markers of BCs, but as the majority of BCs
express them in some combination, they might be helpful in
orienting the attention to the breast primary in cases of dis-
tant metastases. Common breast markers include GCDPF-
15 (gross cystic disease fluid protein 15) GATA3 (GATA
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binding protein 3), mammaglobin (MGB) and SOX10 (SRY-
box transcription factor 10), but neither of these are uniquely
specific to BC.

GCDFP-15 is also a marker of apocrine differentiation if
diffusely expressed, and therefore obviously labels a subset
of TNBC (and skin appendage tumours), that show apocrine
differentiation [7, 9, 10]. On the other hand, non-apocrine
breast cancers may also be stained with this antibody, and
this phenomenon may serve as evidence of breast origin in
metastatic cases. Besides cutaneous tumours, other neo-
plasms that have been reported to be GCDFP-15 positive
include salivary gland adenocarcinomas [11, 12] and pros-
tatic adenocarcinoma [12, 13].

As breast marker, MGB has proven to be more sensitive
than GCDFP-15, but is also expressed in other tumours,
mainly in endometrial carcinomas, but rarely also in some
sweat and salivary gland tumours, pancreatic and ovarian car-
cinomas and other tumours including some melanomas [9].

GATA3 is probably one of the most sensitive markers
of BC [14], but is expressed in numerous other types of
tumours, including the majority of urothelial carcinomas,
and other cancers [15]. As GATA3 is a key component of
the ER-alpha-GATA3-FOXAI1 transcriptional network [16],
it is logical that TNBCs might have this marker expressed
less frequently than luminal or luminal-like BCs. Indeed, our
previous analysis of CK5-expressing TNBCs suggested that
GATA3 was expressed in 71% of the 115 cases tested, but
only 23 cases (20%) expressed this protein in > 5% of the
tumour cells [17]. This relatively low proportion of tumour
cells and the often weak staining make GATA3 less reli-
able in the context of CK5-expressing TNBCs, even though
it seemed to be the best marker among GATA3, MGB,
GCDFP-15 and NYBRI, the latter of which only labelled
6% of the CK5+ TNBC cases with only 3% showing > 5%
staining [17], in keeping with a previous report correlating
its expression to ER positivity and inversely correlating it
to EGFR [18].

In contrast to the previous markers, SOX10 turned out to
be a reliable marker of TNBCs which also labels myoepi-
thelial cells, and shares high specificity for melanocytic
tumours [19-21]. Other SOX10 positive tumours include
salivary and skin adnexal gland tumours [22, 23]. In keeping
with the above, SOX10 outperformed GATA3, MGB and
GCDFP-15 as a mammary origin marker in TNBC [24, 25].

TRPSI1 (trichorhinophalangeal syndrome type 1) is a tran-
scription factor of the GATA family, and has been found
to be a relatively specific marker of breast cancers through
TCGA (The Cancer Genome Atlas) data mining [26]. It is
not only expressed in a high proportion of ER-positive or
HER2-positive BCs, but also in TNBCs of different types,
including metaplastic carcinomas, whereas its expression in
other cancer types was absent or negligible [26, 27]. In the
present study, we examined TRPS1 expression in a subset
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of TNBC most likely to overlap with a basal-like phenotype
on the basis of CK5 expression, and compared this with the
expression of other breast markers.

Material and methods

Immunostaining was done on tissue microarrays constructed
from TNBC with CKS5 expression as described earlier [17].
Antibody details for breast marker other than TRPS1 were
reported previously and are summarized in Table 1. Staining
results for GATA3, MGB, GCDP-15 and SOX10 were used
from previous work [17, 25], but the cut-offs for positivity
were also tested as > 10% rather than > 5% (as used in sev-
eral previous works) as this higher percentage allows easier
detection and interpretation.

For TRPS1, nuclear staining of any intensity in at least
10% of the tumour cells was interpreted as positive. Six
pathologists (SzA, LK, AS, AV, TZ, GC) evaluated the
immunohistochemistry with TRPS1. All participants have
classified the cases as positive or negative using this cut-
off value, to estimate the reproducibility of interpretation.
Majority opinions were selected for labelling a case negative
or positive.

In addition, we studied 6 breast cancer cases demonstrat-
ing HER?2 positivity and CKS expression (basal HER2 car-
cinomas by immunohistochemistry (IHC)). Among these,
half were classified as basal-like and half as HER2-enriched
on the basis of the expression of the Prediction Analysis of
Microarray 50 (PAMS50) gene expression pattern. This was
determined from formalin-fixed paraffin-embedded tissues
by the Breast Cancer 360™ Panel (Nanostring, USA) on the
NanoString nCounter® FLEX platform (Nanostring, USA)
following the manufacturers’ instructions.

Reproducibility was assessed by ONEST (observers
needed to evaluate subjective tests) [28—31] using an open-
source software [31, 32] and kappa statistics [33]. Ninety-
five percent confidence intervals (CIs) of proportions were
calculated with the VassarStats software (vassarstats.net).

This study was approved by the Human Investigation
Review Board, University of Szeged.

Table 1 Antibodies used for marker assessment

Antibody  Clone Source Dilution
TRPSI1 Polyclonal rabbit Invitrogen, Waltham, MA  1:250
SOX10 A-2 Santa Cruz, Dallas, TX 1:500
GATA3 HG3-31 Santa Cruz, Dallas, TX 1:50
MGB 1A5 Biocare, Concord, CA RTU
GCDFP-15 23A3 Cell Marque, Rocklin, CA  1:200

RTU ready to use
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Results

Of the 120 cases, only 117 had evaluable samples. The
majority (n = 112) of the tumours were invasive breast
carcinomas of no special type, inclusive of 6 cases with
medullary pattern and 2 with mixed invasive micropapil-
lary component, but a few metaplastic carcinomas were
also part of the tumours investigated, 4 with squamous
and 1 with heterologous mesenchymal differentiation.
Examples of TRPS1 immunostains are shown in Fig. 1.
For the ONEST plot analysis, all permutations (6! =
720) of the observers were used, rather than only 100 ran-
domly chosen as suggested by the first descriptions and
uses [28, 29]. The main descriptors of ONEST included
72.6% overall percent agreement, 19.7% bandwidth (great-
est difference in rating by 2 observers) and a minimum of
4 observers needed to assess reproducibility. The Cohen’s
kappa coefficient was 0.67, reflecting substantial agree-
ment [33]. Majority opinions were used for categorization
as positive or negative, and for the two cases with 50-50%
split of opinions, revision of the slides was done to catego-
rize the case as positive (these are illustrated in Fig. 1B, C)

Fig.1 Examples of TRPS1
positive (ABC) and negative
(DEF) immunostainings. A
Obvious positive staining with
strong nuclear labelling and no
cytoplasmic background. B,

C Weak nuclear staining in >
10% of the cells interpreted as
positive or negative by 50% of
the observers; note the relatively
strong background cytoplasmic
staining. D Completely negative
reaction, inset showing positive
staining in a normal duct of the
same TMA core. E A case with
strong cytoplasmic background
staining ignored due to the lack
of nuclear staining. F The case
with about 5% of the nuclei
staining weakly (bold arrow-
head) or in a barely visible fash-
ion (arrows). All x40, TRPS1
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Of the 117 evaluable tumour samples, 92 samples (79%;
95% CI 70-85%) showed nuclear staining with TRPS1 IHC
in 10 to 100% of tumour cells. Generally, a diffuse staining
was seen; 78/92 cases (85%; 95% CI 75-91%) showed >
50% nuclear labelling, and this was the case in 3/5 metaplas-
tic carcinomas, of which the remaining two (with squamous
metaplasia) turned out to be negative. The remainder, i.e.,
25 samples, were completely negative, or showed at times
strong cytoplasmic staining without nuclear labelling with
the exception of 1 case which showed very weak labelling in
about 5% of nuclei (Fig. 1D-F). Discrepant interpretations
were generally seen in cases of non-diffuse labelling. As
concerns the other markers, their number (rate) of positiv-
ity (with the same 10% cut-off) were as follows: SOX10, 82
(70%; 95% C1 61-78%); GATA3, 11 (9%; 95% CI 5-17%),
MGB 10 (9%; 95% CI, 4-16%) and GCDFP-15, 7 (6%; 95%
CI 3-12%). This order was taken into account when organ-
izing the IHC markers in hierarchy (Fig. 2).

Of the 25 TRPS1-negative cases, 11 samples were posi-
tive, and 13 were negative with SOX10. To continue this
line, out of 13 TRPS1 and SOX10 dual-negative cases, none
showed GATA3 positivity, and one was not assessable. Of
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Fig.2 Hierarchical labelling

of CK5+ TNBC cases with ER- PR- HER2 -,
TRPS1, SOX10, GATA3, MGB CK5+
and GCDFP-15 (*none of the (n=117)

other stains were evaluable; **
the case had no GATA3 and
MGSB slide available, but 80%
of tumour cells were GCDFP-15
positive); NA, not available The
order of the markers follows
their positivity rate from highest
to lowest from left to right

TRPS1 -
(n=25)

the 12 TRPS1, SOX10 and GATA3 triple-negative cases,
only 1 was positive with MGB. The remaining 11 cases were
divided into 3 GCDFP-15-positive and 8 GCDFP-15-nega-
tive cases (Fig. 2, Supplementary figure 1).

Of the 92 TRPS1-positive cases 20 were positive with
only this marker (22%, 95% CI 14-32%); the rest showed
dual or triple positivities, and a single case was positive for
all 5 markers (Fig. 3).

The 25 TRPS1-negative cases displayed various staining
with other breast cancer markers. One case had no available
results for the rest of the markers, and one had only posi-
tive SOX10 results available. With a general 10% cut-off for

Fig. 3 Distribution of positive

stainings with different breast 60
markers in the 92 TRPS1-
positive cases (number of cases 50
on axis y)
40
30
20
10 I
0
TRPS1  TRPSH1,
SOX10
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TRPS1 +
(n=92) SOX10 NA
*(n=1)
SOX10 +
(n=11)
SOX10 - GATA3 NA
(n=13) **(n=1)
GATAS - MGB + (n=1)
(n=12)
GCDFP-15 +
MGB - (n=11) (n=3)
GCDFP-15 -
(n=8)

positivity, 7 cases were positive with SOX10 only. One case
showed dual positivity with SOX10 and GATA3. Two cases
were positive with both SOX10 and MGB. One case was
positive with MGB only. Neither of the cases was positive
with just GATA3. Four cases were positive with GCDFP-15.
Eight cases were negative with all of the examined breast
cancer markers (Fig. 4A). As the proportion of positive
TNBC cases is much influenced by the cut-off values of
GATA3, MGB and GCDFP-15, we have also assessed a 5%
cut-off (only for these 3 markers) used by several other stud-
ies to see the labelling of our TRPS1 negative cases. The
results are displayed in Fig. 4B.

TRPS1, TRPS1, TRPS1, TRPS1, TRPS1, All
GATA3 MGB SOX10, SOX10, SOX10,
GATA3 MGB GCDFP-15
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Fig.4 Distribution of positive
stainings with different breast

markers in the 23 TRPS1-neg-
ative cases with available data

for the rest of the markers. A 7
All markers with 10% cut-off. B
Using 5% positivity cut-off for 6
GATA3, MGB and GCDFP-15.
(Number of cases on axis y) 5
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The 6 cases showing HER2 positivity along with CK5
positivity (independently of being identified as HER2-
enriched or basal-like) were all positive for TRPS1 and, in
keeping with SOX10 being a marker of TNBCs, were nega-
tive for SOX10. The other markers were not tested.

Discussion

GCDFP-15, MGB and GATA3, as the first reported breast
markers, all show less sensitivity in TNBCs [34]. Sensitivi-
ties vary according to the proportion of staining cells and
intensities used as cut-off values for distinguishing negative
and positive cases. With low cut-offs, such as any staining,
more tumours turn out to be positive (e.g. primary breast
carcinomas of mixed phenotype being positive in 94%
(GATA3), 83% (GCDFP-15) and 89% (MGB) [14]), but
these become less frequent with higher cut-offs. Indeed,
our previous analysis of CK5-expressing (IHC defined

basal-like) carcinomas demonstrated 82%, 30% and 23%
positivity with any staining for GATA3, MGB and GCDFP-
15, respectively, but this decreased to 23%, 12% and 9%
by applying a cut-off as low as > 5% staining [17]. When
applying a more readily perceived cut-off of at least 10%, the
proportions went down to 9%, 9% and 6%, respectively. Low
percentage of weakly staining cells always cast some doubt
about the interpretation of the given IHC slides, despite the
fact that even low positivity rates may point to breast can-
cer origin in relation to TNBCs. Diminishing the cut-off to
5% did not greatly impact on SOX10 and TRPS1 positivity
rates, 82 vs 86/117 and 92 vs 93/117, respectively.

The results may also be different by antibody clones. For
example, GATA3 clone HG3-31 was shown to be less sensi-
tive to label TNBCs than L50-823 [35]; therefore, the use of
other clones of antibodies may alter the results.

Of the breast markers, SOX10 has been shown to have
the highest sensitivity and specificity (compared to GATA3,
MGB and GCDFP-15) to discriminate between TNBC and
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lung adenocarcinomas to reflect the differential diagnosis of
TNBC metastatic to the lung [24].

Even with the potential variation with different clones of
antibody in mind, literature data and the presented results
indicate that SOX10 and TRPS1 are more sensitive breast
markers than GATA3, MGB or GCDFP-15 for TNBCs,
including their subset expressing CK5 and overlapping in
phenotype with squamous carcinomas. In this series, TRPS1
was the most expressed breast marker, followed by SOX10,
GATA3, MGB and GCDFP-15; the sensitivity of TRPS1
was 0.86 whereas that of SOX10 was 0.69 (with a 10% cut-
off, and these values would have been 0.87, and 0.72, respec-
tively with a 5% cut-off). We have not investigated other
tumour types; therefore, the specificity of TRPS1 could not
be determined directly, but on the basis of the limited data
available, this is also a rather specific marker.

In 2020, Ai et al. examined 31 different solid tumour
types through TCGA data mining, and found TRPS1 a pro-
tein specific for breast carcinoma. The 479 cases of vari-
ous types of breast cancers they analysed with IHC showed
a high proportion of staining in ER/PR positive (95% of
176), HER?2 positive (79% of 67) and TNBCs (81% of both
52 metaplastic and 184 non-metaplastic cases), being more
sensitive than GATA3 for this latter subset. An evaluation of
altogether 1234 different solid tumours from different organs
revealed TRPS1 to be specific, too. Of carcinomas of the
bladder, lung, ovary, salivary duct, pancreas, colon, stomach,
kidney and thyroid as well as melanomas, strong expression
was only seen in 2/77 pulmonary squamous cell carcinomas,
2/165 serous and 1/86 non-serous ovarian adenocarcinomas
and 7/143 salivary duct carcinomas. Lesser intensity stain-
ing was also identified in a significant minority of the same
tumour types (up to 22% in squamous carcinoma of the lung
and 19% in salivary duct carcinomas), and very rare cases
of pulmonary adenocarcinomas (3/122), 1/144 pancreatic
adenocarcinomas and 1/40 melanomas also showed low to
intermediate labelling. They concluded as TRPS1 is a highly
sensitive and specific marker for breast carcinomas, includ-
ing TNBC [26].

Similarly, Parkinson et al. have also found TRPSI to
diffusely (> 50% of the cells) stain the majority of HER2-
positive cancers (91% of 64 cases) and TNBCs (87% of 76
cases), with a minority of tumours being labelled to a lesser
degree, and only 3 and 6 cases showing < 10% labelling, i.e.
being below the cut-off used in the present study. In addition,
in other types of cancer investigated including colorectal
(n = 208), hepatocellular (n = 208), endometrial (n = 93)
carcinomas, cholangiocarcinomas (n = 106) and pulmonary
adenocarcinomas (n = 49), only 3 and 1 of the latter two
showed > 1% staining, which again suggests that TRPS1 is
not only sensitive, but also specific for breast carcinomas in
general, and TNBC is no exception to high sensitivity [27].
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Yoon et al, have investigated primary or metastatic
TNBC:s of no special type or lobular type, and only 1/151
turned out to be negative with TRPS1, the rest demonstrated
> 10% staining, with the majority showing > 50% [35].
They also analysed the staining in 141 metaplastic carcino-
mas, of which only 7 were negative, and 11 showed < 10%
staining, i.e., the majority of metaplastic TNBCs were also
TRPS1 positive [36], which points to a minor overlap with
squamous carcinoma labelling described by Ai et al. [26].
The proportion of staining cells of their cases is in keeping
with our results suggesting that most cases stain in at least
10% of the cells.

Du et al. have also analysed several subsets of breast carci-
nomas with TRPS1, and found that altogether, only 8% of 1201
breast carcinomas were completely negative for this marker,
and further 13% were weakly positive (< 10% staining, i.e.,
negative according to our criteria) [37]. In contrast to the pre-
viously cited studies, metaplastic carcinomas were those that
showed the highest positivity rate (129/140, 92% demonstrat-
ing over 10% staining), and non-metaplastic TNBCs being the
less frequently positive (in 69% of 144 cases).

There was substantial agreement between the observers
in rating the cases as positive or negative with TRPS1, and
the ONEST analysis suggested over 70% overall agreement.
The number of observers needed to reliably reflect reproduc-
ibility was 4, and this is more than for ER or PR, but less
than for Ki67 with a similar 10% cut-off, all being nuclear
staining proportions evaluated [29]. Although cases as the
one shown in Fig. 1F with low percentage of the cells stain-
ing only weakly may escape detection and were considered
negative with our 10% cut-off value, it must be remembered
that weak and low proportion of cells staining does not
exclude mammary origin, and is less common with TRPS1
than with other markers. Less than perfect agreement was
also related to cases with weaker nuclear and/or cytoplasmic
staining as shown in Fig. 1B, C.

It is well known that THC is only a surrogate approach to
reflect gene expression-based intrinsic subtypes of breast
cancer [38]. Therefore, CK5 expression only increases the
likelihood of a TNBC to be of the basal-like subtype [4], and
cannot substitute just approximate the results of gene expres-
sion profiling. This is why we were also interested in the
TNBC breast marker expression of 6 cases with CKS5 expres-
sion that did not satisfy the category of TNBC, but expressed
HER2 on IHC, as 3 of these were classified as basal-like on
the basis of mRNA expression. The numbers are obviously
low, but all were positive for TRPS1, in keeping with this
marker being a useful pan-breast cancer marker, including
TNBCs and basal-like cancers.

Based on our results, of the five markers compared,
TRPS1 seems the most sensitive marker for the mam-
mary origin of CK5-expressing TNBCs (most likely to
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coincide with basal-like breast carcinomas), and might be
best exploited in the metastatic setting. Cases that are nega-
tive are most often labelled with SOX10, whereas the dual-
negative subset may still be positive for one of the additional
markers. In our series, interestingly, GATA3 had no additive
value (neither with 10% nor with 5% cut-offs for positivity),
and GCDFP-15 was the most expressed marker in this minor-
ity of TRPS1 and SOX10 negative cases. The reproducibility
of the evaluation showed substantial agreement in our current
study, which means it is an easily assessable marker.

The clarification of whether a triple-negative carcinoma
in the breast is a primary breast carcinoma or not is depend-
ent on several contextual features, like the presence of cor-
responding in situ carcinoma, the morphology matching
histological types of breast cancers (including rare salivary
gland-like tumours) versus unconventional morphologies,
and these may obviate the need for breast marker testing.
Core biopsies may be less representative, and may require
more frequent testing. Of course, both in the primary and
the metastatic setting, relevant clinical history is of prime
importance. But when breast marker testing becomes a need,
a panel of markers is best to be used, as even the least sensi-
tive marker may be the only positive one. On the basis of our
results and the cited literature data, we suggest that TRPS1
has a good place in these panels.
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Author contributions Szintia Almasi, Levente Kuthi and Gabor Cserni
contributed to the study conception and design. Material preparation,
data collection and analysis were performed by all authors. The first
draft of the manuscript was written by Szintia Alméasi and Gabor
Cserni, and all authors commented on previous versions of the manu-
script. All authors read and approved the final manuscript.

Funding Open access funding provided by University of Szeged,
(Open Access Fund, Grant No. 6142). This research was funded by
the University of Szeged, Faculty of Medicine Research Fund-Hetényi
Géza Grant (Grant No. 5S 340 A202)

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Perou CM, Sgrlie T, Eisen MB, van de Rijn M, Jeftrey SS, Rees
CA, Pollack JR, Ross DT, Johnsen H, Akslen LA, Fluge O, Perga-
menschikov A, Williams C, Zhu SX, Lgnning PE, Bgrresen-Dale
AL, Brown PO, Botstein D (2000) Molecular portraits of human
breast tumours. Nature 406(6797):747-752. https://doi.org/10.
1038/35021093

2. Sgrlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H,
Hastie T, Eisen MB, van de Rijn M, Jeffrey SS, Thorsen T, Quist
H, Matese JC, Brown PO, Botstein D, Lgnning PE, Bgrresen-Dale
AL (2001) Gene expression patterns of breast carcinomas distin-
guish tumor subclasses with clinical implications. Proceedings of
the National Academy of Sciences 98(19):10869—-10874. https://
doi.org/10.1073/pnas.191367098

3. Sorlie T, Tibshirani R, Parker J, Hastie T, Marron JS, Nobel A,
Deng S, Johnsen H, Pesich R, Geisler S, Demeter J, Perou CM,
Lgnning PE, Brown PO, Bgrresen-Dale AL, Botstein D (2003)
Repeated observation of breast tumor subtypes in independent
gene expression data sets. Proceedings of the National Academy
of Sciences 100(14):8418-8423. https://doi.org/10.1073/pnas.
0932692100

4. Nielsen TO, Hsu FD, Jensen K, Cheang M, Karaca G, Hu Z,
Hernandez-Boussard T, Livasy C, Cowan D, Dressler L, Akslen
LA, Ragaz J, Gown AM, Gilks CB, van de Rijn M, Perou CM
(2004) Immunohistochemical and clinical characterization of
the basal-like subtype of invasive breast carcinoma. Clinical
cancer research 10(16):5367-5374. https://doi.org/10.1158/
1078-0432.CCR-04-0220

5. Lehmann BD, Bauer JA, Chen X, Sanders ME, Chakravarthy
AB, Shyr Y, Pietenpol JA (2011) Identification of human tri-
ple-negative breast cancer subtypes and preclinical models for
selection of targeted therapies. The Journal of clinical investiga-
tion 121(7):2750-2767. https://doi.org/10.1172/JC145014

6. Abramson VG, Lehmann BD, Ballinger TJ, Pietenpol JA (2015)
Subtyping of triple-negative breast cancer: implications for ther-
apy. Cancer 121(1):8-16. https://doi.org/10.1002/cncr.28914

7. WHO Classification of Tumours Editorial Board (2019) Breast
Tumours, 5th edn. IARC, Lyon

8. Cserni G, Quinn CM, Foschini MP, Bianchi S, Callagy G,
Chmielik E, Decker T, Fend F, Kovacs A, van Diest PJ, Ellis 10,
Rakha E, Tot T, European Working Group For Breast Screening
Pathology (2021) Triple-negative breast cancer histological sub-
types with a favourable prognosis. Cancers (Basel) 13(22):5694.
https://doi.org/10.3390/cancers 13225694

9. Bhargava R, Beriwal S, Dabbs DJ (2007) Mammaglobin vs
GCDFP-15: an immunohistologic validation survey for sen-
sitivity and specificity. American journal of clinical pathology
127(1):103-113. https://doi.org/10.1309/TDP92PQLDE2HLEET

10. Kévari B, Kocsis L, Varga E, Cserni G (2018) Expression of
growth hormone-releasing hormone receptors in apocrine adnexal
tumours and apocrine glands of the skin. Polish Journal of Pathol-
ogy 69(1):48-52. https://doi.org/10.5114/pjp.2018.75336

11. Swanson PE, Pettinato G, Lillemoe TJ, Wick MR (1991) Gross
cystic disease fluid protein-15 in salivary gland tumors. Archives
of pathology & laboratory medicine 115(2):158-163

12.  Wick MR, Lillemoe TJ, Copland GT, Swanson PE, Manivel JC,
Kiang DT (1989) Gross cystic disease fluid protein-15 as a marker
for breast cancer: immunohistochemical analysis of 690 human neo-
plasms and comparison with alpha-lactalbumin. Human pathology
20(3):281-287. https://doi.org/10.1016/0046-8177(89)90137-8

13. Tian W, Osawa M, Horiuchi H, Tomita Y (2004) Expression of the
prolactin-inducible protein (PIP/GCDFP15) gene in benign epithe-
lium and adenocarcinoma of the prostate. Cancer science 95(6):491—
495. https://doi.org/10.1111/j.1349-7006.2004.tb03238.x

@ Springer


https://doi.org/10.1007/s00428-023-03535-4
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/35021093
https://doi.org/10.1038/35021093
https://doi.org/10.1073/pnas.191367098
https://doi.org/10.1073/pnas.191367098
https://doi.org/10.1073/pnas.0932692100
https://doi.org/10.1073/pnas.0932692100
https://doi.org/10.1158/1078-0432.CCR-04-0220
https://doi.org/10.1158/1078-0432.CCR-04-0220
https://doi.org/10.1172/JCI45014
https://doi.org/10.1002/cncr.28914
https://doi.org/10.3390/cancers13225694
https://doi.org/10.1309/TDP92PQLDE2HLEET
https://doi.org/10.5114/pjp.2018.75336
https://doi.org/10.1016/0046-8177(89)90137-8
https://doi.org/10.1111/j.1349-7006.2004.tb03238.x

868

Virchows Archiv (2023) 482:861-868

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Sangoi AR, Shrestha B, Yang G, Mego O, Beck AH (2016) The
novel marker GATA3 is significantly more sensitive than tra-
ditional markers mammaglobin and GCDFP15 for identifying
breast cancer in surgical and cytology specimens of metastatic
and matched primary tumors. Applied immunohistochemistry &
molecular morphology: AIMM 24(4):229-237. https://doi.org/10.
1097/PAL.0000000000000186

Miettinen M, McCue PA, Sarlomo-Rikala M, Rys J, Czapiewski P,
Wazny K, Langfort R, Waloszczyk P, Biernat W, Lasota J, Wang
Z (2014) GATA3: a multispecific but potentially useful marker in
surgical pathology: a systematic analysis of 2500 epithelial and
nonepithelial tumors. The American journal of surgical pathology
38(1):13-22. https://doi.org/10.1097/PAS.0b013e3182a0218f
Martin EM, Orlando KA, Yokobori K, Wade PA (2021) The
estrogen receptor/GATA3/FOXAL transcriptional network: les-
sons learned from breast cancer. Current Opinion in Structural
Biology 71:65-70. https://doi.org/10.1016/j.sbi.2021.05.015
Zombori T, Cserni G (2018) Immunohistochemical analysis of
the expression of breast markers in basal-like breast carcinomas
defined as triple negative cancers expressing keratin 5. Pathology
& Oncology Research 24(2):259-267. https://doi.org/10.1007/
$12253-017-0246-y

. Theurillat JP, Ziirrer-Hardi U, Varga Z, Storz M, Probst-Hensch

NM, Seifert B, Fehr MK, Fink D, Ferrone S, Pestalozzi B, Jung-
bluth AA, Chen YT, Jager D, Knuth A, Moch H (2007) NY-BR-1
protein expression in breast carcinoma: a mammary gland dif-
ferentiation antigen as target for cancer immunotherapy. Cancer
immunology, immunotherapy 56(11):1723—1731. https://doi.org/
10.1007/500262-007-0316-1

Mohamed A, Gonzalez RS, Lawson D et al (2013) SOX10
expression in malignant melanoma, carcinoma, and normal tis-
sues. Applied Immunohistochemistry & Molecular Morphology
21(6):506-510. https://doi.org/10.1097/PA1.0b013e318279bc0a
Cimino-Mathews A, Subhawong AP, Elwood H et al (2013) Neural
crest transcription factor Sox10 is preferentially expressed in tri-
ple-negative and metaplastic breast carcinomas. Human pathology
44(6):959-965. https://doi.org/10.1016/j.humpath.2012.09.005
Chiu K, Ionescu DN, Hayes M (2019) SOX10 expression in
mammary invasive ductal carcinomas and benign breast tis-
sue. Virchows Archiv 474(6):667-672. https://doi.org/10.1007/
s00428-019-02557-1

Hsieh MS, Lee YH, Chang YL (2016) SOX10-positive salivary
gland tumors: a growing list, including mammary analogue secre-
tory carcinoma of the salivary gland, sialoblastoma, low-grade
salivary duct carcinoma, basal cell adenoma/adenocarcinoma,
and a subgroup of mucoepidermoid carcinoma. Human pathol-
ogy 56:134-142. https://doi.org/10.1016/j.humpath.2016.05.021
Lezcano C, Ho J, Seethala RR (2017) Sox10 and DOG1 expres-
sion in primary adnexal tumors of the skin. The American Journal
of Dermatopathology 39(12):896-802. https://doi.org/10.1097/
DAD.0000000000000872

Laurent E, Begueret H, Bonhomme B, Veillon R, Thumerel M,
Velasco V, Brouste V, Hoppe S, Fournier M, Grellety T, Mac-
Grogan G (2019) SOX10, GATA3, GCDFP15, androgen receptor,
and mammaglobin for the differential diagnosis between triple-
negative breast cancer and TTF1-negative lung adenocarcinoma.
The American journal of surgical pathology 43(3):293-302.
https://doi.org/10.1097/PAS.0000000000001216

Sejben A, Voros A, Golan A, Zombori T, Cserni G (2021) The
added value of SOX10 immunohistochemistry to other breast
markers in identifying cytokeratin 5-positive triple negative breast
cancers as of mammary origin. Pathobiology 88(3):228-233.
https://doi.org/10.1159/000512006

AiD, YaoJ, Yang F, Huo L, Chen H, Lu W, Soto LMS, Jiang M,
Raso MG, Wang S, Bell D (2021) TRPS1: a highly sensitive and
specific marker for breast carcinoma, especially for triple-negative

@ Springer

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

breast cancer. Modern Pathology 34(4):710-719. https://doi.org/
10.1038/541379-020-00692-8

Parkinson B, Chen W, Shen T, Parwani AV, Li Z (2022) TRPS1
expression in breast carcinomas: focusing on metaplastic breast
carcinomas. The American Journal of Surgical Pathology
46(3):415-423. https://doi.org/10.1097/PAS.0000000000001824
Reisenbichler ES, Han G, Bellizzi A, Bossuyt V, Brock J, Cole K,
Fadare O, Hameed O, Hanley K, Harrison BT, Kuba MG (2020)
Prospective multi-institutional evaluation of pathologist assess-
ment of PD-L1 assays for patient selection in triple negative breast
cancer. Modern Pathology 33(9):1746-1752. https://doi.org/10.
1038/s41379-020-0544-x

Cserni B, Bori R, Csorgd E, Oldh-Németh O, Pancsa T, Sejben
A, Sejben I, Voros A, Zombori T, Nyari T, Cserni G (2021) The
additional value of ONEST (Observers Needed to Evaluate Sub-
jective Tests) in assessing reproducibility of oestrogen receptor,
progesterone receptor and Ki67 classification in breast cancer.
Virchows Archiv 479(6):1101-1109. https://doi.org/10.1007/
s00428-021-03172-9

Cserni B, Bori R, Csorgd E, Olah-Németh O, Pancsa T, Sejben A,
Sejben I, Voros A, Zombori T, Nyari T, Cserni G (2021) ONEST
(Observers Needed to Evaluate Subjective Tests) suggests four or
more observers for a reliable assessment of the consistency of his-
tological grading of invasive breast carcinoma—a reproducibility
study with a retrospective view on previous studies. Research and
Practice 229:153718. https://doi.org/10.1016/j.prp.2021.153718
Cserni B, Kilmartin D, O’Loughlin M, Andreu X, Bagé-Horvéth
Z, Bianchi S, Chmielik E, Figueiredo P, Floris G, Foschini MP,
Kovacs A (2023) ONEST (Observers Needed to Evaluate Subjec-
tive Tests) analysis of stromal tumour infiltrating lymphocytes
(STILs) in breast cancer and its limitations. Cancers 15:1199.
https://doi.org/10.3390/cancers15041199

Cserni B (2022) ONEST Calculator. Available online: https://
github.com/csernib/onest. Accessed 12 Nov 2022

Fleiss JL (1980) Statistical Methods for Rates and Proportions,
2nd edn. John Wiley and Sons, New York

Wendroth SM, Mentrikoski MJ, Wick MR (2015) GATA3 expres-
sion in morphologic subtypes of breast carcinoma: a compari-
son with gross cystic disease fluid protein 15 and mammaglobin.
Annals of diagnostic pathology 19(1):6-9. https://doi.org/10.
1016/j.anndiagpath.2014.12.001

Krings G, Nystrom M, Mehdi I, Vohra P, Chen YY (2014) Diag-
nostic utility and sensitivities of GATA3 antibodies in triple-neg-
ative breast cancer. Human pathology 45(11):2225-2232. https://
doi.org/10.1016/j.humpath.2014.06.022

Yoon EC, Wang G, Parkinson B, Huo L, Peng Y, Wang J, Salis-
bury T, Wu Y, Chen H, Albarracin CT, Resetkova E (2022)
TRPS1, GATA3, and SOX10 expression in triple-negative breast
carcinoma. Human Pathology 125:97-107. https://doi.org/10.
1016/j.humpath.2022.04.006

Du T, Pan L, Zheng C, Chen K, Yang Y, Chen J, Chao X, Li M, Lu J,
Luo R, Zhang J (2022) Matrix Gla protein (MGP), GATA3, and TRPS1:
a novel diagnostic panel to determine breast origin. Breast Cancer
Research 24(1):70. https://doi.org/10.1186/s13058-022-01569-1
Romero A, Prat A, Garcia-Saenz JA, Del Prado N, Pelayo A,
Furié V, Romén JM, de la Hoya M, Diaz-Rubio E, Perou CM,
Cladés T, Martin M (2014) Assignment of tumor subtype by
genomic testing and pathologic-based approximations: implica-
tions on patient’s management and therapy selection. Clinical and
Translational Oncology 16(4):386-394. https://doi.org/10.1007/
$12094-013-1088-z

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1097/PAI.0000000000000186
https://doi.org/10.1097/PAI.0000000000000186
https://doi.org/10.1097/PAS.0b013e3182a0218f
https://doi.org/10.1016/j.sbi.2021.05.015
https://doi.org/10.1007/s12253-017-0246-y
https://doi.org/10.1007/s12253-017-0246-y
https://doi.org/10.1007/s00262-007-0316-1
https://doi.org/10.1007/s00262-007-0316-1
https://doi.org/10.1097/PAI.0b013e318279bc0a
https://doi.org/10.1016/j.humpath.2012.09.005
https://doi.org/10.1007/s00428-019-02557-1
https://doi.org/10.1007/s00428-019-02557-1
https://doi.org/10.1016/j.humpath.2016.05.021
https://doi.org/10.1097/DAD.0000000000000872
https://doi.org/10.1097/DAD.0000000000000872
https://doi.org/10.1097/PAS.0000000000001216
https://doi.org/10.1159/000512006
https://doi.org/10.1038/s41379-020-00692-8
https://doi.org/10.1038/s41379-020-00692-8
https://doi.org/10.1097/PAS.0000000000001824
https://doi.org/10.1038/s41379-020-0544-x
https://doi.org/10.1038/s41379-020-0544-x
https://doi.org/10.1007/s00428-021-03172-9
https://doi.org/10.1007/s00428-021-03172-9
https://doi.org/10.1016/j.prp.2021.153718
https://doi.org/10.3390/cancers15041199
https://github.com/csernib/onest
https://github.com/csernib/onest
https://doi.org/10.1016/j.anndiagpath.2014.12.001
https://doi.org/10.1016/j.anndiagpath.2014.12.001
https://doi.org/10.1016/j.humpath.2014.06.022
https://doi.org/10.1016/j.humpath.2014.06.022
https://doi.org/10.1016/j.humpath.2022.04.006
https://doi.org/10.1016/j.humpath.2022.04.006
https://doi.org/10.1186/s13058-022-01569-1
https://doi.org/10.1007/s12094-013-1088-z
https://doi.org/10.1007/s12094-013-1088-z

	TRPS1 expression in cytokeratin 5 expressing triple negative breast cancers, its value as a marker of breast origin
	Abstract
	Material and methods
	Results
	Discussion
	Anchor 6
	References


