(cc) DA

s\ Medical Science Journal Copyricht & The Author
—t for Advance Research Vol. 7, No. 3, Sptember 2026

Paired Immunohistochemical Evaluation of TRPS1 and GATA3
in Triple-Negative Breast Carcinoma: A Multi-Institutional Series

from Iraq

Rawaa Mohammed Hussein!, Mohammed Fawzi Alganbar2®, and Shaima
Jabbar®

! Pathology Department, Imam Al-Hussain Medical City, Karbala, Iraq
2 Department of Pathology, College of Medicine, University of Kerbala, Karbala, Iraq
$Medical College, Al-Subtain University of Medical Sciences, International Branch of Tehran
University of Medical Sciences, Karbala, Iraqg.
“Pharmacology and Toxicology Department, Pharmacy College, Kerbala University, Iraq.
*Corresponding Author Email: shaymaa.a@uokerbala.edu.iq

ABSTRACT

Background: TRPSL1 is an emerging nuclear marker of breast lineage that may retain expression in triple-
negative breast carcinoma (TNBC), in which GATA3 expression can be absent. This study compared TRPS1
and GATAS3 expression within the same TNBC specimens and examined their associations with
clinicopathologic characteristics. Methods: This retrospective cross-sectional study included 30 formalin-
fixed, paraffin-embedded TNBC specimens selected from 40 cases screened at three pathology units in
Karbala, Irag, between January 2023 and December 2024. Triple-negative status was obtained from the
original diagnostic pathology records and was required for eligibility. Whole-tissue sections were
immunostained for TRPS1 (clone EP392) and GATA3 (clone L50-823). Nuclear staining extent and intensity
were multiplied to generate an immunoreactivity score, with a score >2 considered positive. Wilson 95%
confidence intervals (Cls), the two-sided exact McNemar test, Fisher’s exact test, and the Benjamini—
Hochberg correction were applied. Results: TRPS1 was positive in 28 of 30 tumors (93.3%; 95% CI, 78.7%—
98.2%), whereas GATA3 was positive in 22 of 30 tumors (73.3%; 95% CI, 55.6%-85.8%). Twenty-one
tumors were positive for both markers, seven were TRPS1-positive/GATA3-negative, one was TRPS1-
negative/GATA3-positive, and one was negative for both markers. The observed positivity rate was 20.0
percentage points higher for TRPS1 than for GATAS3; however, the exact paired comparison did not reach
the conventional threshold for statistical significance (P = 0.070). At least one marker was positive in 29 of
30 tumors (96.7%; 95% CI, 83.3%-99.4%). High expression was observed in 22 tumors for TRPS1 and 14
tumors for GATA3. No association with clinicopathologic characteristics remained statistically significant
after adjustment for multiple comparisons. Conclusions: TRPS1 showed a higher observed positivity rate
than GATA3 and identified seven of the eight GATA3-negative TNBCs. The single GATAS3-
positive/TRPS1-negative case suggests that these markers may be complementary rather than
interchangeable. In diagnostically challenging TNBC cases, TRPS1 may strengthen a breast-lineage
immunohistochemical panel when interpreted alongside morphology, clinical context, and site-directed
markers.
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INTRODUCTION

Breast cancer continues to be the most
common malignancy in females globally and
one of the leading causes of cancer-related
mortality (1). Current classification is based
on morphology, histologic grade, stage, and
biomarkers, with estrogen receptor (ER),
progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2)
driving both nomenclature and management
(2, 3, 4). Triple-negative breast carcinoma
(TNBC), characterized by the lack of
clinically actionable ER, PR, and HER2
expression  or  amplification, is a
heterogeneous group rather than a unique
entity (5, 6). Its heterogeneity is seen in
molecular subtypes, immune profiles,
morphology, treatment response, and clinical
behavior.

Demonstration of breast origin is
challenging in poorly differentiated TNBC,
small core-needle biopsies, or distant lesions
without the presence of an in situ component.
Traditional breast markers such as
mammaglobin and gross cystic disease fluid
protein 15 are focal or absent in high-grade
and triple-negative lesions. GATA binding
protein 3 (GATA3), a nuclear transcription
factor of luminal breast differentiation, is
widely used due to technical reliability and
frequent positivity in breast carcinoma.
However, it has limited sensitivity in certain
subsets of TNBC and metaplastic carcinoma
and has been detected in urothelial,
cutaneous, salivary, and other tumors (7, 8).
Therefore, there has been a trend towards
broad testing of breast lineage panels rather
than reliance on a single marker.

Trichorhinophalangeal syndrome type 1
protein (TRPSL1) is an atypical GATA family
transcriptional regulator and a part of the
pathway responsible for mammary epithelial
differentiation. Large initial studies showed
strong nuclear expression of TRPS1 in breast
carcinoma, including many cases of TNBC
negative for GATAS3 (9, 10). Later studies of
metaplastic carcinoma, metastatic samples,
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cytology, and various histological subtypes
confirmed high positivity of TNBCs,
although the rate of positivity varied
depending on clone, platform, specimen type,
and positivity threshold (11, 12). Thus, the
marker addresses a diagnostic challenge,
especially when traditional breast markers
are negative.

A high sensitivity does not mean that
TRPS1 is a breast-specific marker. Broader
studies have found TRPS1 expression in
subsets of gynecologic, prostatic, urothelial,
cutaneous, salivary, and mesenchymal
tumors (13, 14, 15, 16, 17). Also, apocrine
breast carcinomas may show decreased
TRPSL1 expression while remaining GATA3
positive. Additionally, series based on
effusion samples have not always revealed
the same hierarchy of TRPS1 and GATA3
expression found in resection specimens (14,
16, 18, 19). Thus, TRPS1 should be
interpreted in the context of tumor
morphology, the differential diagnosis, and
an appropriate panel including GATAS,
SOX10, keratins, and organ-specific markers
(14, 18, 20).

When the markers are studied in the same
tumors, the main statistical question becomes
paired: how often does one marker detect a
case that is negative for the other marker?
Comparison of two marginal frequencies
with an unpaired chi-square test does not take
into account within-case correlation and does
not analyze discordant cases. Reporting all
four paired frequencies and using an exact
McNemar test provides a clinically
understandable analysis of incremental
detection. This approach is particularly
appropriate in small series, when the
asymptotic assumption is not valid and the
number of discordant tumors defines the
accuracy of the study.

The current study examined the
application of TRPS1 and GATAS3 to paired
whole sections of 30 TNBCs obtained from
three pathology laboratories in Karbala, Irag.
The main goal was to compare case-level
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positivity of the markers and quantify
discordance. We also aimed to provide study-
specific categories of expression and analyze
the association with selected
clinicopathologic characteristics. The current
cohort consisted of known TNBCs; no non-
breast mimics or outcome data were

MATERIALS AND METHODS

Study design and case selection

This study is a retrospective cross-
sectional analysis of archival tissue collected
from January 2023 to December 2024 at the
Histopathology Laboratory of Al-Hussein
Medical City and the Pathology Department
of Al-Warith and Al-Kafeel hospitals in
Karbala, Iraq. A total of 40 cases with
invasive breast carcinoma were identified.
The exclusion criteria excluded 10 cases that
either did not satisfy the predefined eligibility
criteria or had low-quality pathologic
samples. Finally, the sample consisted of 30
cases, each represented by one formalin-
fixed, paraffin-embedded block. Cases
satisfying the predefined criteria had a
previous diagnosis of invasive breast
carcinoma based on H&E staining and were
clinically diagnosed as triple-negative via
routine immunohistochemistry tests.
Information on triple negativity was retrieved
from the original pathology reports and
served as inclusion criteria. Data collected
included patient age, sample type/site,
histologic type, lymphovascular invasion,
Nottingham grade, tumor category, nodal
category, distant metastasis, and stage.
Oncology records of Al-Hussein Medical
City and Al-Warith Hospital provided data on
stage. Missing data were kept as such without
being assigned to any favorable category.
Sampled tissue included 12 cases of
mastectomy, 8 cases of wide local excision, 8
cases of breast core biopsies, 1 case of liver
core biopsy, and 1 case of brain metastasis
excision. Of these cases, 28 samples
corresponded to primary tumors and 2 to
metastatic sites. Photomicrographs taken
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included; thus, the study design was focused
on within-cohort detection and
complementarity.

from one block were not considered as
independent observations.

Histopathologic review and
immunohistochemistry

Four-micrometer sections were made
from each block, and three of them were
stained for pathological evaluation with H&E
and used for IHC. The deparaffinization and
rehydration process started after incubation at
60°C, while antigen retrieval was performed
using heat with citrate buffer (pH 6.0) at 95°C
for 30 minutes. Prior to incubation with the
primary antibodies, endogenous peroxidase
activity was blocked.

Prediluted TRPS1 rabbit monoclonal
antibody (clone EP392; PathnSitu, USA) and
GATAS3 mouse monoclonal antibody (clone
L50-823; PathnSitu, USA) were used
separately for 60 minutes. For detection,
PolyExcel horseradish  peroxidase/3,3’-
diaminobenzidine was used, followed by
Mayer hematoxylin counterstaining,
dehydration, and mounting. In each staining
process, normal breast tissue was used as a
positive control, and omission of the primary
antibody was used as a negative control.
Nuclear staining was recorded only in
invasive carcinoma cells. Representative
fields were captured using an Olympus DP72
microscope camera. In each staining process,
normal breast tissue was used as a positive
control, and omission of the primary antibody
was used as a negative control (Figure 1A,B).

Immunoreactivity scoring

Each marker was scored separately with
respect to nuclear staining according to the
percentage of stained tumor nuclei: 0 = <1%,
1=1% to 10%, 2 = 11% to 50%, or 3 =51%
to 100%. Intensity of staining was scored as
absent = 0, weak = 1, moderate = 2, or strong
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= 3. A product score of 0, 1, 2, 3, 4, 6, 0r 9
was calculated for each of the two markers.
The samples were scored as follows: 0-1 =
negative, 2 = low positive, 3—4 = intermediate
positive, or 6 or 9 = high positive. Any score
>2 was defined as positive for the primary
binary analysis.

Statistical analysis

Continuous variables were described by
the mean, standard deviation, and range,
while categorical variables were described as
number of cases and percentage with
variable-specific denominators. Wilson score
95% confidence intervals were computed for
the marker positivity in each case and
positivity of both markers combined. The
primary matched-pair analysis utilized a two-
sided exact McNemar test with discordant
pairs as its basis. The matched-pair odds ratio
was calculated as an effect measure, together
with an exact confidence interval calculated
using the conditional binomial distribution.

The associations of binary marker
positivity with age (below 50 vs above 50),
lymphovascular invasion, Nottingham grade,
grouped T classification (T1-2 vs T3-4),
grouped N classification (NO-1 vs N2-3),
distant metastasis, and grouped TNM stage
(I-11'vs 111-1V) were assessed using two-sided

Fisher's exact tests. To minimize erroneous
inferences in interpreting the 14 marker-
feature  associations, the  Benjamini-
Hochberg adjusted g-values were computed.
This study was purely exploratory, and
therefore no multivariable model was fitted
as there were only two tumors that were
TRPS1-negative. The original data were
analyzed using SPSS version 24.0, while the
exact tests, confidence intervals, and
multiplicity adjustments were independently
calculated using Python 3.12 and SciPy
1.17.0. A two-sided nominal P-value of less
than 0.05 was used.

RESULTS

Clinicopathologic characteristics

The mean age of the 30 subjects was 52.33
(SD: 13.12; range: 27-76 years), of whom 17
(56.7%) were =50 years of age. In total, 29
lesions were invasive breast carcinomas of no
special type, while one lesion was a
metaplastic carcinoma. Lymphovascular
invasion was detected in 15 out of 30 tumors.
Grade Il and 111 lesions were noted in 13 and
17 tumors, respectively. T stage was
available in 29 subjects, while N stage was
available in 27 subjects Table 1.

Table 1: Clinicopathologic characteristics of the study cohort.

Characteristics Category Value
Mean (SD) 52.33 (13.12)
Age, years Range 27-76
Age group, years <50 13 (43.3)
' >50 17 (56.7)
Mastectomy 12 (40.0)
Wide local excision 8 (26.7)
Specimen Breast core biopsy 8 (26.7)
Liver core biopsy 1(3.3)
Brain metastasis excision 1(3.3)
Histologic type Invasive c_arcinorna NST 29 (96.7)
Metaplastic carcinoma 1(3.3)
Lymphovascular invasion Present 15 (50.0)
Absent 15 (50.0)
. I 13 (43.3)
Nottingham grade m 17 (56.7)
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Characteristics Category Value
T1 6 (20.7)
_ T2 14 (48.3)
T category (n=29) T3 7 @4.0)
T4 2(6.9)
NO 12 (44.4)
N1 7 (25.9)
N cat =27
category (n=27) N2 5 (18.5)
N3 3(11.1)
~ MO 21 (77.8)
M category (n=27) ML 6 (22.2)
I 2(7.4)
- I 12 (44.4)
Stage (n=27) I 7(25.9)
v 6 (22.2)
Data are presented as n (%) unless otherwise indicated. Percentages were calculated
using the denominator specified for each characteristic. SD, standard deviation; NST, no
special type.

Paired TRPS1 and GATA3 expression
TRPS1 was positive in 28/30 tumors
(93.3%; 95% confidence interval [CI], 78.7%
to0 98.2%), and GATA3 was positive in 22/30
tumors (73.3%; 95% CI, 55.6% to 85.8%).
Twenty-one tumors had expression of both
markers, and one tumor had no expression of
either marker. Of the eight tumors that were
negative for GATAS3, seven were positive for
TRPS1. Of the two tumors that were negative
for TRPS1, one was positive for GATA3, the
reciprocal TRPS1-negative/GATA3-positive
staining pattern is illustrated in Figure 4A—C.
Therefore, at least one of the markers was

positive in 29/30 tumors (96.7%; 95% ClI,
83.3% t0 99.4%).

There was an absolute difference of 20.0
percentage points in favor of TRPS1. The
exact McNemar test based on 7 TRPS1-
positive/GATA3-negative tumors and 1
TRPS1-negative/GATA3-positive tumor
yielded P = 0.0703. The odds ratio of
discordant pairs was 7.0 (wide exact 95% Cl,
0.90 to 315.48), Table 2. Representative
TRPS1-positive/GATA3-negative  primary
tumors are shown in Figures 1C-F and 2A—
E, while a metastatic TNBC involving the
brain with the same immunophenotype is
shown in Figure 3A-D.

Table 2: Paired case-level positivity of TRPS1 and GATA3 (N=30)

TRPS1 status GA.T.A S GATAS Total, n (%)
positive, n negative, n

Positive 21 7 28 (93.3)

Negative 1 1 2(6.7)

Total 22 (73.3) 8 (26.7) 30 (100.0)

Exact two-sided McNemar test: P = 0.070; matched-pairs odds ratio = 7.00 (exact 95% ClI, 0.90—
315.48). Wilson 95% Cls for positivity were 78.7%-98.2% for TRPS1 (93.3%), 55.6%-85.8% for
GATAS3 (73.3%), and 83.3%-99.4% for either marker (96.7%).
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Immunoreactivity categories

High immunoreactivity scores (6 or 9)
were recorded in 22/30 TRPS1-stained
tumors and 14/30 GATAS3-stained tumors.
Intermediate expression was recorded in 1

5 and 3; and negative staining in 2 and 8,
Table 3. These are marginal distributions for
each stain. A patient-level joint ordinal
matrix was not available; therefore, no paired
inferential test of the four-level expression

and 5 tumors, respectively; low expression in

categories was performed.

Table 3: Distribution of study-specific nuclear immunoreactivity categories for TRPS1

and GATA3 (N=30)

Score category TRPS1, n (%) GATA3, n (%)
High (score 6 or 9) 22 (73.3) 14 (46.7)
Intermediate (score 3 or 4) 1(3.3) 5(16.7)

Low (score 2) 5(16.7) 3(10.0)
Negative (score 0 or 1) 2 (6.7) 8 (26.7)

Total 30 (100.0) 30 (100.0)

as positive.

Values are n (%); percentages may not total 100.0 because of rounding. The study-specific
composite immunoreactivity score was calculated as the product of the proportion score (0-3)
and nuclear staining intensity score (0-3). Scores were classified as negative (0-1), low (2),
intermediate (3-4), or high (6 or 9). For the primary binary analysis, a score >2 was classified

Exploratory
associations

clinicopathologic

grade (both P=0.092). After Benjamini-

Hochberg correction, all

g-values were

Neither marker showed a statistically
significant association with age,
lymphovascular invasion, grade, grouped T
category, grouped nodal category, distant
metastasis category, or grouped stage. The
smallest nominal P-values were observed for
TRPS1 with grouped nodal category
(P=0.080) and grouped T category
(P=0.089), and for GATA3 with age and

>0.323, Table 4.

Among the 27 tumors with recorded stage,
high TRPS1 expression was observed in 9/14
stage I-1l tumors (64.3%) and 11/13 stage
-1V tumors (84.6%); the two-sided
Fisher's exact P-value was 0.385. This
descriptive difference was not statistically
significant.

Table 4: Associations of clinic-pathological parameters with GATA3 and TRPS1
expression among study patients

Feature Comparison TRPSL CATAS
Positive/total P(q) Positive/total P(q)
Age <50 vs >50 13/13 VS 0.492 12/13 VS 0.092
years 15/17 (0.861) 10/17 (0.323)
Lymphovascular Present vs 13/15 VS 0.483 12/15 VS 0.682
invasion absent 15/15 (0.861) 10/15 (0.954)
Nottingham s I 12/13 VS 1.000 12/13 VS 0.092
grade 16/17 (1.000) 10/17 (0.323)
T category . 4T1'T2 VST3- | 20120 vs 7/9 o 22?;;9 1520¥5 719 | (| 36%())0
NO-N1  vs 0.080 0.633
N category N2-N3 19/19 vs 6/8 (0.323) 15/19 vs 5/8 (0.954)

MSJAR Page 6

Copyright © The Author(s)




Medical Science Journal for Advance Research, Vol. 7, No. 3, Sptember 2026

Feature Comparison TRPS GATA3
P Positive/total P (q) Positive/total P (q)
0.222 1.000
M category MO vs M1 21/21 vs 5/6 (0.622) 15/21 vs 4/6 (1.000)
14/14 VS 0.481 1.000
Stage I-11 vs HI-1V 12/13 (0.861) 10/14 vs 9/13 (1.000)

Values are positive/total within each comparison group. P values are from two-sided Fisher exact tests.
g values are Benjamini-Hochberg false-discovery-rate adjusted across all 14 marker-feature comparisons.
All analyses were exploratory.

Figure 1: Positive controls and representative immunohistochemical findings in Case 1. (A) Normal breast epithelium
with strong nuclear GATA3 expression as a positive control (x400). (B) Normal breast epithelium with strong nuclear TRPS1
expression as a positive control (x400). (C) H&E section of Nottingham grade 3 invasive breast carcinoma of no special type
(x100). (D) Diffuse strong nuclear TRPS1 expression in tumor cells (immunoreactivity score = 9 [extent score 3 X intensity
score 3]; x100). (E) GATA3 immunohistochemistry showing minimal tumor-cell nuclear staining but nonspecific cytoplasmic
and background staining (x100). (F) High power view confirming minimal nuclear GATA3 expression (immunoreactivity
score = 1; negative according to prespecified threshold) (x400).
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Figure 2: Representative immunohistochemical findings in Case 2. (A) H&E section
showing Nottingham grade 2 invasive breast carcinoma of no special type (x100). (B) TRPS1
immunohistochemistry showed nuclear positivity in tumor cells at low power (x100). (C) High-
power view shows strong nuclear TRPS1 expression (x400). Immunoreactivity score = extent
score 2 x intensity score 3 = 6. (D) GATA3 immunohistochemistry showed minimal tumor-cell
nuclear staining with massive nonspecific background staining at low power (x100). (E) High-
power view only focal week GATA3 nuclear staining was present; immunoreactivity score=1
therefore the tumor was GATA3 negative according to prespecified positivity threshold (x400).
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Figure 3: Representative metastatic triple-negative breast carcinoma involving the brain.
(A) H&E section showing metastatic carcinoma involving brain tissue (x100). (B) Diffuse
strong nuclear TRPS1 expression in metastatic tumor (score 9: extent score 3 X intensity score
3; x100). (C) High power view confirming strong nuclear expression of TRPS1 in tumor cells
(%400). (D) No nuclear GATA3 expression in metastatic tumor (score 0 immunoreactivity and
classified as GATA3-negative) (x100).
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A B

Figure 4: Representative reciprocal TRPS1 and GATAS3 expression in Case 4. (A) TRPS1
immunohistochemistry showing no nuclear staining in Nottingham grade 2 invasive breast
carcinoma of no special type with immunoreactivity score 0 (x100). (B) High-power view
confirms absent TRPS1 nuclear staining in tumor cells (x400). (C) GATA3
immunohistochemistry showing strong nuclear expression in tumor-cell nests with
immunoreactivity score 9 (extent score 3 x intensity score 3; x100).
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DISCUSSION

In the current paired multi-institutional
TNBC series, TRPS1 was positive in 93.3% of
tumors compared with 73.3% for GATA3.
However, the clinically significant aspect was
that the discordance between them was in favor
of TRPS1, since 7 out of 8 GATA3-negative
tumors expressed TRPS1, whereas only 1 out of
2 TRPS1-negative tumors retained GATA3. The
combination of these markers yielded positive
results in 29 of 30 cases. Although there was a
marginal difference of 20.0 percentage points
and the matched-pairs odds ratio favored
TRPS1, the P-value of the McNemar test was
0.070, and the confidence interval around the
matched odds ratio was large. Consequently, the
results suggest a considerable observed
incremental yield, given the imprecision of the
30-case series.

The findings of TRPS1 positivity are in
agreement with the existing literature. Ai et al.
found broad TRPS1 expression in breast cancers
irrespective of the subtype and high prevalence
of TRPS1 in TNBC cases with the absence of
breast markers (21, 22). Geetha et al. showed
that TRPS1 stained almost all conventional and
metaplastic TNBC and served as a good
complement to GATA3 and SOX10 (18). The
studies involving metaplastic carcinoma and
lineage marker panels confirmed the superiority
of TRPS1 in numerous TNBC settings (23, 24).
Multi-institutional and tissue  microarray
research also revealed the high sensitivity of
TRPS1 in detecting breast carcinoma, although
the percentages vary depending on subtype,
clone, cutoff, and specimen type (15, 19, 25,
26).

This methodological variation matters. The
present research involved whole sections, clone
EP392, citrate retrieval, and a product score
combining staining extent and intensity. Some
studies utilized different clones, tissue
microarrays, percentage-only cutoffs, or other
scoring methods. A low cutoff increases the

positivity rate but complicates the interpretation
of weak staining; a high cutoff decreases the
likelihood of missing tumors but makes the
staining less confident. Consequently, direct
comparison of quantitative positivity rates
between studies is only meaningful when taking
into account the same analytical platform, cutoff
point, and type of tissue examined (13, 14, 15,
16, 19, 25, 26).

The seven TRPS1-positive/GATA3-negative
cases are highly relevant to diagnostic practice.
In the case of a poorly differentiated metastasis
with a history of TNBC, nuclear expression of
TRPS1 supports breast origin provided that the
morphology and the rest of the immunopanel are
concordant. Cytopathologic and effusion studies
showed similar results, demonstrating the
capacity of TRPS1 to identify tumors missed by
GATAS, including small specimens with low
tumor cellularity (27, 28, 29, 30). Additional
yield is beneficial since high-grade TNBC loses
mammaglobin and GCDFP-15. However, a
positive stain in a known TNBC series is not
equivalent to accuracy in an unknown primary.

TRPS1-negative/GATA3-positive  tumors
are equally educational. In some apocrine-
differentiating tumors, TRPS1 may be present
only weakly or be absent, whereas GATA3
remains positive (31). The minimal difference
has been demonstrated in some effusion cohorts
(14, 16, 18). These findings suggest that
GATA3 cannot replace TRPS1. The reciprocal
approach seems to be much more effective.
TRPS1 can increase the sensitivity among
GATAS3-negative TNBCs, while GATAS3
remains useful in selected TRPS1-negative
tumors and in the differential diagnosis due to
its broader profile.

The markers should be chosen in accordance
with the differential diagnosis. TRPS1 has been
reported to be expressed in gynecologic
carcinomas, prostatic and urothelial neoplasms,
salivary  neoplasms, cutaneous tumors,
phyllodes tumors, and several mesenchymal
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tumors (13, 14, 15, 16, 17). On the other hand,
GATAZ3 is not limited to the breast and is well
known in urothelial and other neoplasms (17).
Hence, neither marker alone identifies the
mammary origin of tumors. In a tumor located
in the liver, for example, a panel for breast
lineages should be combined with hepatobiliary
and gastrointestinal markers, while a tumor in
the brain would require lung, melanoma, and
other appropriate markers. Morphological and
clinical imaging concordance are still important.

The study-specific expression scores were
high in 73.3% of TRPS1 specimens and in
46.7% of GATAS3 specimens. This difference is
descriptive since the aggregated data did not
contain a patient-level four-category matrix for
both markers. It is inappropriate to use an
unpaired ordinal test to compare two
measurements made on the same specimens.
Further research should record extent and
intensity scores on the patient level to allow for
a paired ordinal test and evaluate not only the
difference in positivity but also the distribution
of the scores in the same patients.

No significant clinicopathologic association
was found. GATAS positivity was numerically
lower in patients 50 years or older and in grade
111 tumors, while TRPS1 negativity occurred in
some T3 and N2 tumors. None of these
tendencies were statistically significant after
multiplicity adjustment. A higher incidence of
high TRPS1 expression was seen in stage 111-1V
compared to stage I-Il patients, although the
difference was not statistically significant
(P=0.385). Stage at sampling is not a surrogate
for recurrence, response, or survival. Hence,
these results do not support prognostic claims.
Outcome-based research with appropriate
follow-up and correction for standard
prognostic factors is needed (32, 33).

This analysis possesses several strengths.
Both markers were evaluated in the same
specimens; the scoring rules were prespecified;
whole sections were used; and the main
comparison was based on exact paired statistics.

MSJAR Page 12

The variable-specific denominators were kept,
and multiplicity correction was used for
exploratory clinicopathologic tests.
Representative examples from primary and
metastatic tissues illustrate both types of
discordance.

The principal limitations of the study include
the moderate non-random sample size, the small
number of discordant pairs, and single testing in
each patient. There were three patients without
complete stage information and one patient
without T category information. The current
cohort did not include non-breast mimics; thus,
the specificity, predictive values, and diagnostic
accuracy cannot be calculated. The original
information about receptor testing was not
rescored in this study; the triple-negative status
was retrieved from the diagnostic records. The
blinded second-reader concordance and patient-
level paired ordinal scores were not available;
there was no outcome-based follow-up. All
these limitations delimit the inference range but
do not affect the results of paired comparisons
of the positivity.

The future validation study should cover a
broader range of TNBC morphology and
clinically relevant mimics, pre-specify the
staining cutoffs, and keep the patient-level
scores. Blinded double reading would provide
the reproducibility evaluation, while the paired
tests should remain the primary method of
marker comparison in the same tumors. A
control cohort chosen around realistic
differential diagnoses would allow estimation of
the specificity and diagnostic accuracy.
Prognostic questions should be addressed in a
separate study with treatment and time-to-event
data.

CONCLUSION

In this study, the TRPS1 positivity rate was
higher than that of GATA3 in paired TNBC, and
we detected seven out of eight tumors negative
for GATAS3. Both markers demonstrated
positivity in 96.7% of the cases, but one case
was GATAS3-positive in the absence of TRPS1

Copyright © The Author(s)
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positivity. Paired test results did not achieve
statistical significance at the 0.05 level; due to
the small number of discordant cases, this limits
the precision of the results. These results
indicate that TRPS1 can serve as an additional
marker for the breast lineage
immunohistochemical panel.

DECLARATION

ETHICAL APPROVAL

The study was approved by the ethical
committee from the Iraqi Board for Medical
Specializations in Histopathology with approval
ethical# IBMS-SUMS00125. The study
adhered to the ethical principles of the Helsinki
Declaration. As per the current study, since itis
a retrospective study involving only the existing
anonymous archived formalin fixed paraffin
embedded tissue samples, the requirement for
informed consent was waived by the IRB.

CONFLICT OF INTEREST

The authors  declare that they have no
competing interests

FUNDING

This research received no external funding.

DATA AVAILABILITY

The data set that analyzed and
generated through the study are available
from the corresponding author upon reasonable
request.

AUTHOR CONTRIBUTIONSR.

R.M.H.; study design, data analyses,
conceptualization, histopathological
examination, manuscript drafting. M.F.ALQ.;
slides staining, data collection. S.J.; manuscript
revision, statistical analyses and supervision.
All authors reviewed and approved the final
version of the manuscript

REFERENCES

1. Bray F, Laversanne M, Sung H, Ferlay J,
Siegel RL, Soerjomataram I, et al. Global cancer
statistics 2022: GLOBOCAN estimates of
incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin.
2024. 74(3). 229-263. doi:10.3322/caac.21834.

Copyright © The Author(s)

2. Chen E, Chen C, Chen Y, You J, Chen N,
Xu SW, et al. Investigating HER2-low in early
breast cancer: Prognostic implications and age-
related prognostic stratification. Cancer Med.
2025. 14(4). doi:10.1002/cam4.70637.

3. Qayoom H, Keshari P, Mir MA.
Integrative systems biology and in-vitro
analysis of cryptolepine’s therapeutic role in
breast cancer. Discov Oncol. 2025. 16(1). 1520.
d0i:10.1007/s12672-025-03158-y.

4. Xiong X, Zheng L, Ding Y-Q, Chen Y, Cai
Y, Wang L, et al. Breast cancer: Pathogenesis
and treatments. Signal Transduct Target Ther.
2025. 10(1). 49. doi:10.1038/s41392-024-
02108-4.

5. Bianchini G, Angelis CD, Licata L, Gianni
L. Treatment landscape of triple-negative breast
cancer - expanded options, evolving needs. Nat
Rev Clin Oncol. 2021. 19(2). 91-113.
d0i:10.1038/s41571-021-00565-2.

6. Derakhshan F, Reis-Filho JS. Pathogenesis
of triple-negative breast cancer. Annu Rev
Pathol. 2022. 17(1). 181-204.
doi:10.1146/annurev-pathol-042420-093238.

7. Viehweger F, Gusinde J, Leege N, Tinger
L-M, Gorbokon N, Menz A, et al. Estrogen
receptor expression in human tumors: A tissue
microarray study evaluating more than 18,000
tumors from 149 different entities. Hum Pathol.
2025. 157. 105757.
d0i:10.1016/j.humpath.2025.105757.

8. Zhang G-N, Susnik B, Paulsen EJ, Lyons
L, Delma KS, Jorda M, et al. Metastatic
pleomorphic lobular carcinoma of the breast to
the urinary bladder: A report of 10 cases and
assessment of TRPS1 in the differential
diagnosis  with  plasmacytoid  urothelial
carcinoma. Arch Pathol Lab Med. 2024.
148(10). 1110-1118. doi:10.5858/arpa.2023-
0379-0a.

9. AiD, Yao J, Yang F, Huo L, Chen H, Li
W, et al. TRPS1: A highly sensitive and specific
marker for breast carcinoma, especially for
triple-negative breast cancer. Mod Pathol. 2020.

MSJAR Page 13



Medical Science Journal for Advance Research,

Vol. 7, No. 3, Sptember 2026

34(4).
00692-8.

10. Yoon E, Wang G, Parkinson B, Huo L,
Peng Y, Wang J, et al. TRPS1, GATAS, and
SOX10 expression in triple-negative breast
carcinoma. Hum Pathol. 2022. 125. 97-107.
d0i:10.1016/j.humpath.2022.04.006.

11. Almasi S, Kuthi L, Sejben A, Voros A,
Nagy A, Zombori T, et al. TRPS1 expression in
cytokeratin 5 expressing triple negative breast
cancers, its value as a marker of breast origin.
Archiv far Pathologische Anatomie und
Physiologie und fur Klinische Medicin. 2023.
482(5). 861-868. doi:10.1007/s00428-023-
03535-4.

12. Bota E-C, Koumoundourou D,
Ravazoula P, Zolota V, Psachoulia C, Kardari
M, et al. A comprehensive analysis of GATA3
expression in carcinomas of various origins with
emphasis on lung carcinomas. Monaldi Arch
Chest Dis. 2023. 94(2).
doi:10.4081/monaldi.2023.2641.

13. Bachert SE, Di J, Zhang S, Short HE,
Piecoro D, McDonald RJ, et al. TRPS1
expression in primary and metastatic prostatic
adenocarcinoma, muscle invasive bladder
urothelial carcinoma, and breast carcinoma: Is
TRPS1 truly specific and sensitive for a breast
primary?. Hum Pathol. 2023. 143. 42-49.
doi:10.1016/j.humpath.2023.11.012.

14. Hashmi AA, Brogi E, Wen HY.
Trichorhinophalangeal syndrome type 1
(TRPS1) in breast pathology: Diagnostic utility
and pitfalls. Diagn Pathol. 2025. 20(1). 26.
d0i:10.1186/s13000-025-01623-4.

15. Lennartz M, Lohr N, H6flmayer D, Rico
SD, Bargen CV, Kind S, etal. TRPS1 is a highly
sensitive marker for breast cancer. Am J Surg
Pathol. 2024. 48(6). 637-651.
d0i:10.1097/pas.0000000000002213.

16. Rammal R, Goel K, Elishaev E, Soong
TR, Jones MW, Zhao C, et al. Utility of TRPS1
immunohistochemistry in confirming breast
carcinoma: Emphasis on staining in triple-
negative breast cancers and gynecologic tumors.

710-719.  doi:10.1038/s41379-020-

MSJAR Page 14

Am J Clin Pathol. 2023. 160(4). 425-434.
doi:10.1093/ajcp/agad066.

17. Reiswich V, Schmidt CE, Lennartz M,
Hoflmayer D, Hube-Magg C, Weidemann S, et
al. GATAS3 expression in human tumors: A
tissue microarray study on 16,557 tumors.
Pathobiology.  2023.  90(4).  219-232.
doi:10.1159/000527382.

18. Geetha SD, Wu D, Roychoudhury S,
Sheikh-Fayyaz S. Diagnostic utility of TRPS1
immunohistochemistry  in  primary  and
metastatic breast carcinoma with special
emphasis on spindle cell neoplasms of the
breast. medRxiv [Preprint]. 2025.
d0i:10.1101/2025.11.12.25340091.

19. Kong C, Yu B, Bi R, Xu X, Cheng Y-F,
Yang W, et al. TRPS1, a sensitive marker for
different histological and molecular types of
breast cancer. Diagn Pathol. 2024. 19(1). 121.
d0i:10.1186/s13000-024-01542-w.

20. Padmavathy K, Jemima M, Muthuranjani
D, Jasmine SH, Bodagala S. Expression of
TRPS1, WNT9B, GATA3 and SOX10 markers
in primary triple negative breast carcinomas. J
Carcinog. 2025. 24(3). 583-591.
doi:10.64149/j.carcinog.24.3.583-591.

21. Sekenski J, Neu B, Graham S, Heitt M,
Gloyeske N, Hamza A. 85 Validation of TRPS1
immunohistochemical stain: Experience from a
cancer center in the Midwest. Am J Clin Pathol.
2025. 164. doi:10.1093/ajcp/agaf121.030.

22. Zhang R, Liu J, Jiang L, Lang Z.
Application of TRPS1 in ER-negative or low
expression distant metastatic breast carcinoma.
Pathol Oncol Res. 2025. 31. 1612138.
d0i:10.3389/pore.2025.1612138.

23.Du T, Pan L, Zheng C, Chen K, Yang Y,
Chen J, et al. Matrix Gla protein (MGP),
GATAZ3, and TRPS1: A novel diagnostic panel
to determine breast origin. Breast Cancer Res.
2022. 24(1). 70. doi:10.1186/s13058-022-
01569-1.

24. Parkinson B, Chen W, Shen T, Parwani
AV, Li Z. TRPS1 expression in breast
carcinomas: Focusing on metaplastic breast

Copyright © The Author(s)



Medical Science Journal for Advance Research,

Vol. 7, No. 3, September 2026

carcinomas. PubMed. 2022. 46(3). 415-423.
d0i:10.1097/pas.0000000000001824.

25. Lui JWH, Tsang JY, Li J, Ko C-W, Tam
F, Loong T, et al. TRPS1 is a promising marker
for all subtypes of breast cancer.
Histopathology. 2024. 84(5). 822-836.
doi:10.1111/his.15126.

26. Wu Y, Chen F, Pan L, Chao X, Li M, Luo
R, et al. Diagnostic utility and sensitivities of
matrix Gla protein (MGP), TRPS1 and GATAS3
in breast cancer: Focusing on metastatic breast
cancer, invasive breast carcinoma with special
features, and salivary gland-type tumours.
Pathology. 2024. 56(4). 516-527.
doi:10.1016/j.pathol.2024.01.003.

27. Abdelwahed M, Yurtsever N, Savant D,
Karam P, Gimenez C, Das K, et al. Utility of
TRPS-1 immunohistochemistry in diagnosis of
metastatic breast carcinoma in cytology
specimens. J Am Soc Cytopathol. 2022. 11(6).
345-351. doi:10.1016/j.jasc.2022.06.007.

28. Chen C-J, Hang J-F, Chen Y-A, Lin S-J,
Chiu H-M, Hsu C-Y, et al. The diagnostic utility
of trichorhinophalangeal syndrome type 1
immunohistochemistry for metastatic breast
carcinoma in effusion cytology specimens.
Cancer Cytopathol. 2022. 131(4). 226-233.
doi:10.1002/cncy.22663.

29. Rohra P, Ding C, Yoon E, Gan Q. A pilot
study: Comparison of TRPS1 and GATAS3

Copyright © The Author(s)

immunoperoxidase staining using cytologic
smears in entities reportedly positive for
GATAS3. Cancer Cytopathol. 2022. 130(12).
930-938. d0i:10.1002/cncy.22623.

30. Wang M, Stendahl K, Cai G, Adeniran A,
Harigopal M, Gilani SM. Evaluation of TRPS1
expression in pleural effusion cytology
specimens with metastatic breast carcinoma.
Am J Clin Pathol. 2022. 158(3). 416-425.
doi:10.1093/ajcp/agac066.

31. Wang J, Peng Y, Sun H, Aung PP,
Resetkova E, Yam C, et al. TRPS1 and GATA3
expression in invasive breast carcinoma with
apocrine differentiation. Arch Pathol Lab Med.
2023. 148(2). 200-205. doi:10.5858/arpa.2022-
0289-0a.

32. Hu H, Tong KL, Tsang JYC, Ko CW,
Tam FW, Loong T, et al. Subtyping of triple-
negative breast cancers: Its prognostication and
implications in diagnosis of breast origin.
ESMO  Open. 2024. 9(4). 102993.
doi:10.1016/j.esmoop.2024.102993.

33. Rammal R, Goel K, Motanagh S, Carter
GJ, Clark BZ, Fine JL, et al
Immunohistochemical profile of triple-negative
breast cancers: SOX10 and AR dual negative
tumors have worse outcomes. Mod Pathol.
2024. 37(7). 100517.
d0i:10.1016/j.modpat.2024.100517

MSJAR Page 15



