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Introduction

Human trophoblast cell-surface antigen 2 (Trop-2) is a 
transmembrane glycoprotein calcium signal trans-
ducer expressed in epithelial cells. Enriched expres-
sion of Trop-2 has been strongly associated with tumor 
growth and poor prognosis in solid epithelial tumors, 
including breast, lung, and gastric cancer.1–5

The development of specific antibody-drug conju-
gates (ADCs) targeting Trop-2 and their favorable out-
comes in metastatic breast cancer (BC) have increased 
the need for research into this subject.6–11 Bardia and 
colleagues12 have comprehensively evaluated the cor-
relation between Trop-2 expression, response to 
Sacituzumab Govitecan (SG), and prognosis in meta-
static triple-negative breast cancer (TNBC) patients. 
The intervention yielded positive results for all patients, 
and those with higher expression experienced improved 

outcomes. These findings contradict previous evi-
dences linking high Trop-2 expression with adverse 
outcomes.1,2,12,13

The literature lacks comprehensive data on the rela-
tionship between Trop-2 and early luminal-like BC, and 
the expression of this biomarker in this patient’s subset 
needs further clarification. Our research objective is to 
investigate Trop-2 expression in early luminal-like BC 
and to correlate with clinicopathological features.
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Summary 
Trop-2, a transmembrane glycoprotein, has been identified in human epithelial cells as a contributor to tumor growth 
and unfavorable prognosis in breast cancer (BC). Our study aimed to assess the expression of Trop-2 protein via 
immunohistochemistry (IHC) and correlate it with clinicopathological features in early luminal-like BC. We conducted a 
cross-sectional study evaluating Trop-2 protein expression in tissue microarrays using IHC. The expression was evaluated 
by the H-score and the following categorization was used: H-Score 0 to <100 as low, H-Score 100 to 200 as intermediate, 
and H-Score >200 to 300 as high. The study included 84 patients with a median age of 57, of whom 70% had invasive 
ductal carcinomas, 75% were classified as T2, and 47.6% had no affected lymph nodes. Trop-2 expression was high in 56% 
of patients and intermediate in 38%. None of the patients had an H-Score of zero. No correlation was observed between 
Trop-2 expression and clinicopathological features, including age, histological subtype, grade, Ki67, tumor size, nodal status, 
lymphovascular invasion, tumor subtype, and pathological staging. We demonstrated that Trop-2 is highly expressed in early 
luminal-like BC and is not influenced by clinicopathological features. (J Histochem Cytochem 71: 529–535, 2023)
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Methods

Patients and Eligibility Criteria

A cross-sectional study assessed Trop-2 protein expres-
sion through immunohistochemistry (IHC) in non-meta-
static luminal-like BC patients. The study had a 
convenience sample size which consisted of all patients 
with early breast cancer who underwent upfront breast 
surgery between 2010-2015 at Hospital de Clínicas de 
Porto Alegre (HCPA), had tumors larger than 2 cm, and 
with available paraffin blocks to obtain material for tis-
sue microarrays (TMAs) construction. A total of 242 
patients were included. The patients’ hormonal receptor 
status, HER2 hyperexpression, and Ki67 were evalu-
ated. The extracted specimens were used to build a 
tumor bank at HCPA and distributed among seven 
TMAs. The HCPA clinical records were thoroughly 
reviewed to collect clinical, pathological, and prognostic 
characteristics such as age, histological subtype, grade, 
Ki67, tumor size, nodal status, lymphovascular invasion, 
tumor subtype, and pathological staging. The Pathology 
Department of HCPA performed TMAs construction 
and immunohistochemistry staining.

The patient pool analyzed in this study exclusively 
comprises individuals diagnosed with early luminal-
like breast cancer. Tumors deemed luminal-like exhibit 
over 1% of estrogen receptors (ER). Moreover, lumi-
nal-B tumors were characterized by the lack of proges-
terone receptor, grade 3, or their Ki67 score of 20% or 
higher.14

Individuals with metastatic breast cancer, those 
with HER2 protein overexpression through IHC or 
HER2 gene amplification identified through FISH, 
those with inadequate material in the TMAs for IHC 
testing, and those lacking ER expression were not 
included in this study.

Ethics

The National Research Ethics Committee has approved 
this study at Plataforma Brasil, with CAEE number 
53053221.7.0000.5327. It is important to note that 
according to national legislation, informed consent 
forms are not required for tissue blocks that have been 
conserved for at least 5 years as long as they are man-
aged within ethical guidelines. Throughout this study, 
we strictly adhered to ethical principles when handling 
TMA samples. This includes maintaining patient confi-
dentiality and avoiding any exposure of their data.

Tissue Microarray Specimen

Formalin-fixed paraffin-embedded tissue blocks 
were selected and thoroughly assessed for tissue 

microarray construction. With a precise HE staining 
process, the most representative areas were hand-
crafted into 3.0-mm tissue cores. We applied the 
manual TMA T-Sue system from Simport® Scientific 
in Beloeil, Canada. Our technique adhered to the 
one described by Kononen et al.,15 where two cylin-
ders of every tumor were extracted from the original 
block (donor) and transferred to the TMA block 
(recipient). Placental core tissue was included in 
each TMA for spatial guidance.

Immunohistochemistry

To conduct the analysis of paraffin sections, the 
Benchmark ULTRA platform, manufactured by Ventana 
Medical Systems in Tucson, Arizona, was employed in 
conjunction with the EZ PREP solution. The antigens 
were retrieved by applying CC2 buffer (10 mM/L, pH 6) 
in a steamer at 95C for 60 min. After washing the slides 
with water, we employed Optiview Peroxidase Inhibitor, 
a 3% hydrogen peroxide solution, for 10 min to inhibit 
endogenous peroxidase activity. The primary antibody 
was incubated for 32 min in a humidified chamber at 
36°C. We employed Optiview HRP Multimer to detect 
the reaction, using 3,3′-diaminobenzidine tetrahydro-
chloride hydrate (DAB). Hematoxylin counterstaining 
was performed, and a bluing reagent was applied 
before dehydrating, air-drying, and coverslipping the 
tissues. The Trop-2 Antibody (B-9) sc-376746 from 
Santa Cruz Biotechnology Inc. in Dallas, TX, USA, was 
utilized at an optimal dilution of 1:100 for IHC. To 
ensure accuracy, a highly expressed breast tumor was 
used as a positive control, and a negative control was 
obtained by omitting the primary antibody.13,16,17

Evaluation of Trop-2 Expression

The modified immunohistochemical score (H-score) 
was employed to determine Trop-2 expression levels 
on tumor cell membranes. This score considers stain-
ing intensity and the percentage of cells at that inten-
sity. The H-score is calculated by numerically weighting 
the summation of percent staining: H-score = (3 × % 
cells with strong intensity staining) + (2 × % cells with 
moderate intensity staining) + (1 × % cells with mild 
intensity staining). The H-score scale ranges from 0 to 
300, with specific Trop-2 expression categories 
assigned: Trop-2 low is classified as an H-score of 0 to 
<100, Trop-2 medium is an H-score of 100 to 200 and 
Trop-2 high is an H-score >200 to 300. The thresholds 
and reading scale were selected according to a previ-
ous study by Bardia et  al.,12 which evaluated Trop-2 
expression by IHC in triple-negative metastatic BC 
(Fig. 1).
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The scoring and grading were carried out sepa-
rately by M.S.G. and R.C.C., who were unaware of the 
clinical and histopathological information. To ensure 
the consistency and accuracy of the readings, 10% of 
the cases were randomly selected and evaluated by 
both evaluators. Cohen’s kappa index was 0.854, indi-
cating a near-perfect agreement (p < .0001). In 
instances of disagreement, a consensus score was 
reached.

Statistical Analysis

The statistical analysis was conducted using SPSS 
version 29.0 from IBM Germany. The Trop-2 bio-
marker’s expression profile was presented in per-
centage and absolute frequency, considering the 

high, intermediate, and low expression scores. Chi-
square and Fisher’s exact tests were used to com-
pare Trop-2 expression with clinicopathological 
parameters. The interrater reliability was evaluated 
using Cohen’s kappa index. A p-value of ≤.05 was 
deemed statistically significant.

Results

The study enrolled a total of 84 patients (Fig. 2).

Patients Baseline Characteristics

The median age was 57 years. Notably, 70% of the 
tumors were invasive ductal carcinomas, 75% were 
T2, and 47.6% were node-negative (Table 1).

Figure 1. Representative images of Trop-2 staining intensity scores. Breast cancer samples were analyzed by immunohistochemistry 
using the Trop-2 Antibody (B-9): sc-376746 to detect membrane-associated Trop-2. (A) Weak (red arrow) and intermediate (black 
arrow) Trop-2 staining intensity. (B) Intermediate (black arrow) and strong (green arrow) Trop-2 staining intensity. (C) High Trop-2 
staining intensity. Scale bars represent 100 µm.
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Trop-2 was Overexpressed in Early Luminal-Like BC

Figure 1 displays the IHC staining patterns of 
Ab-detected Trop-2. Cancer cell membranes showed 
the highest reactivity, while the cytoplasm exhibited 
fainter, mostly homogeneous reactivity. Trop-2 expres-
sion patterns were found to be heterogeneous in most 
breast tumor histotypes. According to the scoring crite-
ria in the Methods section, samples were classified 
into Trop-2 high, Trop-2 medium, and Trop-2 low 
groups. Interestingly, more BC tissues were scored as 
Trop-2 high or intermediate (94%, 79/84) than low 
(6%, 5/84) (Fig. 3). None of the five samples with low 
expression had an H-score of 0, with values ranging 
from 30 to 80. Therefore, Trop-2 is highly expressed in 
early luminal-like BC. Moreover, seven patients (7%) 
had the highest Trop-2 score of 300.

Correlation between Trop-2 Expression Level 
and Clinicopathological Characteristics

Based on our research, there is no significant vari-
ability in Trop-2 expression concerning various fac-
tors such as age, histological subtype, grade, Ki67, 
tumor size, nodal status, lymphovascular invasion, 
tumor subtype, and pathological staging. Our results 
have confirmed that the p-values associated with 
these factors were all greater than or equal to 0.290, 
indicating the absence of any substantial differences 
(Table 2).

Discussion

To our best knowledge, this research is the first to 
show that Trop-2 is highly expressed by IHC in early 
luminal-like breast cancer, irrespective of clinical or 
pathological characteristics. This finding aligns with 
previous studies that have consistently demon-
strated elevated levels of Trop-2 in metastatic BC.12,18 
In the ASCENT trial, biomarker analyses in a TNBC 
cohort failed to establish any correlation between 
clinical outcomes and Trop-2 expression.12 Vidula 
et al. researched Trop-2 gene expression in I-SPY 1, 
METABRIC, and TCGA datasets. In I-SPY 1, Trop-2 
expression did not show significant differences in 
hormone receptor (HR) and HER2 status, intrinsic 
subtype, nodal involvement, menopausal status, 
grade, stage, presence of lymphovascular invasion, 
or age. Furthermore, in METABRIC, TACSTD2 gene 
expression was not significantly associated with 
age, menopausal status, nodal involvement, or 
stage. The researchers have demonstrated that the 
expression of TACSTD2 was not predictive of treat-
ment response in I-SPY 1 or future outcomes in 
I-SPY 1 and METABRIC.18

There is an ongoing debate regarding the role of 
Trop-2 in BC. Although some studies have not found 
any prognostic effect, other evidences suggest that it 
may function as a negative prognostic factor and act 
as an oncogene, promoting tumor growth, stem cell 
proliferation, and metastasis.1,2,13 The study conducted 

Figure 2. Flowchart showing eligible samples for Trop-2 expression analysis. Abbreviations: TMAs, tissue microarrays; IHC, 
immunohistochemistry.
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by Aslan and colleagues provides evidence that the 
levels of Trop-2 protein play a significant role in the 
development of TNBC tumors.13 Ambrogi et al.1 found 
that patients with elevated levels of membrane-associ-
ated Trop-2 have poorer outcomes. To gain a deeper 
understanding of the factors underlying the disparities 
in the clinical implications and prognostic outcomes 
observed in diverse studies, additional research is 
needed. The discrepancies could be due to a variety of 
factors, including differences in patient populations, a 
lack of standardized treatment options targeting Trop-
2, short periods of follow-up, or varying methods of 
evaluating Trop-2.

The study has limitations due to the small sample 
size and the lack of follow-up data on clinical 
outcomes.

The assessment of a patients’ subset commonly 
encountered in clinical oncology has yielded signifi-
cant findings that have not been extensively studied 
in the literature. Moreover, our results have been 
evaluated by two well-trained readers, achieving an 
exceptional level of agreement, strengthening the 
findings.

Trop-2 is highly expressed in early luminal-like BC 
independent of clinicopathological features. Due to its 
extensive presence in tumor samples, there is a strong 
rationale for further research investigating the use of 
anti-Trop-2 ADCs in this clinical setting.

Table 1. Patients’ Baseline Characteristics. The Characteristics 
of the Patients Under Evaluation are Concisely Presented in this 
Table.

Clinicopathological features N = 84

Median age (range), years 57 (33–92)
Female, n % 84 (100)
Patient age (years), n %
 <50 29 (34.5)
 ≥50 55 (65.5)
A histological subtype, n %
 Non-special subtype 59 (70.2)
 Lobular 15 (17.9)
 Others 10 (11.9)
Tumor grade, n %
 Grade 1 21 (25)
 Grade 2 36 (42.8)
 Grade 3 25 (29.8)
 Not available 2 (2.4)
Ki67, n %
 <20% 49 (58.3)
 ≥20% 35 (41.7)
Tumor size (cm), n %
 ≤2 12 (14.3)
 >2–5 63 (75)
 >5 9 (10.7)
Axillary nodal stage, n %
 Negative 40 (47.6)
 Stage I 22 (26.2)
 Stage II 14 (16.7)
 Stage III 7 (8.3)
 Not available 1 (1.2)
Lymphovascular invasion, n %
 No 42 (50)
 Yes 42 (50)
Tumor subtype
 Luminal A 46 (54.8)
 Luminal B 38 (45.2)
Pathological staging, n %
 Stage I 6 (7.1)
 Stage II 52 (61.9)
 Stage III 25 (29.8)
 Not available 1 (1.2)

47 (56%)

32 (38%)

5 (6%)

High (H-score >200-300)

Medium (H-score 100-200)

Low (H-Score 0-<100)

Patients

Figure 3. Trop-2 expression according to H-Score in TMA 
breast cancer samples. Most patients display a moderate to 
high level of Trop-2 expression, indicated by an H-Score of 
100 to 300.
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Conclusion

Trop-2 is highly expressed in early luminal-like breast 
cancer and is not influenced by clinicopathological 
features.
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Table 2. Association among Baseline Characteristics and Trop-2 Expression. No Significant Correlation was Noted with 
Clinicopathological Characteristics.

Trop-2 Expression

Clinicopathological 
features N (%)

Low
(0 to <100)

Medium
(100–200)

High
(>200–300)

Fisher’s exact 
test p-value

Patient age (years)
 <50 29 (34.5) 2 (6.9) 14 (48.3) 13 (44.8) 2.395
 ≥50 55 (65.5) 3 (5.5) 18 (32.7) 34 (61.8) 0.319
Histological subtype
 Non-special 
subtype

59 (70.2) 3 (5.1) 24 (40.7) 32 (54.2) 16.707

 Lobular 15 (17.9) 1 (6.7) 5 (33.3) 9 (60) 0.290
 Others 10 (11.9) 1 (10) 3 (30) 6 (60)  
Tumor grade*
 Grade 1 21 (25.6) 2 (9.5) 8 (38.1) 11 (52.4) 1.869
 Grade 2 36 (43.9) 1 (2.8) 14 (38.9) 21 (58.3) 0.806
 Grade 3 25 (30.5) 2 (8) 8 (32) 15 (60)  
Ki67
 <20% 49 (58.3) 3 (6.1) 18 (36.7) 28 (57.1) 0.209
 ≥20% 35 (41.7) 2 (5.7) 14 (40) 19 (54.3) 0.940
Tumor size (cm)
 ≤2 12 (14.3) 1(8.3) 3(25) 8 (66.7) 1.377
 >2 72 (85.7) 4 (5.6) 29 (40.3) 39 (54.2) 0.505
Axillary nodal stage**
 Negative 40 (48.2) 4 (10) 17 (42.5) 19 (47.5) 3.057
 Positive 43 (51.8) 1 (2.3) 15 (34.9) 27 (62.8) 0.201
Lymphovascular invasion
 No 42 (50) 1 (2.4) 17 (40.5) 24 (57.1) 1.814
 Yes 42 (50) 4 (9.5) 15 (35.7) 23 (54.8) 0.519
Tumor subtype
 Luminal A 46 (54.8) 3 (6.5) 17 (37) 26 (56.5) 0.193
 Luminal B 38 (45.2) 2 (5.3) 15 (39.5) 21 (55.3) 1.000
Pathological Staging***
 Stage I 6 (7.2) 1 (16.7) 2 (6.3) 3 (50) 2.734
 Stage II 52 (62.7) 3 (5.8) 22 (42.3) 27 (51.9) 0.594
 Stage III 25 (30.1) 1 (4) 8 (32) 16 (64)  

*2 patients with no data, **1 patient with no data, ***1 patient with no data.
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