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Abstract: Objective To investigate the expression characteristics of trichorhinophalangeal syndrome type 1 (TRPS1) in
invasive breast carcinoma of no special type (IBC-NST), and to analyze its correlation with clinicopathological parameters and
prognosis. Methods A total of 122 patients diagnosed with IBC-NST at Tangshan Gongren Hospital from January 2021 to
December 2023 were included as research subjects. Among them, 61 patients had normal breast tissues adjacent to the tumor
margin =2 cm were collected as controls. The expression status of TRPS1 protein in 122 tumor tissues and 61 adjacent tissues
was detected using the immunohistochemical EnVision two-step method. Patients were divided into high expression group (=
4 points) and low expression group (= 3 points) based on the expression score of TRPS1 in immunohistochemisty. Clinical
pathological data of the patients were collected simultaneously to analyze the correlation between TRPS1 expression levels and
various clinical pathological characteristics. All patients were followed up for a period of 3 years, and the independent
influencing factors affecting patient prognosis were explored using a multivariable Cox proportional hazards regression model.
Results The positive expression rate of TRPS1 in IBC-NST tissues was 89.34% (109/122), which was significantly higher than
that in adjacent non-tumor tissues (14.75%, 9/61) (x’= 98.789, P<0.01) . High expression of TRPS1 was significantly correlated
with higher histological grading (P=0.002), advanced TNM staging Il (P=0.013) , lymph node metastasis (P=0.017), and
triple-negative breast cancer (TNBC) subtype (P=0.030). Multivariate Cox analysis revealed that TNM staging Il (HR=3.215,
95% Cl 1.642- 6.298), lymph node metastasis (HR=2.547, 95%Ct 1.358-4.813) , and high expression of TRPS1 (HR=2.332, 95%C}/.
1.205-4.514) were independent risk factors for disease progression during the 3-year follow-up period. Conclusion TRPS1
exhibits high expression characteristics in IBC-NST tissues, and its high expression is closely related to the malignant
progression of the tumor and poor prognostic outcomes. It can be served as a potential independent biomarker for assessing
the prognosis of IBC-NST patients.
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Invasive breast carcinoma of no special type significantly upregulated in breast cancer, and it maintains

(IBC-NST) is the most common pathological type of breast
cancer, accounting for 70% to 80% of all breast cancer
cases [1-2]. Its high heterogeneity is manifested by
substantial differences in clinical manifestations, molecular
characteristics, treatment response, and patient prognosis.
Although the current molecular classification system based
on estrogen receptor (ER), progesterone receptor (PR),
human epidermal growth factor receptor 2 (HER2), and
Ki-67 has greatly optimized the individualized treatment
strategy for breast cancer, a subset of patients, especially
those with triple-negative breast cancer (TNBC), still face
the dilemmas of limited treatment options, high risk of
recurrence and metastasis, and poor prognosis [3].
Therefore, exploring novel breast cancer biomarkers with
high sensitivity and specificity is of crucial importance for
deepening the understanding of the biological behavior of
breast cancer, developing new therapeutic targets, and
conducting accurate  prognostic  assessment. The
trichorhinophalangeal syndrome type 1 (TRPS1) gene
encodes a zinc finger transcription factor belonging to the
GATA family, which is named for its association with
TRPS caused by gene deletion [4]. In recent years, multiple
studies have found that TRPS1 plays an important role in
breast cancer. TRPSI1 is a highly specific marker for breast
epithelial cell lines and breast cancer. Its expression level is

a high expression rate and specificity across all molecular
subtypes including TNBC, with performance even superior
to that of traditional markers such as GATA3[5-6]. TRPS1
participates in maintaining the proliferation, differentiation,
and survival of breast cancer cells by regulating a variety
of downstream signaling pathways, and its function
involves  key  biological  processes such  as
epithelial-mesenchymal transition (EMT) [7]. However,
there is still a lack of systematic clinical research on the
expression characteristics of TRPS1 in IBC-NST of the
breast in the Chinese population, especially on its
correlation with detailed clinicopathological parameters
and prognosis. In this study, we detected the expression of
TRPS1 in 122 cases of breast IBC-NST and adjacent

non-tumor  tissues  using  immunohistochemistry,
systematically analyzed the association between its
expression status and various clinicopathological

parameters of patients, and further explored the potential
clinical value of TRPS1 as a prognostic assessment
indicator based on 3-year follow-up data, aiming to provide
a new theoretical basis for the individualized diagnosis and
treatment of this type of breast cancer.

1 Materials and Methods
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1.1 General information

A total of 122 patients diagnosed with IBC-NST in
Tangshan Gongren Hospital from January 2021 to
December 2022 were enrolled in this study. Among them,
adjacent normal breast tissue samples at least 2 cm away
from the tumor margin were collected simultaneously
from 61 patients as controls.

Inclusion criteria: (1) Postoperative pathological
diagnosis of IBC-NST was confirmed; (2) No
neoadjuvant chemotherapy, radiotherapy, or endocrine
therapy was received before surgery; (3) Complete
clinicopathological data were available; (4) Complete
follow-up records were available.

Exclusion criteria: (1) Patients complicated with
other malignant tumors; (2) Patients who died during
surgery or within 30 days after surgery.

This study was approved by the Ethics Committee of
Tangshan Gongren Hospital [Approval No. [2023]
Lunshenyanlin (015)], and all patients have signed the
informed consent form.

1.2 Research methods

1.2.1 Immunohistochemistry

All the 122 IBC-NST tissue specimens and 61 paired
adjacent normal breast tissue specimens included in this
study were fixed with 10% neutral buffered formalin and
routinely embedded in paraffin. Serial sections with a
thickness of 3 um were prepared and attached to anti-drop
glass  slides for immunohistochemical staining.
Immunohistochemical staining was performed using the
Dako EnVision two-step method. The primary antibody
was TRPS1 monoclonal antibody (clone number:
EPR16171, Abcam, UK) with a dilution ratio of 1:200.
The experimental procedures were strictly performed in
accordance with the kit instructions, and positive and
negative control groups were set up simultaneously.
Phosphate buffered saline (PBS) was used instead of the
primary antibody in the negative control group to ensure
the specificity of staining results.

1.2.2 Result interpretation

The immune-positive signal of TRPS1 protein was
localized in the nucleus, presenting as brown-yellow
granules. Slide reading was independently performed by
two senior pathologists, and assessment was conducted
using a modified semi-quantitative scoring system: (1)
Scoring for the proportion of positive cells: 0 point (<5%),
1 point (5%-25%), 2 points (26%-50%), 3 points (>50%);
(2) Grading of staining intensity: 0 point (no staining), 1
point (weak staining), 2 points (moderate staining), 3
points (strong staining). The total score was calculated as
the product of the positive cell proportion score and the
staining intensity score. The specific criteria were as
follows: a total score of 0-1 was defined as negative, 2-3
as weakly positive (+), 4-6 as moderately positive (++),
and 7-9 as strongly positive (+++). Among them, negative
and weakly positive cases were classified into the low
expression group (score <3), while moderately positive
and strongly positive cases were classified into the high
expression group (score >4).

1.3 Clinicopathological data and follow-up

Clinicopathological parameters of the patients were
comprehensively collected through the hospital electronic
medical record system, including core indicators such as
age, menopausal status, maximum tumor diameter,

histological grade, TNM stage, lymph node metastasis
status, immunohistochemical status of ER/PR/HER2, and
Ki-67 proliferation index. The molecular classification
was strictly carried out in accordance with the criteria of
the 5™ edition of WHO classification of tumours of the
breast. Luminal subtype was defined as positive ER/PR
and negative HER2. HER2 overexpression subtype was
defined as positive HER2 and negative ER/PR; TNBC
was defined as negative expression of ER, PR and HER2.

Regular postoperative follow-up was conducted via
a combined mode of outpatient follow-up and telephone
follow-up once every 3 months, with the follow-up cutoff
date set as December 2023. The primary follow-up
endpoint was disease-free survival (DFS), which was
defined as the duration from the date of surgery to the
date of the first disease progression event. Disease
progression events included local recurrence of breast
tumor, regional lymph node metastasis, distant metastasis,
and all-cause death caused by breast cancer. For patients
without the aforementioned events, follow-up was
censored at the date of the last follow-up.

1.4 Statistical analysis

SPSS 19.0 software was used for data analysis.
Categorical data were presented as cases (%), and the
chi-square test was used for comparison between groups.
The multivariate Cox proportional hazards regression
model was applied to analyze independent factors
affecting the prognosis of patients. All tests were
two-sided, and a P value < 0.05 was considered
statistically significant.

2 Results

2.1 Expression of TRPSI in IBC-NST and adjacent
tissues

The positive staining of TRPS1 was mainly
localized in the nuclei of tumor cells, presenting as
brown-yellow or tan granules, and cytoplasmic staining
was observed in a small number of cases (Figure 1).
Among the 122 breast IBC-NST tissue samples, 109
cases showed positive TRPS1 expression, with an overall
positive rate of 89.34%. Sixty five cases (53.28%) were
classified as high expression (moderate to strong positive).
In the 61 paired adjacent tissue samples, only 9 cases
showed weakly positive expression, with an overall
positive rate of 14.75%, and none of them exhibited
moderate or strong positive staining. The overall positive
rate and high expression rate of TRPS1 in IBC-NST
tissues were significantly higher than those in adjacent
tissues (P < 0.01), as shown in Table 1.

2.2 Correlation between TRPSI expression and
clinicopathological parameters

Patients were divided into the high expression group
(n=65) and the low expression group (n=57) according to
TRPS1 expression level. The proportions of cases with
histological grade III, TNM stage III, lymph node
metastasis, and TNBC subtype in the TRPSI high
expression group were significantly higher than those in
the low expression group (P < 0.05), as shown in Table
2.

2.3 Multivariate Cox regression analysis of TRPSI
expression and patient prognosis
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The median follow-up duration of the 122 enrolled
cases was 36 months. During the follow-up period, a total
of 35 patients experienced disease progression events,
including local recurrence, regional lymph node
metastasis, distant metastasis, and breast cancer-related
death. Among these events, 11 cases (19.30%) occurred
in the TRPS1 low expression group, and 24 cases
(36.92%) occurred in the high expression group. To
further evaluate whether TRPS1 serves as an independent
prognostic factor for IBC-NST, variables with P < 0.1 in
univariate analysis (including histological grade, TNM
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stage, lymph node metastasis status, molecular subtype, S
and TRPSI1 expression 1evel) and clinically widely Note: A shows HE staining of IBC-NST (HE x100); B shows the positive
recognized prognosis-related factors (tumor SiZG) were expression of TRPS1 protein detected by immunohistochemistry, which is
joint]y incorporated into the multivariate Cox localized in the nuclei of IBC-NST cells, presenting as brown-yellow
proportional hazards regression model. The results granular staining (HE x200).

showed that TNM stage III, presence of lymph node . ] ] )
metastasis, and high TRPS1 expression were independent Fig.1 Histopathological features of IBC-NST and expression of
risk factors for disease progression in patients during the TRPSI protein

3-year follow-up (P < 0.05), as shown in Table 3.

Tab.1 Comparison of TRPS1 expression in breast NST tissue and adjacent non-tumor tissue [case(%)]

. ‘Weakly Moderately positive Strongly positive Total positive rate High expression rate
Negati
Group Cases egative positive (+) (+) (++) %) (%)
NST tissue 122 13 44 39 26 89.34 53.28
Adjacent tissue 61 52 9 0 0 14.75 0
x? value 98.789 50.403
P value <0.001 <0.001

Tab.2 Relationship between TRPS1 expression and clinicopathological parameters in patients with breast NST [case(%)]

Item High expression group

Low expression group (n=57) (n=65) x? value P value
Age (years) ;23 ig Egz;g gg E ié?g; 0271 0.602
Menopausal status I;Izs ;2 Efgég; ;(5) Eg;jé; 0.366 0.545
. < . .
Tumor size ;i ZIKE i; E;‘Zi‘j; i; Egjgi; 0.914 0.339
Histological grade i;l ‘S g?zz 3 ;T 832;; 9.443 0.002
iR Lo vam e
Lymph node metastasis P/}]ZSSZIrlltt ‘116 ((;;gj)) 3332 ((2(9);37)) 5.698 0.017
ER status E:iztxe 41:3‘ 23‘5‘16‘; 4213 Ez ?2‘2; 2,698 0.100
PR status I;I:Sglitze ; S EZ é fé; §§ E;‘Zgi; 1709 0.191
HER? status I;I:Sglztge 561 ((1?-5“37)> f; Ei‘; :jg 1520 0218
. 0

wome s A R
Molecular subtype Luminal 43 (75.44) 34 (523D

HER2+ 6 (10.53) 12 (18.46) 7.039 0.030

TNBC 8 (14.03) 19 (29.23)

Tab.3 Multivariate Cox regression analysis of factors affecting disease-free survival in patients with breast NST

Variable B SE Wald y? P value HR (95%CI)

Tumor size (>2 cm) 0.421 0.312 1.823 0.177 1.523(0.827-2.805)

Histological grade (III) 0.502 0.329 2.329 0.127 1.652(0.867-3.148)

TNM stage (stage I1I) 1.168 0.342 11.662 0.001 3.215(1.642-6.298)

Lymph node metastasis (present) 0.935 0.325 8.275 0.004 2.547(1.358-4.813)

Molecular subtype (TNBC) 0.467 0.381 1.503 0.220 1.595(0.756-3.365)

TRPS1(high expression) 0.847 0.338 6.284 0.012 2.332(1.205-4.514)

3 Discussion 3.1 Expression characteristics of TRPS1 as a novel

biomarker for breast cancer
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The results of this study showed that the positive
rate of TRPS1 in IBC-NST tissues was as high as 89.34%,
which is highly consistent with the conclusions of several
recent studies. Ai et al. [8] analyzed more than 9,000
breast cancer samples and found that the expression rates
of TRPS1 mRNA and protein in breast cancer were both
over 90%, and its specificity was superior to GATA3,
especially in TNBC. Similar high expression rates were
also reported in the study by Li ef al. [9]. This study
further verified this phenomenon at the protein level. Its
nuclear localization expression pattern is consistent with
its biological function as a transcription factor. The
characteristic that TRPS1 is extremely low or even not
expressed in adjacent normal tissues makes it show great
application potential in pathological diagnosis practice,
especially in the traceability identification of metastatic
cancer, and it is expected to become a reliable tool for
distinguishing primary breast cancer from metastatic
cancer.

3.2 Association between high TRPS1 expression and
tumor invasiveness

Studies have found that high expression of TRPS1 is
significantly  positively  correlated with  multiple
clinicopathological indicators suggesting strong tumor
invasiveness. In this study, the proportion of grade III
tumors in the high TRPS1 expression group was
significantly higher than that in the low expression group,
suggesting that TRPS1 may be involved in the regulation
of cell dedifferentiation and abnormal proliferation.
Similarly, the association between high TRPSI
expression and advanced TNM stage and lymph node
metastasis suggests that it may promote local invasion
and metastasis of tumors. This is consistent with the
results of basic research on TRPS1. Existing studies have
shown that TRPS1 transcriptionally regulates a series of
downstream target genes, such as the miR-221/222
cluster, and inhibits their expression, thereby relieving the
inhibition of downstream signaling pathways [such as
phosphatase and tensin homolog/protein kinase B
(PTEN/AKT)], and ultimately promoting the proliferation,
migration and invasion of tumor cells [10-12]. In addition,
TRPS1 can also participate in the regulation of EMT by
regulating transcription factors such as zinc finger E-box
binding homeobox 2 (ZEB2), which is an important
mechanism for tumor cells to acquire migration and
invasion capabilities [13]. High TRPSI expression is
significantly correlated with the TNBC subtype. TNBC
has become a difficult point in breast cancer treatment
due to the lack of therapeutic targets, strong invasiveness
and poor prognosis. In this study, nearly 30% of the cases
with high TRPS1 expression were TNBC, and among
TNBC patients, the proportion of high TRPS1 expression
was also as high as 70.37%. This finding has dual
significance. In terms of diagnosis, the high sensitivity
and specificity of TRPS1 make it a powerful tool for
auxiliary diagnosis and differential diagnosis of TNBC,
making up for the deficiency of GATA3 expression loss
in some TNBC [14-15].

3.3 Value of TRPSI1 as an independent prognostic
factor

Prognostic evaluation is an important part of the
clinical management of breast cancer. In this study,
through multivariate Cox regression analysis, after
excluding the interference of traditional strong prognostic

factors such as TNM stage and lymph node status, it was
found that high TRPS1 expression was still an
independent risk factor affecting the 3-year disease
progression of IBC-NST patients. It is suggested that
among patients with similar clinicopathological
characteristics, the risk of disease recurrence or
metastasis in patients with high TRPS1 expression is
more than 2.3 times that of patients with low expression.
The mechanism may lie in the persistence of the core
oncogenic function of TRPS1. By promoting proliferation,
invasion and EMT, TRPS1 may affect tumor stem cell
characteristics or treatment resistance, ultimately leading
to a higher risk of recurrence and metastasis [16-17]. This
study provides clinical evidence from the Chinese
population for the prognostic value of TRPSI1, which is
mutually confirmed by the conclusion reported by Ai et al.
[8] that high TRPS1 expression is associated with shorter
overall survival and disease-free survival. Therefore, in
clinical practice, for breast cancer with high TRPSI
expression, especially those with early stage and no
lymph node metastasis, follow-up should be strengthened,
and adjuvant therapy should be actively applied to
improve the survival of patients.

3.4 Limitations and prospects of the study

This study has the following limitations: First, this
study is a single-center retrospective cohort study with a
small sample size, and there is a risk of selection bias;
second, the follow-up duration is only 3 years, and the
impact of TRPS1 on long-term survival has not been
evaluated; finally, only correlation analysis was carried
out at the protein expression level, and the specific
molecular mechanism of TRPS1 regulating breast cancer
progression has not been deeply explored. In the future,
multicenter large-sample prospective studies can be
carried out to verify its prognostic value, and the
follow-up time can be extended to evaluate its
significance for long-term survival.

In summary, this study confirmed that the novel
biomarker TRPS1 is highly expressed in IBC-NST tissues,
and its expression level is closely related to adverse
clinicopathological features such as histological grade,
TNM stage, lymph node metastasis and TNBC subtype,
and TRPSI1 can be used to predict the prognosis of breast
cancer.
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in invasive breast carcinoma of no special type (IBC-NST) , and to analyze its correlation with clinicopathological
parameters and prognosis. Methods A total of 122 patients diagnosed with IBC-NST at Tangshan Workers’Hospital from
January 2021 to December 2022 were included as research subjects. Among them, 61 patients had normal breast tissues
adjacent to the tumor margin =2 c¢m were collected as controls. The expression status of TRPS1 protein in 122 tumor
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correlation between TRPS1 expression levels and various clinical pathological characteristics. All patients were followed
up for a period of 3 years, and the independent influencing factors affecting patient prognosis were explored using a
multivariable Cox proportional hazards regression model. Results The positive expression rate of TRPS1 in IBC-NST
tissues was 89.34% (109/122), which was significantly higher than that in adjacent non-tumor tissues (14.75%, 9/61) (y’=
98.789, P<0.01). High expression of TRPS1 was significantly correlated with higher histological grading (P=0.002) ,
advanced TNM staging Il (P=0.013), lymph node metastasis (P=0.017) , and triple - negative breast cancer (TNBC)
subtype (P=0.030). Multivariate Cox analysis revealed that TNM staging Il (HR=3.215, 95% CI: 1.642-6.298) , lymph
node metastasis (HR=2.547, 95%CI:1.358-4.813) , and high expression of TRPS1(HR=2.332, 95%CI:1.205-4.514)
were independent risk factors for disease progression during the 3 -year follow-up period. Conclusion TRPS1 exhibits
high expression characteristics in IBC-NST tissues, and its high expression is closely related to the malignant progression
of the tumor and poor prognostic outcomes. It can be served as a potential independent biomarker for assessing the
prognosis of IBC-NST patients.

Keywords: Breast cancer; Invasive breast carcinoma of no special type; Trichorhinophalangeal syndrome type 1;

Immunohistochemistry ; Clinicopathological parameters; Prognosis
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L TT BT R ST R A5 RO ME U 1P Al B 256
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JEE B R, B 3 H 13K, BE DT TR 22 2025 4F 12
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1.4 %tk R SPSS 19.0 #F kA1 50 4
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MR o AR S 2 U A 55, P<0.05 2R 22 57
EENWIE -8
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IBC-NST 4141 rf1 TRPST (1) 5 BH 14 25 1 i 22 18 6 44 ik
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2.2 TRPSI&X 5l RmBA%ey % % MRIETRPSI
FIRIK B 883 43 Ay e IR A (65 i) AL R 3k 20
(57%1) . TRPSI ik 5 ML ML  TNM 5
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A 122w S BE DI TR D 36 S H . FEBED
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Fig.1 Histopathological features of IBC-NST and expression
of TRPS1 protein
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Tab.1  Comparison of TRPS1 expression in IBC-NST tissue and adjacent non-tumor tissue (case)
23 % [k S BHTE(+) PR B (+4+) SR PP (+++) SRR (%)  RIEFE(%)
IBC-NST 414! 122 13 44 39 26 89.34 53.28
TS 61 52 9 0 0 14.75 0
X1E 98.789 50.403
PlE <0.001 <0.001
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Wk LS5 78 G A i B K LI AR DG AT ) o Horp
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s A ST S DR 2R AR R R 4B P<0.1
F7AE B (B35 4L 2L 50 G  TNM 433 ik 0 25 5 R IR
BT3B TRPST 2R IR K LR R T iz AT
B T8 f5 AR DG PR 3R (g R/ ) FE R A 2 5 Cox L
5 XU [T AR, 45 5 7R TNML 33008 T3 A7 AE
W L4557 7% ) TRPS] fmy 2R I8 02 838 3 4R Rl U Hh s
HE AT fE R 2R (P<0.05) . W33,
2 TRPS1#355 IBC-NST S5 I RGBS H Y G £
[$1(%) ]

Tab.2 Relationship between TRPS1 expression and
clinicopathological parameters in patients with IBC-NST

[case(%) ]
k4L IRl
Si7}

e (n=57) (n=65) XZ{H Pl

A <50% 28(49.12) 35(53.85)
0.271 0.602

=50% 29(50.88) 30(46.15)

I UEZ N S 32(56.14) 40(61.54)
0.366 0.545

= 25(43.86) 25(38.46)

R EAE  <2cem 25(43.86) 23(35.38)
0.914 0.339

>2 cm 32(56.14) 42(64.62)

HP Ao g 1T~ 45(78.95) 34(52.31)
9.443 0.002

1123 12(21.05) 31(47.69)

TNM 4348 I~13 46(80.70) 39(60.00)
6.159 0.013

11 i3 11(19.30) 26(40.00)

NREAL S A W 41(71.93) 33(50.77)
5.698 0.017

H 16(28.07) 32(49.23)

ERRA Bt 14(24.56) 25(38.46)
2.698 0.100

FH M 43(75.44) 40(61.54)

PRIRAS B 18(31.58) 28(43.08)
1.709 0.191

FHM: 39(68.42) 37(56.92)

HER2MRZ  FATE 51(89.47) 53(81.54)
1.520 0.218

FHME 6(10.53) 12(18.46)

Ki-6795%50  <20% 22(38.60) 20(30.77)
0.824 0.364

=20% 35(61.40)  45(69.23)

TR Luminal 43(75.44) 34(52.31)
HER2+ 6(10.53) 12(18.46)  7.039 0.030

TNBC 8(14.03) 19(29.23)

F3 I IBC-NST BBk 1Y 2 N K Cox M) 5347
Tab.3 Multivariate Cox regression analysis of factors affecting
disease progression of patients with IBC-NST

A Bl  SE Waldy PH HR(95%CT)

fifRE B4R (>2 cm) 0421 0312 1.823 0.177 1.523(0.827~2.805)
MLBF (M) 0.502 0329 2.329 0.127 1.652(0.867~3.148)
TNMZMB () 1168 0342 11.662 0.001 3.215(1.642~6.298)
WREEEFRZ () 0935 0325 8275 0.004 2.547(1.358~4.813)
ST (TNBC)  0.467 0.381  1.503  0.220 1.595(0.756~3.365)
TRPSI(H#3i5)  0.847 0338  6.284 0.012 2.332(1.205~4.514)

3 3
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