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Abstract

Background The tumor microenvironment (TME) plays a crucial role in various aspects of breast cancer development and
metastasis. Nevertheless, the expression, prognostic significance, and correlation with clinical features of SCARB2 in breast
cancer, as well as the infiltrative characteristics of TME, remain largely unknown.

Methods We analyzed the differential presentation of SCARB2 mRNA in breast cancer tissues and nontumorous breast
tissues and prognosis by The Cancer Genome Atlas (TCGA) and the Genotype-Tissue Expression (GTEx) databases. Addi-
tionally, the Tumor Immunity Estimation Resource (TIMER) was taken to evaluate the correlation between SCARB2 mRNA
presence and tumor-infiltrating immune cells and immune checkpoints in the TME in breast cancer. We performed multiple
immunohistochemical staining to verify the SCARB2 protein expression in breast cancer tissues and its relationship to
immune cells and checkpoints and clinicopathological features.

Results We identified elevated SCARB2 expression in breast cancer tissues, and high SCARB2 protein presentation was asso-
ciated with advanced clinical stage and unfavorable prognosis. In addition, enhanced SCARB2 protein presence was closely
correlated with up-regulation CD66b* neutrophils infiltration in tumor tissues (r=0.210, P <0.05) and CD68 * CD163"*
M2 macrophages in the interstitium (r=0.233, P <0.05), as well as the immune checkpoints, including PD-1 (r=0.314,
P <0.01) protein expression.

Conclusion SCARB?2 holds promise for predicting the clinical outcome of breast cancer patients and could serve as a poten-
tial therapeutic target.
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Introduction

According to the latest data from the American Cancer
Association (ACA), the incidence of breast cancer in women
has been increasing annually, with a recent annual growth
rate of approximately 0.5% [1]. This report also noted that
by 2023, breast cancer is projected to account for 31% of the
most commonly diagnosed cancers in women. Over time,
cancer treatment has undergone obvious changes, shifting
from single-surgical approaches to multidisciplinary treat-
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effects from immunotherapy being observed only in a small
proportion of patients [4]. Therefore, there is a need to iden-
tify accurate biomarkers for assessing the efficacy of immu-
notherapy to further improve the survival of breast cancer
patients.

The TME is a complex composition incorporating cancer-
associated fibroblasts (CAFs), tumor-infiltrating immune
cells (TIICs), angiogenic vascular cells (AVCs), and the
extracellular matrix (ECM) [5-7]. Numerous studies have
revealed a close connection between tumor development and
the TME [6]. During tumor growth, tumor cells dynami-
cally interact with TME components, contributing to can-
cer cell survival, local invasion, and metastatic spread [8].
TIICs, as prominent components of the TME, play a cru-
cial role in tumor development, metastasis, and can serve
as prognostic indicators and treatment response predictors
in cancer patients [6, 9]. Elevated expression of TIICs and
TIICs-related genes has been associated with poor survival
in breast cancer patients [9]. Overexpression of immune
checkpoint molecules such as programmed cell death recep-
tor 1 (PD-1) and its ligand programmed cell death ligand
1 (PD-L1) and cytotoxic T-lymphocyte antigen 4 (CTLA-
4) suppresses immune function and enables cancer cells to
avoid being cleared by the immune system [10]. Therefore,
the identification of biomarkers related to TME is vital for
the treatment and prognosis of breast cancer.

SCARB?2, a member of the scavenger receptor family B
and also known as lysosomal integral membrane protein type
2 (LIMP2), is a lysosomal membrane glycoprotein encoded
by the SCARB2 gene [11, 12]. However, the specific bio-
logical properties of SCARB2 in breast cancer, particularly
its relationship with the TME, remain poorly studied.

In this research, we used bioinformatics techniques to
assess the differential presentation of SCARB2 mRNA in
breast cancer tissues compared to non-cancerous human
breast tissues. The relationship between mRNA abundance
and protein abundance is complex and nonlinear [13]. So
we next evaluated the expression of SCARB?2 protein and
its pertinence to TIICs and immune checkpoints by multi-
ple immunohistochemistry (mIHC) staining, to explore its
immunological and prognostic value in breast cancer.

Methods
Bioinformatics analysis

The differential expression of SCARB2 mRNA was ana-
lyzed by accessing tissue characteristics and clinical infor-
mation from the TCGA (https://portal.gdc.cancer.gov/) and
the GTEx (https://www.gtexportal.org) databases of breast
cancer patients and healthy individuals. To explore the
impact of SCARB2 mRNA on overall survival (OS) in breast
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cancer patients, we utilized GEPIA (http://gepia.cancer-pku.
cn/), a web-based tool that provides interactive and custom-
izable features [14]. Additionally, to assess the relationship
between SCARB2 mRNA and the abundance of TIICs and
immune checkpoints in breast cancer, we employed TIMER
(https://cistrome.shinyapps.io/timer/), a publicly available
resource that enables comprehensive analysis and visualiza-
tion of TIICs [15].

Breast cancer patient samples
and clinicopathological data

The breast cancer samples used in this study were obtained
from the clinical biospecimen bank of Nantong University
Hospital. The sample consisted of 124 breast cancer patients
and 115 non-cancerous individuals who underwent breast
cancer resection at Nantong University Hospital from 2002
to 2010. Samples were prepared using tissue microarray
(TMA) and were expressed as 2-mm diameter cores. Patients
who had received preoperative chemotherapy, radiotherapy,
or immunotherapy were excluded from the sample. Clinical
and pathological data, such as age, molecular subtype, tumor
size, lymph node and distant metastases, and TNM stage
were collected. This thesis was approved by the Human
Ethics Committee of Nantong University Hospital (num-
ber: 2018-K020).

Fluorescence-based mIHC

Due to the mismatch between mRNA and protein expres-
sion levels, we therefore performed mIHC experiments to
explore the relationship between TIICs and SCARB2 protein
presentation [16]. TMA sections were deparaffinized with
xylene and then rehydrated. Antigen retrieval was performed
by heating the slides in AR6 buffer (AR600, AKOYA) using
a microwave. After cooling, the slides were incubated over-
night at 4 °C with the primary antibody reagent. Follow-
ing a half-hour re-warming, secondary antibodies were
added, and staining was performed. Antigens were then
repaired again through heat induction and cooling. Finally,
the nuclei were stained using the DAPI Opal7 Color Tech-
nology Kit (NEL81001KT, USA) and blocked. The slides
were scanned with the Vectra 3.0 automated quantitative
pathology imaging system to obtain positive images of the
biomarkers. The inForm®CellAnalysis software (V.2.6.0)
was employed to differentiate and analyze areas of tumor
cells and stroma cells. The images were then analyzed and
scored, with a positive or negative threshold set for each cell.
The percentage of cells in each region (0—100) was calcu-
lated and scored. The antibodies used in this inspection are
listed as follows: anti-SCARB2 antibody (1:200, ab176317,
Abcam); anti-CD8 antibody (1:1000, 85336s, Cell Signal-
ing Technology); anti-CD3 antibody (1:1000, 85061s, Cell
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Signaling Technology); anti-CD4 antibody (1:100, NBP2-
52663, Novus); anti-CD68 antibody (1:1000, 76437s,
Cell Signaling Technology); anti-CD86 antibody (1:500,
orb388891, Biorbyt); anti-CD163 antibody (1:500, 93498s,
Cell Signaling Technology); anti-CD66b antibody (1:500,
ARG66287, Ango. Biolaboratories); anti-CD20 antibody
(1:1000, ab78237, Abcam); anti-LAMP3 antibody (1:1500,
ab271053, Abcam); anti-cytokeratin antibody (1:4000,
orb69073, Biorbyt).

Statistical analysis

The data were analyzed and processed using X-tile and
SPSS (v.28.0). The differences in SCARB2 protein presen-
tation between malignant and nonmalignant tissue samples
were compared through the Student t-test. SCARB2 protein
presence in breast cancer was divided into high and low
presentation groups using X-tile software, and the correla-
tions between SCARB2 protein expression and previously
obtained clinicopathological parameters and TIICs and
immune checkpoints were determined by Pearson’s Chi-
squared test. Cox regression analysis was exploited to inves-
tigate factors associated with prognosis. A P value <0.05
was considered statistically significant for all tests.
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Results

SCARB2 mRNA expression and its relationship
with prognosis

In this research, clinicopathological data of 1099 breast can-
cer patients were downloaded from the TCGA database and
compared with 292 benign breast tissues from the GTEx
database. The expression of SCARB2 mRNA was signifi-
cantly higher in breast cancer tissues than in non-cancerous
tissues (P <0.001, Fig. 1A). To analyze the prognostic value
of SCARB?2 in breast cancer, we utilized the GEPIA data-
base to assess the impact of SCARB2 mRNA expression
on overall patient survival. High SCARB2 mRNA expres-
sion was strongly linked to lower OS among breast cancer
patients (HR=1.8, P=0.006, Fig. 1B).

SCARB2 protein expression and its relevance
to clinical characteristics and prognosis of breast
cancer

The mIHC assay results showed a conspicuously higher
representation of SCARB2 protein in breast cancer tissues
compared to benign breast tissues (P <0.01, Fig. 2A-C),
which was consistent with the findings of SCARB2 mRNA
presence. Based on the expression of the SCARB2 protein,
we categorized the samples into high and low expression
groups using a cut-off value of 23.42 (0-100). Subse-
quently, we analyzed the relationship between SCARB2
protein presence and clinicopathological features. The
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Fig.1 SCARB2 mRNA presentation in tissues. A SCARB2 mRNA expression levels are higher in cancer tissues. B Low OS is associated with

the over-representation of SCARB2
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Fig. 2 Differential presenta-
tion of SCARB?2 protein and
CD66b in tissues. SCARB2
protein and CD66b expression
in A breast cancer tissues and

B non-cancerous tissues. CK:
cytokeratin. Scale bar, 20 pm. C
Difterences in SCARB2 protein
representation between breast
cancer tissues and paracancer-
ous tissues. D Patients with high
SCARB?2 expression showed
conspicuously unfavorable
survival than patients with low
SCARB?2 expression
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results revealed a visible association between SCARB2
and the TNM stage (P=0.019, Table 1).
TNM stages III-IV had relatively greater protein presence
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of SCARB?2 in their breast cancer tissues than patients
with stages I-II. Nevertheless, no palpable relevance was
detected with age, molecular subtype, tumor size, lymph
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Table 1 Relationship between the expression of SCARB2 and clin-
icopathological characteristics in breast cancer patients

Characteristic n SCARB2 expression  Pearson X> P value
Low orno High
Total 124 77 (62.1) 47 (37.9)
Age 1.087 0.297
<60 86 56 (65.1) 30(34.9)
>60 38 21(55.3) 17(44.7)
Molecular sub- 1.910 0.752
type
Luminal A 26 16(61.5) 10(38.5)
Luminal B 21 13(61.9) 8(38.1)
HER2 25 16(64.0) 9 (36.0)
Triple negative 27 19(70.4) 8(29.6)
Unknown 25 13 12
T 7.353 0.118
Tis+T1 52 38(73.1) 14(26.9)
T2 58 33(56.9) 25(43.1)
T3 10 5(50.0) 5 (50.0)
T4 2 0(0.0) 2 (100.0)
Unknown 21 1
N 3.949 0.413
NO 77 51(66.2) 26(33.8)
N1 15 9(60.0) 6 (40.0)
N2 17 9(52.9) 8 (47.1)
N3 10 4 (40.0) 6 (60.0)
Unknown 5 4 1
M 2.816 0.245
MO 113 71(62.8) 42(37.2)
Ml 6 2(33.3) 4(66.7)
Unknown 5 4 1
TNM stage 9.941 0.019*
0+1 36 29(80.6) 7(19.4)
I 53 29(54.7) 24(45.3)
r+1v 29 14 (48.3) 15(51.7)
Unknown 6 5 1

T, tumor size; N, lymph node metastasis; M, distant metastasis;
TNM, tumor-node-metastasis

*P <0.05 indicates a significant association among the variable

node metastasis, and distant metastasis (P > 0.05, Table 1).
To further investigate the relation between SCARB2 pro-
tein expression, clinicopathological characteristics, and
prognosis in breast cancer, Cox regression analysis was
utilized. The results of univariate regression analysis dem-
onstrated correlations between SCARB2 protein presen-
tation, tumor size, lymph node metastasis, distant metas-
tasis, TNM stage, and OS (Table 2). Multifactorial Cox
survival analysis confirmed that SCARB2 can serve as
an independent prognostic predictive biomarker for breast
cancer (HR 2.893; 95% CI 1.107-7.556; P=0.03), along

with TNM stage as another independent prognostic factor
(HR 5.805; 95% CI 2.567-13.125; P =0.005) (Table 2).
Kaplan—Meier curve analysis illustrated that breast cancer
patients with high SCARB2 protein expression had poor
outcomes (P <0.05, Fig. 2D), suggesting that SCARB2
protein presence is a reliable predictor of prognosis in
breast cancer patients.

Association of SCARB2 presentation with TIICs

Considering the importance of the tumor immune micro-
environment in breast cancer progression, it is crucial to
explore the connection between SCARB2 and TIICs,
which has not been addressed in this study. According to
the TIMER database, SCARB2 mRNA expression was
significantly relevant to the abundance of immune infiltra-
tion cells, including neutrophils (r=0.192, P =2.40e—09),
macrophages (r=0.331, P=1.40e—26) and CD8" T cells
(r=0.362, P=1.63e—31) (Fig. 3A). However, no appar-
ent correlation was observed with the abundance of B
cells and CD4" T cells (Fig. 3A). Furthermore, we mined
the relationship between SCARB2 protein expression and
the abundance of TIICs through mIHC experiments. The
results revealed that high representation of SCARB?2 pro-
tein exhibited a noticeable positive relativity with the abun-
dance of CD66b* neutrophils in tumor tissues (r=0.210,
P=0.027) (Fig. 3B) and CD68*CD163* M2 macrophages
in the interstitium (r=0.233, P=0.014) (Fig. 3C). Although
CD37CD4* T cells, CD3TCDS8* T cells, CD20" B cells,
and CD687CD86* macrophages were infiltrated in the TME
of breast cancer (Fig. 3D), there was no marked pertinence
were observed between SCARB2 and their abundance
(P>0.05, Fig. 3E, F).

Correlation of SCARB2 expression with immune
checkpoints

We evaluated the connection between immune checkpoints
and SCARB2 mRNA presentation. Breast cancer patients
with increased SCARB2 mRNA expression had higher
PD-LI (CD 274) mRNA expression (r=0.29, P=9.13e—-23,
Fig. 4A). Meanwhile, PD-1 (PDCD1) and CTLA-4 did not
show palpable differential representation (Fig. 4A). We fur-
ther validated the relationship between SCARB?2 protein
presentation and immune checkpoints in breast cancer tis-
sues. PD-1 protein expression was greater in the SCARB2
enhanced expression group (P=0.0027, Fig. 4B). SCARB2
protein representation was positively correlated with PD-1
presence (r=0.314, P <0.01, Fig. 4C). The results were not
fully consistent with mRNA expression level. We were able
to observe PD-1 presentation in breast cancer (Fig. 4D).
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Table 2 Univariate and
multivariable analysis of

Univariate analysis Multivariate analysis

prognostic factors for OS in HR (95% CI) P>zl HR (95% CI) P>zl
breast cancer patients

SCARB?2 expression in cancer 3.232 0.013* 2.893 0.030*

High versus Low (1.287-8.114) (1.107-7.556)

Age (years) 1.891 0.164

<60 versus > 60 (0.771-4.642)

Molecular subtype 1.252 0.165

Luminal A versus Luminal B versus (0.912-1.720)

HER?2 versus Triple Negative

T 2.678 <0.001*

Tis+T1 versus T2 versus T3 (1.662-4.315)

N 2.601 <0.001*

NO versus NI versus N2 versus N3 (1.762-3.841)

M 16.471 <0.001*

MO versus M1 (4.414-61.468)

TNM 5.626 <0.001* 5.805 <0.001*

0+1 versus II versus I + 1V

(2.565-12.336) (2.567-13.125)

HR, Hazard ratio; CI, confidence interval; T, tumor size; N, lymph node metastasis; M, distant metastasis;

TNM, tumor-node-metastasis
*P <0.05

Discussion

Breast cancer is one of the most prevalent and deadliest
malignant tumors affecting women worldwide [17], sig-
nificantly impacting their health and safety [18]. However,
breast cancer treatment faces a critical challenge due to drug
resistance [19], and early diagnosis, treatment monitoring,
and prognostic evaluation play a vital role in the survival
outcome of breast cancer patients [17]. Consequently, identi-
fying specific biomarkers to predict treatment outcomes and
prognosis has become a primary focus of our thesis.

Recent pan-cancer studies have reported variable
SCARB?2 presence in tumor and normal tissues depend-
ing on the cancer type [20]. In our investigation, we found
that SCARB2 expression was relatively higher in breast
cancer tissues. Further analysis of the relationship between
SCARB2 presentation and OS in breast cancer patients indi-
cated that SCARB2 over-representation in breast cancer was
associated with dismal survival. Multivariate Cox survival
analysis identified SCARB2 as an independent prognostic
factor. Additionally, the exploration of SCARB2 and clinico-
pathological features showed a distinct connection between
SCARB?2 and the TNM stage. Based on these findings, we
propose that SCARB2 may be involved in the disease pro-
gression of breast cancer and demonstrate its clinical value
as a prognostic marker.

TME plays an essential role in breast cancer develop-
ment [21], and TIICs are instrumental in disease progres-
sion and patient prognosis for various malignancies [22].
Among these TIICs, neutrophils, as the most abundant
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circulating leukocytes and immune and inflammatory cells
infiltrating the TME [23, 24], play a pivotal role in tumor
promotion [25] and are considered one of the most criti-
cal TIICs that promote cancer progression and metastasis
[26]. In breast cancer patients, neutrophils usually infil-
trate the carcinoma tissue [27].

Tumor cells produce a variety of potent neutrophil che-
moattractants and activators, which in turn recruit circulat-
ing neutrophils to tumor tissues to form TANs, which are
recruited to the tumor microenvironment and synthesize
and secrete a large number of proteases to participate in
the remodeling of the tumor microenvironment, leading to
the accumulation of more inflammatory cells [28]. TANs
can regulate tumor growth and progression in TME by
secreting a variety of cytokines, including TGF-p2, IL-1,
TNF-a, IL-12, G-CSF, vascular endothelial growth factor
(VEGF), CC-family chemokines, CXC-family chemokines
[29]. During tumor proliferation, TANs play a role in
synthesizing and secreting related proteases. Neutrophil
elastase (NE) is one of the most important ones [30]. High
levels of NE can promote the proliferation of breast cancer
cells, and after silencing the NE gene in mice, the growth
rate of tumors was significantly slowed down and the size
of tumors was significantly reduced [31]. In most clinical
studies, a large number of infiltrating TANSs is considered
to be one of the indicators of poor prognosis in patients
with various malignant tumors [32]. Removing the infiltra-
tion of TANSs in tumor tissues and suppressing the inflam-
matory state of the body is expected to be an effective way
to inhibit tumor progression [33].



Breast Cancer Research and Treatment (2024) 207:15-24 21
Purity B Cell CD8+ T Cell CD4+ T Cell Macrophage Neutrophil
94 ° cer = -8.045) 0% partial.cor = 0.056 [ partial.cor=0.362| |e ® o partial.cor=0.012| | ® e partial.cor = 0.331 o ° e partial.cor = 0.192
" i) = 1686501 o0 = 7.82e-02 p=163e-31 p = .05e-01 p = 1.40e-26 p = 2.40e-09
L .

~
BRCA

SCARB2 Expression Level (log2 TPM)

0.25 0.50 0.75 1.00 0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.2 0.4

CD66b

Infiltration Level

Tumor Region

0.0 0.1 0.2 0.3 0.4

i\ SCARB2
CD20+ 4 7 i + + +
CD20+
CD66b+ - CDB6b+
CD3+- “ “H A+ A CD3+
CD3+CD4+ - “ i = + 4 4 CD3+CD4+
1 CD3+CD8+
CD3+CD8+ o 7 = +
A CD68+CD163+
CD68+CD163+ - 7 il + + CD68+
1
CcD68+ - il —+ 4+ +
T T T %C)‘?~
0 10 20

Fig.3 The connection between the presentation of SCARB2 and the
degree of TIIC abundance. A SCARB2 mRNA presence was posi-
tively related to macrophages, neutrophils, CD8* T cells, and NK
cells, and not clearly connected with B cells and CD4" T cells. B
CD66b* neutrophils were enriched in tumor areas with high expres-
sion of SCARB2 protein. C The high presence of SCARB2 protein in

SCARB2
CD20+
CDB6b+ p<005
Cor
. m o
05
CD3+CD4+ 00
CD3+CD8+ [ 05
-10
CD68+CD163+
CDes+
K
s

the stroma region showed a higher proportion of CD68*CD163* M2
macrophages. Scale bar, 20 pm. CK: cytokeratin. D Penetration lev-
els of TIICs in breast cancer. Correlation analysis of SCARB2 protein
with TIICs in E tumor and F mesenchymal regions of breast cancer.
*P<0.05

@ Springer



22

Breast Cancer Research and Treatment (2024) 207:15-24

>

Expression Level (log2 TPM)

PD-1 Expression

PD-1

SCARB2 SCARB2 SCARB2
51 . . cor=-0097 | o ol cor=029| =51 . cor = -0.027
. ¢ %e [P= 1.23e-03 | o p=9.13e-23 | o . s p = 3.8e-01
44 b = (] o % e 'o. .
D 4 o .
$ 9 S
34 = o = < = 34 <
3 ¢ |5 213
o [0} o [0] =
240 - (&) o | 24 &)
c 24 (=
0 9
@ @
17 Q o 11
o o
x x
04 o W
5 6 7 8 9 5 6 7 8 9 5 6 7 8 9
Expression Level (log2 TPM) Expression Level (log2 TPM) Expression Level (log2 TPM)
p =0.0027 p=0.39 p=0.19
100 ' ® 100 ‘o F 100 1 : Yy
%4 7t s ’
@ ©
80 ." . 801 *‘ c 807 %S *,
eafl Ke) o -% ®
» ® g0 a L of
'} 3 o o o
60 S 604 g 60+ o
o X [ ]
p o ® u>j w 0.0
° & — T o % .
40 - ° ° + 40 ) < 401 °
o o ® o 2 o 5
° o, e 3‘ = o o Iy
20 . 20 3‘ 20 o%® ‘.‘o
r'3 ® %
° g’
[ ® [ 0 1 [ 0 1 ‘.' °
T T T T T
SCARB2 high SCARB2 low SCARB2 high SCARB2 low SCARB2 high SCARB2 low
100 4 100 A
100 a
'
75 A
- i
-
I 4 << 4
50 4 50 3 50
] a (@]
25 25 4 25 4
Spearman Spearman Spearman
L] R=0.314 R=0.118 R=0.105
04 P <0.001 04 P=0213 0 P=0.268
T T T T T T T T ] T T T
0 25 50 75 0 25 50 75 0 25 50 75
SCARB2 SCARB2 SCARB2

Merge

@ Springer




Breast Cancer Research and Treatment (2024) 207:15-24

23

«Fig.4 A The relationship between SCARB2 mRNA expression with
PD-1 (PDCD1), PD-L1 (CD274), and CTLA-4 (CTLA4) mRNA
expression. B PD-1, PD-L1, and CTLA-4 protein presentation in high
and low presentation motifs of SCARB2 protein. C The correlation of
SCARB?2 protein presence with immune checkpoints including PD-1,
PD-L1 and CTLA-4 in breast cancer tissues. D The representative
mIHC images of PD-1 expression in breast cancer tissues

Scavenger receptors can promote cancer progression
by influencing the function of tumor-associated immune
cells [20], making them potential diagnostic and prognostic
biomarkers, as well as therapeutic targets for cancer [34,
35]. As a member of the scavenger receptors, SCARB2 is a
selective receptor for the enterovirus EV71, coxsackievirus,
and p-glucosylceramide cerebrosidase, and is involved in
immunization, viral or bacterial infections, and a variety of
other biological processes [36]. SCARB2 presentation was
greater in glioma cell lines than in normal glial cells [37].
Meanwhile, SCARB?2 plays a vital role in innate immune
cells, and SCARB2 was highly expressed in peripheral
blood plasma cell-like dendritic cells [38]. Furthermore,
SCARB?2 exhibits distinct properties that can impact the
immune microenvironment in patients with hepatocellular
carcinoma and is involved in altered pathways in renal cell
carcinoma, including PI3K-Akt, Foxo, endocytosis, MAPK,
tight junction, and cytokine-cytokine-receptor interaction
pathways [39]. In conclusion, there is increasing evidence
that SCARB?2 is involved in the immune response and plays
a key role.

Our analysis suggested an apparent association between
SCARB2 and TME in breast cancer. Increased SCARB2
content in breast cancer tissues corresponded to elevated
TAN levels. These findings highlight SCARB?2 as a potential
prognostic biomarker allied to TANs, with promising impli-
cations for breast cancer clinical outcome and treatment.

PD-1 attaches to PD-L1, and the interaction between the
two inhibits T lymphocyte proliferation, survival and effec-
tor functions, and transmits negative co-stimulatory signals
that limit T cell activation [40, 41]. Overexpression and
binding of PD-1 and PD-L1 to cancer cells or TME ligands
leads to T cell attenuation, thus allowing tumor cells to avoid
immune-mediated destruction [42]. Immunotherapy, which
utilizes immune checkpoint inhibitors targeting PD-1 and
PD-L1 thereby improving the prognosis and survival of can-
cer patients, has been shown to be effective in breast cancer
patients [41, 43]. Herein, SCARB2 protein expression was
obviously and positively correlated with PD1 in breast can-
cer tissues. SCARB2 may serve as a new immune-related
biomarker to provide a new rationale for immunotherapy in
breast cancer.

It is crucial to acknowledge the limitations of our
study, which was conducted at a single center rather than
a multicenter and utilized a retrospective rather than a
prospective design. The use of a single center may limit

the generalizability of our findings to a broader popula-
tion. Additionally, the retrospective nature of our study
design may introduce biases in data collection, analysis,
and interpretation. Finally, further cytological experiments
are necessary to validate the impact of SCARB2 on prog-
nosis by elucidating its role in regulating the mechanisms
of TME in breast cancer. These experiments will provide
a deeper understanding of the underlying mechanisms and
help translate our findings into clinical applications.

In conclusion, our research elucidated that SCARB2
presence is upregulated in breast cancer and strongly cor-
related with unfavorable survival. Additionally, the infil-
tration of neutrophils in the TME may play a conspicuous
role in breast cancer progression and patient outcomes.
SCARB2 may be a new target for prognostic and immu-
notherapeutic treatments of breast cancer.
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