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Stromal immune cells expression
of Siglec-15 is associated

with lower T stage and

better prognosis of urinary
bladder cancer

Chengbiao Chu, Yao Fu, Jun Yang, Xiangshan Fan*
and Jiong Shi*

Department of Pathology, Nanjing Drum Tower Hospital, Nanjing, China

Introduction: Sialic acid-binding immunoglobulin-like lectin 15 (Siglec-15) is a
novel immune checkpoint, similar to programmed death-ligand (PD-L1), and has
emerged as a potential target for cancer immunotherapy. Until recently, little was
known about the expression and role of Siglec-15 in bladder cancer (BC).

Methods: In this study, we used immunohistochemical staining to assess the
expression of Siglec-15 and PD-L1 in 69 primary BC samples and analyzed their
relationship with clinicopathologic characters and prognosis.

Results: The expression rates of Siglec-15 in the tumor cells, stromal immune
cells, and both the tumor and stromal cells were 84.1% (58/69), 50.7% (35/69),
and 44.9% (31/69), respectively. The PD-L1 expression rate was 52.2% (36/69),
with a positive rate of 17.4% (12/69). PD-L1 expression was inversely correlated
with Siglec-15 expression, but the statistical significance was not achieved (P =
0.072). Low stromal Siglec-15 expression was associated with advanced tumor
stage (P = 0.010). PD-L1 expression was associated with tumor stage (P = 0.008)
and perineural invasion (PNI) (P = 0.048). Kaplan-Meier survival curves showed
that stromal Siglec-15 expression was associated with a better prognosis (P =
0.012), although it was not an independent prognostic factor after multivariate
analysis (P = 0.236) .

Discussion: This study revealed a high expression rate of Siglec-15 in BC and may
provide valuable insights for patient selection in future clinical trials.
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Introduction

Bladder cancer (BC) is the most common malignant tumor of
the urinary tract, with urothelial bladder carcinoma being the most
prevalent type (1). As of 2024, BC is the fourth most common
cancer diagnosed in men (2). In China, the incidence rate of BC is
9.29 per 100,000 people, and this rate has been gradually increasing
in recent years (3). Although bladder cancer is treated extensively
with surgery, chemotherapy, and radiotherapy, the outcomes have
not significantly improved over the past years (4). Muscle-invasive
BC has a poor prognosis due to pelvic lymph nodes involvement or
distant metastasis. Additionally, the multi-centric origin of tumors,
chemotherapy resistance, and a high recurrence rate contribute to
the poor disease prognosis and treatment response for BC patients
(5). Therefore, there is an urgent need for new potential biomarkers
and therapeutic targets in BC.

In recent years, immune checkpoint inhibitors have shown
remarkable therapeutic potential for BC patients (6). Among
these, Programmed Death-Ligand 1 (PD-L1) inhibitors have
demonstrated good efficacy in the treatment of BC. Moreover, the
PD-L1 molecules on the surface of tumor cells are closely related to
the therapeutic effects and survival prognosis (7). Additionally,
increasing evidence has unveiled the immunosuppressive effect of
Siglec-15 and recognized it as a potential target for tumor
immunotherapy. Siglec-15 is a cell surface sialic-acid-binding
receptor highly conserved in vertebrates. Siglec-15 widely
expressed in specific tumor cells and tumor-associated
macrophages (8, 9). The regulatory role of Siglec-15 in the tumor
immune response was first discovered by Wang et al. in 2019 (9).
The Siglec-15 expression is frequently upregulated in certain types
of cancer, including lung, colon, endometrial, bladder, renal, liver
and thyroid cancers (Supplementary Table S1) (10, 11). The
interaction between Siglec-15 and tumor-associated sialyl-Tn
antigen promotes the secretion of TGF-f, which leads to
immunosuppression via the DAP12/Syk pathway (12). Data from
The Cancer Genome Atlas (TCGA) showed that Siglec-15 mRNA
overexpression had significantly associated with reduced
progression-free survival in lung cancer patients, suggesting that
Siglec-15 could serve as an important prognostic biomarker (13).
Moreover, the expression of Siglec-15 on peritumoral macrophages
in primary central nervous system lymphoma correlated with better
prognosis (14). Shafi et al. found that Siglec-15 expression in 89% of
BC using immunofluorescence, though it was not associated with
prognosis (11). Nevertheless, the association between Siglec-15
expression and BC outcomes requires further research.

Although Siglec-15 and PD-LI share structural similarities,
their roles in immune regulation differ, likely driven by distinct
signaling pathways (9). Siglec-15 primarily suppresses anti-tumor
immunity by regulating the functions of macrophages and dendritic
cells, whereas PD-L1 inhibits T cell activation through binding to
PD-1. Notably, the expression of Sigle c-15 was mutually exclusive
with that of PD-L1: the latter was induced by IFN-y, whereas Siglec-
15 was downregulated. Targeting Siglec-15 could present a new
therapeutic approach for patients with low or absent PD-LI
expression, who may not benefit from current PD-1/PD-L1
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checkpoint blockade therapies. Since immune checkpoint
inhibitors show limited efficacy in tumors with low PD-L1
expression, developing drugs to inhibit Siglec-15 may ofter an
alternative immunotherapy option (15). Investigating the
differential expression of Siglec-15 and PD-L1, along with their
effects on immune suppression across various patient subgroups,
could help identify those most likely to benefit from tailored
immunotherapy approaches.

In this research, we evaluated the expression of PD-LI and
Siglec-15 using immunohistochemical staining. We analyzed the
association of PD-L1 and Siglec-15 expression with
clinicopathological features and prognostic parameters in BC.

Materials and methods
Patient cohort and follow-up

This study comprised of 69 BC patients (age, 43-92 years), who
underwent radically cystectomy at Nanjing Drum Tower Hospital
(Nanjing, China) from 2015 to 2017. Tissue samples were formalin
fixed and paraffin embedded (FFPE). The tumor tissues were
pathologically confirmed to be invasive high-grade urothelial
carcinoma of the bladder, including muscle-invasive bladder
cancer (MIBC) and non-muscle-invasive bladder cancer
(NMIBC). The following demographic and clinicopathological
features were collected: age, sex, tumor grade, pathological
staging, positive lymph nodes, presence of squamous metaplasia,
lymphovascular invasion (LVI) and perineural invasion (PNI), and
follow-up data. The experiment was ethically approved by the
Ethics Committee of Nanjing Drum Tower Hospital (No. 2021-
452-01).

Immunohistochemical staining and
assessment for Siglec-15 and PD-
L1 expression

Tissue samples were FFPE and sectioned at a thickness of 4 pm.
For staining, the deparaffinized sections were immersed in xylene
and hydrated with decreasing concentrations of ethanol. Slides were
boiled in sodium citrate antigen retrieval buffer (10 mM, pH 6.0) for
20 minutes. After cooling to room temperature, slides were
immersed in a methanol solution containing 3% H,O, to block
endogenous peroxidase activity for 25 minutes. The sections were
then incubated with the rabbit anti-Siglec-15 polyclonal antibody
(PA5-72765; Invitrogen, Carlsbad, CA, USA; 1:500 dilution) at 4°C
overnight. Finally, sections were developed with 3.3'-
diaminobenzidine (Envision system 2-Solution DAB Kit),
counterstained with Carazzi’s hematoxylin, dehydrated in alcohol,
cleared with xylene, and mounted.

The positive control reactions were human kidney and prostate
cancer tissue. Negative control reactions were performed by
omitting the primary antibody from the dilution buffer.
Immunohistochemical evaluations of Siglec-15 expression were
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independently performed by two pathologists using Olympus BX41
microscopes. In BC, Siglec-15 protein expression was detected both
in tumor cells and in cells from the tumor microenvironment,
including mononuclear immune cells (Figure 1). Siglec-15
expression on tumor cells and tumor-infiltrating stromal/immune
cells were assessed by IHC. For positive staining in tumor and
stroma, the most intensively stained region was initially selected
with a low-power magnification (x100). The percentage of
positively stained cells was then calculated from the observation
of 5 random sections at a higher magnification (x200). A total of
100 tumor cells were counted in each section, and the number and
intensity classification of the positive-stained cells was determined.
The immunoreactive score (IRS) system was used. The staining
intensity classification was as follows: 0, unstained; 1, light yellow; 2,
brownish yellow; and 3, tan. The percentage score for positive cells
was classified as follows: 0 is negative; 1, 10% positive cells; 2, 11-
50% positive cells; 3, 51-80% positive cells; and 4, more than 80%
positive cells. IRS = SI (staining intensity) x PP (percentage of
positive cells). Based on IRS, the staining was categorized as
negative (IRS, 0) and positive (IRS, 1-12). The association
between the expression of Siglec-15 and pathological parameters
of patients was analyzed.

PD-L1 expression was assessed utilizing the pharmDx
immunohistochemistry assay (PD-L1 IHC 22C3) and recorded
according to the combined positivity score (CPS) formula. The
CPS formula calculates the percentage of PD-LI1-positive cells
(tumor cells, lymphocytes, macrophages) relative to the total
number of tumor cells. A CPS score of 210 was deemed
indicative of positivity. This methodology adhered to Food and

10.3389/fonc.2024.1437006

Drug Administration (FDA) guidelines for PD-L1 testing in
urothelial carcinoma (16).

Statistical analysis

The relationship between Siglec-15, PDL1 expression and
clinicopathologic parameters was analyzed by the y2 test and
Fisher’s exact test. Spearman’s rank correlation was used to
analyze the correlation between Siglec-15 and PD-L1 expression.
Overall survival (OS) and cancer specific survival (CSS) were
estimated by the Kaplan-Meier method with the log-rank test.
Survival curves were generated using the R package survfit
function. Cox hazard proportion model was performed for
multivariate analysis. Two-side P < 0.05 was regarded statistically
significant difference. The statistical software SPSS v21.0 (IBM
Corporation, Armonk, NY, USA) and R software v4.1.1 were used.

Results
The expression of Siglec-15 and PD-L1

We enrolled 69 patients (ages 43-92 years) with primary
urothelial carcinoma of the bladder. Siglec-15 expression rates
were observed as follows: 84.1% (58/69) in tumor cells, 50.7%
(35/69) in stromal cells, and 44.9% (31/69) in both tumor and
stroma (Figure 2). Among the tumor cells, 33 (56.9%) showed
cytoplasmic Siglec-15 expression, while 25 (43.1%) displayed

FIGURE 1

(CPS: 30), 200x.

Siglec-15 and PD-L1 expression by immunohistochemistry in bladder cancer tissue samples. (A) Siglec-15 expression in intratumoral mononuclear
infiltrating cells in bladder cancer (IRS: 1), 200x; (B) Siglec-15 cytoplasmic expression in tumor cells (IRS: 12), 400x; (C) Siglec-15 expression in
stromal mononuclear infiltrating cells (IRS: 9) and tumor cells (IRS: 8), 400x; (D) PD-L1 expression in tumor cells and infiltration of immune cells
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FIGURE 2

The bar chart representing the Siglec-15 expression rates: 84.1% in
tumor cells, 50.7% in stromal cells, and 44.9% in both tumor

and stroma.

nuclear Siglec-15 expression (Figures 1A-C). Regarding the
intensity of Siglec-15 expression in tumor cells, 28 cases (47.5%)
were mildly positive (IRS 1-3), 26 cases (44.8%) were moderately
positive (IRS 4-8), and 4 cases (6.9%) were strongly positive (IRS 9-
12). Additionally, 25 cases (71.4%) exhibited mildly positive stromal

10.3389/fonc.2024.1437006

cell expression, while 10 cases (28.6%) showed moderate expression,
with no instances of strong expression observed. There was no
significant correlation between tumoral and stromal Siglec-15
expression (R=0.125, P = 0.306). PD-L1 status was available for
all 69 bladder cancer samples we examined. The expression rate of
PD-L1 in BC samples was 52.2% (36/69), with a positivity rate
(CPS=10) of 17.4% (12/69) (Figure 1D). Although an inverse
correlation with PD-L1 and Siglec-15 was noted, statistical
significance was not achieved (R =-0.220, P = 0.072).

Relationship between PD-L1 and Siglec-15
expression and
clinicopathological characteristics

The clinicopathological features of the patients, categorized by
Siglec-15 and PD-L1 status, are summarized in Table 1. Regarding
the Siglecl5 and its relationship with clinicopathological
parameters, tumoral expression was significantly higher in male
patients compared to female patients (P = 0.038). However, no
significant associations were found between tumoral Siglec-15
expression and other clinicopathological features, including age, T
stage, N stage, LVI, PNI, squamous metaplasia, and survival status.
Additionally, we also compared the differences in Siglec-15

TABLE 1 Clinicopathological features stratified by Siglec-15 and PD-L1 status.

Tumoral Siglec-15

Stromal Siglec-15

Variable T°6tgl'(°/':l) = Positive, Negative, p Positive, Negative, p
N =58 N = 11(%) Value N =35 N = 34 Value
(%) (%) (%) <10
Age(years) 0.627 0.040 0.638
>65 33(47.8) 27(46.6) 6(54.5) 21(60.0) 12(35.30 28(49.1) 5(42.7)
<65 36(52.2) 31(53.4) 5(45.5) 14(40.0) 22(64.7) 29(50.9) 7(58.3)
Sex 0.038 0348 0.056"
Male 54(78.3) 48(82.8) 6(54.5) 29(73.5) 25(82.9) 42(73.7) 12
(100.0)
Female | 15(21.7) 10(17.2) 5(45.5) 6(26.5) 9(17.1) 15(26.3) 0
T stage 0356 0.010 0.008
T1 17(24.6) 14(24.6) 3(27.3) 13(24.6) 4(11.8) 15(26.3) 2(16.7)
T2 40(58.0) 34(58.0) 6(54.5) 20(57.1) 20(58.8) 34(59.2) 6(50.0)
T3 6(8.7) 6(8.7) 0(0) 2(5.7) 4(11.8) 6(10.5) 0(0)
T4 6(8.7) 6(8.7) 2(18.2) 0(0) 6(17.6) 2(3.5) 4(33.3)
N stage 0.422 0326 0.548
NO 56(81.2) 48(82.8) 8(72.7) 30(85.7) 26(76.5) 47(82.5) 9(75.0)
N+ 13(18.8) 10(17.2) 3(27.3) 5(14.3) 8(23.5) 10(17.5) 3(25.0)
LVI 0.188 0.113
No 43(62.3) 34(58.6) 9(81.8) 25(71.4) 18(52.9) 36(63.2) 7(58.3)
Yes 26(37.7) 24(41.4) 2(18.2) 10(28.6) 16(47.1) 21(36.8) 5(41.7)
(Continued)
Frontiers in Oncology 04 frontiersin.org
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TABLE 1 Continued

Tumoral Siglec-15

10.3389/fonc.2024.1437006

Stromal Siglec-15

vaable | “espn | ol | Neostus | p | Fesits | Neathe |
(%) alue (%) %) Value <10
PNI 0.490 * 0.095 0.048°
No 49(71.0) 20(69.0) 9(81.8) 28(80.0) 21(61.8) 39(68.4) 10(83.3)
Yes 20(29.0) 18(31.0) 2(18.2) 7(20.0) 13(38.2) 1831.6) | 2(16.7)
Squamous metaplasia 0364 * 0.703 0.390
No 58(84.1) 50(86.2) 8(72.7) 30(85.7) 28(82.4) 49(86.0) | 9(75.0)
Yes 11(15.9) 8(13.8) 3(27.3) 5(14.3) 6(17.6) 8(14.0) 3(25.0)
Status 0516 * 0.010 0333
Alive 43(62.3) 35(60.3) 8(72.7) 27(77.1) 16(47.1) 37(64.9) | 6(50.0)
Death 26(37.7) 23(39.7) 3(27.3) 8(22.9) 18(52.9) 2035.1) | 6(50.0)
“Fisher-exact test. Bold value indicates a significant difference.
LVI, Lymphovascular invasion; PNI, Perineural invasion.
expression intensity with clinicopathological parameters [Discussion

(Supplementary Table S2). The intensity of tumoral Siglec-15
expression was associated with the patient’s gender (P = 0.011).
and lymph node metastasis (P = 0.027). Interestingly, the status and
intensity of stromal Siglec-15 expression were associated with BC
survival outcomes, age, and T staging. Low-stage carcinoma
exhibited higher stromal Siglec-15 expression compared to high-
stage carcinoma (P = 0.010). In other words, the stromal expression
level of Siglec-15 was higher in NMIBC compared to MIBC (P =
0.014). PD-L1 expression correlated with total pathological stage (P
= 0.008) and PNI (P = 0.048), but not with other parameters.

Association of PD-L1 and Siglec-15
expression with clinical outcomes

The median follow-up of the series was 56 months (range 1-89
months). Kaplan-Meier curves showed that stromal Siglec-15
positivity was significantly linked to better OS (P = 0.012,
Figure 3B) and CSS (P = 0.011, Figure 4B). In contrast, tumoral
Siglec-15 expression did not display a significant correlation with
either OS (P = 0.527, Figure 3A) or CSS (P = 0.426, Figure 4A). PD-
L1 overexpression was significantly associated with worse CSS (P =
0.018, Figure 4C), but not with OS (P = 0.153, Figure 3C). Co-
expression of Siglec-15 and PD-L1 also did not correlate with OS (P
=0.220, Figure 3D), but was significantly associated with worse CSS
(P = 0.014, Figure 4D). Univariate Cox regression analysis showed
that age, T stage, LVI, PNI, stromal Siglec-15 status were associated
with OS (Table 2). However, multivariate analysis revealed that
stromal Siglec-15 expression is not independently associated with
prognosis (P = 0.236).

Frontiers in Oncology

The association between Siglec-15 expression and outcomes in
BC patients was investigated through immunohistochemical
staining of 69 BC specimens. We found the 84.1% of BC
specimens expressed Siglec-15 in bladder tumor cells. High
Siglec-15 staining scores in the stromal immune cells of BC was
associated with lower T staging and a favorable prognosis, even
though it was not identified as an independent prognostic factor.

Siglecs are sialic-acid-binding immunoglobulin-like lectins
predominantly expressed by cells of the immune system. Siglec-15 is
notably upregulated in various human cancers and functions as a key
immunosuppressive factor (9). Siglec-15 is primarily expressed on the
cell membrane. As a transmembrane protein, Siglec-15 is typically
localized on the surface of the cell membrane, especially in tumor cells
and tumor-associated immune cells such as macrophages and dendritic
cells. Its membrane expression facilitates interactions between cells,
particularly during immune evasion, where it helps suppress the
immune system’s attack on tumor cells. However, we observed that
Siglec-15 is expressed in both the cytoplasm and on the cell membrane.
The cytoplasmic staining may reflect intracellular stores of Siglec-15,
which may be involved in its trafficking to the cell surface or reflect
newly synthesized protein in the secretory pathway. The specific
significance and mechanisms of Siglec-15 expression in both the
cytoplasm and cell membrane require further research.

We found a significant association between PD-L1 expression
and pathological T stage, as most tumors that expressed PD-L1 were
of high stage, similar to the results of other studies (17, 18).
Interestingly, we also observed that Siglec-15 was associated with
high-stage tumors. Our data showed an inverse correlation between
Siglec-15 expression and PD-L1, but statistical significance was not
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Kaplan—Meier curve of overall survival (OS). (A) According to the tumoral Siglec-15 expression; (B) According to the stromal Siglec-15 expression.
(C) According to PD-L1 expression. (D) According to both Siglec-15 and PD-L1 positive.

achieved. A study on multiple types of solid tumors has revealed
that the expression of Siglec15 exhibits significant heterogeneity and
is negatively correlated with PD-L1 (19). The expression of Sigle c-
15 was mutually exclusive with that of PD-L1: the latter was induced
by IFN-y, whereas Siglec-15 was downregulated. Targeting Siglec-15
could present a new therapeutic approach for patients with low or
absent PD-L1 expression, who may not benefit from current PD-1/
PD-L1 checkpoint blockade therapies (15). Analysis of TCGA
databases revealed widespread expression of Siglec-15 mRNA in
BC, lung cancer, renal cell carcinoma, colon cancer and other
malignancies (10, 13). Immunofluorescence staining analysis in
non-small cell lung cancer tissues indicated upregulation of
Siglec-15. Further studies have shown higher Siglec-15 expression
levels in lung adenocarcinoma compared to squamous cell
carcinoma (20). In pancreatic ductal adenocarcinoma, Siglec-15
was expressed in 18.6% of cases and associated with higher tumor
grade (19). Siglec-15 functions as a receptor that can directly bind to
T cells, although it was not as well-known as immune receptors of
B7 family. Previous research suggested that patients who do not
respond effectively with PD-1/PD-L1 monoclonal antibody might
benefit from Siglec-15 monoclonal antibody therapy (21, 22).
Promising results from a phase I clinical trial using the

Frontiers in Oncology

Monoclonal Antibody Targeting Siglec-15 (NC 318) support this
potential therapeutic approach (23).

Previous studies have yielded mixed findings regarding the
prognostic implications of Siglec-15 expression. The pan-cancer
analyses indicated that Siglec-15 serves as a pan-cancerous
prognostic biomarker, with higher levels of correlating generally
with poorer outcomes (13). However, specific studies have reported
varying associations depending on the cancer type. For instance,
Chen et al. (19) observed that Siglec-15 overexpression was linked
to better outcomes in patients with pancreatic ductal
adenocarcinoma. Similarly, in primary central nervous system
diffuse large B-cell lymphoma, Siglec-15 expression in peri-tumor
macrophages was associated with improved prognosis (14).
Conversely, high Siglec-15 expression has been predictive of
dismal prognosis in osteosarcoma and nasopharyngeal carcinoma
(24, 25). Several studies across different cancer types, including
lung, breast, head and neck, gastric, and BC, have indicated that
Siglec-15 expression was not consistently associated with prognosis
(11, 20, 26). In our present study, we evaluated Siglec-15 expression
in both stroma and tumor cells of BC. We found that Siglec-15
expression levels in tumor cells were not associated with the
prognosis. Interestingly, high stromal Siglec-15 expression was
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Kaplan—Meier curve of cancer specific survival (CSS). (A) According to the tumoral Siglec-15 expression; (B) According to the stromal Siglec-15

expression. (C) According to PD-L1 expression. (D) According to both Siglec-15 and PD-L1 positive.

TABLE 2 Univariate and multivariate analyses of clinicopathological and Siglec-15 status for overall survival.

Variables Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% ClI) P value

Age(years) 2.839(1.190-6.774) 0.019 2.173(0.874-5.402) 0.095

Sex 1.060(0.397-3.829) 0.908

T stage 2.031(1.369-3.013) 0.001 1.268(0.785-2.047) 0.331

N stage 2.020(0.934-4.895) 0.119

LVI 5.302(2.247-12.510) 0.001 4.247(1.576-11.446) 0.004

PNI 2.511(1.159-5.441) 0.020 0.912(0.378-2.203) 0.838
Squamous metaplasia 2.119(0.839-5.357) 0.113

PD-L1 CPS 1.935(0.765-4.893) 0.153

Tumoral Siglec-15 1.476(0.441-4.939) 0.527

Stromal Siglec-15 0.342(0.148-0.789) 0.012 0.569(0.224-1.447) 0.236

HR, hazard ratio; CI, confidence interval; LVI, Lymphovascular invasion; PNI, Perineural invasion.

Bold value indicates a significant difference.
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associated with a favorable prognosis, although it was not identified
as an independent prognostic factor for BC.

Further studies should focus on the immune evasion mechanism of
Siglec-15 in various carcinomas. Wang et al. discovered that Siglec-15
expression was induced by macrophage colony-stimulating factor and
surperssed by IFN-vy, thereby inhibiting antigen-specific T cell response
(9). Liu et al. demonstrated that Siglec-15 promotes the migration of
hepatocellular carcinoma cells by regulating the stability of CD44
protein (27). He et al. revealed that anti-siglec-15 monoclonal
antibodies can effectively block Siglec-15-mediated T cell inhibition
and inhibit tumor growth (28). Additionally, Gao et al. confirmed
through cell experiments that Siglec-15 significantly inhibited the
proliferation, migration, and invasion of BC cells (29). Li et al
revealed that the BACH1-IT2-miR-4786-Siglec-15 axis plays a crucial
role in immune evasion in BC by stabilizing Siglec-15 and contributing
to a local immune suppressive microenvironment (30). Therefore,
Siglec-15 may serve bot only as a prognostic biomarker but also as a
potential therapeutic target to enhance cancer immunotherapy for BC.

The limitations of this study are as follows. Firstly, it is a
retrospective case-control study with a limited sample size. Secondly,
this study lacks biological experiments to elucidate the role of Siglec-15
in BC both in vivo or in vitro. Moreover, at the initiation of this study,
no commercial monoclonal antibody against Siglec-15 was available.
Additionally, there is currently no standard criteria for positive
immunohistochemical staining of Siglec-15. More comprehensive,
extensive and in-depth analyses are needed in the future.

In conclusion, our study indicates that Siglec-15 is broadly
expressed in BC, including tumor cells and stromal immune cells.
Siglec-15 overexpression in the stroma of BC was associated with
lower T staging and improved prognosis, but not functioned as an
independent prognostic factor. These findings provide important
insights into the prognosis and survival outcomes for BC patients,
potentially guiding patient selection in future clinical trials.
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