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ER+, HER2-), luminal B (PR+, ER+, HER2+), HER2-
overexpressing (PR-, ER-, HER2+) or triple-negative 
(PR-, ER-, HER2-). The treatment of tumors has entered 
the age of precision targeting. Molecular targeted thera-
pies are therapies that primarily affect tumor tissues and 
have better therapeutic effects and bioavailability than 
traditional therapies. Although some molecular markers 
including Human EpidermalGrowth Factor Receptor 2 
(HER2), Epidermal Growth Factor Receptor (EGFR) and 
mammalian Target Of Rapamycin (mTOR), have been 
universally used, there is no significant benefit of targeted 
treatments in triple-negative breast cancer, indicating a 
lack of effective targets [3]. The targets for other breast 
cancer subtypes are also limited, so the need to identify 
novel effective targets is urgent.

The dysregulation of glucose metabolism is an emerg-
ing feature of breast cancer [4, 5]. The overexpression of 
glucose transporters and key glycolytic enzymes, mas-
sive production of ATP and accumulation of lactate can 
lead to an acidic microenvironment disrupting antitu-
mor immunity and promoting tumor progression syn-
ergistically [6]. With the development of bioinformatics, 

Introduction
According to global cancer statistics [1], the number 
of new cancer cases reached 19.3  million in 2020, and 
approximately 10 million people died from cancer. Malig-
nant tumors are one of the primary causes of premature 
death and reduced life expectancy in many nations as the 
world population grows and ages, yet the burden of can-
cer is not equally distributed [2]. Breast cancer recently 
surpassed lung cancer as the most commonly diagnosed 
malignancy in women [1].

Breast cancer is a complex disease with high heteroge-
neity, that involves genomic and transcriptional altera-
tions. Breast cancer is categorized as luminal A (PR+, 
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Abstract
There has been an increasing incidence of breast cancer around the world in recent years. As a burgeoning 
model of diagnosis and treatment, precision medicine has become a new trend in breast cancer management. 
Dysregulated glycometabolism is well established as a tumor feature. SDC1 is a glycometabolism-related gene 
and participates in the progression, metastasis, resistance and recurrence of malignant tumors. SDC1 promotes 
the development of breast cancer by disturbing tumor stem cell phenotypes, the cell cycle and apoptosis, and 
then modulates macrophage migration, epithelial-mesenchymal transformation, angiogenesis and the tumor-bone 
microenvironment. We summarized the recent advances regarding the role of SDC1 in the mechanism driving the 
occurrence of breast cancer, and evaluated its potential therapeutic contributions.
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next-generation sequencing has become a power-
ful technology that can comprehensively analyze gene 
expression, screen out differentially expressed genes 
and identify potential genetic targets [7, 8]. Syndecan1 
(SDC1) is a heparin sulfate proteoglycan and is mainly 
involved in glucose metabolism, which provides energy 
for tumor proliferation, which was identified by next-
generation sequencing to be used as an effective inde-
pendent biomarker and a potential therapeutic target for 
breast cancer patients [9, 10]. Additionally, the abnormal 
expression of SDC1 contributes to tumor development 
by promoting cell proliferation, migration, invasion and 
angiogenesis in malignant tumors. In this review, we 
report the multifunctional role of SDC1 in breast can-
cer progression to highlight the potential of targeting 
SDC1 in the individualized management of breast cancer 
patients. In addition, we highlight that SDC1 is impor-
tant not only as a potential therapeutic target but also as 
a novel prognostic biomarker.

Structure and function of SDCs
SDCs are a family of heparin sulfate proteoglycans 
(HSPGs) including SDC1-4 [11]. SDCs are I-type trans-
membrane proteins with extracellular amino-termini, 
transmembrane domains and internal carboxy-termini 
[12]. Each SDC protein has distinct extracellular and 
intracellular domains with different coreceptor pheno-
types and intracellular signaling pathways. We have pro-
vided a detailed description in Tables 1 and 2.

SDC1, also known as CD-138, is mainly expressed in 
epithelial cells and plasma cells [13]. SDC1 is a cell sur-
face adhesion molecule that can maintain cell morphol-
ogy and interacts with the surrounding environment by 
binding to heparin sulfate chains with matrix compo-
nents, growth factors, enzymes, and enzyme inhibitors 

[14]. SDC1 can be defined as membrane-bound SDC1 
and soluble SDC1. Membrane-bound SDC1 mainly pro-
motes growth and proliferation in the tumor microenvi-
ronment, while soluble SDC1 mainly promotes invasion 
and metastasis [15]. Moreover, there is a wide range of 
extracellular stimulation and matrix proteolytic enzymes, 
including MMPs, ADAMs, and gamma-secretase, that 
can promote the transition of SDC1 from the membrane 
type to the soluble type [16]. In addition, the expression 
of SDC1 is mainly regulated by degradation and endocy-
tosis, and degradation of SDC1 stimulates its own expres-
sion, forming a positive feedback loop [17, 18].

SDC2, also known as fibroglycan, is mainly expressed 
in mesenchymal cells [13]. SDC2 is a 48 KDa stable dimer 
or oligomer transmembrane protein with a short cyto-
plasmic domain that consists of two constant regions 
(C1 and C2) separated by a variable region (V) [19, 20]. 
The large extracellular domain enables it to interact with 
cell membrane receptors, acting as coreceptor bind-
ing ligands, and activating cell adhesion and migration 
signaling pathways [21, 22]. Additionally, SDC2 inhibits 
apoptosis and promotes breast cancer growth [23]. Tar-
geting SDC2 can limit immune evasion [24].

SDC3 is the largest syndecan family member, com-
posing 442 amino acids in humans [25]. SDC3 is mainly 
expressed in neural cells. SDC3 is a specific attach-
ment receptor in dendritic cells for HIV-1, and can 
present HIV antigens to CD8+ T cells [26]. SDC3 plays 
an important anabolic role in bone and promotes new 
bone formation through the stabilization of Frizzled 1 
to enhance Wnt signaling in osteoblasts [27]. This prior 
research documents that SDC3 extracellular core pro-
tein can block endothelial cells to produce antiangiogenic 
effects [28]. In addition, the expression of SDC3 can be 
increased by HIF-1α depending on the mechanism in 

Table 1 Research on SDC family structure
Members Features of intracellular variable region (C1) Primary binding proteins Core functional tendencies
SDC1 Short C1 region, containing PDZ binding motif (EFYA) Src, ERM proteins (Ezrin) Invasion, immune evasion
SDC2 Long C1 region, containing phosphorylation sites (Tyr/Ser) CASK、α-actinin、FAK Adhesion dynamics regulation, EMT
SDC3 Long C1 region, containing PDZ binding motif (DTKN) Syntenin、Synbindin、PKCδ Neuronal migration, inhibition of invasion
SDC4 Short C1 region, containing PDZ binding motif (EENY) PKCα, PIP2, PDZ protein (Synectin) Stabilizing adhesion, anti-migration

Table 2 Research on SDC family function
Function SDC1 SDC2 SDC3 SDC4
Adhesion properties Adhesion dissociation (MMP activation) Dynamic adhesion 

(Rac1-dependent)
Neurotrophically specific 
adhesion

Stable adhesion 
(RhoA activation)

Invasive tendency Strong promotion of invasion 
(EMT-driven)

Bidirectional regulation (depen-
dent on microenvironment)

Inhibition of invasion 
(MMP inhibition)

Inhibition of inva-
sion (anti-EMT)

Core pathways Wnt/β-catenin、PI3K/Akt TGF-β/Smad、Rac1 PKCδ/ERK、PDGFRβ RhoA/ROCK、PKCα
Prognostic association Unfavorably poor prognosis (high 

metastasis)
Colon cancer has poor prognosis, 
lung cancer has good prognosis

Neuro-oncology has a 
better prognosis

Preferably good 
prognosis (low 
metastasis)

Therapeutic target 
potential

Antibody targeting (such as 
Indatuximab)

Inhibition of TGF-β pathway Recovery of expression 
(gene therapy)

Enhance adhesion 
(anti-metastasis)
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an anoxic environment [29]. Genes related to SDC3 are 
enriched in the glycolysis pathway (glycolysis refers to the 
process in which glucose is decomposed into pyruvate 
in the cytoplasm under anaerobic conditions, which is a 
type of glucose metabolism), and SDC3 is a new prog-
nostic marker for breast cancer [9, 30], yet the mecha-
nisms need to be further investigated.

SDC4 is ubiquitously expressed in almost all cells [31]. 
SDC4 is upregulated with the help of IL-1β although 
the SRC/STAT3 pathway in human islet β-cells [32]. 
SDC4 can also regulate and control the intracellular cal-
cium balance via transient receptor potential canonicals 
(TRPCs) [33]. SDC4 accelerates the biosynthesis of Wnt 
signaling molecules and potentially regulates the migra-
tion of breast cancer cells [34]. SDC4 binds to EGFR and 
RON kinases to maintain the cell cycle [35]. In addition, 
targeting SDC4 inhibits early bone metastasis formation 
[36].

Through its heparan sulfate (HS) chains, SDC enhances 
the interaction with growth factors (such as FGF, VEGF, 
HGF, etc.) and activates downstream proliferative signal-
ing pathways (such as MAPK, PI3K/AKT, etc.), thereby 
promoting the survival and proliferation of tumor cells.

SDC1 is widely expressed in breast cancer. SDC1 is a 
key glycometabolism related gene regulating the immune 
microenvironment of breast cancer in our previous bio-
informatics studies [37], and it is of great significance in 
guiding the prognosis of breast cancer patients. There-
fore, we chose SDC1 as the research target of our review.

SDC1 in breast cancer
Relationship between SDC1 and clinical outcome
SDC1 is an important member of the Syndecan family, 
and its expression is closely related to the prognosis and 
treatment response of solid tumors [38]. SDC1 functions 
as a cell and matrix adhesion receptor and is a classical 
coreceptor for growth factors, angiogenic factors and 
chemokines [15]. Compared with that in normal tis-
sues, the expression level of SDC1 was higher in breast 
cancer, pancreatic cancer, ovarian cancer, endometrial 
cancer, and prostate cancer tissues, while the expres-
sion level was lower in lung cancer, gastric cancer, and 
colorectal cancer tissues [39–46]. The overexpression of 
SDC1 was closely correlated with the methylation sta-
tus of the SDC1 promoter in breast cancer [47]. More-
over, increased SDC1 expression was associated with 
an ER-negative and HER2-positive aggressive breast 
cancer phenotype [48] and a reduced response to neo-
adjuvant chemotherapy in breast cancer patients [49]. 
Previous studies have shown that SDC1 has a strong 
predictive contribution to the prognosis of several can-
cers, including breast and colorectal cancers [48, 50]. In 
particular, SDC1 results in breast cancer patients who 
have a worse OS [51, 52]. Additionally, increased SDC1 

gene expression is correlated with decreased SDC4 gene 
expression [53]. The reason why SDC4 overexpression 
is associated with a better prognosis in breast cancer 
patients is that SDC4 can promote more cell adhesion 
and less cell migration [54]. Therefore, pathological 
expression of SDC1 interferes with complex molecular 
signals and affects the grade and prognosis of breast can-
cer patients.

SDC1 and the cancer stem cell phenotype
Cancer stem cells (CSCs) are involved in all stages of 
breast cancer, including the development and progres-
sion of primary tumors, metastasis and recurrence. CSCs 
are typically regulated by a variety of transcription fac-
tors as well as intracellular pathways, such as the Wnt 
and Notch signaling pathways [55]. CSCs are also regu-
lated by the cellular microenvironment, including can-
cer-associated fibroblasts (CAFs), extracellular matrix 
(ECM), tumor-associated macrophages (TAMs), and 
hypoxia [56]. SDC1 relies on the IL-6/STAT3, Notch and 
EGFR pathways to regulate the phenotype of breast can-
cer stem cells (BCSCs) [57, 58]. As a co-receptor, SDC1 
can bind to various cytokines (such as IL-6) through its 
HS chain, enhancing their signal transduction. The IL-6/
STAT3 pathway plays a core role in cancer stem cells, and 
SDC1 can promote STAT3 phosphorylation by binding 
to the IL-6 receptor complex, thereby maintaining stem 
cell characteristics. This mechanism has been reported 
in myeloma, but further verification is needed in breast 
cancer [59]. The Notch pathway is a key regulator of 
EMT and stem cell phenotypes. The abscissive form of 
SDC1 upregulates EMT-associated transcription factors 
(such as ZEB1, Snail1, and Snail2), thereby promoting 
the expression of stem cell factors (SOX2, BMI1, OCT4), 
inducing chemotherapy resistance and metastasis 1. 
Snail is the core regulatory factor of EMT, and its expres-
sion is closely related to the activity of SDC1. Although 
direct experimental data is limited, SDC1 may indirectly 
affect Notch signaling by regulating EMT factors such 
as Snail. For instance, Snail is a downstream target gene 
of Notch, and SDC1 may form a feedback loop with the 
Notch pathway through EMT [60]. shed SDC1 can com-
petitively bind to EGFR through its heparan sulfate (HS) 
chain, activating downstream signaling pathways and 
promoting chemotherapy resistance in breast cancer 
cells1. In addition, binding of the HS chain of SDC1 to 
EGFR has been shown to enhance chemotherapy resis-
tance in colorectal cancer, suggesting that cancer stem 
cell activity may be maintained through a similar mecha-
nism in breast cancer [61]. In addition, the inhibition of 
SDC1 expression reduces BCSCs, which is mainly related 
to a decrease in the IL-6/STAT3 signaling pathway, and 
can effectively reduce recurrence after successful conven-
tional treatment [62].
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SDC1 and the cell cycle
The cell cycle is strictly regulated under physiological 
conditions and consists of the first gap (G1) phase, syn-
thesis (S) phase, second gap (G2) phase and mitosis (M) 
phase [63]. Aberrant cell cycle progression is one of the 
basic mechanisms contributing to tumorigenesis, sug-
gesting that regulation of the cell cycle is a potential 
anticancer target. Breast cancer is a proliferative dis-
ease related to cell cycle dysregulation. Factors known 
to regulate cell cycle progression, include cyclin-depen-
dent kinases (CDKs) and CDK inhibitors [64]. SDC1, a 
recently discovered transcription factor regulating the 
cell cycle, promotes G1 phase arrest by altering the level 
of heparan sulfate in mesothelioma [65]. Analogously, it 
was found that a reduction in SDC1 expression reduced 
the number of cells in S phase and arrested cells in G1 
phase, which slowed the progression of the breast cancer 
cell cycle and inhibited proliferation [57].

SDC1 and cell apoptosis
Cell death is a necessary process for the development 
of organisms, and cell death types include apoptosis, 
necrosis, pyroptosis, ferroptosis and other processes 
[66]. Cell apoptosis is a form of cell suicide triggered by 
extracellular or intracellular signals and is character-
ized by cell shrinkage, nuclear fragmentation, chromatin 
aggregation and the formation of apoptotic bodies [67]. 
The balance between anti-apoptosis and pro-apoptosis 
signals maintains cell homeostasis. Once the balance 
is broken, excessive apoptosis leads to atrophy, while 
insufficient apoptosis is associated with uncontrolled 
proliferation, treatment resistance and cancer relapse 
[68]. The decrease in SDC1 induces caspase-dependent 
apoptosis by inhibiting Junb-Flip long subtype signal-
ing and reducing the pyrolysis of Caspase 3 and Caspase 
8 [69]. Moreover, SDC1 induces apoptosis by inhibiting 
PDK1/Akt/Bad in prostate cancer [70]. In breast cancer, 
upregulated SDC1 induces apoptosis by inhibiting the 
activity of the MEK/ERK signaling pathway to regulate 
cell proliferation in an orderly manner [71]. Therefore, 
SDC1 acts as a tumor suppressor molecule by inducing 
apoptosis.

SDC1 and cell proliferation
SDC1 is a membrane-anchored protein polysaccharide 
expressed on the basolateral surface of epithelial cells 
that is abnormally induced in breast cancer stromal fibro-
blasts and plays a key role in tumor proliferation [72]. 
SDC1 derived from interstitial fibroblasts participates 
in the paracrine secretion of breast cancer cells, coor-
dinates the arrangement of extracellular matrix fibers 
and creates a microenvironment that enables migration 
and invasion [73]. SDC1 regulates cytoskeletal tissues 
by contacting extracellular matrix proteins, and results 

in changes in cell morphology and adhesion [74]. The 
decrease in SDC1 on the membrane suppresses adhe-
sion and enhances the invasion potential of mammary 
epithelial cells. Protease facilitates the transformation 
of SDC1 from the membrane-bound type to the soluble 
type, marking the transition of breast cancer from the 
proliferative type to the invasive type, which is of great 
significance for the diagnosis and treatment of breast 
cancer based on glycosaminoglycans. In addition, SDC1 
acts as a receptor on the cell surface to form a complex 
with integrin and receptor tyrosine kinase (RTK) to regu-
late proliferation and migration [75]. In addition, SDC1-
deficient mouse models show that SDC1 deletion can 
inhibit the proliferation of breast tumors induced by the 
WNT-1 proto-oncogene, suggesting that it may inhibit 
early tumorigenesis by regulating the Wnt pathway [76]. 
Although SDC1 is a double-edged sword, more research 
have confirmed its tumor-promoting effect.

This study delineates the intricate regulatory net-
work mediated by syndecan-1 (SDC1), encompassing its 
pleiotropic effects on cellular homeostasis, extracellu-
lar matrix dynamics, and transmembrane signaling cas-
cades, as systematically mapped in Fig. 1.

SDC1 in the tumor microenvironment
Macrophage migration
The expression of SDC1 is a bridge linking macrophage 
phagocytosis, polarization and migration. Macrophages 
in the tumor microenvironment are a group of inflam-
matory cells different from macrophages in the inflam-
matory response, called tumor-related macrophages 
(TAMs). They are macrophages that gradually evolve 
from monocytes in the circulatory system and migrate 
to tumor tissue and have different phenotypes and func-
tions [77]; they can be M1-type tumor-suppressing mac-
rophages or M2-type tumor-promoting macrophages. 
SDC1 expression is unique to M2-type macrophages and 
is associated with the enhancement of M2-type polar-
ization and migration [78]. SDC1 is able to enhance the 
movement of macrophages and is involved in the regula-
tion of tissue repair and chronic injury responses, includ-
ing cell-substrate interactions and matrix remodeling 
[79]. SDC1 is also critical in regulating the cytoskeletal 
dynamics of M2-type macrophages [78]. The expression 
of SDC1 in macrophages is regulated by the CAMP/PKA 
signaling cascade; treatments such as E-prostaglandin 
membrane-permeable CAMP analogs or adenosine and 
other drugs that increase intracellular CAMP can pro-
mote the expression of SDC1 protein in macrophages 
through this pathway [80].

Angiogenesis
Tumor cells are highly active in metabolism, and suffi-
cient nutrients are necessary for their continuous growth. 
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Angiogenesis is an important process by which tumor 
cells obtain nutrients [81] and is based on the sprouting 
of vessels to form new capillaries. Tumor angiogenesis 
is a cascade process between tumor cells and vascular 
endothelial cells mediated by various cytokines through 
paracrine and autocrine pathways. Whether the process 
can proceed depends on the balance between angiogen-
esis promoters and angiogenesis inhibitors. SDC1 can 
bind to angiogenic promotors such as FGF-2 and VEGF, 
which are presented to their respective receptors on 
endothelial cells, thereby initiating endothelial cell inva-
sion and sprouting [82]. Therefore, the expression level of 
SDC1 in human breast cancer stromal fibroblasts is asso-
ciated with higher microvessel density and larger vessel 
area [18]. Moreover, the overexpression of SDC1 also 
results in increased expression of angiogenesis promoters 
[18] and is part of proangiogenic signaling in early breast 
cancer. Increased vascularity is associated with advanced 
tumor stages and a poor prognosis [83].

The tumor-bone microenvironment
SDC1 derived from tumor cells is a novel positive regu-
lator of osteoclastogenesis that plays an important role 
in the tumor-bone microenvironment [84]. The loss of 

SDC1 reduces the cell viability of hormone receptor-pos-
itive breast cancer cells and increases the expression of 
osteoprotegerin (OPG), which inhibits the differentiation 
and activation of osteoclasts [85]. SDC1 alters OPG func-
tion not only at the protein level but also at the transcrip-
tional level [85].

Epithelial-mesenchymal transformation
Epithelial-mesenchymal transformation (EMT) refers to 
the transformation of epithelial cells into mesenchymal 
cells under certain physiological or pathological condi-
tions. In recent years, EMT has been found to be strongly 
associated with tumor metastasis. In the process of 
tumorigenesis, normal epithelial cells undergoing EMT 
can evolve into carcinoma in situ, and then tumor cells 
continue to evolve through EMT and gain in situ inva-
sion and lymphatic vessel and blood vessel invasion abili-
ties, eventually leading to distant metastasis [86]. On the 
one hand, EMT can reduce the expression of intercellular 
connective molecules, which can decrease adhesion abil-
ity, promote migration and enhance the invasion ability 
of tumor cells [87]. On the other hand, tumor invasion 
and metastasis are enhanced by changing the microen-
vironment of tumor growth and vascular formation [87]. 

Fig. 1 The cellular activities of SDC1 in breast cancer. Proliferation and migration:SDC1: Syndecan1; RTK: Receptor Tyrosine Kinase; FAK: Focal adhesion 
kinase; SRC: Sarcoma. Cell apoptosis: Caspase 3/Caspase 9 signal pathway; MEK/ERK signal pathway; JunB/Flip signal pathway; PDK1/AKT/BAD signal 
pathway. Cell cycle:G1: First Gap; S: Synthesis; M: Metaphase; G2: Second Gap. BCSC phenotype:IL-6: Interleukin-6; EGF (R): Epidermal Growth Factor (Re-
ceptor); STAT3: Signal Transducer and Activator of Transcription 3; Notch signal pathway; NF-KB: Nuclear Factor Kappa-B
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The expression levels of SDC1 and E-cadherin were used 
to assess EMT, and low expression of SDC1 and E-cad-
herin indicated worse cell connectivity and tumor-pro-
moting development through EMT [88].

This review establishes a paradigm for SDC1-mediated 
modulation of the tumor microenvironment, particularly 
its macrophage migration, angiogenesis, tumor-bone 
microenvironment and Epithelial-mesenchymal transfor-
mation, as mechanistically mapped in Fig. 2.

The expression and function of SDC1 (Syndecan-1) in 
cancer are dynamically regulated by its various ligands, 
which are often abnormally expressed or have enhanced 
activity in the tumor microenvironment. These ligands 
jointly drive cancer progression. For instance, growth 
factors (such as FGF, VEGF) bind to the sulfate heparan 
chains of SDC1, activating proliferation-promoting sig-
naling pathways (such as MAPK, PI3K/AKT), and form 
a positive feedback loop to upregulate SDC1 expression 
to enhance tumor survival and angiogenesis; extracel-
lular matrix components (such as fibronectin, collagen) 
promote SDC1 membrane localization through integrin 

synergy, inducing epithelial-mesenchymal transition 
(EMT) and metastasis. Additionally, inflammatory fac-
tors (such as IL-6, TGF-β) upregulate SDC1 expression 
through STAT3 or Smad signaling pathways, exacerbat-
ing tumor stem cell characteristics and immunosuppres-
sive microenvironment; while proteases (such as MMPs, 
ADAM17) cleave SDC1 to generate soluble forms, pro-
moting angiogenesis, immune escape, and chemother-
apy resistance. The interactions between these ligands 
and SDC1 are type-specific to tumors, and their co-
expression often indicates poor prognosis. Targeting the 
SDC1-ligand axis (such as antibody blockade, shedding 
inhibition) or combining with existing therapies provides 
potential strategies to reverse the malignant phenotype 
of tumors.

Current therapies targeting SDC1
Clinical treatment of tumors still remains difficult, and 
several drugs that interfere with SDC1 expression are 
being investigated, as shown in Table 3. The I131-labeled 
SDC1 antibody B-B4 induces cell death through radiation 

Fig. 2 The microenvironment effects of SDC1 in breast cancer. 1. The expression of SDC1 is a Bridge linking macrophage phagocytosis, polarization and 
migration. 2. The expression of SDC1 is related to angiogenesis. 3. SDC1 plays an important role in the tumor-bone microenvironment. 4. The expression 
levels of SDC1 and E-cadherin were used to assess EMT
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by targeting the extracellular domain of membrane-
bound SDC1 [89]. As mentioned previously, commonly 
used chemotherapeutic agents can promote the shedding 
of SDC1 [90]. BB94 is a broad-spectrum MMP inhibi-
tor that inhibits membrane-type SDC1 shedding, and 
disrupts the occurrence of breast cancer, ovarian cancer 
and colorectal cancer [91]. Although benzopyrene has 
been found to promote lung cancer in mice by increas-
ing SDC1 shedding from epithelial cells, this effect can 
be inhibited by all-trans retinoic acid (ATRA) [92]. Zole-
dronic acid inhibits breast cancer metastasis by reducing 
SDC1 expression and increasing SDC2/SDC4 expres-
sion [93]. Synstatin inhibits angiogenesis in breast cancer 
by disrupting the complex of integrin αVβ3, αVβ5 and 
SDC1 [75]. Therefore, SDC1 is a potentially attractive 
molecular target that can guide the personalized diagno-
sis and treatment of a variety of malignancies with a poor 
prognosis, such as breast cancer.

Conclusion and perspective
In conclusion, breast cancer is a heterogeneous disease 
at the population and single-cell levels, with different 
genotypes and phenotypes that can manifest within the 
same tumor, and targeted therapy remains a challenge 
in different subtypes of breast cancer. Although there is 
limited research on targeting SDC1in breast cancer, the 
role of SDC1 in breast cancer occurrence and develop-
ment indicates that SDC1 creates favorable conditions 
by regulating ECM remodeling to transform the stromal 
microenvironment from restricting invasion to allowing 
invasion, which promotes the attack and spread of breast 
cancer cells. SDC1-targeted therapy shows good antitu-
mor activity, and we believe that monoclonal antibodies 
or small molecule inhibitors against SDC1, siRNA-based 
therapy for SDC1 suppression and combination strate-
gies (e.g., SDC1 inhibition + immune checkpoint block-
ade) will become a very promising therapeutic strategy in 
the future.

Acknowledgements
Not applicable.

Author contributions
Yingying Mei: Conceptualization, Writing-Original Draft. Lantao Zhao: 
Data Curation, Writing-Review & Editing. Na Zhou: Project administration, 
Conceptualization, Funding acquisition. All authors read and approved the 
final manuscript.

Funding
This work was supported by a grant obtained from the Qilu health leader 
training project (Na Zhou) and the National Natural Science Foundation of 
China (Grant No. 81702605; Grant No. 82272693) (Na Zhou).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 11 February 2025 / Accepted: 2 May 2025

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71:209–49.

2. Brustugun OT, Møller B, Helland A. Years of life lost as a measure of cancer 
burden on a National level. Br J Cancer. 2014;111:1014–20.

3. Lehmann BD, Bauer JA, Chen X, Sanders ME, Chakravarthy AB, Shyr Y, 
Pietenpol JA. Identification of human triple-negative breast cancer subtypes 
and preclinical models for selection of targeted therapies. J Clin Invest. 
2011;121:2750–67.

4. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 
2011;144:646–74.

5. Qingxia Ma HJ, Ma L, Zhao G, Xu Q, Guo D, He N, Liu H, Meng Z, Liu J, Zhu L, 
Lin Q, Wu X, Li M, Luo S. Jing Fang, Zhimin Lu: The moonlighting function of 
glycolytic enzyme enolase-1 promotes choline phospholipid metabolism 
and tumor cell proliferation. Proceedings of the National Academy of Sci-
ences. 2023.

Table 3 Research on SDC1 targeting in breast cancer
Ligands Targeted area Antitumor affect Research style Style object Refer-

ence
BB4
(I131)

extracellular domain of mSDC1 Inducing the death of tumor cells Clinical model Multiple 
myeloma 
patients

87

BB-94 (MMP inhibitor) Inhibiting shedding of mSDC1 Inhibiting of chemotherapy-induced SDC1 
shedding to form a microenvironment that 
promotes tumor recurrence

Pre-clinical model Mouse 89

All-trans retinoic acid 
(ATRA)

Reducing expression of sSDC1 Providing chemical protective effect on lung 
cancer model induced by benzopyrene

Pre-clinical model Mouse 90

Zoledronic acid Reducing expression of sSDC1 Inhibiting bone metastasis Pre-clinical model Cell 83
SSTN Destructing of SDC1 and integrin 

complex
Inhibiting angiogenesis Pre-clinical model Mouse 73



Page 8 of 9Mei et al. World Journal of Surgical Oncology          (2025) 23:193 

6. Vaupel P, Schmidberger H, Mayer A. The Warburg effect: essential part of 
metabolic reprogramming and central contributor to cancer progression. Int 
J Radiat Biol. 2019;95:912–9.

7. Iyer MK, Chinnaiyan AM, Maher CA. ChimeraScan: a tool for identifying 
chimeric transcription in sequencing data. Bioinformatics. 2011;27:2903–4.

8. Ma L, Nie L, Liu J, Zhang B, Song S, Sun M, Yang J, Yang Y, Fang X, Hu S, et al. 
An RNA-seq-based gene expression profiling of radiation-induced tumori-
genic mammary epithelial cells. Genomics Proteom Bioinf. 2012;10:326–35.

9. Jiang F, Wu C, Wang M, Wei K, Wang J. Identification of novel cell Glycolysis 
related gene signature predicting survival in patients with breast cancer. Sci 
Rep. 2021;11:3986.

10. Zhao B, Xu Y, Zhao Y, Shen S, Sun Q. Identification of potential key genes asso-
ciated with the pathogenesis, metastasis, and prognosis of Triple-Negative 
breast Cancer on the basis of integrated bioinformatics analysis. Front Oncol. 
2020;10:856.

11. Cordone I, Masi S, Summa V, Carosi M, Vidiri A, Fabi A, Pasquale A, Conti L, 
Rosito I, Carapella CM, et al. Overexpression of syndecan-1, MUC-1, and 
putative stem cell markers in breast cancer leptomeningeal metastasis: a 
cerebrospinal fluid flow cytometry study. Breast Cancer Res. 2017;19:46.

12. Zimmermann P, David G. The syndecans, tuners of transmembrane signaling. 
Faseb J. 1999;13(Suppl):S91–100.

13. Kim CW, Goldberger OA, Gallo RL, Bernfield M. Members of the syndecan 
family of Heparan sulfate proteoglycans are expressed in distinct cell-, tissue-, 
and development-specific patterns. Mol Biol Cell. 1994;5:797–805.

14. Lofgren L, Sahlin L, Jiang S, Von Schoultz B, Fernstad R, Skoog L, Von 
Schoultz E. Expression of syndecan-1 in paired samples of normal and 
malignant breast tissue from postmenopausal women. Anticancer Res. 
2007;27:3045–50.

15. Nikolova V, Koo CY, Ibrahim SA, Wang Z, Spillmann D, Dreier R, Kelsch R, Fis-
chgräbe J, Smollich M, Rossi LH, et al. Differential roles for membrane-bound 
and soluble syndecan-1 (CD138) in breast cancer progression. Carcinogen-
esis. 2009;30:397–407.

16. Hassan N, Greve B, Espinoza-Sánchez NA, Götte M. Cell-surface Heparan 
sulfate proteoglycans as multifunctional integrators of signaling in cancer. 
Cell Signal. 2021;77:109822.

17. Su G, Blaine SA, Qiao D, Friedl A. Shedding of syndecan-1 by stromal fibro-
blasts stimulates human breast cancer cell proliferation via FGF2 activation. J 
Biol Chem. 2007;282:14906–15.

18. Maeda T, Desouky J, Friedl A. Syndecan-1 expression by stromal fibroblasts 
promotes breast carcinoma growth in vivo and stimulates tumor angiogen-
esis. Oncogene. 2006;25:1408–12.

19. Kaur C, Sivakumar V, Yip GW, Ling EA. Expression of syndecan-2 in the 
amoeboid microglial cells and its involvement in inflammation in the hypoxic 
developing brain. Glia. 2009;57:336–49.

20. Klass CM, Couchman JR, Woods A. Control of extracellular matrix assembly by 
syndecan-2 proteoglycan. J Cell Sci. 2000;113(Pt 3):493–506.

21. Essner JJ, Chen E, Ekker SC. Syndecan-2. Int J Biochem Cell Biol. 
2006;38:152–6.

22. Chen L, Klass C, Woods A. Syndecan-2 regulates transforming growth factor-
beta signaling. J Biol Chem. 2004;279:15715–8.

23. Sun M, Gomes S, Chen P, Frankenberger CA, Sankarasharma D, Chung CH, 
Chada KK, Rosner MR. RKIP and HMGA2 regulate breast tumor survival 
and metastasis through Lysyl oxidase and syndecan-2. Oncogene. 
2014;33:3528–37.

24. Loftus PG, Watson L, Deedigan LM, Camarillo-Retamosa E, Dwyer RM, O’Flynn 
L, Alagesan S, Griffin M, O’Brien T, Kerin MJ, et al. Targeting stromal cell 
Syndecan-2 reduces breast tumour growth, metastasis and limits immune 
evasion. Int J Cancer. 2021;148:1245–59.

25. Arokiasamy S, Balderstone MJM, De Rossi G, Whiteford JR. Syndecan-3 in 
inflammation and angiogenesis. Front Immunol. 2019;10:3031.

26. de Witte L, Bobardt M, Chatterji U, Degeest G, David G, Geijtenbeek TB, Gallay 
P. Syndecan-3 is a dendritic cell-specific attachment receptor for HIV-1. Proc 
Natl Acad Sci U S A. 2007;104:19464–9.

27. Johnson deS, Brito FM, Butcher A, Pisconti A, Poulet B, Prior A, Charlesworth 
G, Sperinck C, di Scotto M, Liu K, Bou-Gharios G, et al. Syndecan-3 enhances 
anabolic bone formation through WNT signaling. Faseb J. 2021;35:e21246.

28. De Rossi G, Whiteford JR. A novel role for syndecan-3 in angiogenesis. 
F1000Res. 2013;2:270.

29. Prieto-Fernández E, Egia-Mendikute L, Bosch A, García D, Río A, Jimenez-
Lasheras B, Antoñana-Vildosola A, Lee SY, Palazon A. Hypoxia promotes 
Syndecan-3 expression in the tumor microenvironment. Front Immunol. 
2020;11:586977.

30. Wang J, Wang Y, Xing P, Liu Q, Zhang C, Sui Y, Wu C. Development and valida-
tion of a hypoxia-related prognostic signature for breast cancer. Oncol Lett. 
2020;20:1906–14.

31. Stepp MA, Pal-Ghosh S, Tadvalkar G, Pajoohesh-Ganji A. Syndecan-1 and its 
expanding list of contacts. Adv Wound Care (New Rochelle). 2015;4:235–49.

32. Brioudes E, Alibashe-Ahmed M, Lavallard V, Berney T, Bosco D. Syndecan-4 
is regulated by IL-1β in β-cells and human Islets. Mol Cell Endocrinol. 
2020;510:110815.

33. Gopal S, Søgaard P, Multhaupt HA, Pataki C, Okina E, Xian X, Pedersen 
ME, Stevens T, Griesbeck O, Park PW, et al. Transmembrane proteoglycans 
control stretch-activated channels to set cytosolic calcium levels. J Cell Biol. 
2015;210:1199–211.

34. Pham SH, Pratt K, Okolicsanyi RK, Oikari LE, Yu C, Peall IW, Arif KT, Chalmers TA, 
Gyimesi M, Griffiths LR, Haupt LM. Syndecan-1 and– 4 influence Wnt signaling 
and cell migration in human breast cancers. Biochimie. 2022;198:60–75.

35. Beauvais DM, Nelson SE, Adams KM, Stueven NA, Jung O, Rapraeger AC. 
Plasma membrane proteoglycans syndecan-2 and syndecan-4 engage with 
EGFR and RON kinase to sustain carcinoma cell cycle progression. J Biol 
Chem. 2022;298:102029.

36. Leblanc R, Sahay D, Houssin A, Machuca-Gayet I, Peyruchaud O. Autotaxin-β 
interaction with the cell surface via syndecan-4 impacts on cancer cell prolif-
eration and metastasis. Oncotarget. 2018;9:33170–85.

37. Mei Y, Zhao L, Jiang M, Yang F, Zhang X, Jia Y, Zhou N. Characterization of 
glucose metabolism in breast cancer to guide clinical therapy. Front Surg. 
2022;9:973410.

38. Liao S, Liu C, Zhu G, Wang K, Yang Y, Wang C. Relationship between SDC1 and 
Cadherin signalling activation in cancer. Pathol Res Pract. 2020;216:152756.

39. Schönfeld K, Herbener P, Zuber C, Häder T, Bernöster K, Uherek C, Schüt-
trumpf J. Activity of Indatuximab Ravtansine against Triple-Negative breast 
Cancer in preclinical tumor models. Pharm Res. 2018;35:118.

40. Jary M, Lecomte T, Bouché O, Kim S, Dobi E, Queiroz L, Ghiringhelli F, Etienne 
H, Léger J, Godet Y, et al. Prognostic value of baseline seric Syndecan-1 in 
initially unresectable metastatic colorectal cancer patients: a simple biologi-
cal score. Int J Cancer. 2016;139:2325–35.

41. Al-Shibli K, Al-Saad S, Andersen S, Donnem T, Bremnes RM, Busund LT. The 
prognostic value of intraepithelial and stromal CD3-, CD117- and CD138-
positive cells in non-small cell lung carcinoma. Apmis. 2010;118:371–82.

42. Li X, Wang Q, Wu Z, Zheng J, Ji L. Integrated Bioinformatics Analysis for Iden-
tification of the Hub Genes Linked with Prognosis of Ovarian Cancer Patients. 
Comput Math Methods Med. 2022;2022:5113447.

43. Brimo F, Vollmer RT, Friszt M, Corcos J, Bismar TA. Syndecan-1 expression in 
prostate cancer and its value as biomarker for disease progression. BJU Int. 
2010;106:418–23.

44. Gerber TS, Bartsch F, Wagner DC, Schindeldecker M, Heuft LK, Roth W, Lang 
H, Straub BK. Clinicopathological significance of Syndecan-1 in cholangio-
carcinoma: A study based on immunohistochemistry and public sequencing 
data. J Clin Med 2021, 10.

45. Chu YQ, Ye ZY, Tao HQ, Wang YY, Zhao ZS. Relationship between cell adhesion 
molecules expression and the biological behavior of gastric carcinoma. World 
J Gastroenterol. 2008;14:1990–6.

46. Ding H, Fan GL, Yi YX, Zhang W, Xiong XX, Mahgoub OK. Prognostic implica-
tions of Immune-Related genes’ (IRGs) signature models in cervical Cancer 
and endometrial Cancer. Front Genet. 2020;11:725.

47. Nguyen TL, Grizzle WE, Zhang K, Hameed O, Siegal GP, Wei S. Syndecan-1 
overexpression is associated with nonluminal subtypes and poor prognosis 
in advanced breast cancer. Am J Clin Pathol. 2013;140:468–74.

48. Qiao W, Liu H, Guo W, Li P, Deng M. Prognostic and clinical significance of syn-
decan-1 expression in breast cancer: A systematic review and meta-analysis. 
Eur J Surg Oncol. 2019;45:1132–7.

49. Nassar E, Hassan N, El-Ghonaimy EA, Hassan H, Abdullah MS, Rottke TV, Kiesel 
L, Greve B, Ibrahim SA, Götte M. Syndecan-1 promotes angiogenesis in Triple-
Negative breast Cancer through the prognostically relevant tissue factor 
pathway and additional angiogenic routes. Cancers (Basel) 2021, 13.

50. Li K, Li L, Wu X, Yu J, Ma H, Zhang R, Li Y, Wang W. Loss of SDC1 Expression 
Is Associated with Poor Prognosis of Colorectal Cancer Patients in Northern 
China. Dis Markers. 2019;2019:3768708.

51. Cui X, Jing X, Yi Q, Long C, Tian J, Zhu J. Clinicopathological and prog-
nostic significance of SDC1 overexpression in breast cancer. Oncotarget. 
2017;8:111444–55.

52. Barbareschi M, Maisonneuve P, Aldovini D, Cangi MG, Pecciarini L, Angelo 
Mauri F, Veronese S, Caffo O, Lucenti A, Palma PD, et al. High syndecan-1 



Page 9 of 9Mei et al. World Journal of Surgical Oncology          (2025) 23:193 

expression in breast carcinoma is related to an aggressive phenotype and to 
poorer prognosis. Cancer. 2003;98:474–83.

53. Lendorf ME, Manon-Jensen T, Kronqvist P, Multhaupt HA, Couchman JR. 
Syndecan-1 and syndecan-4 are independent indicators in breast carcinoma. 
J Histochem Cytochem. 2011;59:615–29.

54. Couchman JR. Syndecans: proteoglycan regulators of cell-surface microdo-
mains? Nat Rev Mol Cell Biol. 2003;4:926–37.

55. Song K, Farzaneh M. Signaling pathways governing breast cancer stem cells 
behavior. Stem Cell Res Ther. 2021;12:245.

56. Yang L, Shi P, Zhao G, Xu J, Peng W, Zhang J, Zhang G, Wang X, Dong Z, 
Chen F, Cui H. Targeting cancer stem cell pathways for cancer therapy. Signal 
Transduct Target Ther. 2020;5:8.

57. Valla S, Hassan N, Vitale DL, Madanes D, Spinelli FM, Teixeira F, Greve B, 
Espinoza-Sánchez NA, Cristina C, Alaniz L, Götte M. Syndecan-1 depletion has 
a differential impact on hyaluronic acid metabolism and tumor cell behavior 
in luminal and Triple-Negative breast Cancer cells. Int J Mol Sci 2021, 22.

58. Ibrahim SA, Gadalla R, El-Ghonaimy EA, Samir O, Mohamed HT, Hassan H, 
Greve B, El-Shinawi M, Mohamed MM, Götte M. Syndecan-1 is a novel molec-
ular marker for triple negative inflammatory breast cancer and modulates 
the cancer stem cell phenotype via the IL-6/STAT3, Notch and EGFR signaling 
pathways. Mol Cancer. 2017;16:57.

59. Wu W, Ma D, Wang P, Cao L, Lu T, Fang Q, Zhao J, Wang J. Potential 
crosstalk of the interleukin-6–heme oxygenase‐1‐dependent mechanism 
involved in resistance to Lenalidomide in multiple myeloma cells. FEBS J. 
2016;283:834–49.

60. Juneja M, Ilm K, Schlag PM, Stein U. Promoter identification and transcrip-
tional regulation of the metastasis gene MACC1 in colorectal cancer. Mol 
Oncol. 2013;7:929–43.

61. Wang X, Zuo D, Chen Y, Li W, Liu R, He Y, Ren L, Zhou L, Deng T, Wang X, et 
al. Shed Syndecan-1 is involved in chemotherapy resistance via the EGFR 
pathway in colorectal cancer. Br J Cancer. 2014;111:1965–76.

62. Ibrahim SA, Hassan H, Vilardo L, Kumar SK, Kumar AV, Kelsch R, Schneider 
C, Kiesel L, Eich HT, Zucchi I, et al. Syndecan-1 (CD138) modulates triple-
negative breast cancer stem cell properties via regulation of LRP-6 and 
IL-6-mediated STAT3 signaling. PLoS ONE. 2013;8:e85737.

63. Haase SB, Wittenberg C. Topology and control of the cell-cycle-regulated 
transcriptional circuitry. Genetics. 2014;196:65–90.

64. Lee EY, Muller WJ. Oncogenes and tumor suppressor genes. Cold Spring Harb 
Perspect Biol. 2010;2:a003236.

65. Heidari-Hamedani G, Vivès RR, Seffouh A, Afratis NA, Oosterhof A, van 
Kuppevelt TH, Karamanos NK, Metintas M, Hjerpe A, Dobra K, Szatmári T. 
Syndecan-1 alters Heparan sulfate composition and signaling pathways in 
malignant mesothelioma. Cell Signal. 2015;27:2054–67.

66. Zhang R, Kang R, Tang D. The STING1 network regulates autophagy and cell 
death. Signal Transduct Target Ther. 2021;6:208.

67. Suraweera CD, Hinds MG, Kvansakul M. Poxviral strategies to overcome host 
cell apoptosis. Pathogens 2020, 10.

68. Mohammad RM, Muqbil I, Lowe L, Yedjou C, Hsu HY, Lin LT, Siegelin MD, 
Fimognari C, Kumar NB, Dou QP, et al. Broad targeting of resistance to apop-
tosis in cancer. Semin Cancer Biol. 2015;35(Suppl):S78–103.

69. Shimada K, Nakamura M, De Velasco MA, Tanaka M, Ouji Y, Miyake M, 
Fujimoto K, Hirao K, Konishi N. Role of syndecan-1 (CD138) in cell survival of 
human urothelial carcinoma. Cancer Sci. 2010;101:155–60.

70. Hu Y, Sun H, Owens RT, Gu Z, Wu J, Chen YQ, O’Flaherty JT, Edwards IJ. 
Syndecan-1-dependent suppression of PDK1/Akt/bad signaling by 
docosahexaenoic acid induces apoptosis in prostate cancer. Neoplasia. 
2010;12:826–36.

71. Sun H, Hu Y, Gu Z, Owens RT, Chen YQ, Edwards IJ. Omega-3 fatty acids 
induce apoptosis in human breast cancer cells and mouse mammary tissue 
through syndecan-1 Inhibition of the MEK-Erk pathway. Carcinogenesis. 
2011;32:1518–24.

72. Chute C, Yang X, Meyer K, Yang N, O’Neil K, Kasza I, Eliceiri K, Alexander C, 
Friedl A. Syndecan-1 induction in lung microenvironment supports the 
establishment of breast tumor metastases. Breast Cancer Res. 2018;20:66.

73. Yang N, Mosher R, Seo S, Beebe D, Friedl A. Syndecan-1 in breast cancer 
stroma fibroblasts regulates extracellular matrix fiber organization and carci-
noma cell motility. Am J Pathol. 2011;178:325–35.

74. Ridgway LD, Wetzel MD, Ngo JA, Erdreich-Epstein A, Marchetti D. Heparan-
ase-induced GEF-H1 signaling regulates the cytoskeletal dynamics of brain 
metastatic breast cancer cells. Mol Cancer Res. 2012;10:689–702.

75. Beauvais DM, Rapraeger AC. Syndecan-1 couples the insulin-like growth fac-
tor-1 receptor to inside-out integrin activation. J Cell Sci. 2010;123:3796–807.

76. Lu W, Ning H, Gu L, Peng H, Wang Q, Hou R, Fu M, Hoft DF, Liu J. MCPIP1 
selectively destabilizes transcripts associated with an antiapoptotic gene 
expression program in breast cancer cells that can elicit complete tumor 
regression. Cancer Res. 2016;76:1429–40.

77. Cruz-Leal Y, Lucatelli Laurindo MF, Osugui L, Luzardo Mdel C, López-Requena 
A, Alonso ME, Álvarez C, Popi AF, Mariano M, Pérez R, Lanio ME. Liposomes 
of phosphatidylcholine and cholesterol induce an M2-like macrophage 
phenotype reprogrammable to M1 pattern with the involvement of B-1 cells. 
Immunobiology. 2014;219:403–15.

78. Angsana J, Chen J, Smith S, Xiao J, Wen J, Liu L, Haller CA, Chaikof EL. Syn-
decan-1 modulates the motility and resolution responses of macrophages. 
Arterioscler Thromb Vasc Biol. 2015;35:332–40.

79. Stepp MA, Liu Y, Pal-Ghosh S, Jurjus RA, Tadvalkar G, Sekaran A, Losicco K, 
Jiang L, Larsen M, Li L, Yuspa SH. Reduced migration, altered matrix and 
enhanced TGFbeta1 signaling are signatures of mouse keratinocytes lacking 
Sdc1. J Cell Sci. 2007;120:2851–63.

80. Aronoff DM, Canetti C, Serezani CH, Luo M, Peters-Golden M. Cutting edge: 
macrophage Inhibition by Cyclic AMP (cAMP): differential roles of protein 
kinase A and exchange protein directly activated by cAMP-1. J Immunol. 
2005;174:595–9.

81. Jadhao M, Chen CL, Liu W, Deshmukh D, Liao WT, Chen JY, Urade R, Tsai EM, 
Hsu SK, Wang LF, Chiu CC. Endoglin Modulates TGFβR2 Induced VEGF and 
Proinflammatory Cytokine Axis Mediated Angiogenesis in Prolonged DEHP-
Exposed Breast Cancer Cells. Biomedicines. 2022, 10.

82. Teng YH, Aquino RS, Park PW. Molecular functions of syndecan-1 in disease. 
Matrix Biol. 2012;31:3–16.

83. Ohta Y, Shridhar V, Bright RK, Kalemkerian GP, Du W, Carbone M, Watanabe 
Y, Pass HI. VEGF and VEGF type C play an important role in angiogenesis and 
lymphangiogenesis in human malignant mesothelioma tumours. Br J Cancer. 
1999;81:54–61.

84. Kelly T, Suva LJ, Nicks KM, MacLeod V, Sanderson RD. Tumor-derived syn-
decan-1 mediates distal cross-talk with bone that enhances osteoclastogen-
esis. J Bone Min Res. 2010;25:1295–304.

85. Benad-Mehner P, Thiele S, Rachner TD, Göbel A, Rauner M, Hofbauer LC. 
Targeting syndecan-1 in breast cancer inhibits osteoclast functions through 
up-regulation of osteoprotegerin. J Bone Oncol. 2014;3:18–24.

86. Liu F, Gu LN, Shan BE, Geng CZ, Sang MX. Biomarkers for EMT and MET in 
breast cancer: an update. Oncol Lett. 2016;12:4869–76.

87. Lüönd F, Sugiyama N, Bill R, Bornes L, Hager C, Tang F, Santacroce N, Beisel 
C, Ivanek R, Bürglin T, et al. Distinct contributions of partial and full EMT to 
breast cancer malignancy. Dev Cell. 2021;56:3203–e32213211.

88. Yang Y, Tao X, Li CB, Wang CM. MicroRNA-494 acts as a tumor suppressor in 
pancreatic cancer, inhibiting epithelial-mesenchymal transition, migration 
and invasion by binding to SDC1. Int J Oncol. 2018;53:1204–14.

89. Temsirolimus and mantle cell lymphoma. Highly toxic, limited efficacy. 
Prescrire Int. 2010;19:276–8.

90. Ramani VC, Sanderson RD. Chemotherapy stimulates syndecan-1 shedding: 
a potentially negative effect of treatment that May promote tumor relapse. 
Matrix Biol. 2014;35:215–22.

91. Manon-Jensen T, Itoh Y, Couchman JR. Proteoglycans in health and disease: 
the multiple roles of syndecan shedding. Febs J. 2010;277:3876–89.

92. Ramya D, Siddikuzzaman, Grace VM. Effect of all-trans retinoic acid (ATRA) on 
syndecan-1 expression and its chemoprotective effect in benzo(α)pyrene-
induced lung cancer mice model. Immunopharmacol Immunotoxicol. 
2012;34:1020–7.

93. Dedes PG, Gialeli C, Tsonis AI, Kanakis I, Theocharis AD, Kletsas D, Tzanakakis 
GN, Karamanos NK. Expression of matrix macromolecules and functional 
properties of breast cancer cells are modulated by the bisphosphonate 
Zoledronic acid. Biochim Biophys Acta. 2012;1820:1926–39.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	SDC1 is a critical transmembrane proteoglycan in breast cancer
	Abstract
	Introduction
	Structure and function of SDCs
	SDC1 in breast cancer
	Relationship between SDC1 and clinical outcome
	SDC1 and the cancer stem cell phenotype
	SDC1 and the cell cycle
	SDC1 and cell apoptosis
	SDC1 and cell proliferation

	SDC1 in the tumor microenvironment
	Macrophage migration
	Angiogenesis
	The tumor-bone microenvironment
	Epithelial-mesenchymal transformation

	Current therapies targeting SDC1
	Conclusion and perspective
	References


