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Introduction
Triple negative breast cancers constitute approximately 

15-20% of all breast cancers and they are more aggressive 
compared to other phenotypes (e.g. Luminals A and B and 
Her2+). Additionally, triple negative breast cancers are harder 
to treat because of the absence of targets for hormonal therapies 
such as ER, PR, and Her2+. Presently, there are only limited 
neoadjuvant therapy regimens available that weaken or shrink  
triple negative breast cancer cells prior to surgical resection. 
Thus, one immediate requirement for the treatment of triple-
negative breast cancer is to characterize and evaluate molecules 
that play important roles in promoting malignant phenotypes 
and to develop novel strategies that interfere with the functions 
of these proteins.

Discussion
 Given that cancer cells must transverse surrounding tissues 

to establish metastases, the interaction of cancer cells with host 
derived components such as extracellular matrix (ECM) are key 
steps for facilitating this process [1]. Cell surface proteoglycans  

 
(PGs) consists of core proteins with covalently attached heparan 
(HS) or chondroitin (CS) sulfate glycosaminoglycans (GAGs), 
which associate with the cell membrane through trans membrane 
domain or GPI-linkage (Table1). There are lines of evidence 
demonstrating that PGs are key molecules in facilitating cancer 
progression and metastasis by regulating cell-to-ECM, cell-to-
cell, and cell-to-soluble factors interactions in the cancer/host 
tissue in a cancer cell-specific manner. 
Table 1: Cell surface proteoglycans (PGs) expressed on cancer cells.

Protein Modificationa Size Of Core 
Proteinb Anchor

CD44 HS/CS vary TMc

CSPG4 CS 220 TM

Syndecans (1 
thorugh4) HS/CS 50 TM

Glypicans (1 
through 5) HS 80 GPId

Abstract

Proteoglycans (PGs) are family of glycoproteins composed of core proteins modified by heparan and chondroitin sulfate glycosaminoglycans. 
During the multiple processes of the tumor-host interaction, the glycosaminoglycan moiety regulates biological functions through the 
interaction with different protein ligands including soluble factors and ligands expressed on the other cells. In addition, increasing evidence 
demonstrates that core proteins transduce signals as well as interact with the cytoskeleton elements that regulate migration and invasion. 
Given the diversity of functions of cell surface PGs in facilitating cancer progression and metastasis, recent studies in animal models suggest 
that targeting cell surface PGs is a promising approach to inhibit growth and metastasis of cancer cells. In this review, we will discuss the 
recent advances of cell surface PGs in cancer biology and utilize them as therapeutic targets in women’s cancer. 
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Betaglycan HS/CS 90 TM

PTPζ 
(Phosphacan) CS 250 TM

i.HS: heparan sulfate. 

ii.CS: chondroitin sulfate. 

iii.Apparent molecular weights on SDS-PAGE after digestion with 
chondroitinase ABC or 

heparitinase or both of them 

iv.Transmemembrane domain 

v.Glycosylphosphatidylinositol

a: HS: heparan sulfate. CS: chondroitin sulfate.

b: Apparent molecular weights on SDS-PAGE after digestion with 
chondroitinase ABC or

heparitinase or both of them

c: Transmemembrane domain

d: Glycosylphosphatidylinositol

The functional diversity of cell surface PGs is a result of the 
structural diversity in both core proteins and GAGs, as well as their 
localizations on the cell surface. Thus, further characterization 
of cell surface PGs expressed on cancer cells should lead to 
development of novel therapeutic strategies to inhibit cancer 
progression and metastasis. Since CSPG4 (chondroitin sulfate 
proteoglycan 4, NG2, MCSP, HMW-MAA) was first identified as 
a specific antigen expressed on human malignant melanoma 
cell surface [2], it has been evaluated as a key molecule to 
regulate malignant phenotypes. For example, CSPG4 expressed 
on malignant melanoma cells scaffolds and co-localizes matrix 
metalloproteinases such as MMP-2 and MMP-16thus promoting 
invasion by facilitating pericellular matrix degradation [3,4]. 

CSPG4 enhances cell adhesion to ECM by binding to integrins 
and transducing signals including tyrosine kinases and small 
GTPases to regulate integrin-mediated signaling pathway [5-
6]. In breast cancer, CSPG4 has been characterized not only as 
a marker for breast cancer stem cells but also as a functional 
molecule to promote progression and metastasis. We previously 
demonstrated that CSPG4 forms a complex with a metastasis-
promoting protein, NEDD9, in triple-negative breast cancer 
cells and regulates three-dimensional cancer growth [7,8]. 
Chondroitin sulfate glycosaminoglycan expressed on CSPG4 core 
protein serve as a ligand for P-selectin expressed on endothelial 
cells and removal of the glycans from malignant breast cancer 
cells reduced metastatic foci in the lungs [9,10].

 Importantly, studies using a function-blocking antibody 
against CSPG4 core protein provide direct evidence demonstrating 
that targeting CSPG4 is a promising approach to inhibit breast 
cancer growth and more importantly that it diminishes already 
established metastatic foci in lungs [11]. These studies led to 
engineering T-cells to specifically recognize and kill CSPG4+ 
tumor cells by expressing CSPG4 antibody-chimeric antigen 
receptor (CAR) [12-14]. This is an attractive approach for killing 

not only tumor cells but also CSPG4+ pericytes, which are 
precursors of endothelial cells. Given that CSPG4 is expressed on 
host derived normal cells such as glia cells [15], it is important 
to minimize potential of-target effects by engineering the CSPG4 
CAR engineered T-and/or NK-cells with a suicide pathway that 
can induce their apoptosis. This is accomplished with vector-
encoded HSV thymidine kinase or constitutively active caspases 
under inducible promoters. In spite of the complexities of the 
approach, targeting CSPG4 is a promising therapeutic strategy 
for the future in combination with other therapeutic strategies.

Conclusion and Perspectives
There are several studies demonstrating the efficacy of 

targeting cell surface PGs for inhibiting growth and metastasis. 
For example, previous studies demonstrated that the disruption 
of the complex of syndecan-1 with αvβ3 and αvβ5 integrins 
resulted in significant tumor growth and tumor-induced 
angiogenesis of mammary carcinoma cells [16,17]. Reagents 
targeting CD44-hyaluronan (HA) interaction in cancer therapies 
have been developed for use in clinical studies [18]. Glypican-3 
was identified as a potential target for immunotherapy in 
hepatocellular carcinoma and injection of humanized antibody 
against glypican-3 demonstrated efficacy to inhibit tumor 
growth in mouse model systems [19,20].

 Given the diverse functions of cell surface PGs as “fine 
tuners” in regulating cancer growth, migration, and invasion in 
host microenvironments, the targeting of these molecules as 
therapeutic strategies will provide not only significant benefits 
for patients but also significant insights for understating cancer 
biology.
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