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Abstract
This review article describes the interaction of Neuron-glia 2 Chondroitin Sulfate Proteoglycan 4 (NG2/CSPG4) 

in cancer cell matrix, and its role within the cancer cell matrix in promoting angiogenesis and its potential clinical use 
as a novel immune drug target. Malignant cancer is maintained by a cross-talk between the cancer cells and cancer 
cell matrix where the activated cancer cell matrix nurtures the advancing cancer cells by providing Extracellular Matrix 
(ECM), neovasculature and stimulatory growth factors. Researches in recent years have accumulated a wealth of 
novel insight into mechanisms by which how cancer cells are co-evolved with activated cancer cell matrix throughout 
cancer settings. Currently, the cancer cell matrix is considered as an important “effector” in carcinogenesis. Once 
tightly defined cell matrix in normal tissue occasionally becomes sabotaged, the inevitable malignant progression will 
flip on. NG2/CSPG4 is a big multifunctional transmembrane proteoglycan with limited expression in normal tissues 
and its unparalleled structural-functional diversity endows it with the ability to serve as critical mediator. We describe 
here how the manipulation of NG2/CSPG4 on the processes driving malignant cancer cell matrix activation promotes 
carcinogenesis through the alteration of cancer cell adhesion, infiltration, migration, proliferation and angiogenesis, 
and how it will be possibile to design a decisive strategy for the development of a novel therapy specifically targeting 
this macromolecule for malignant cancer treatment.

Keywords: NG2/CSPG4; Proteoglycan; Cancer stromal cells;
Pericytes; Growth factors

Abbreviation: CNS: the Central Nerve System; CSCs: Cancer Stem
Cells; CTCs: Circulating Cancer Cells; ECs: Endothelial cells; ECM: 
Extracelluar matrix; EMT: Epithelial-Mesenchymal Transition; EPC: 
Angiogenic Progenitor Cells; FAK: Focal Adhesion Kinase; FGFs: 
Fibroblast Growth Factor; GBM: Glioblastoma; Heparin Sulfate (HS); 
High-Molecular-Wight Melanoma-Associated Antigen; HMP: Human 
Melanoma Proteoglycan; IHC: Immunohistochemical Staining; 
mAb: HSCs: Hepatic Stellate Cells; IR: Ionising Radiation; MART-
1: Melanoma Antigen Recognized by T cells; mAb; Monoclonal 
Antibody; MM: Malignant Mesothelioma; MSCs: Mesenchymal Stem 
Cells; NG2/CSPG4: Neuron-glia 2 Chondroitin Sulfate Proteoglycan 
4; NSCs: Neural Stem Cell; OPCs: Oligodendrocyte Precursor Cells; 
PDGF: Platelet-Derived Growth Factor; PCs: Pericytes; HMW-MAA: 
High Molecular Weight-Melanoma Associated Antigen; RNAi: RNA 
Interference; SCID: Severe Combined Immune Deficiency; shRNA: 
Small Hairpin RNA; siRNA: Small Interfering RNA; VEGF: Vascular 
Endothelial Growth Factor

Introduction
Malignant cancer is a broad group of diseases involving unregulated 

cell division, uncontrollably growth and invading nearby parts of the 
body. Despite of distinct etiological and clinical features, most cancers 
have common mechanisms in biological progress. They arise from 
normal cells through the alterations of tightly growth controlled genetic 
system. It is well known that cell matrix contains several components 
including ECM, collagens, Endothelial Cells (ECs), Pericytes (PCs), 
fibroblasts and various classes of leukocytes [1]. When cancer occurs, 
the surrounding cell matrix changes into activated state, followed by 
creating a dynamic signaling circuitry to promote cancer cell initiation 
and proliferation, which ultimately results in incurable diseases. 
Advances in the early diagnosis and surgical removal of primary 
pathological changes have prevented from cancer growth and reduced 

mortality rate. However, incurable metastatic migration still remains 
a big clinical knotty. As restricted distribution in normal tissues and 
highly related to the cancer cell matrix [2], NG2/CSPG4 has recently 
received more attention in the cancer research field. 

The most important concept regarding the significance and 
function of NG2/CSPG4 has been evolved from the study of rat 
orthologs [3]. Since then, many studies trace this unique protein in a 
broad of fields under both physiological and pathological situations [4-
6]. NG2/CSPG4 was first reported in a malignant cancer of melanoma 
in 1981 [7] which identified NG2/CSPG4 as a highly glycosylated 
integral membrane proteoglycan. NG2/CSPG4 consists of two 
chondroitin sulfate proteoglycan components (N-linked 280 kDa, 450 
kDa) which express on cell membrane [8]. Since both 280 kDa and 450 
kDa comprise of the same core protein but appear to be independently 
expressed, a challenging would be to ascertain how effectively to what 
extent to target NG2/CSPG4 in cancer cell matrix action that associates 
to carcinogenesis [9]. This challenge may be more precise for targeting 
therapeutics to eventually eliminate progressive malignant cancers and 
for potential targeting opportunities to develop drugs aimed at the 
NG2/CSPG4-expressing cancer cell matrix and to delineate emerging 
areas of researches in malignant cancers. 
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Expression of NG2/CSPG4 in Normal Tissue and 
Malignant Cancer
In normal tissue

Rat NG2/CSPG4 was found to share high-sequence homology with 
human melanoma cancer in 1981 [3]. This study reported that shares 
high-sequence homology with High-Molecular-Weight Melanoma-
Associated Antigen (HMW-MAA). Eighteen residues at amino-
terminus of rat NG2/CSPG4 are identical to those of human melanoma 
proteoglycan (HMP). Both NG2/CSPG4 and HMP are denoted as 
NG2/HMP [10]. Later, NG2/CSPG4 homolog has also been identified 
in mice and termed as AN2 [11], indicating that the evolution of 
NG2/CSPG4 is somehow conserved. NG2/CSPG4 composes of three 
functionally distinct subunits and its distribution was originally 
thought to be restricted only in PCs and melanocytes [12]. Recently 
it has become apparent that the distribution of NG2/CSPG4 is broad 
such as in interfollicular epidermis, oral mucosa, out root sheath, 
hair follicle, chondrocytes, smooth muscle cells, anigomyolipomas, 
and muscular junction of postnatal skeletal muscle, migroglia and 
mesangial cells [13-19]. Interestingly, ablation of NG2/CSPG4 has been 
found to be associated with both deficiency in progenitor cell pools and 
defective vasculature, suggesting its important role in the development 
tissue homeostasis, tissue repair and angiogenesis [20]. 

In the late 1980s, investigators found that NG2/CSPG4 “calms” in 
progenitor cells but “acts” once the cells make an initial commitment 
to a particular cellular lineage [21], suggesting that NG2/CSPG4 is 
not so much a marker for a specific cell type, but is more of a marker 
for an “activated” (as opposed to quiescent or calm) status of cells. 
Evidence of Oligodendrocyte Precursor Cells (OPCs) in the diseased 
Central Nerve System (CNS) suggests that NG2/CSPG4 assumes 
activated morphology [22] and starts functioning due to any insults or 
disturbances to the CNS by changing cellular environment to produce 
beneficial cells [23]. Expression of NG2/CSPG4 in other progenitor 
cells like Mesenchymal Stem Cells (MSCs), chondroblasts, osteoblasts, 
immature keratinocytes, muscle progenitors, brain perivascular and 
microvascular cells [16,24-27] indicates a role of NG2/CSPG4 in cell 
matrix maintenance. More recently, we showed that NG2/CSPG4 
expressed in multiple adult mammal organs like bone marrow, liver, 
pancreas, lungs, eyes, heart and kidneys, and exhibited stem/progenitor 
activities [28], suggesting that the origin and function of NG2/CSPG4 
are not unique in the CNS but are also found in other organs. Whether 
NG2/CSPG4-expressing cells are PCs or a reservoir for harboring 
MSCs [29] is still under investigation. 

In malignant cancer 

There is tantalizing evidence that NG2/CSPG4 is highly expressed 
in malignant cancer [30-33]. Analysis of NG2/CSPG4 in surgical 
removed cancer lesions showed that NG2/CSPG4 deposited into 
cell matrix during cancer cell matrix reaction and participated in the 
organization of cell matrix to modulate cancer cell stimulation and 
migration as well as metastasis [34]. A set of elegant experiments 
in Immunohistochemical Staining (IHC) reactions with NG2/
CSPG4 specific Monoclonal Antibodies (mAb) have showed that 
cancers of NG2/CSPG4-expressing PCs are frequently devoid of ECs 
[35], suggesting the early role of NG2/CSPG4-expressing PCs in 
pathological conditions in vessel formation and dysregulation of PC-
EC interaction. By utilizing well-defined histopathological criteria, a 
well designed study has been directed at assessing the frequency of 
NG2/CSPG4 expression in primary and metastatic cancers in different 
anatomic sites. The expression of NG2/CSPG4 has not been found to 

vary between primary and metastatic lesions at early stage whereas 
significantly higher expression in metastatic lesions at later stage 
[36,37], suggesting that NG2/CSPG4 plays a role in the motile potential 
of cancer cells that are highly positively correlated with a worse 
prognosis. Given its multifunctional roles in brain glioblastoma (GBM) 
biology, researchers have hypothesized that increased proportions of 
NG2/CSPG4 expression in GBM stem cells may have an impact on 
patients’ survival outcomes [38]. Several studies have provided evidence 
to link therapy resistance to subpopulation of GBM cells characterized 
by expression of the neural stem cell (NSC) marker (Nestin) and the 
cancer stem cell (CSC) marker (CD133/prominin) [39]. The results 
have demonstrated that highly expression of NG2/CSPG4 on CD133-
, Nestin- and prominin-expressing CSCs is associated with shorter 
survival but independent of age, treatment and chemotherapy. In 
GBM, for example NG2/CSPG4 positive cells with increased PRDX-1 
activity, a marker representing for oxidative stress, showed resistance 
to radiotherapy by the rapid induction of a DNA damage signaling 
response and this response could be counteracted by NG2/CSPG4 and 
PRDX-1 knockdown in the NG2/CSPG4 expressing cells but not in 
control NG2/CSPG4 negative cells [38]. This experiment suggests that 
NG2/CSPG4, as a prognostic factor for poor survival, promoted GBM 
Ionising Radiation (IR) resistance and multi-drug chemoresistance. 

NG2/CSPG4 Proteoglycan as an Activated Cell Matrix 
in Cancer Progress

In historical studies dating back to 1992, the gene expression of 
CSPG4 in cancer patients suggests that altered distribution of NG2/
CSPG4 may serve as a prognostic factor and an important targeting 
element in malignant cancers [5,40,41]. Based on the fact that NG2/
CSPG4 has been largely studies and examined in the context of 
malignant pathology, we described and accumulated here a wealth of 
novel insights into the mechanisms by which cancer cells interact with 
activated NG2/CSPG4 related cancer cell matrix.

What is the term of cell matrix?

The most concise answer is: The Material is to fill space between 
cells called Cell Matrix Or Stromal Tissue. It is well known that the 
tissues of a multicellular organism contain two main components, 
the cells themselves and the material that lies between the cells. This 
material is called cell matrix, dismissed as sole function “Adorn or 
Package”. However, it has now become gradually clear that the cell 
matrix is much more significant in its function for cancer survival now 
than before because of its interaction with the surrounding matrix that 
is one of the major controls of cell behaviors. Besides, it provides a 
barrier to isolate tissues from each other, offers navigational cues for 
migratory cells, conveys signals to alter cell behavior, and sequesters 
biologically active compounds such as growth factors.

In animals, the cell matrix appears in two main forms: (1) a 
basement membrane underlying the epithelial cells of the tissue which 
effectively separates the epithelium from underlying connective tissues; 
(2) connective tissues surrounding the cells of the mesenchymal part 
of the tissue. The cell matrix is associated with ‘connective tissues’ and 
frequently fibrous, particularly in load-bearing tissues such as artery 
walls, tendons, cartilage and skin [42]. Although the mixtures of the 
cell matrix vary between organisms, the internal structure is highly 
organized. Cells embedded in the cell matrix make contact with each 
other mainly through specialized matrix receptor molecules, which 
allows the cells to adhere to the matrix to signal the presence of particular 
matrix components to the internal machinery of the cell and the matrix 
to control cell behavior. The cell matrix that is mainly composed of 
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both proteoglycans and glycoproteins is able to bind to specific sites 
on those cell matrix proteins and results in the formation of matrix as 
a highly cross-linked gel. Approximately 100 known components are 
located in the cell matrix, but not including molecules such as growth 
factors that are not structurally part of the matrix but which bind to 
it. However, most of the cell matrix materials are accounted for a few 
dominant types of moleculed that include: Collagens, Elastin, Fibrillin, 
Fibronectin, Hydroxyapatite, Laminin, Matrix metalloproteinases 
(MMPs) and Nidogen. Collagens are the most dominant glycoproteins 
in the cell matrix while NG2/CSPG4 is one of the big proteoglycans 
located in the cell matrix, and many can be bound by receptors on cells 
to promote cell-cell matrix interaction. Most can take up water to form 
hydrated gels into which collagen fibres are embedded, particularly the 
Heparin Sulfate (HS) in NG2/CSPG4 proteoglycan, bind to a variety of 
growth factors to concentrate them in the cell matrix and prevent their 
diffusion to other parts of the body. 

Activated NG2/CSPG4 proteoglycan in cancer cell adhesion 
(cancer establishment)

The cell matrix is not a static structure and can be activated when 
responds to aberrant signals. Once activated, proliferative cancer cells 
interact with activated cancer cell matrix by using a variety of receptors 
on their plasma membranes including NG2/CSPG4 proteoglycan. As 
a result, the cancer cell matrix has emerged as a prime determinant of 
cancers.

Cancer cell matrix supports cancer cell adhesion and transmits 
signals through cell-surface adhesion receptors [43-47]. It has been 
largely reported that the most important stromal ECM receptors in 
cancer cells belong to integrin family. Localization of NG2/CSPG on 
cancer cells indicates that this proteoglycan is capable of modulating 
both cell-ECM and cell-cell interactions. NG2/CSPG4 can also 
indirectly regulate cell and cell matrix interactions by serving as a 
co-receptor which communicates with cancer cells by outside-in and 
inside-out signaling mechanisms during adhesion [48,49]. It has been 
reported that the aberrant signals-induced morphological changes 
of NG2/CSPG4-positive cells is only within hours but can persist for 
several weeks [50].

Upregulation of NG2/CSPG4 in cancer lesions leads to cancer 
cell adhesion, which links NG2/CSPG4 signals to the activation of 
integrin receptor family [51]. A set of refined experiments by using 
α4β1integrin-subunit have demonstrated that NG2/CSPG4 interacts 
with the α4β1integrin-subunit modulated-cell adhesion to type VI 
collagens [52]. Adhesion to the collagens of the cancer cell matrix 
“wakes up” cancer cells, which allows integrins to form associations 
with various signal transduction molecules such as Focal Adhesion 
Kinase (FAK). Activation of FAK can phosphorylate a variety of 
targets to control cell survival, differentiation and proliferation [53]. 
Therefore, high expression of NG2/CSPG4 in cancer lesions suggests 
that NG2/CSPG4 may modulate cancer progression via FAK signaling 
pathway. Studies over the past several years on some of the signaling 
pathways involved in normal-to-malignant cell transition suggest 
that integrin-regulated FAK may be activated by NG2/CSPG4 [53]. 
Several studies that reduction of cancer cell adhesion and spreading by 
using monoclonal antibody against the NG2/CSPG4 core protein [49] 
or enhancement of cancer cell metastasis by using the NG2/CSPG4-
null cancer cells [33] suggest that NG2/CSPG4 may be a key factor 
in integrin-controlled cancer cell adhesion [9,54]. Other signaling 
pathways such as Wnt [55,56], Prolantin-jak-2-Stat-5 [56], GTPase-
Rac-Rho [10], ERK1/2 [9] and PI3K/AKT [54] can also be originated 
by NG2/CSPG4 but are beyond our discuss scope in this review.

Activated NG2/CSPG4 proteoglycan as a mitogenic receptor 
in cancer cell proliferation (cancer progression)

The functions in normal organs are determined by reciprocal 
communication between the cells in an epithelial layer and their 
surrounding cell matrix. The same organizational principles apply to 
most of malignant cancers. The progression from a hyperproliferative 
state to malignancy can be characterized by an increased abnormal 
communications between all types of cells comprising the cancer mass 
[57]. During gain-of-function, NG2/CSPG4 as a cell surface receptor 
for ECM components changes cancer cell matrix and influences 
cancer cell adhesion as described above. Once NG2/CSPG4 disrupted, 
normal communication between different cell types within a cancer 
would cause cancer cell proliferation leading to cancer progress 
[58]. This process is thought to be highly dependent upon signaling 
stimulations by several growth factors. Investigation of the stimulation 
served by NG2/CSPG4 to link between NG2/CSPG4 activation and its 
contribution to critical processes of remodeling cancer progress would 
merit in the future clinic. 

Ample studies suggest that NG2/CSPG4 expression is associated 
with a proliferative cell phenotype and is often found in tissues 
exhibiting elevated proliferation, such as in development and in a variety 
of cancers [32]. As known, the cell matrix surrounding cells contains 
NG2/CSPG4 proteoglycans that provide both structural support and 
contextual information for cells to determine the correct response 
to a given set of stimuli [59]. A large number of studies showed that 
NG2/CSPG4 influences cell proliferation by interacting with growth 
factors acting as high-affinity receptors [58,60-62]. Heparan sulfate 
(HS) is well-known for their ability by serve as co-receptors for growth 
factors due to their affinity for the NG2/CSPG4 proteoglycans where 
its core protein is responsible for growth factor bindings [63]. Besides, 
epithelial cells can also initiate incorrect matrix signaling to produce 
growth factors that, in turn, stimulate in appropriate proliferation 
of neighboring epithelial cells [64]. Alternatively, an aberrant matrix 
component produced by matrix cells in response to a local stress can 
be perceived by neighboring epithelial cells as a signal to proliferate or 
to enter a new developmental pathway [59,65,66]. Below we selected 
several main contributions of growth factors related to NG2/CSPG4 
and discussed their main contributions in carcinogenesis. 

Fibroblast Growth Factor (FGF) is a key factor in the regulation of 
angiogenesis in malignant cancers. Its main contribution is to convert 
quiescent-stationary vascular cells to mitotic phenotypes. It has been 
revealed that perturbation of responsiveness could be confirmed in 
NG2/CSPG4-deficient PCs or in the cells isolated from NG2/CSPG4 
null mice to paracrine and autocrine stimulation through FGF, 
while proliferation induced by other growth factors was equivalent 
in wild-type cells [67]. By 5-bromo-2- Bromodeoxyuridine (BrdU) 
incorporation tested in an ischemic retinal and corneal vascularization 
models induced by FGF2, blood vessel development is decreased 
more than 2-fold with genetic ablation of NG2/CSPG4 [68] and 
the most obvious caused this change is the reduced proliferation of 
PCs in the absence of NG2/CSPG4. This study suggests that NG2/
CSPG4-expressing PCs may promote cancer vascularization and 
mediates expansion of the transformed cell population [69]. It may 
also be possible that the reduced proliferation could contribute to the 
reduction in numbers of NG2/CSPG4-expressing PCs. 

It has been considered that NG2/CSPG4 rearranges activated PCs 
in malignant cancers by probably receiving Platelet-Derived Growth 
Factor (PDGF) signaling [70]. PDGF as a mitogen is another contributor 
to the expansion of the cell matrix in cancer progression because of 
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NG2/CSPG4 binding potential of collagen types to PDGF [71,72]. 
During cancer progression, regulation of NG2/CSPG4-expressing PC’ 
responds to PDGF and the need of NG2/CSPG4-expressing PCs to 
receive PDGF signal correlates positively to cancer cell proliferation 
[73]. In other works, the cancer cell-expressing NG2/CSPG4 generates 
a supportive “niche” by producing matrix-modulating growth factors. 
NG2/CSPG4 has also been proposed to be a critical adapter protein in 
the growth factor-mediated perivascular activation. This process has led 
to the identification of a growth factor-binding site within the central 
portion of the core protein located in NG2/CSPG4 [74]. Knockout 
mice study suggests that presence of NG2/CSPG4 results in the cancer 
PC proliferation via PDGF signaling-involved paracrine mechanism 
[75]. Based on PCs co-expressing NG2/CSPG4 and PDGF receptor 
β (PDGFR-β) [71,76], PDGF signaling of cancer-associated PCs with 
NG2/CSPG4 expression would play a critical role in angiogenesis such 
as vessel abnormal morphology, increased endothelial proliferation and 
poorly perfused tortuous vessel formation [77]. Immunohistochemitray 
assay of Ki67 (MIB-1), a proliferation-associated nuclear protein that 
expresses during G1 to M phases in the cell cycle, has demonstrated 
that NG2/CSPG4-expressing PCs in cancers proliferate much more 
than their NG2/CSPG4 negative counterparts [78,79]. Similar results 
have also been found in melanoma cancer cells [80]. Furthermore, 
studies using animal model indicate that the presence of PDGFR-β and 
NG2/CSPG4 in PCs could protect ECs against inhibition of Vascular 
Endothelial Growth Factor (VEGF) signaling. Simultaneous inhibition 
of PDGFR-β on PCs therefore improves the effect of VEGF inhibitors 
on ECs. Such bivalent relationship may emphasize in a wealth of studies 
to confirm the pivotal role of PDGF-BB/PDGFR-β for anti-angiogenic 
therapy. Studies involved in the cross-talk between PDGFR-β/NG2/
CSPG4-expressing PCs and ECs in cancer progression suggest that 
regulation of angiogenesis in cross talk between PCs and ECs is 
critical for cancer cell matrix activation. During vessel formation, ECs 
produce PDGFR-β ligand (PDGF-BB) which promotes recruitment 
of activated PCs to migrate into microvasculature and to enhance EC 
differentiation. Recruitment of PCs by ECs is known to be essential 
for maintenance of cancer angiogenesis. Abnormal blood vessels in 
cancer angiogenesis are leaky and tortuous vessels that are often poorly 
perfused. Thus, anti-angiogenic therapy targeting NG2/CSPG4FGFR/
PDGFR-β-expressing PCs will be a promising approach for enhancing 
anti-angiogenic therapy in malignant cancers. 

Together, it is believed that NG2/CSPG4 proteoglycan possibly 
acts as ligand receptor. High-affinity interactions between growth 
factor and receptor induce conformational changes of NG2/CSPG4. 
Another study indicates that HS chains contain a specific carbohydrate 
sequence (N-sulfate and iduronate-2-sulfates) which is an essential 
binding site for FGF [81], but not for the proteoglycan component of 
the transforming growth factor beta (TGF-β) [82], suggessting that 
different binding sites allow for the binding of more than one growth 
factor to the same NG2/CSPG4 proteoglycans [83]. Therefore, removal 
of NG2/CSPG4 results in a dramatical reduction of the binding of 
growth factor to the cancer cells and leaves the mitogenic activity of 
growth factors to cancer cells unaffected. 

Activated NG2/CSPG4 Proteoglycan in Cancer 
Angiogenesis 

Angiogenesis is required for malignant cancer cell survive. To meet 
the metabolic needs of a rapidly growing cancer mass, development of a 
new blood vasculature is essential. A large growing body of data suggest 
that over-expression of NG2/CSPG4 on angiogenesis is associated with 
the formation and poorly prognosis of aggressive cancers [84,85]. 

Below section we illustrate the central role of NG2/CSPG4 that is 
associated with angiogenesis in different malignant cancers.

What is angiogenesis?

The process for accomplishment of the formation of new vesslse 
generated on the preexisting vascular beds called angiogenesis. The 
term of angiogenesis was first used in 1787 by John Hunter, a British 
surgeon who described the formation of new vessels de novo. There 
were very few reports of cancer angiogenesis until almost 100 years later 
and these were mainly anatomical studies. In 1971, Judah Folkman was 
first proposed the essential role of angiogenesis in cancer growth and 
described cancers as “hot and bloody) [86]. The expanding vasculature 
provides nutrients to cancer tissues and routes for cells to leave or 
enter the circulation. Remolded blood vessels in most pathological 
conditions differ from normal vessels at multiple levels.

During angiogenesis under normal physiologic condition, two 
well-orchestrated processes occur: the changes in morphogenesis 
that requires EC proliferation and the reconstitution of the cell 
matrix components [87]. Although novel vessel formation under 
physiologic or pathological conditions is different, the molecules and 
mechanisms implicated are common. Once ECs display a proliferative 
phenotype, recruitment of perivascular supporting cells such as PCs 
enables stabilization of nascent vessels, functional lumen formation 
and appropriate blood flow. Both ECs and PCs regulate blood vessel 
formation, maturation and specification. ECs form the interlining of 
the vessel wall and PCs wrap around blood vessels. Communication 
between these two distinct vascular cell types occurs by direct cell 
contact and paracrine signaling pathways. Loss of PCs can form 
hyperdilated and hemorrhagic blood vessels that lead to conditions 
of diseases like edema, diabetic retinopathy and even embryonic 
lethality. In cancer blood vessels, co-express PDGFR-β and NG2/
CSPG4, PC divisive deficiency is observed when PDGF-BB/PDGFR-β 
signaling is deleted in the ECs [88,89], suggesting the lack of PCs due 
to disruption in PDGFR-β signaling on ECs are unable to expand 
and spread along the newly formed vessels because of their reduced 
migratory and proliferative capabilities [86]. PC dysfunctions can also 
resulte in increased EC apoptosis and metastatic spread, suggesting 
that PCs in malignant cancers are implicated in vessel maintenance, 
EC survival and potentially cancer dormancy. Specific mutations in 
the PDGFR-β gene in mice lead to disruption of distinct and different 
signaling pathways, which reveals that PDGFR-β-dependent signaling 
circuits are rather additive than specific for PC recruitment [90]. Based 
on their functional importance, PCs present a complimentary target to 
ECs in malignant cancers. Therefore, combinatorial targeting of both 
cell types might have the potential to more efficiently diminish cancer 
vessels that halt subsequent cancer progress.

Despite extensive angiogenesis in malignant cancers, blood flow 
is inadequate to support cancer cells viability. Additional activation 
of proangiogenic molecules in malignant cancers is required and this 
procedure is regulated by positive and negative acting mediators to keep 
balanced equilibrium tightly in check under homeostatic conditions. To 
date, the link among expansion, invasion, proliferation and metastasis 
of cancers adequate vascular supply has been well established, as Algire 
et al. summed up in 1945 ‘‘rapid cancer growth is dependent on the 
development of a rich vascular supply.’’ This was brought forward by 
Folkman in 1971. All suggest that the growth of malignant cancers 
depend on the process of angiogenesis, thus, manipulating the stability 
of the malignant cancer vasculature may constitute a viable anticancer 
therapeutic strategy. 
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NG2/CSPG4 involves angiogenesis in several malignant 
cancers 

Aberrant expression of NG2/CSPG4 proteoglycan in angiogenic 
vasculature is associated with an aggressive disease course in several 
malignancies [39,78]. For example, PCs in malignant cancers differ 
from the one in normal tissues. They appear to be more loosely attached 
to the vasculature and their cytoplasmic processes can extend into the 
cancer mass suggesting PCs are involved in neogrowing vasculature 
in malignant cancers. The role of NG2/CSPG4 in promoting PC 
neovascularization is evident during cancer proliferation. The best 
evidence for the importance of PCs in vascularization is the impaired 
PC development by genetic ablation of PDGFR-β that resultes in 
the production of aberrant vasculature [91]. A study evidenced that 
compared to blood vessels in wild type cancer, vessels in NG2/CSPG4 
null cancers exhibit reduced diameters and diminished investment 
by PCs. Another study indicated that mammary cancers in MMTV-
PyMT (mouse mammary tumor virus) transgenic mice developed 
more slowly and reduced metastasis [92]. A recent study confirmed 
a functional significance of PDGFR-β signaling in NG2/CSPG4-
expressing PCs for cancer angiogenesis. With PDGF retention mice 
(PDGF-Bret/ret) disrupted PDGF chemotactic gradient in vivo that 
mediates PDGF binding to NG2/CSPG4 proteoglycans in cancer cell 
matrix, while implanted cancers into the PDGF-Bret/ret mice showed 
hemorrhagic and contained few PCs around the cancer blood vessels 
which were hyperdilated. Ectopic expression of PDGF in those cancer 
cells was able to increase PC density but failed to cause PCs to attach 
more firmly to blood vessels. These results indicate that localized PDGF 
from the endothelium is essential for proper PC adhesion to the vessel 
wall [93]. Since PCs in most of malignant cancers used mechanisms 
for angiogenesis such as regulating vessel integrity, maintenance 
and function that are similar to the PCs used in developmental 
angiogenesis, therefore, it will be interesting to see whether ablation 
of NG2/CSPG4-expressing PCs on endothelial would disturb the cell-
mediate EC recruitment.

Melanoma: The incidence of melanoma has risen faster in the last 
30 years and this increase is mostly considered to be linked to increased 
angiogenesis. Growth of new capillary blood vessels [94,95] to increase 
in blood flow [96] supplies melanoma cancer with oxygen and nutrients 
for its proliferation, metastases and progress [97]. Melanomas can 
develop anywhere on the body but they are most frequently discovered 
in skin areas with greatest sun exposure. Because of poor survival 
rates and metastasizes very early, the prognosis in melanoma process 
is significantly worse it is a reflection of the two main challenges in 
this cancer management: (1) inadequacy prognostic markers; (2) lack 
of effective treatment options. In the clinical view of point, treatment 
of early diagnosed patients is relatively easy, which is often associated 
with a high cure rate. However, when the disease is more advanced, 
treatment options are limited and the failure rate is high. Clearly, 
discovery of new biomarkers and development of new treatments 
are challenging and development of specific inhibitors for targeting 
therapeutics to manage this progressive cancer is a critical clinical 
need. NG2/CSPG4 is a strong melanoma antigen that was identified 
30 years ago. This marker is even more sensitive and specific than a 
commonly used melanoma marker, MART-1 (Melanoma Antigen 
Recognized by T cells) [98]. NG2/CSPG4 appears on approximately 
85% of melanoma lesions and melanoma cell lines [99,100]. Recent data 
indicate that approximately 95% of primary lesions stained for NG2/
CSPG4, approximately 86% of metastatic lesions were NG2/CSPG4 
positive [101] and the level of its expression is dramatically higher in 
metastatic lesions than non metastatic ones [38], suggesting that NG2/

CSPG4 may be a metastatic indicator in disseminated melanoma. As 
metastatic lesions display unusual spindle cell morphology which lacks 
the common clinical and histological characteristics, the use of NG2/
CSPG4 in diagnosis could be potentially very useful. Collectively, NG2/
CSPG4 highly expresses in melanomas than normal tissues, suggesting 
that it would be a useful biomarker for melanoma [102-105] and more 
hope for treatment of this advanced cancer.

Glioblastoma (GMB): GBM is highly lethal brain malignant cancer 
and is also related to angiogenesis. Brain is made up of numerous cell 
types that interact with cell-cell, cell-matrix contacts via soluble and 
insoluble signaling molecules. During angiogenesis in developmental 
brain, NG2/CSPG4 locates in the cell matrix and widely expressed by 
PCs as early as embryonic day 10-12 (E10-12) [23,106]. In the GBM, 
Shoshan and co-workers demonstrated NG2/CSPG4 expression in 
one out of five GBM [107], whilst others showed moderate to high 
expression in 6 out of 14 GBM biopsies and confrontation edge [77]. 
Xenografted NG2/CSPG4 overexpressing GBM cell lines resulted 
in increased angiogenesis and vascular permeability compared to 
NG2/CSPG4 negative cancers. Some results in 74 GBM biopsies 
demonstrated that NG2/CSPG4 was highly expressed on angiogenic 
vessels in 50% of GBM patients that are associated with significantly 
shorter survival outcomes. This effect on poor survival was independent 
of age at diagnosis and treatment received; suggesting that the role of 
NG2/CSPG4 in blood vessel development is extremely relevant to GBM 
progression. In addition, the PCs in the GBM attracted by PDGF-BB 
that is released from ECs and migrated into the sites where growth and 
proliferation were occurred [108]. The close apposition of PCs to ECs 
indicates a seminal role during angiogenesis [109]. As a cell surface 
component of PCs, NG2/CSPG4 is adequately positioned to sequester 
angiostatin, which otherwise would be available to inhibit proliferation 
and migration of ECs [110]. These observations suggest that targeting 
NG2/CSPG4 to abrogate the effect of NG2/CSPG4 in the GBM may 
significantly reduce angiogenesis and cancer growth.

Soft-tissue sarcomas (STS): The STS is a malignant cancer that 
is originated from mesenchymal tissue. Although good control and 
approximately 90% of STS patients present no clinical evidence of 
metastasis [110], approximately 50% of STS patients with high-grade 
sarcomas have less than 5-year life expectancy and die from metastasis 
[111]. Metastases and local cancer recurrences are recognized to 
be primary parameters affecting the STS which are void of definite 
molecular markers. Histological grading is adopted clinically as the 
sole parameter to gain information about a possible metastatic event 
following surgical removal of the primitive lesion [112]. Definition 
of metastatic potential from clinic is still based on histopathological 
parameters like grading, size, depth of local tissue infiltration. Hence, 
there is a strong need to identify more up-to-date effective targets to 
exploit in novel pharmacological and biological therapeutic modalities 
to control this type of cancer. Although proposed the prognostic 
importance of a number of clinical and histopathological markers 
more concrete genetic/molecular factors defining prognosis in STS 
patients still remain unavailable to clinicians [113-117]. The functional 
property and hypothesized role of NG2/CSPG4 in malignant 
progression have prompted scientists to investigate whether NG2/
CSPG4 is (over) expressed in STS, whether its expression pattern 
may provide relevant clinical information and whether NG2/CSPG4 
may be as a putative immunotherapeutic target in the STS. Several 
preclinical studies have evaluated the role of targeting NG2/CSPG4 in 
STS. Several studies have marked that amplification of NG2/CSPG4 in 
metastatic STS strongly correlated with patient survival. NG2/CSPG4 
has been proved to surpass other recognized clinical parameters in the 
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prognostic definition of STS patients. Heterogeneicity of intralesional 
distribution of NG2/CSPG4 suggests that the proteoglycan may define 
particularly aggressive subsets of malignant cancer cells. However, 
it is obviously not yet technically possible to determine whether the 
same highly NG2/CSPG4-enriched STS cells of the primitive lesions, 
or their progenies, are actually the ones directly responsible for the 
formation of metastases. Notably, recent experimental findings on 
the ability of NG2/CSPG4 to confer the cells of highly malignant, 
potentially metastatic phenotype identify a discrete STS cell population 
for therapeutic targeting, suggesting that preclinical mechanistic 
study and clinical trials of NG2/CSPG4 should be going on in order 
to evaluate its prognostic indicator and therapeutic role so that the 
efficacy of the varied anti-angiogenesis agents targeting NG2/CSPG4 
can be ultimately validated in the STS.

Liver and pancreatic cancers: Liver and pancreatic cancers are 
the gastrointestinal malignant cancers which are considered highly 
dependent upon angiogenesis. Patients with these cancers have few 
available treatment options. Thus, new treatments that block blood 
vessel formation may give hope for these cancer patients. NG2/CSPG4 
proteoglycan has been reported to be expressed on Hepatic Stellate 
Cells (HSCs) in liver cancer and numerous reports support the concept 
that HSCs serve as PC functions in angiogenesis of liver cancer [118]. 
HSCs in the liver cancer such as Hepatocellular Carcinoma (HCC) are 
responsible for the remodeling and deposition of cancer-associated 
cell matrix that are involved in cancer cell activation and migration. 
Activation and migration of HSCs into cancer nodules appear to be 
essential requirements for HCC angiogenesis. HSCs are also response 
to hypoxia [119] for a proangiogenic microenvironment creation, 
facilitating EC recruitment and survival during hepatic metastasis 
transition from an avascular to a vascular stage. It has been demonstrated 
that the MSCs have a phenotype resembling to the activated HSC cell 
line. Immunophenotypic analysis has further showed that HSC cell line 
is positive for activated HSC markers (α-SMA, GFAP, nestin, CD271) 
and MSC makers (CD73, CD105, CD44, CD29, CD90, HLA class-I, 
CD49e, CD166, CD146 and STRO-1) but negative for the endothelial 
(CD31), endothelial progenitor (CD133) markers and hematopoietic 
(CD45 and CD34) markers. Besides, the HSC cell line expresses NG2/
CSPG4 as well and is capable of stimulating new blood vessel formation 
[118]. Since NG2/CSPG4 has been very little examined in the context 
of liver and pancreatic cancers in human, we have spent several years 
to investigate the correlation of NG2/CSPG4 with multiple parameters 
obtained from clinic. We have collected eighty fresh clinical specimens 
from the patients with liver cancer and one hundred thirty from the 
patients with pancreatic cancers, and tested NG2/CSPG4 antigen with 
monoclonal antibodies. By using western blot and real time PCR (RT-
qPCR), we found significant increased expression of NG2/CSPG4 in 
both liver and pancreatic cancer areas as compared to adjacent tissues, 
particularly around vessels (Figure 1), indicating the implication 
of NG2/CSPG4-associated cell matrix to the different aspects of 
angiogenesis in liver and pancreatic cancers. Based on some supporting 
literatures, we hypothesize that NG2/CSPG4 promoting novel vessel 
formations in the two cancers may be also through PDGFR-β signaling 
pathway in regulating angiogenesis affected by ECs and PCs. We 
believe that we are at the dawn of a new era in liver and pancreatic 
cancer therapeutics via targeting NG2/CSPG4. 

CSPG4/NG2 as an Immune Target for Cancers 
Treatment (Clinical Sense)

To investigate novel anticancer therapies aimed at targeting both 
malignant cancer cells and their contexts in which they live remains an 

important challenge. Agents that target the cancer microenvironment 
represent an important strategy in cancer therapy. By expressing NG2/
CSPG4, the cancer can: (1) interact with growth factors to modulate 
adhesive, infiltration, proliferation and angiogenesis; (2) interact with 
integrin receptors and ECM components to mediate cellular motility 
as well as stimulate signal transduction pathways to avoid apoptosis. 
Questions by expressing NG2/CSPG4 remain to be answered is: (1) 
whether the therapeutic effects of targeting anti-NG2/CSPG4 by 
using Monoclonal Antibody (mAb)-mediated immunotherapy can be 
enhanced to overcome the hurdles to efficient delivery and penetrate; 
(2) whether administrating small molecule inhibitors of NG2/CSPG4 
or different signal transduction pathways mediated by the NG2/CSPG4 
can be effectively targeted.

It is well known that the average mammal body contains tens of 
thousands of miles of vessels that permeate every tissue down to the 
microscopic level. This makes the vasculature a prime target for the 
treatment. As stated in many studies, the efficacy of different inhibitors 
in chemoprevention and the functional roles for blood vessels in early 

Figure 1: Different Pattern of Expression of NG2/CSPG4 in Human Liver 
and Pancreatic Cancer Biopsies detected by 3,3′-diaminobenzidine (DAB) 
stainingand RT-qPCR. (A) DAB staining showed that highly positive staining 
of NG2 antigen in liver cancer, especially around blood vessels (right panel), 
while NG2 is negative or light positive in adjacent tissue of liver cancer (left 
panel). (B) Similar pattern showed in pancreatic cancer. (C) RT-qPCR showed 
highly expression of CSPG4 in metastatic tissues from liver (lane 3) and from 
pancreatic cancer patients (lane 4) compared to the adjacent liver tissue (lane 
1) and the adjacent pancreatic tissue (lane 2) that all from the same patients. 
Original magnification, ×100.
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neoplastic progression, invasion and malignant conversion events have 
clearly been demonstrated [120]. Unfortunately, results with inhibitors 
thus far have not been encouraging [121], thus, the novel efficient anti-
cancer therapeutic tools are required. NG2/CSPG4 expression directly 
or indirectly enhances activation of multiple signaling pathways 
associated with oncogenic transformation. As be multifunctional, 
NG2/CSPG4 can interact with distinct key oncogenic pathways that 
may change dynamically during cancer progression. This may be one 
explanation for the high proportion of many malignant cancers that 
retain NG2/CSPG4 expression. Besides critical pathways that are 
also impacted by NG2/CSPG4 are the FAK with integrin, PI3K/AKT 
with NFκB and RTK downstream pathways of ERK 1/2) functions. 
Therefore, it is not surprising that NG2/CSPG4 will be a potential 
therapeutic target for the treatment of malignant cancers.

NG2/CSPG4 mAb treatment

Monoclonal Antibody (mAb)-based immunotherapy has been 
greatly investigated as a therapeutic strategy against malignancies 
[122]. NG2/CSPG4 antigen is a cell surface proteoglycan and has been 
shown to be expressed by not only cancer mass but also CSCs [39]. A 
body of studies in animal models or cancer patients has been verified 
that cancer cells can be inhibited by NG2/CSPG4-specific mAb, 
suggesting NG2/CSPG4 antigen as an immune target for the treatment 
of cancers. The mechanisms underlying anti-NG2/CSPG4-based 
immunotherapeutics may include: (1) complement-dependent one 
that membrane-bound cancer-associated NG2/CSPG4 antigen bound 
to mAb are recognized and destroyed by complement membrane 
attack complexes; (2) cell lysis of NG2/CSPG4-expressing cancer cells 
that is initiated by macrophages bearing Fcγ III receptors, natural killer 
cells, and neutrophils; (3) NG2/CSPG4-expressing cancer cell growth 
arrest and (4) NG2/CSPG4-expressing cancer cell apoptosis induced by 
mAb-specific antibody binding to the NG2/CSPG4 antigen to trigger 
signal transduction events [123].

Carbone M and colleagues have successfully targeted NG2/CSPG4 
by using mAb for Malignant Mesothelioma (MM). They grafted the 
cancer cells in Severe Combined Immune Deficiency (SCID) mice and 
engineered to express the luciferase reporter gene, which were then 
monitored by imaging upon treatment with NG2/CSPG4 mAb. The 
significant inhibitive effect of anti-NG2/CSPG4 mAb on MM has been 
demonstrated [124]. Other particular studies which are performed in 
SCID animals have also demonstrated that these anti-NG2/CSPG4 
mAb blocked NG2/CSPG4-regulated signaling pathways [125]. Poli A 
et al. [29] applied a combination of mAb immunotherapeutic strategy 
against NG2/CSPG4 with NK cells in preclinical animal models of GBM, 
which was showed to effectively diminish cancer cell proliferation, 
increase cellular apoptosis and prolong survival. Notably, NG2/CSPG4 
offers several advantages over therapies that are strictly cancer-directed 
since therapies that target only cancer cells are limited by both the 
heterogeneous expression of NG2/CSPG4 within cancer and by the 
high rate of cancer cell mutation [126], while the host activated cell 
matrix vascular cells are relatively homogenous and lack the problems 
associated with drug resistance [127-130]. Although it is not clear 
whether NG2/CSPG4 antigen is internalized, other mechanisms can, in 
theory, still mediate the clinical benefits of mAb-directed therapy. For 
example, membrane-bound cancer-associated NG2/CSPG4-expressing 
antigens bound to mAb are recognized and destroyed by complement 
membrane attack complexes; Cancer cells lysed by macrophages 
bearing Fcγ III receptors, natural killer cells and neutrophils; and 
Cancer cell growth arrest and cancer cell apoptosis induced by mAb-
specific antibody binding to the NG2/CSPG4-expressing antigens that 

trigger signal transduction events in the cancer cells [131-133]. All the 
results traverse beyond the elucidation of NG2/CSPG4 as a therapeutic 
target. These NG2/CSPG4-associated functional properties of cancer 
cells could be inhibited by NG2/CSPG4-specific mAb. Moreover, CSCs 
can also be impaired by NG2/CSPG4-specific mAb. Although there is 
no complete consensus, perhaps the term CSCs should be regarded as 
the “weakness” of malignant cancers just like “the core” of bridges to 
situations wherein the CSCs is selectively attacked, rather than cancer 
mass attacked, targeted CSCs that drive cancer dying through CSCs. 
Today, although many researchers in CSC field have advanced their 
far enough researches still lack the specific target for cancers. The anti-
cancer mass or CSC effects of NG2/CSPG4-specific mAb are likely to 
reflect the blocking of important migratory, mitogenic and survival 
signaling pathways in cancer cells. These observations indicate that 
NG2/CSPG4 is a promising new target to implement mAb-based 
immunotherapy of various types of cancers. Therefore, providing a 
proof of concept that targets NG2/CSPG4 by mAb may hold potential 
for the treatment of malignant cancers.

Although this treatment strategy is highly attractive, the 
therapeutic efficacy of mAb-directed therapies has been limited by 
several shortcomings [134]. For example, the loss of antigenic epitopes 
on cancer cells; the lack of cancer-specific antigens; antibody toxicity; 
failure of the large antibody complexes to cross the blood brain barrier; 
the high interstitial pressure leading to poor diffusion of antibodies into 
all parts of the cancer; the dehalogenation or removal of radioactive 
label from mAb; the enzymatic removal of mAb from cancers and 
lack of mAb humanization. Thus, small peptides would be needed to 
overcome the disadvantages. 

NG2/CSPG4 peptides treatment

In order to overcome mAb limitations, peptide-based anti-NG2/
CSPG4 therapy could be the optimized delivery. Small peptides may 
prove superior to antibodies in terms of penetration into cancers. More 
alluring would certainly be the approach of targeting cytoplasmic tails 
of cell surface-associated NG2/CSPG4. This process contributed would 
certainly be the approach events in malignant cancer cells.

Phage display of random peptide libraries has previously enabled 
isolation of peptides that successfully bind to cancer-associated NG2/
CSPG4 [135,136]. Evidence that NG2/CSPG4-binding decapeptides 
home directly to the angiogenic neovasculature of melanoma 
xenografts in mice have been developed [137]. The localization and 
accessibility of NG2/CSPG4 on PCs suggested a potential use of these 
vessel homing sequences for targeted delivery of therapeutic agents to 
malignant cancers. Effect on PC and ECs of NG2/CSPG4 also suggests 
that NG2/CSPG4-expressing PCs play an important role in controlling 
EC proliferation and vessel stabilization during angiogenesis in 
malignant cancers [138]. Thus, anticancer strategies targeting NG2/
CSPG4-expressing PCs in the angiogenic vasculature may complement 
the approaches targeting ECs. The peptides targeting NG2/CSPG4 
could deliver therapeutic agents to the cancer cells and also their 
vasculature. Soldano F and colleagues generated a NG2/CSPG4-
specific single-chain antibody (scFv-FcC21) to a viable NG2/CSPG4-
expressing CSC and demonstration inhibition of in vitro growth and 
migration of cancer cells and in vivo growth of cancer xenografts. These 
effects were mediated by inhibition of the activation of extracellular 
signal-regulated and focal adhesion kinase signaling pathways that 
are critical for CSC growth and migration. Their findings define the 
NG2/CSPG4-specific fully human scFv-FcC21 antibody peptide as a 
candidate therapeutic agent to target many types of cancers that express 
NG2/CSPG4. Several clinical cases of cancer patients treated with anti-

http://www.ncbi.nlm.nih.gov/pubmed?term=Poli A%5BAuthor%5D&cauthor=true&cauthor_uid=24127551
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idiotypic antibodies that mimic NG2/CSPG4 antigen demonstrate 
a statistically significant increase in survival. The effect of the anti-
idiotypic antibodies in survival has been shown to induce HLA class 
1-restricted NG2/CSPG4-specific CTL [137] that was a viable option 
for the treatment of cancers. A recent study in an animal model have 
showed that the efficacy for adoptively transferred CTLs engineered to 
express antibodies against NG2/CSPG4 antigens in the treatment of 
NG2/CSPG4-expressing melanomas is satifactory to block growth and 
promoted regression of NG2/CSPG4-expressing cancers. 

In sum, immunotherapeutic targeting of NG2/CSPG4 is becoming 
a fruitful area, when considering direct immunotargeting and 
contemplating adaptive (vaccination-based) immunotherapeutic 
strategies. A better understanding of the importance of NG2/CSPG4 
contribution in malignant cancers will incite the future evolvement 
of targeted therapeutic agents specifically and directly against NG2/
CSPG4. The successful outcome of recent clinical trials that NG2/
CSPG4 is used as an immunotherapeutic target confirms this potential 
and provides a lead for the future development of NG2/CSPG4-
directed modalities to treat malignant cancers. 

RNA interference NG2/CSPG4 treatment 

Despite considerable hurdles to overcome, it seems likely that 
RNA interference (RNAi) may find a place alongside conventional 
approaches in treatment of malignant cancers [138]. RNAi is a process 
whereby small, noncoding double stranded RNAs posttranscriptionally 
silence specific genes including small interfering RNA (siRNA) and 
small hairpin RNA (shRNA). The use of RNAi to target specific cellular 
transcripts essentially hijacks the endogenous RNAi pathway, which 
can potentially be saturated. It is a highly conserved mechanism that 
has been first recognized as an antiviral immune response in plants to 
protect against random transposable elements [139]. There are two key 
challenges for the use of RNAi in therapeutics: (1) avoiding off-target 
effects; (2) ensuring efficient delivery. 

siRNAs are double stranded molecules and taken up by binding 
to serum proteins. Once antigen presents in cancers, siRNA must be 
transported across the capillary walls, and penetrate the cancer cell 
matrix to reach the cancer cells. Transport through the cancer cell 
matrix involves both diffusion and convection owing to the absence 
of osmotic or pressure gradients in cancers. Moreover, siRNA must 
travel through the vasculature to reach its target, a functional and 
well distributed vascular network facilitating the cancer blood flow 
is necessary for efficient drug delivery [140]. From a clinical point of 
view, this represents a therapeutic quagmire. As all perivascular cells 
along arterioles express NG2/CSPG4, therapeutic strategies targeting 
it in cancers must involve local delivery. Some of the deliveries need 
to be taken into account to ensure an adequate biodistribution within 
the cancer bed. Gene silencing may be limited by their transient effects 
and restricted by the rate of cell division. It is demonstrated that the 
expression of NG2/CSPG4 results in significant resistance to cancer 
cell death induced by using siRNA, which leads to their increased 
sensitivity to apoptotic stimuli regents such as tumor necrosis factor 
(TNF)-α. Stable downregulation of NG2/CSPG4 in different cancers 
has been demonstrated to lead to marked reduction of cancer growth 
rates and volumes. The growth of cancers is considerably retarded 
after TNF-α treatment, indicating that the cancer sensitivity to cell 
death mediators can be restored by siRNA gene silencing. Another 
experiment indicates that interplays of NG2/CSPG4 and collagen type 
VI are putatively involved in the cancer cell matrix control of cancer 
engraftment and local expansion. It has been shown that NG2/CSPG4-

associated malignancy is corroborated by the diverse carcinogenic 
behavior of immune selected NG2/CSPG4-expressing and NG2-
deficient cell subsets, the RNAi-mediated knockdown of endogenous 
NG2, and the ectopic transduction of full-length or deletion constructs 
of NG2/CSPG4. Combination of usage of dominant-negative NG2/
CSPG4 mutant cells and purified domain fragments of the collagen 
provide evidence to pinpoint the reciprocal binding sites and assert the 
importance of this molecular interaction in the control of cancer cell 
adhesion and motility.

Similarly, in vivo experiments have showed that the direct injection 
of lentivirus encoding a NG2/CSPG4 shRNA into cancer xenografts 
results in cancer regression [141], demonstrating the effect of targeting 
NG2/CSPG4 expression with viral delivery of shRNA or treating the 
cancers with injection of mAb on reducing blood vessel formation in 
cancer xenografts. As vascular PCs express NG2/CSPG4, shRNA may 
block neoangiogenesis by limiting PC proliferation or viability. This 
notion is supported by studies in the NG2/CSPG4 knockout mice to 
show a reduction in pathological angiogenesis that correlates with a 
loss of proliferation of vascular PCs [34]. Similar to the consequences 
of genetic deletion of NG2/CSPG4 in mouse GBM susceptibility 
model showed to be lack cancer-associated PCs. NG2/CSPG4 shed by 
cancer PCs has also been shown to stimulate motility in ECs involved 
in angiogenesis through binding of integrin family, but effects is 
abrogated by antibody against NG2/CSPG4, suggesting that targeting 
NG2/CSPG4 could have direct effects on cancer cell signaling on 
cancer-matrix cell interactions to promote cancer proliferation and 
angiogenesis. It is well known that chemoresistance is a major factor in 
the successful treatment of malignant cancers although cancers in many 
patients initially respond to therapy, but resistance to chemotherapy 
develops over time and cancer progresses. NG2/CSPG4 may influence 
drug resistance. For example, the development of drug resistance in 
melanoma appears to be particularly linked to the use of single-target 
inhibitor, such as BRAFV600E. The ability of anti-NG2/CSPG4 mAb 
to prolong the growth inhibitory effects of PLX4032, a BRAFV600E 
inhibitor, on melanoma cell lines in culture provides direct evidence 
for a role of this proteoglycan in promoting chemoresistance [58].

Taken as a whole, all data described in this section provide a rationale 
for targeting NG2/CSPG4 as an adjuvant therapy for malignant cancers 
using either an immune-based therapeutic approach or development 
of small molecule inhibitors against NG2/CSPG4. 

Future Directions
Over the past 30 yr, much work has gone into documenting NG2/

CSPG4 expression in diverse malignant cancers and increasing an 
understanding of its function in cancer cell biology. We have here 
provided a number of examples published within the last year to 
implicate NG2/CSPG4 in malignant cancers for the regulation of cancer 
cell adhesion, migration, proliferation and angiogenesis. Although 
evidence still remains circumstantial, many studies indicate that NG2/
CSPG4 can affect the biological activity of component molecules 
involved in cancer progress through highly specific cell-cell, cell-matrix 
interactions. The challenge for the future in the study of malignant 
cancers would be to understand the molecular mechanisms underlyin 
aberrant expression of NG2/CSPG4 and identify the structural motifs 
that facilitate its targeting.
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