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PDGFRα
PDGF ligand-receptor interactions and their 

downstream signaling effectors have a pivotal role in car-
cinogenesis. Functioning as molecular antennae that trans-
duce downstream signaling, structural and functional stu-
dies related to PDGFRα/β-mediated downstream signaling 
offer plausible targets for cancer treatment. Topoisomerase 
IIB (TOP2B) modulates the transcription of different onco-
genes in gliomas. There was a considerable decline in the 
levels of PDGFRα and MYC in TOP2B-silenced-BT142 
cells. Intracranial implantation of TOP2B-silenced-BT142 
cells followed by administration of doxycycline caused a 
reduction in the tumor growth (1). 

Canertinib inhibited the activities of PDGFRA and 
EGFRvIII kinases. PDGFRα activity is necessary for EG-
FRvIII-driven glioblastoma formation in mice. GFRvIII 
and PDGFRα contribute to the activation of pro-survival 
PI3K-AKT and MEK-ERK signaling (2). 

Regulation of PDGF/PDGFR by non-coding RNAs is 
also an area of exciting research. CircCDK14 interferes 
with miR-3938-mediated targeting of PDGFRα. There 
was a remarkable tumor growth in mice xenografted with 
circCDK14-silenced-U251 cells. Levels of PDGFRα, 
p-PDGFRα, Vimentin, ZEB1, GPX4 and SLC7A11 were 
found to be reduced in circCDK14-knockdown tumors (3). 

LINC02283 gene co-amplifies with PDGFRα locus. 
LINC02283 interacts with PDGFRα and enhances its 
signaling as well as its downstream effectors (AKT and 
ERK) to promote the progression of GBM (4).

Knockdown of SNHG8 inhibited proliferation and in-
vasive potential of gastric cancer cells. SNHG8 inhibited 
miR-491-mediated targeting of PDGFRα (5). Therefore, it 
will be intriguing to use miR-491 mimics in the inhibition 

of tumor growth in experimental mice. 
Similarly, LINC00467 interfered with miR-509-3p-

mediated inhibition of PDGFRα in HCC cells. Axitinib 
notably induced tumor regression in mice inoculated with 
LINC00467-silenced-Huh7 cells (6). 

MDSCs (Myeloid-derived suppressor cells) centrally 
regulate the establishment of the metastatic microenviron-
ment. Recombinant mouse-CXCL17 increased the num-
ber of metastatic nodules on the surface of the lungs in 
experimental mice orthotopically implanted with breast 
cancer cells (7). Moreover, in another experimental metas-
tasis model, significant increase in the number and volume 
of tumor nodules was found in mice treated with recombi-
nant mouse-CXCL17. There was a remarkable impairment 
of the spontaneous metastasizing capacity of CXCL17-
knockdown 4T1 cancer cells. CXCL17 triggered the for-
mation of pulmonary metastatic niches by the recruitment 
of PDGF-BB-expressing MDSCs. Intra-tracheally admi-
nistered recombinant mouse-CXCL17 enhanced the infil-
tration and accumulation of CD11b+Gr-1+ MDSCs in the 
lungs of experimental mice. There was an evident increase 
in expression of PDGF-BB in CD11b+Gr-1+ MDSCs 
isolated from the lungs of CXCL17-treated mice. Impor-
tantly, significantly increased number of MDA-MB-231 
cells was found in the lungs of mice after treatment with 
CXCL17. Treatment with recombinant mouse-PDGF-BB 
enhanced trans-endothelial migration and colony-forming 
ability of 4T1 cells. Conditioned media of CD11b+Gr-1+ 
MDSCs isolated from CXCL17-treated mice enhanced the 
colony-forming properties of 4T1 cancer cells (7).

VEGFR1+ hematopoietic progenitor cells play a 
principal role in the formation of pre-metastatic niches. 
There is an increase in the infiltration and recruitment of 
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Platelet-Derived Growth Factor (PDGF) mediated signaling has emerged as one of the most extensively stu-
died cascades in cancer development and progression. Overwhelmingly increasing data obtained from pre-
clinical and clinical studies has helped us to develop a near-complete resolution of PDGF/PDGFR signaling 
landscape. Phenotype- and genotype-driven studies have provided proof-of-concept that therapeutic targeting 
of PDGF/PDGFR signaling axis is necessary to improve clinical outcome. Kinase inhibitor drug discovery 
programmes have broadened their focus to include a wide variety of kinase targets. Based on the insights glea-
ned from previously published high-impact research, it is clear that different transduction cascades crosstalk 
with PDGF/PDGFR signaling during primary tumor invasion, dissemination and ultimate metastasis of can-
cer cells. In this commentary, we will focus on involvement of PDGF/PDGFR signaling in different cancers 
and how pharmacological targeting of this signaling cascade inhibits cancer progression.
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VEGFR1+CD133+ hematopoietic progenitor cells to the 
lungs during the progression of metastases. However, re-
cruitment of VEGFR1+CD133+ hematopoietic progenitor 
cells to the lungs was reduced after the establishment of 
pulmonary metastasis. Co-culture of CD133+ hemato-
poietic progenitor cells with highly metastatic-MDA-MB-
435s cells caused an increase in the secretion of PDGFRα, 
PECAM-1 and MMP9 by MDA-MB-435s cells. Com-
binatorial blockade of MMP9, PDGFRα and PECAM-1 
significantly suppressed pulmonary metastasis of highly 
metastatic-MDA-MB-435s cells and the infiltration of 
VEGFR1+CD133+ hematopoietic progenitor cells to the 
lungs of experimental mice (8). 

PDGFRβ
PDGFRβ played a central role in the progression of 

breast cancer. JAK2-STAT3-mediated signaling stimula-
ted the expression of Myc. Consequently, Myc transcrip-
tionally suppressed PDGFRβ in breast cancer cells. JAK2-
mediated phosphorylation and proteasomal degradation of 
PDGFRβ. Nilotinib is an effective inhibitor of PDGFRβ. 
Combinatorial treatment of tumor-bearing mice with ni-
lotinib and MEK1/2-JAK2 inhibitors caused significant 
regression of the tumor mass (9).

Seminal findings had shown that PDGFRβ and PD-L1/
PD-1 signaling centrally regulated metastasis. Anti-human 
PDGFRβ aptamer and anti-PD-L1 mAb synergistically 
suppressed the metastatic dissemination and pulmonary 
metastatic nodules in experimental mice (10).

PDGFB efficiently promoted tumor growth and brain 
metastasis in rodent models that constitutively expressed 
active PDGFRβ (PDGFRβD849V). DB7 cells derived 
from mouse mammary tumors had high expression of 
PDGFB. Tumor growth was found to be severely impaired 
in mice orthotopically implanted with PDGFB-silenced-
DB7 cells in mammary fat pads. PDGFRβ activation and 
tumor-derived PDGFB enhanced intracranial grown tu-
mors. Crenolanib (PDGFR inhibitor) markedly suppressed 
the growth of the tumors in experimental models intracra-
nially injected with PDGFB-expressing-DB7 cells into the 
brains of mice (11).

Dihydroartemisinin induced ubiquitination and protea-
somal degradation of PDGFRα. Dihydroartemisinin signi-
ficantly reduced the growth and mobility of PDGFRα-
expressing SK-OV3 cells. PI3K/AKT and MAPK pa-
thways are downstream effector pathways emanating from 
PDGFRα-driven signaling. Dihydroartemisinin inhibited 
PDGF-mediated phosphorylation of PDGFRα and acti-
vation of AKT and ERK. Dihydroartemisinin effecti-
vely inhibited metastatic nodules in BALB/c nude mice 
intraperitoneally injected with A2780 cells. Importantly, 
dihydroartemisinin and sorafinib worked with remarkable 
synergy and induced regression of the tumor growth (12).

NPM-ALK regulated the transcriptional expression of 
PDGFRβ by c-Jun and JunB. PDGFRβ expression acce-
lerates ALK+ tumor formation and metastatic dissemina-
tion. PDGFRβ deficiency caused significant reduction in 
the proliferation of the primary tumor cells and impaired 
tumor development. Experimental mice inoculated with a 
high density of wild-type-PDGFRβ-expressing cells achie-
ved maximum tumor volume. PDGFRβ activated STAT5 
and promoted tumor progression. PDGFRβ/STAT5 axis 
fuels malignancy and operates in parallel to the oncogenic 
NPM-ALK-STAT3 pathway resulting in disease aggressi-

veness (13).
Cancer-associated fibroblasts (CAFs) are involved in 

progression and drug resistance through interactions with 
gastric cancer cells. TGFβ1 transcriptionally upregula-
ted PDGFRβ in CAFs (Akiyama). Therefore, PDGFD/ 
PDGFRβ signaling promoted the growth of CAFs. It was 
shown that treatment with antagonistic antibodies against 
PDGFRα and PDGFRβ significantly inhibited CAF 
growth stimulated by PDGF ligands. CXCL1 and CXCL3 
released from activated fibroblasts co-cultured with mu-
rine gastric cancer cells enhanced the chemotactic move-
ment of PMN-MDSCs. Serially transplanted murine gas-
tric tumors exhibited severe fibrosis along with increased 
CAFs and an immunosuppressive-microenvironment. 
CD25+FOXP3+ regulatory T cells were found to be signi-
ficantly increased in fibrotic microenvironment. However, 
there was a notable reduction in CD8+ cytotoxic T lym-
phocytes in serially transplanted gastric tumors. Regorafe-
nib restored the antitumor effects of anti-PD-1 antibodies 
in serially transplanted fibrotic tumors. There was a signi-
ficant reduction in the number of tumor fibroblasts and 
PMN-MDSCs by regorafenib. Regorafenib and anti-PD-1 
antibodies substantially enhanced infiltration of CD8+ cy-
totoxic T lymphocytes (14). 

TWIST1 transcriptionally upregulates PDGFRβ in 
cancer cells. Moreover, there was a notable increase in the 
activation of PDGFRβ in TWIST1-overexpressing cancer 
cells. Likewise, considerable increment in the levels of 
phosphorylated-FAK (focal adhesion kinase) and phos-
phorylated-Src was noticed in PDGFRβ-overexpressing 
breast cancer cells. Importantly, PDGFRβ mechanistically 
regulates the metastatic dissemination of breast cancer 
cells and cancer stem cells to the lungs and liver (15).

FOXQ1 transcriptionally upregulated PDGFRα and 
PDGFRβ. Ras-expressing human mammary epithelial 
cells demonstrated significant tumor-forming abilities. 
Accordingly, tumor growth was found to be considerably 
impaired in mice inoculated with PDGFRα/β-silenced 
human mammary epithelial cells (16). Overall, these fin-
dings indicated that the knockdown of PDGFRs blocked 
FOXQ1-promoted carcinogenesis and metastasis.  

Pioneering research works have comprehensively cha-
racterized PDGF/PDGFR-driven signaling in different 
cancers. The synergy between the design and development 
of antagonistic antibodies and small molecule inhibitors 
has become the cornerstone of molecular oncology. PDGF/
PDGFR pathway rewires downstream signaling cascades 
in carcinogenesis and metastasis. Therefore, there is a need 
to use a multipronged approach for pharmacological tar-
geting of the PDGF/PDGFR pathway. Moreover, careful 
re-interpretation of molecular mechanisms will be needed 
for the development of rationally designed strategies for 
prevention of acquired resistance against PDGF/PDGFR 
inhibitors in wide variety of cancers.
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