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Abstract

Highlights

• There are multiple modes of activating PDGFRs

• Once activated, PDGFRs contribute to various pathological conditions

• The PDGF/PDGFR family constitutes largely untapped therapeutic targets

• The precise role of PDGFR in pathology along with receptor-specific agonists will 

enable the development of such therapies

The platelet-derived growth factor (PDGF)/PDGFR receptor (PDGFR) family is essential for a 

vast array of physiological processes such as migration and proliferation of percityes that 

contribute to the formation and proper function of blood vessels. While ligand-dependent de-

repression of the PDGFR’s kinase activity is the major mode by which the PDGFR is activated, 

there are additional mechanisms to activate PDGFRs. Deregulated PDGFR activity contributes to 

various pathological conditions, and hence the PDGF/PDGFR family members are viable 

therapeutic targets. An increased appreciation of which PDGFR contributes to pathology, 

biomarkers that indicate the amplitude and mode of activation, and receptor-specific antagonists 

are necessary for the development of next-generation therapies that target the PDGF/PDGFR 

family.

The PDGF family and their relationships

There are four platelet-derived growth factor (PDGF) genes (PDGFA, PDGFB, PDGFC and 

PDGFD) that reside on chromosomes 7, 22, 4 and 11 in humans, and chromosomes 5, 15, 3 

and 9 in mice, respectively. Biologically active (able to activate a PDGF receptor (PDGFR)) 

PDGF is a dimer of two PDGF protein chains. Extracellular, proteolytic processing is 

required for activation of some isoforms of PDGF (PDGF-C and PDGF-D), while this step 
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occurs intracellularly for PDGF-A, PDGF-B and PDGF-AB [1]. Thus while all PDGFs are 

produced by cells and secreted, some of them are secreted in a latent form and become 

active only after being processed by proteases such as tissue plasminogen, urokinase 

plasminogen activator, plasmin and matriptase [1, 2].

There are a total of 5 biologically active PDGF proteins because in addition to the four 

homodimers (PDGF-A, PDGF-B, PDGF-C and PDGF-D) of PDGF, there is one 

heterodimer, PDGF-AB. Thus some cells co-express PDGF-A and PDGF-B, which 

assemble into a heterodimer that is proteolytically processed prior to secretion. Other types 

of PDGF heterodimers have not been reported. In addition to being secreted by cells (such as 

endothelial cells, macrophages and epithelial cells), PDGFs are present in platelets (hence 

their name), and released upon degranulation.

PDGFs are extraordinarily stable molecules; PDGF-AB retains biological activity after 

being heated to 100°C [3]. Heat-induced denaturation of proteins commences at 42°C, and 

many restriction enzymes can be completely inactivated by heating to 65°C. The exceptional 

stability of PDGFs is in part due to intra and inter disulfide bonds, which are required for the 

biological activity of PDGFs. PDGF-AB is the most resistant to high temperature, followed 

by PDGF-A and PDGF-B, which are more stable than PDGF-C and PDGF-D. The settings 

in which PDGFs function are typically physiological (i.e. 37°C), and hence it remains a 

mystery why PDGFs are so stable. In light of the fact that PDGFRs can be engaged by both 

PDGFs and vascular endothelial cells growth factor A (VEGF-A) [4, 5], it is tempting to 

speculate that the stability of PDGF is a reflection of a very precise structure, which may be 

necessary for PDGFRs to distinguish between PDGF, which binds and activates PDGFR, 

from VEGF, which binds but fails to dimerize or efficiently activate PDGFRs [5].

There are two PDGFR genes (PDGFRA and PDGFRB), and they reside on chromosome 4 

and 5 in humans and 5 and 18 in mice, respectively. In both cases they are typical receptor 

tyrosine kinases (RTKs) that encode a transmembrane protein with an extracellular ligand 

binding domain and an intracellular tyrosine kinase domain. Each of the two PDGF 

molecules within a PDGF dimer bind one molecule of PDGFR. Thus ligand binding 

dimerizes PDGFRs, which are monomeric prior to exposure to PDGF (Fig 1).

PDGF binding de-represses and activates the receptor’s kinase activity. Tyrosine 

phosphorylation of the receptor itself and other substrates triggers intracellular signaling 

cascades that are essential for evoking cellular responses such as migration and proliferation 

[6, 7]. Ligand mediated dimerization and activation of the receptor’s kinase also hastens 

internalization and degradation of PDGFRs, which terminate the PDGFRs output (Fig 1). 

The half-life of the PDGFR is greater than 2 hrs in resting cells, where it is only 5 min and 

30 min for the PDGF-activated PDGFRα and PDGFRβ, respectively [8].

The specificity of interactions with the PDGF/PDGFR family is summarized in Table 1. 

PDGFs assemble all three possible dimeric combinations of the two PDGFRs (PDGFRα, 

PDGFRβ and PDGFRαβ). Only two PDGF isoforms (PDGF-B and PDGF-D) bring 

together a PDGFRβ homodimer, whereas four PDGFs can assemble PDGFRα homodimers 
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or PDGFRαβ heterodimers. The response when a receptor is activated is typically 

irrespective of the PDGF isoform [9], although exceptions have been reported [10].

The presence of two PDGFR genes begs the question of whether they have distinct 

functions. Mice that lack either one of the PDGFR genes display profound developmental 

defects, and the nature of the phenotype depends on which PDGFR gene is deleted [11, 12]. 

While the expression patterns of the two PDGFR genes is not identical, this is an insufficient 

explanation for why PDGFRA null mice do not resemble mice lacking PDGFRB. If the two 

PDGFRs functioned identically, then interchanging their intracellular domains would be 

expected to have no impact. Yet this is not what happens; interchanging the intracellular 

domains of the two PDGFRs also results in a phenotype [13]. Furthermore, mice harboring a 

single activated allele of PDGFRA display a distinct spectrum of abnormalities as compared 

with the corresponding mice expressing an activated allele of PDGFRB [14, 15]. Taken 

together, these findings reveal that the two PDGFR genes have distinct functions, which are 

probably not simply due to difference in their patterns of expression.

While manipulating PDGFR genes in mice indicates that the two PDGFR genes have 

distinct functions, the relative contribution of PDGFR homo versus heterodimers remains 

less well resolved because of technical limitations. Deleting one of the PDGFR genes 

eliminates both homo and hetero dimeric receptors. Thus the phenotype of PDGFRα null 

mice could be due to the lack of PDGFRα, PDGFRαβ or the presence of only PDGFRβ. 

The alternative approach of manipulating ligands to address the relative contribution of 

homo and heterodimeric PDGFRs is also not helpful because none of the PDGFs activate 

only heterodimeric receptors (Table 1). Novel experimental approaches are needed to 

address this long-standing question.

Modes to activate PDGFRs

PDGF-mediated

The best-known mechanism to activated PDGFRs is the PDGF-mediated (direct) mode of 

activation (Fig 1). PDGF assembles two PDGFR molecules and thereby intensely activates 

the receptor’s intrinsic tyrosine kinase activity. The activated PDGFR tyrosine 

phosphorylates substrates and thereby engages signaling cascades that drive subsequent 

cellular responses. For instance, both PDGFRα and PDGFRβ autophosphorylate and 

thereby create a docking sites for SH2 domain-containing proteins such as phosphoinositide 

3 kinase (PI3K). The relocalization of PI3K to the plasma membrane increases its access to 

its lipid substrates (phosphoinositide and phosphoinositide 4,5 bisphosphate) and to co-

activators such as activated Ras [16–18]. In addition to initiating signaling cascades, PDGF-

dependent activation of PDGFRs hastens their internalization and degradation. This is how 

the signal emanating from directly activated PDGFRs is quenched. Thus intense and self-

limiting activation of dimeric PDGFRs are quintessential features of the direct mode of 

activation. The concordance of the phenotype of PDGF and PDGFR null mice indicates that 

this is how PDGFRs are activated during development [19].

Kazlauskas Page 3

Gene. Author manuscript; available in PMC 2019 September 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PDGF-independent

There are also PDGF-independent modes to activate PDGFRs, which were first detected in 

pathological settings. For instance, indirect activation of PDGFRα is driven by growth 

factors outside of the PDGF family (non-PDGFs) [8] (Fig 2). These non-PDGFs engage 

their own receptors and thereby trigger an intracellular signaling cascade that enduringly 

activates monomeric PDGFRα. The indirect mode of activation is persistent because 

internalization/degradation of monomeric receptors is slow as compared with dimeric 

receptors. Furthermore, indirect activation induces a feed-forward loop that promotes the 

activity of PDGFRα even after the initial cue, generated by receptors that were activated by 

non-PDGFs, has been extinguished [20]. Thus enduring and self-perpetuating activation of 

monomeric PDGFRα are quintessential features of the indirect mode of activation. Indirect 

activation of PDGFRα allows survival of cells mislocalized to the vitreous of the eye, and 

thereby results in a blinding condition called proliferative vitreoretinopathy (PVR) [8, 21].

In contrast to PDGFRα, PDGFRβ does not undergo indirect activation [22, 23]. This is 

because PDGFRβ engages RasGAP (PDGFRα does not), which promotes inactivation of 

Ras and thereby prevents establishment of the feed forward loop that is required for 

enduring activation of PDGFRα [23]. PDGFRβ has the capacity to undergo indirect 

activation; PDGFRβ mutants that do not associated with RasGAP undergo indirect action 

[23]. This capability of PDGFRβ may be utilized, although such scenarios have not yet been 

identified. These scenarios could include mutations of PDGFRβ that prevent it from binding 

RasGAP (GWAS studies indicate that such mutants exist). Recent proteomic studies 

demonstrate that the availability of adaptor proteins limits the output of receptor tyrosine 

kinases [24]. These conceptual advances suggest that a change in the relative expression 

level of signaling enzymes that associate with PDGFRβ (e.g. a relative decline in the 

abundance of RasGAP) would be another setting permissive for indirect activation of 

PDGFRβ.

Antibodies against PDGFRα are present in the serum of patients with scleroderma, and 

these autoantibodies activate PDGFRs by binding to their extracellular domain [25–27]. This 

mode of activating the PDGFRs results in increased type I collagen expression and 

conversion of fibroblasts to myofibrobalsts [25]. Such studies implicate this autoantibody-

mediated mode of activation as a contributor to pathogenesis, which was confirmed by 

subsequent studies [28–30]. Even though not all groups detect autoantibodies or find that 

they are activating [31–34], subsequent clinical trials indicate a beneficial effect in some of 

the patients who were treated with tyrosine kinase inhibitors (TKIs) that antagonize 

PDGFRs [35].

E5 is a bovine papilloma virus protein that dimerizes PDGFRβ and thereby activates its 

kinase activity [36]. It is a short transmembrane protein that directly interacts with the 

transmembrane domain of PDGFRβ [37, 38]. Certain mutants of E5 not only fail to activate 

PDGFRβ, but prevent PDGF-dependent activation of PDGFRβ as well [38]. Since E5 does 

not interact with or activate PDGFRα [39, 40] such E5 mutants may be a unique 

opportunity to antagonize PDGFRβ.
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Genetic lesions

There are 3 types of genetic lesions known to activate PDGFRs: point mutations, 

rearrangements and amplification. Point mutations within the kinase domain that activate the 

PDGFRα’s kinase activity are found in gastrointestinal stromal tumor cells [41]. In chronic 

monomyelocytic leukemia rearrangements involving PDGFB and TEL (which encodes a 

transcription factor) result in expression of a fusion protein between PDGFRβ and tel [42]. 

Un-mutated PDGFRA is amplified in glioblastoma [43], and this may contribute to 

pathogenesis since overexpression of wild type RTKs is sufficient for activation [44].

In summary, there are a variety of ways that PDGFRs can be activated. As outlined in the 

section below, distinct activation mechanisms result in non-identical biological 

consequences.

Consequences of activating the PDGFRs

PDGF-mediated

As mentioned above, similarities between certain PDGF and PDGFR knock out mice 

indicate that PDGF-dependent activation of PDGFRs is essential for normal development. 

Eliminating either PDGFRB, or PDGF-B reduces the number of pericytes and vascular 

smooth muscle cells, and thereby compromises the integrity and/or functionality of the 

vasculature in multiple organs, including the brain, heart, kidney, skin and eye [11, 45–47]. 

A distinct set of abnormalities manifest in mice lacking the PDGFRA gene, which are 

largely phenocopied when both PDGF-A, and PDGF-C genes are deleted [19, 48–50]. Taken 

together, these studies indicate that the PDGF-mediated mode to activate PDGFRs 

dominates embryogenesis.

In addition to physiological settings such as development, PDGF-dependent activation of 

PDGFRs can drive pathogenesis. The EWS/ETS chimeric transcription factor boosts 

expression of PDGF-C, which promotes the growth of Ewing tumors [51, 52].

Recent studies implicate PDGF-mediated activation of PDGFRs in neurodegenerative 

diseases [2]. The relevant anatomical location is the neurovascular unit (NVU), which 

governs the integrity of the blood brain barrier (BBB). Endothelial cells prevent the contents 

of the vasculature from leaking into the tissue by forming close-fitting seams amongst 

themselves. Pericytes, which reside perivascularly and share a basement membrane with the 

endothelium, enforce barrier function by preventing intracellular vesicular transport of 

plasma proteins. Recent studies investigating how pericytes accomplish this feat suggest that 

they direct vesicles to the lysosome instead of to the perivascular surface of the endothelial 

cell [53, 54]. Activation of PDGFRs, which are expressed by NVU pericytes and astrocytes, 

breaches the BBB [55]. In the context of stroke, the trigger for activation of PDGFRs 

appears to be PDGF-C, which is proteolytically processed as a result of a stroke-induced 

increase in the level of tPA (tissue plasminogen activator) [55–57]. Furthermore, chronic 

BBB dysfunction results in unmitigated inflammation, which is likely to contribute to 

neurodegeneration. Activation of the PDGF-C pathway prior to the onset of ALS 

(amyotropic lateral sclerosis) symptoms accelerates the onset of neurodegeneration [58]. 

Furthermore, blocking PDGF-C or inhibiting RTKs including PDGFRs protects from BBB 
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breakdown in animal models of ischemic stroke, spinal cord injury, traumatic brain injury, 

multiple sclerosis and seizures [55, 59–62]. These findings reveal that PDGF-mediated 

activation of PDGFRs can breach the BBB, and thereby contribute to neurodegenerative 

diseases. Additional studies are required to determine how the PDGFR-expressing cell types 

of the NVU (astrocytes and pericytes) communicate with the endothelium to relax the 

barrier.

PDGF-independent

Like the PDGF-mediated mode of activating the PDGFRs (Fig 1), the PDGF-independent 

mode occurs in both pathological and physiological settings. The best-studied form of 

PDGF-independent activation of PDGFRs is the indirect mode, which is driven by non-

PDGFs (Fig 2). It was discovered in the context of experimental PVR, and provides a 

plausible explanation for how cells survive and proceed to drive pathogenesis in the absence 

of a nurturing, pro-survival niche [8, 21]. Under these conditions PDGFRα persistently 

activates Akt to reduce the level of p53 [22]. Suppressing p53 enables cells to endure 

stressful conditions, which would otherwise trigger apoptosis and/or senescence. The 

scenario depends on prolonged activation of PDGFRα, for which there are two reasons. 

First, indirect activation involves monomeric PDGFRαs, which do not trigger self-

destruction as do activated dimeric PDGFRαs. Second, indirect activation of PDGFRα 
engages a feed-forward loop that perpetuates activation of monomeric PDGFRα. These 

principles, which emerged from work with cultured cells and animal models of PVR, appear 

to be relevant to patients as well. Activated PDGFRs are found in membranes that develop in 

patients with PVR [63], and single nucleotide polymorphisms in the p53 pathway increase 

the likelihood of developing PVR [64, 65].

The relevant anatomical location for PVR is the vitreous, which abounds with growth 

factors, both PDGFs and non-PDGFs. This scenario begs the question of what happens when 

both types of PDGFR agonists are present. As illustrated in Fig 3, PDGF wins. This is 

because PDGF dimerizes PDGFR monomers and thereby makes them poor substrates for 

ROS-activated SFKs [66]. Furthermore, PDGF-activated PDGFR dimers are destined for 

degradation. This outcome is concentration dependent; there must be sufficient molecules of 

PDGF to engage enough PDGFRs that the indirect mode of activation would be diminished.

VEGF is elevated in vitreous of patients with PVR, even though this condition typically does 

not involve angiogenesis. This observation, reported by numerous investigators [67–70] 

suggested the VEGF functions beyond angiogenesis. Indeed, VEGF enables indirect 

activation of PDGFRα by antagonizing PDGF-dependent activation of PDGFRα (Fig 4). 

VEGF inhibits PDGF, which antagonize non-PDGFs. This conceptual insight guided efforts 

to develop approaches to prevent PVR. Instead of neutralizing many of the growth factors 

that are present in vitreous, targeting VEGF is sufficient [66, 71]. This is because removing 

VEGF allows PDGF to block the non-PDGFs, which are responsible for indirectly activating 

PDGFRα and thereby enabling survival of cells displaced into the vitreous (Fig 4).

Thus in the context of PVR, where vitreal growth factors contribute to pathogenesis, there is 

a hierarchy amongst the three classes of growth factors that engage PDGFRα (Fig 5).
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Subsequent studies revealed that indirect activation of PDGFRα also plays a role in 

physiological settings such as hypoxia. Hypoxia triggers many changes, including an 

increase in the level of VEGF, which provides immediate benefit for VEGFR-expressing 

cells. In addition to promoting survival of endothelial cells, VEGF also instructs them to 

generate new blood vessels, which alleviate hypoxia and thereby provides eventual benefit 

for even the VEGFR-negative cell types within the affected tissue. Since the time frame for 

angiogenesis is hours or even days, VEGFR-negative cell types within the hypoxic zone 

must be able to endure this period of stress. Surprisingly, VEGF also provides immediate 

benefit to some of the VEGFR-negative cell types. It does so by enabling indirect activation 

of PDGFRα, which, as mentioned above, promotes survival by lowering the level of p53 

[72]. The way that VEGF promotes indirect activation of PDGFRα is by competing with 

PDGF for binding to PDGFRα [5]. While PDGF dimerizes PDGFRs, VEGF does not and 

hence maintains a supply of monomeric receptors, which are susceptible to indirect 

activation (Fig 4) [5]. Thus VEGF boost the survival of VEGFR-negative/PDGFRα-

expressing cells within tissue (such as fibroblasts, pericytes, glial, epithelial and smooth 

muscle) by enabling indirect activation of PDGFRα. This particular example points to a 

beneficial consequence of indirect activation of PDGFRα that is likely during development 

and wound healing. Detrimental outcomes could result when PDGFRα positive cells use this 

same approach to endure the hypoxic stress within a solid tumor.

Genetic lesions

Genetic lesions that constitutively activate the kinase activity of PDGFRs cause receptor-

specific phenotypes. PDGFRα mutant mice that harbor point mutations, which are present in 

some GIST (gastrointestinal stromal tumor) patients develop progressive fibrosis in multiple 

organs [14]. This is likely due to increased proliferation of fibroblasts and/or production of 

extracellular matrix proteins [19].

The phenotype of the PDGFRβ mutant mice reveals the PDGFRβ signaling influences 

progenitor cell fates [15]. Such mice exhibit reduced differentiation of aortic vascular 

smooth muscle cells and brain pericytes. Similarly, differentiation of adipose from pericytes 

and mesenchymal cells is suppressed. As discussed below, the distinct functionality of the 

two PDGFRs underscores the importance of developing approaches to selectively target each 

of the PDGFRs.

Therapeutic options

Existing ligand-directed therapies include aptamers and antibodies that selectively recognize 

a desired PDGF isoform [2, 50, 73]. They are typically highly selective, i.e. do not target 

growth factors outside of the PDGF family, and distinguish amongst the PDGF isoforms. 

The disadvantage of targeting a specific PDGF isoform is that it may not prevent activation 

of PDGFRs because multiple isoforms activate a given PDGFR (Table 1). For example, it is 

not possible to prevent PDGFRα activation by neutralizing PDGF-A because PDGF-B and 

PDGF-C also activate PDGFRα. Neutralizing several PDGFs overcomes this limitation, 

however this requires multiple reagents, and does not prevent the PDGF-independent modes 

of activating the PDGFRs.
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The other approach to inhibit the PDGF/PDGFR family is by antagonizing the kinase 

activity of PDGFRs. The existing options include neutralizing PDGFR antibodies and 

tyrosine kinase inhibitors (TKIs). Many clinical trials with TKIs have been completed or are 

still ongoing, and their outcomes are encouraging [2, 50, 73, 74]. Unfortunately, it is 

challenging to interpret data generated with TKIs because they fail to distinguish between 

PDGFRs, and typically hit additional targets within the concentration necessary to block the 

kinase activity of PDGFRs. An increased appreciation of which PDGFR is contributing to 

pathology, biomarkers of its mode of activation, and receptor-specific antagonists are 

necessary to develop next generation therapeutic options for the PDGF/PDGFR family. 

Mutants of E5 that specifically block activation of PDGFRβ are an example of how this goal 

can be achieved [75]. Similarly, the PDGF-B/PDGFRβ interface can be selectively 

antagonized with a naturally occurring cyclopeptide termed destruxin A5 [76].

The recent failure of a clinical trial highlights our incomplete appreciation of PDGF’s role in 

vascular biology/pathology. Patients with the neovascular form of age-related macular 

degeneration rapidly lose vision because of macular edema that is caused by leakage of 

newly formed, immature blood vessels. Intravitreal injection of anti-VEGF has been 

tremendously successful because it restores vision, which constitutes a dramatic 

improvement in the quality of life in this elderly patient population. Unfortunately, the 

response to anti-VEGF is heterogeneous; ranging from a continued decline in vision to 

restoration of sight to 20/25 or better. The reason for the varied response to anti-VEGF 

therapy is unknown.

One of the ongoing strategies to improve the current standard of care (anti-VEGF 

monotherapy) is combo therapy that targets an additional growth factor that governs 

angiogenic homeostasis. PDGF was the focus of the Fovista Phase 3 clinical trial because 

neutralizing PDGF was expected to potentiate the effect of anti-VEGF. Antagonizing PDGF 

would prevent maturation of nascent blood vessels because pericyte recruitment, which 

drives maturation, is dependent on PDGF. Immature vessels are more dependent on VEGF 

than mature vessels. This was the rationale to expect that as compared with anti-VEGF 

mono therapy, the response of patients treated with anti-VEGF/anti-PDGF combo therapy 

would be more homogeneous, or a greater percentage of patients would achieve maximal 

restoration of vision, or a smaller percentage of patients would experience a continued 

decline in vision. There was no difference in the response of patients to mono versus combo 

therapy. These clinical results indicate that if combo therapy is to be effective, then VEGF 

needs a partner other than PDGF. Furthermore, they bring to light the possibility that anti-

VEGF monotherapy includes a previously unappreciated benefit. When VEGF is abundant, 

PDGF is antagonized (Fig 4 and 5). Consequently, anti-VEGF activates PDGF, and thereby 

drives maturation, which stops the leakage of the newly formed blood vessels.

Conclusions

We currently appreciate that the PDGF/PDGFR family makes multiple contributions to 

physiology in distinct anatomical locations, and that the two PDGFRs have distinct 

functions. Furthermore, while ligand-driven activation is the major mode of de-repressing 

the kinase activity of PDGFRs, there are additional mechanisms. Activated PDGFRs trigger 
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signaling events that direct a spectrum of cellular responses that underlie both physiology 

and pathology. Two types of advances will set the stage for a PDGF/PDGFR therapeutic era. 

First, a precise understanding of the role of the PDGF/PDGFR family in health and disease. 

Second, development of tools to monitor the amplitude and mode of each of the PDGFRs 

kinase activity, along with receptor-specific antagonists.
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Figure 1. PDGF-dependent activation of PDGFRs; the direct mode of activation.
PDGF drives assembly of monomeric PDGFRs into dimers, which de-represses the 

receptor’s intrinsic kinase activity. The activated PDGFRs initiates signal pathways that 

instruct cells to migrate and proliferate. Activated PDGFR dimers are internalized and 

degraded, which terminates signaling.
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Figure 2. The indirect mode of activating PDGFRα.
Growth factors outside of the PDGF family (non-PDGFs bind to their own receptors and 

initiate the indirect mode of activating PDGFRα. Reactive oxygen species (ROS) generated 

by NADPH oxidases stimulate Src family kinases (SFKs) to phosphorylate monomeric 

PDGFRα. In contrast to dimeric PDGFRs, activated monomeric PDGFRαs do not hasten 

their own internalization and degradation. This feature of the indirect mode of activating 

PDGFRα, together with an increase in mitochondrial ROS (due to suppression of 

autophagy/mitophagy) engages a feed-forward loop that enables the activity of PDGFRα to 

persist even after non-PDGF-dependent signaling has been extinguished. Indirect activation 

of PDGFRα results in a reduction in the level of p53, which promotes survival of cells.
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Figure 3. In the presence of both PDGF and non-PDGFs the PDGF-mediated mode of activation 
predominates.
Provided that there is enough PDGF to assemble PDGFRs into dimers, the PDGF-dependent 

mode of activation predominates even though non-PDGFs are present. This is the case 

because dimerized receptors are poor substrates for ROS activated SFKs. Furthermore, 

PDGF-mediated dimerization stimulates the internalization and degradation of PDGFRs; the 

half-life decreases from over 2 hours to 5 minutes.
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Figure 4. The indirect mode of activating PDGFRα predominates when all three classes of 
growth factors that engage PDGFRα are present.
VEGF competes with PDGF for binding to PDGFRs [5]. Because VEGF does not dimerize 

PDGFRs, it sustains a population of monomeric PDGFRs in the face of PDGF. It is this 

population that can undergo indirect activation. This outcome is concentration dependent; 

there must be enough VEGF to overcome the PDGF, which dimerizes PDGFRs and thereby 

prevents indirect activation (Fig 3).
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Figure 5. Hierarchy amongst the classes of growth factors that engage PDGFRα and are present 
in vitreous of patients afflicted by PVR.
VEGF competes with PDGF for binding to PDGFRs. PDGFs prevent non-PDGF-mediated 

activation of PDGFRα (the indirect mode) by dimerizing PDGFRs and accelerating their 

internalization and degradation. VEGF enables indirect activation of PDGFRα in the face of 

PDGF. These relationships are concentration dependent. Indirect activation of PDGFRα 
promotes PVR because it reduces the level of p53 and thereby enhances the viability of cells 

displaced into vitreous.
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Table 1
Multiple PDGFs engage each of the PDGFRs.

Four PDGF isoforms dimerize PDGFRα homodimers or PDGFRαβ heterodimers, whereas only two of the 

PDGFs assemble homodimers of PDGFRβ. PDGF-D has been placed in parentheses because not all 

investigators report that it activates PDGFRαβ.

LIGANDS

PDGF-A

PDGF-B PDGF-B PDGF-B

PDGF-AB PDGF-AB

PDGF-C PDGF-C

PDGF-D (PDGF-D)

RECEPTORS TO WHICH THE LIGANDS BIND

PDGFRα PDGFRβ PDGFRαβ
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