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Abstract

Angiogenic signaling research has conventionally focused on intrafamily molecular
interactions, such as the binding of vascular endothelial growth factors (VEGFs) to VEGF
receptors (VEGFRs), or of platelet-derived growth factors (PDGFs) to PDGF receptors
(PDGFRs). However, the discovery of cross-family interactions, including VEGF:PDGFR and
PDGF:VEGFR binding, challenges this convention and calls for investigation of other possible
cross-family mechanisms. Notably, placental growth factor (PIGF), a member of the VEGF
family, is known to form heterodimers with VEGF-A, suggesting a ligand—ligand hetero-
oligomerization mechanism. We hypothesized that ligand-ligand hetero-oligomerization might
also drive cross-family interactions. We thus measured the cross-family ligand hetero-
oligomeric interactions between VEGF-A and five PDGF subtypes using surface plasmon
resonance (SPR). Our findings reveal strong interactions between VEGF-A and PDGF-AA, -
BB, -AB, and -DD, with high-nanomolar binding affinities of 0.92 nM, 2.2 nM, 4.8 nM, and
3.6 nM, respectively, whereas the VEGF-A:PDGF-CC interaction was weak or negligible (900
nM). We also characterized the established VEGF-A:PIGF binding and confirmed its strong
affinity of 0.3 nM. Our discovery of these cross-family ligand hetero-oligomerizations suggests
a new dimension in the control of vascular development in health and disease and may explain

the discrepancies observed in growth factor therapies.
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Introduction

VEGF-A (vascular endothelial growth factor A) and PDGFs (platelet-derived growth factors)
are key signaling proteins involved in angiogenesis and vascular development*. VEGF-A
primarily promotes the growth of blood vessels by stimulating endothelial cell proliferation,
migration, and survival, making it a key molecule in tissue regeneration and wound healing. In
diseases like cancer, VEGF-A facilitates tumor growth by enhancing blood supply. PDGFs, on
the other hand, are essential for the recruitment and proliferation of pericytes and smooth
muscle cells, supporting blood vessel maturation and stability. Together, VEGF-A and PDGFs
coordinate the formation of robust and functional vascular networks, which establishes them

as key targets in therapies aimed at modulating angiogenesis[1].

Notably, VEGF and PDGFs are structurally related. Phylogenetic analysis indicates that VEGF
and PDGF have evolved from common precursors[2], with both families containing a highly
conserved growth factor domain known as the PDGF/VEGF homology domain[3],
characterized by a signature C-terminal cysteine knot formed by eight cysteine residues[4—6]
(Figures A and C). Structural analyses show a root mean square deviation (RMSD) of 1.9 A
between the Ca atoms of VEGF and PDGF dimers when aligned, highlighting their structural
similarity[7]. Moreover, their receptors, VEGFR and PDGFR, share their exon/intron
structure[8]; both have a large extracellular region, with 7 (VEGFR) or 5 (PDGFR)
immunoglobulin (Ig)-like domains; a single transmembrane spanning helix; and a cytosolic tail
with a split Tyr kinase domain. An important feature is the transmembrane helix connecting
D7 (in VEGFR) or D5 (in PDGFR) to the kinase domain[9] (Figure B). These structural

similarities across families suggest the potential for cross-family signaling.

The structural and functional convergence between the VEGF and PDGF families underscores
the need for deeper investigation into their cross-family interactions. This is particularly
relevant in understanding resistance to VEGF-targeted anti-angiogenic therapies. PDGF
upregulation has been implicated as compensating for VEGF inhibition and related anti-
angiogenic therapy [10,11], suggesting PDGFs may replace VEGFs following VEGF
inhibition[12]. Dual growth factor therapy with VEGF and PDGFs has yielded mixed
results[13]; the combination increased both capillaries and arterioles but did not enhance
angiogenesis more than either growth factor alone[14,15]. Some tissue-engineering studies
coupling dual growth factors to biomaterials[16,17] showed improved wound healing, but in

those studies the growth factors were released sequentially[13,14], limiting the potential for



cross-family ligand interaction. These mechanisms of cross-family compensation and
discrepancies in dual-factor therapeutic advances underscore the importance of studying

various cross-family interactions to better explore combined growth factor signaling pathways.

Surface plasmon resonance (SPR) is a powerful tool for understanding the dynamics and
interactions of co-administered growth factors (Figure D). SPR has both advanced the study of
ligand-receptor interactions and helped to optimize the targeting of ligands, receptors, and
signaling[18-21]. SPR can detect interactions ranging from weak to strong (millimolar to
nanomolar range)[22—-24] and can be used as a primary tool to screen interacting partners or
validate interactions identified by other methods. The affinity or kinetics of an interaction can
be determined by SPR, so the approach is fundamental to understanding the nature of binding

at the cellular level.

The established PDGF:VEGFR and VEGF:PDGFR cross-family interactions[25], along with
the coordinating effects, structural similarities, and native dimeric forms of these growth
factors, underscore the potential importance of cross-family interactions in angiogenesis'®.
Furthermore, the discovery of hetero-oligomeric interactions between VEGF-A and placental
growth factor (PIGF) within the VEGF family inspired us to explore whether similar ligand—
ligand interactions could occur across growth factor families. Such cross-family interactions
may be critical regulators of angiogenesis and contribute to anti-VEGF therapy resistance.
Toward this goal, we sought to examine whether cross-family interactions occur between
VEGF-A and PDGF subtypes. We identified and characterized several high-affinity
interactions via SPR, uncovering a novel mechanism in cross-family signaling and its

implications for angiogenic therapies.
Results

Establishing VEGFA/PIGF binding kinetics to differentiate binders from nonbinders

The first step to understanding cross-family interactions and their possible clinical implications
is examining the kinetics of known intra-family growth factor interactions, in this case, the
known VEGF-A:PIGF interaction[26,27]. While VEGF-A monomers and PIGF monomers are
known to assemble as VEGFA-PIGF, the kinetics of VEGFA dimer-PIGF dimer interaction
(herein described as VEGF-A:PIGF) are unknown. We confirmed that the VEGF-A:PIGF
interaction does exist and measured the dissociation constant (Kp) to be ~300 pM or 10719 M,
corresponding to a strong interaction, since antigen—antibody Kp, values are usually in the range

of 1078 to 10712 M [24] (Fig. 1). This strong VEGF-A:PIGF binding explains the formation of



their heterodimers when the two proteins are co-overexpressed in rat glioma cells and E. coli
[28,29]. For the negative control, we used angiopoietin-4 (ANG4), an unrelated protein with
no known interaction with VEGFA. While the VEGF-A:ANG4 affinity of 10 M is in the
range of enzyme—substrate interactions, it is considered weak relative to antigen—antibody
interactions (Fig. 2). We used the strong VEGF-A-PIGF interaction and the weak VEGF-
A:ANGH4 as reference points in comparing other interactions (Fig. 1). These data establish a
baseline for the known intrafamily interaction (VEGF-A:PIGF) and provide a reference point

for evaluating the strength of potential cross-family interactions.

VEGFA exhibits strong interactions with PDGFs

We measured the binding rates and affinities for the different VEGF-A and PDGF pairs. We
measured the VEGF-A:PDGF-AA binding affinity, Kp =921 pM or 9.21 x 1071°M, and found
that it is very close to the PIGF:VEGF-A affinity (~300 pM); thus, VEGF-A:PDGF-AA can be
considered a strong binding interaction (Fig. 3). We observed that VEGF-A:PDGF-BB affinity
is slightly weaker than that of VEGF-A:PDGF-AA, with VEGF-A:PDGF-BB Kp =2.2 nM or
2.2 x 1071°M, followed by the VEGF-A:PDGF-DD interaction with Kp=3.6 nM or 3.6 x 1071°
M. In contrast, the heterodimer PDGF-AB has lower binding affinity than homodimers of its
component PDGFs, with Kp=4.8 nM or 4.8 x 10"'°M (Fig. 3). The binding strength of PDGF-
CC (with a Kp of 0.9 uM or 9 x 1077 M) is similar to that of the negative control VEGF-
A:ANGH4 (Table 1). Therefore, we can consider VEGF-A:PDGF-CC to be a nonbinder. The
association and dissociation constants and affinities for these interactions are compared in
Table 1 and Fig. 4. The ability of VEGF-A to bind various PDGFs with high affinity suggests
the formation of previously unrecognized hetero-oligomeric complexes that may modulate

angiogenic signaling and therapeutic outcomes.

The association and dissociation rate constants provide insights into trends in affinity

The association rate constant (k,,) and dissociation rate constant (k) constants obtained from
the SPR sensorgram analysis offer invaluable insights into the interaction dynamics between
VEGF-A and PDGFs: ko, (M1 s71) quantifies the rate at which two molecules interact to form
a complex, while K. (s7!) measures the rate at which the complex dissociates into individual
molecules. The affinity between two molecules or proteins is determined by the ratio of ko to
kon. Notably, the association rates of VEGF-A to PDGF-AA, -BB, -CC, and -DD are all similar
(Table 1), with the discrepancies in binding affinities predominantly attributable to their

dissociation kinetics. With the highest affinity, PDGF-AA dissociates four times more slowly



than PDGF-BB, with a VEGF-A:PDGF-AA dissociation rate of 1.22 x 10™* s”!. Whereas,
VEGF-A:PDGF-BB displays a dissociation rate of 4.11 x 1074 s™!. To put this in the perspective
of exponential decay, the half-life of the VEGF-A:PDGF-AA complex is 1.57 hours, while that
of the VEGFA:PDGF-BB is 0.46 hours. Just as the VEGF-A:PDGF-AB affinity was weaker,
the dissociation rate is faster, with a dissociation rate of 7.86 x 10™* s™! and a half-life of 0.24
hours. VEGFA/PDGF-DD stands out as the fastest dissociator, with a rate of 1.01 x 1073 s7!
and a half-life of 0.18 hours. It is important to note that the more slowly a complex dissociates,
the longer its binding effects can be observed. These kinetic parameters offer a quantitative

basis for understanding the stability and duration of VEGF-A:PDGF complexes.

When comparing these VEGF-A:PDGF data with the VEGF-A:PIGF interaction kinetics, we
observed that the VEGF-A:PIGF association rate (k,, = 1.12 x 106 M! s71) is faster than those
of VEGF-A with all the PDGFs. One possible explanation for this could be the higher sequence
identity between VEGF-A and PIGF (42-50%). Structural comparison supports this, with an
RMSD of 1.9 A between the Ca atoms of the VEGFA and PDGF-BB dimer[7], while the
RMSD for VEGF-A and PIGF is 1.1 A (analyzed using Chimera version 1.17.1) (Figure 5).
The faster association rate of VEGF-A:PIGF compared with VEGF-A:PDGF correlates with
the higher structural similarity between VEGF-A and PIGF, as evidenced by the lower RMSD
value. This suggests that sequence and structural homology may play a role in determining the

kinetics of these interactions.
Discussion

In this study, we used SPR to investigate ligand-ligand interactions within the VEGF family
and across the VEGF and PDGF families. Our findings provide novel insights into the binding
dynamics and affinity of these interactions, with three key outcomes: (1) We quantified, for the
first time, the detailed kinetics and affinity of the known intrafamily ligand interaction between
VEGF-A and PIGF. (2) We discovered high-affinity binding between VEGF-A and several
PDGFs, revealing a new mechanism of cross-family VEGF-PDGF signaling with potential
implications for disease prognosis and treatment. (3) We established the association and
dissociation rates for each interaction, providing a quantitative basis for understanding the
formation and stability of these ligand-ligand complexes. These findings expand our
understanding of the complex interplay between angiogenic growth factors and also provide a

new perspective on the inconsistencies observed in dual growth factor therapies, the potential



impact of cross-family interactions on disease prognosis, and the regulatory mechanisms

governing vascular development and disease.

Strong interactions between VEGF-A and PDGFs shed new light on angiogenic cross-family

signaling

Combinations of growth factors can promote or inhibit angiogenesis. For instance, the
interaction between VEGF-A and PIGF leads to the formation of heterodimers (VEGF-A
monomer forms a dimer with PIGF monomer), which exhibit 20-50-fold lower mitogenic
activity compared with that of VEGF-A homodimers[29]. We measured the K of this known
interaction and confirmed the strong binding affinity of 0.3 nM. Our findings on the high-
affinity binding between VEGF-A and PDGFs, with Kp values ranging from 921 pM to 3.6
nM, provide a quantitative basis for understanding the potential formation of hetero-oligomeric
complexes and their impact on dual growth factor targeting in angiogenic treatments. The
affinities of these cross-family interactions are comparable with that of the VEGF-A:PIGF
interaction, suggesting that VEGF-A:PDGF could play a significant role in modulating

angiogenic signaling.

The clinical implications of these interactions are exemplified by a study on diabetic foot
syndrome, where the modulation of angiogenic signaling by VEGF-A:PDGF complexes may
contribute to impaired wound healing. The study reported that elevated levels of both VEGF-
A and PDGF-BB correlate with the prognosis of diabetic foot syndrome. However, despite the
increased presence of these growth factors, patients still exhibited impaired angiogenesis and
compromised wound healing[15]. Our discovery of high-affinity interactions between VEGF-
A (dimer) and PDGF-BB (dimer) offers a potential explanation for this observation. Similar to
the reduced activity of VEGF-A:PIGF heterodimers[29], the individual signaling capacities of
VEGF-A and PDGF-BB may decreased by their heterodimer formation, although further

studies are needed to confirm the existence of such heterodimers in vivo.

Furthermore, the formation of hetero-oligomeric complexes between VEGF and PDGF in vivo
may facilitate interactions between different receptor families. For example, VEGFR2 and
PDGFRp have been shown to associate with each other on tumor pericytes[30,31]. Our study
demonstrates the possibility of VEGF-A:PDGF-BB hetero-oligomeric complex formation,
which could alter their binding to respective receptors and subsequently modulate downstream

angiogenic responses.



Many studies investigating the mechanisms, functions, and therapeutic potential of growth
factors have overlooked the importance of cross-family ligand—receptor interactions [25] and
ligand-ligand interactions. Consequently, various studies of dual growth factors have observed
changes in receptor activation, signaling, and cellular responses without providing a clear
mechanistic explanation for these effects. For instance, animal model experiments have shown
that while VEGF mediates endothelial sprouting and the formation of new angiogenic vessels,
it is not efficient in generating mature vascular networks[32]. In contrast, PDGF can induce
mature vasculature in angiogenesis models. Interestingly, recent observations indicate that the
treatment of tissues with subsaturating concentrations of both VEGF and PDGF fails to elicit
a substantial angiogenic response compared with that induced by treatment with either growth
factor individually. In fact, VEGF has been shown to suppress PDGF-mediated angiogenesis
in vivo, an effect that can be reversed through genetic or pharmacological inhibition of

VEGFR2[33].

Many studies reporting positive outcomes of dual growth factor therapy either lack robust in
vivo data or involve the use of modified growth factors to achieve desired outcomes, thus
failing to provide a clear mechanistic understanding[34,35]. One exception is a study
demonstrating that sequential infusion of VEGF-A followed by PDGF-BB using alginate
hydrogels induced angiogenic and functional improvements after myocardial infarction[14].
Our results showing a direct interaction between VEGF-A and PDGF-BB could explain the
suppressed angiogenic response observed in some studies as a consequence of ligand
sequestration. Furthermore, the detailed binding kinetics provided in our data might help to
address challenges encountered in anti- or pro-angiogenic treatments. However, further studies
are needed to elucidate the positive or negative regulatory potential of VEGF:PDGF
interactions and their implications for angiogenic therapies. The possible formation of hetero-
oligomeric complexes between VEGF and PDGF in vivo may promote interactions across
different receptor families. For example, VEGFR2 (vascular endothelial growth factor receptor
2) and PDGFRJ (platelet-derived growth factor receptor beta) can associate with each other on
tumor pericytes, the mural cells that are essential for blood vessel stabilization[30,31]. Our
study demonstrates that the formation of VEGF-A:PDGF-BB hetero-oligomeric complexes is
possible and might alter these ligands' binding to their respective receptors and the downstream

angiogenic response.

Future studies



The kinetics measurements in these studies focused on the growth factors among VEGF-A,
PDGF, and PIGF that are most often used for treatment[5,11,17,36-38]. Several other growth
factors still require such interaction studies, such as fibroblast growth factors (FGFs)[39],
transforming growth factors-beta (TGF-beta), and tumor necrosis factor-alpha (TNF-a)[1],
because many studies show their synergistic roles in therapeutic angiogenesis. Such studies
would reveal which growth factors can engage in heterologous interactions that might interfere
with or potentially enhance signaling. Indeed, in some studies the combination of growth

factors, including VEGF-A, PIGF, and PDGF-BB, did not enhance angiogenesis[40—42].

The detailed kinetics values we have established provide an opportunity to model the complex
binding network in silico. This will allow for better prediction of signaling outcomes in a multi-
ligand environment and a better understanding of how these interactions influence angiogenic
therapy outcomes. Furthermore, our findings highlight the importance of considering cross-
family ligand—ligand interactions in the design and interpretation of studies involving multiple
growth factors, as these interactions may have significant effects on signaling and therapeutic

efficacy.
Material and methods
Surface plasmon resonance (SPR)

SPR experiments were conducted at 25 °C using the Reichert 4SPR (Reichert, Inc., USA). For
the studies, planar polyethylene glycol (PEG)-coated gold sensor chips containing 10% COOH
(Reichert, Inc., USA) were employed. Reichert 4SPR divides the chip into four flow cells: we
immobilized different growth factors in channel 1 or channel 3 while leaving either channel 2
or channel 4 blank for reference (Supplementary figure). Running buffer: 1x HBS-EP pH 7.4
(10 mM HEPES, 3 mM EDTA, 150 mM NacCl, 0.005% Tween-20; cat. # BR100188, GE Life

Sciences).
Protein immobilization

Growth factors, including VEGFA (R&D Systems, Cat. #293-VE-010) were immobilized
using an amine-coupling method. We dissolved 40 mg of EDC (I-ethyl-3-[3-
dimethylaminopropyl] carbodiimide hydrochloride, #22980 Thermo Scientific) and 10 mg of
NHS (N-hydroxysuccinimide, #130672 Sigma Aldrich) in 1 mL of ddH2O. The solution was
mixed and injected quickly at a 10 pL/min flow rate for 7 minutes to activate the sensor surface.

Proteins were diluted to 30 pg/mL with 10 mM acetate buffer pH 4.0 and injected at 10 pL/min



until the desired immobilization level was reached (about >2000 RU). The desired
immobilization level was calculated based on the expected Rmax, which is generally less than
200 RU to avoid a mass transfer effect[43]. After the protein was immobilized, the surface was
deactivated by injecting ethanolamine for 7 min at 10 pl/min (1M ethanolamine

hydrochloride-NaOH pH 8.5, #E9508, Sigma Aldrich).
Kinetic analysis

We measured the kinetic rate constants between PDGFs and VEGF growth factors using an
SPR assay. We injected the ligands at 50, 25, 12.5, 6.25, and 3.12 nM and fit their association
and dissociation curves using a 1:1 Langmuir binding model in TraceDrawer ver.1.8.1. Each
fitting was analyzed by visual inspection and the ratio of y>-to-Rmax (<0.10). The y2-to-Rmax
ratio can help validate the 1:1 binding interaction because this value describes how well the
obtained sensorgram curves fit a 1:1 Langmuir interaction model [43,44]. All the analysis was

performed in TraceDrawer ver.1.8.1.

The raw sensorgrams across the concentrations tested (3.12-50 nM) were aligned, and the
background nonspecific binding was subtracted using the sensorgrams traced from the
reference channel. Global analysis is considered to produce more accurate results than fitting
a single response curve [45]. Global fitting was performed with TraceDrawer ver.1.8.1
(Ridgeview Instrument, Sweden). The software applies nonlinear least squares analysis to
determine association (ka) and dissociation (kd) rates that best fit multiple response curves.
Additionally, the software provides the goodness-of-fit parameter x> and the peak magnitude

of the signal response, Rmax.
Quality criteria for SPR data
The following are the standards used to judge the quality of SPR results:

Visual inspection: the lines of the resulting fit should pass through the experimental
sensorgrams. If the fitting lines do not visually overlap the experimental data, either the
interactions do not follow Langmuir 1:1 stoichiometry or there are more complex interactions

(including nonbinding or nonspecific interactions) occurring (Luo, 2013).

The Rmax value is the maximum response expected from an analyte for a one-to-one
interaction for a fixed amount of immobilized ligand on an SPR. The Rmax value should be
within the range of a few hundred RU, ideally less than 200 RU, to minimize the impact of

mass-transport effects (i.e., the analyte, while dissociating, will repeatedly attach to the next



ligand if we overcrowd the SPR chip surface during immobilization). Higher Rmax denotes

promiscuous or nonspecific binding or interaction not following 1:1 Langmuir interaction.

¥? is the average of the squared residuals (the average of the squared differences between the
measured data points and the corresponding fitted values). The lowest value that can be
expected is the baseline noise. Empirically, these values should be less than 10% of Rmax

regardless of units [43].
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Figure A. Ribbon structures of different growth factors. The figures depict the similarities in
the crystal structures of these growth factors, including their common intra- and interchain
disulfide bonds, which contribute to the tertiary folding of the proteins and dimer formation. (a)
VEGFA (PDB: 1VPF), is very similar to (b) PLGF (PDB: 1FZV), and (¢) PDGF-BB (PDB:
1PDG).
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Figure B. Comparison of basic domains in VEGFR1, VEGFR2, PDGFR-a, and PDGFR-$;
the various domains are Ig-like loops (Ig), juxtamembrane domain (Jm), and split tyrosine kinase
domain (Tk). Tm denotes the transmembrane region.
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Figure C. Sequence alignment of human growth factors. The alignment was created using
the program Clustal Omega with default parameters. The amino acid residues have been
marked based on similarity. Identical residues are marked “*”, residues of highly similar
character are marked “:”, and weakly similar residues are marked “.”. The cysteine residues
involved in the formation of the knot are in red. They are numbered in order from the N-
terminus to the C-terminus. The three intrachain disulfide bridges are formed between Cys I
and Cys VI, Cys III and Cys VII, and Cys V and Cys VIII. The interchain disulfide bonds are
formed between Cys II of one monomer and Cys IV of another monomer (marked with green
boxes) which are exactly 8 residues apart in VEGFA, PLGF, and PDGF-A and -B, while
PDGF-C and -D lack a cysteine at the IV position.



A.
. . &=’—Analﬂe
Planar PEG/10% Conjugated ligand . . .
Carboxyl ) \ konl Tkore .
—ligand KD
¢ .
GoldSPR ¢ 5 ¢ eobagss GoldSPR o . ¢ O
sensor Immobilization ~ S€NSOr Analyte
Incident light . Glass prism (amine coupling) Incident light . Glass prism Interaction Incident light  Glass prism
Entry
B.  __——— wamm C. »
) “ =y
J '
4 J Flow Channel J
— 8 / Entry
———— Exit Exit
Sensorgram [
D. Response (RU) vs Time (s) Plot I E. Overview
® = Canhjugated ligand
©)] » @ @ Analyte |
LX) o® '
- *e0 e LAXY Y PRAYY @ ® B
T N 0o Equilibrium Va . .
= [ X) . e _
;-; Association Dissociation S L Plagman wave
% Metal surface Prism :
& O ® ® T
% : e e :—‘ Reflected light
Baseline . ./ Baseline : Absorbed light
. I I ]F\aw cell
Regeneration Light source RU
Detector
Time (s)

Figure D. Surface plasmon resonance (SPR) workflow. Using a planar polyethylene
glycol/carboxyl-type sensor chip, SPR was performed as follows: (a) Carboxyl groups on the
sensor surface were activated with EDC/NHS, enabling semipermanent amine coupling between
the ligand and the PEG/carboxyl matrix. Such binding allows multiple kinetic cycles to be
performed without requiring remobilization of the target. (b) SPR experiments were carried out at
25 °C using the Reichert 4SPR (Reichert, USA). (¢) The Reichert 4SPR divides the chip into four
flow cells; channels 1 and 3 are used for immobilization, and channels 2 and 4 are left blank for
reference (matrix binding subtraction). (d) Kinetic study cycle: ligand is injected across the bound
target in the association phase, in which binding events are sensed and detected in real time. Next,
running buffer (HBS-EP) alone is injected. In this dissociation phase, the instrument detects only
the dissociation of ligand from the target. (V) A regeneration solution is injected to clear any
remaining bound ligands before another kinetic study is performed. (e) General principle of SPR,
which includes a light source reflecting through a gold sensor surface and prism on a detector. The
change in molecular interaction on the other side of the gold chip leads to a change in plasmon
resonance, and light is absorbed. This change in absorption is recorded as a response unit (RU)
and plotted against time in an interaction study.
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Figure 1. Interaction kinetics of known interacting growth factors VEGFA and PLGF, where
VEGFA was immobilized and PLGF as analyte was passed over it at different concentrations:
50 nM (yellow), 25 nM (green), 12.5 nM (blue), 6.25 nM (red), and 3.125 nM (black). Note:
the thin black overlapping lines are fitted curves of a 1:1 Langmuir model drawn with
TraceDrawer ver. 1.8.1 software.

103 10® 10° 108
weak Affinity constant Ky Strong
enzyme-substrate Antibody Streptavidin
-biotin

Figure 2. Typical ranges of affinities in biological interactions. Weak Enzyme—substrate
interactions have affinities around 103 M to 107 M, and strong antibody—antigen interactions
have affinities in the range of 108 to 10-12 M.



Table 1 VEGFA binding kinetics and affinities with different PDGFs

Growth Rmax ka kd (1/s) Kp (M) x? (RU) U-value
Factor (RU) (1/(M*s))

PIGF 56.16 1.12E+06 3.33E-04 2.96E-10 5.24 17
PDGF-AA 316.15 1.32E+05 1.22E-04 9.21E-10 10.63 11.5
PDGF-BB 177.17 1.81E+05 4.11E-04 2.27E-09 7.63 2.2
PDGF-DD 167.21 2.75E+05 1.01E-03  3.66E-09 15.55 3.1
PDGF-AB 128.165 1.64E+05 7.86E-04 4.80E-09 3.41 2.8
PDGF-CC 999.17* 2.00E+03 1.84E-03 9.19E-07 1.33 12.8
Ang-4 3571.88* 1.12E+03 1.14E-03 1.02E-06 11.57 14.4

" *A very high Rmax (relative to expected Rmax) denotes promiscuous or low binding, which
can also be judged by visual inspection (see the methods).
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Figure 3. Kinetics of PDGFs’ binding to immobilized VEGFA: Different concentrations of
analyte were passed: 50 nM (yellow), 25 nM (green), 12.5 nM (blue), 6.25 nM (red), and 3.125
nM (black). (a) VEGFA vs PDGF-AA, (b) VEGFA vs PDGF-DD, (¢) VEGFA vs PDGF-BB, (d)
VEGFA vs PDGF-AB, (e¢) VEGFA vs PDGF-CC, and (f) VEGFA vs ANG4. Note: the thin black
overlapping lines are fitted curves of a 1:1 Langmuir model on TraceDrawer ver. 1.8.1 software.



VEGFA:ANG4 VEGFA:PLGF
(Negative control, VEGFA:PDGFAE  (positive control,
1puM) (2:2nM) 300 pM)
EGFA:PDGFEE
\1 (22nM) 10-9

1|0‘3

Affinity constant K

VEGFA:PDGFCC
(0.9 pM)

VEGFA:PDGFAA
(900 pM)
VEGFA:PDGEDD
(900 pM)

Figure 4. Affinity comparison of VEGFA interactions with PDGFs, with VEGFA:PLGF as a
positive interacting partner and VEGFA:ANG#4 as a negative interacting partner.
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Figure S Structural comparison of monomers of VEGFA, PLGF, and PDGF-B
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