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ABSTRACT
Exudative age-related macular degeneration (AMD) is the most common cause of moderate and severe
vision loss in developed countries. Intraocular injections of vascular endothelial growth factor (VEGF or
VEGF-A)-neutralizing proteins provide substantial benefit, but frequent, long-term injections are needed.
In addition, many patients experience initial visual gains that are ultimately lost due to subretinal fibrosis.
Preclinical studies and early phase clinical trials suggest that combined suppression of VEGF and platelet-
derived growth factor-BB (PDGF-BB) provides better outcomes than suppression of VEGF alone, due to
more frequent regression of neovascularization (NV) and suppression of subretinal fibrosis. We generated
a dual variable domain immunoglobulin molecule, ABBV642 that specifically and potently binds and
neutralizes VEGF and PDGF-BB. ABBV642 has been optimized for treatment of exudative AMD based on
the following design characteristics: 1) high affinity binding to all VEGF-A isoforms and both soluble and
extracellular matrix (ECM)-associated PDGF-BB; 2) potential for extended residence time in the vitreous
cavity to decrease the frequency of intraocular injections; 3) rapid clearance from systemic circulation
compared with molecules with wild type Fc region for normal FcRn binding, which may reduce the risk of
systemic complications; and 4) low risk of potential effector function. The bispecificity of ABBV642 allows
for a single injection of a single therapeutic agent, and thus a more streamlined development and
regulatory path compared with combination products. In a mouse model of exudative AMD, ABBV642 was
observed to be more effective than aflibercept. ABBV642 has potential to improve efficacy with reduced
injection frequency in patients with exudative AMD, thereby reducing the enormous disease burden for
patients and society.
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Introduction

Age-related macular degeneration (AMD) is a multigenic disease
wherein the accumulation of drusen, the atrophy of retinal pig-
mented epithelial (RPE), and neovascularization can result in the
death of photoreceptors and the loss of central vision. This grad-
ual decrease in central vision usually occurs slowly over many
years. However, in about 15% of patients, subretinal neovasculari-
zation occurs when fluid leaks into or under the macula, which
results in rapid and often severe loss of vision. This is called exu-
dative AMD to emphasize the most critical and differentiating
feature of this subgroup of patients with AMD, exudation of fluid
into the macula.1 In 2007, the World Health Organization
(WHO) estimated that exudative AMD affects 3 million people
globally and accounts for 8.7% of all blindness and 50% of blind-
ness in industrialized nations. WHO projects that these numbers
will double by 2020 as populations age inmany countries.1

The conversion from nonexudative to exudative AMD occurs
when stabilization of hypoxia-inducible factor-1 (HIF-1) fromhyp-
oxia or oxidative stress results in upregulation of VEGF and other
vasoactive proteins in macular photoreceptors and RPE cells.2-5

Intraocular injections of the VEGF neutralizing proteins therapeu-
tics, ranibizumab, aflibercept, or bevacizumab, over the course of
two years can substantially improve visual acuity in patients with
exudative AMD.6-9 However, the striking visual acuity gains seen
after two years of treatment in a clinical trial were completely lost
three years after patients exited the trial and initiated standard care
methodologies.10 Many of the patients who lost initial visual acuity
gains had subretinal hyper-reflective material suggestive of subreti-
nal fibrosis or areas of macular atrophy. Subretinal hyper-reflective
material is a risk factor for macular atrophy, so one possible
hypothesis is that over timemany patients develop subretinal fibro-
sis despite treatment with anti-VEGF agents because other HIF-1-
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stimulated vasoactive agent stimulates subretinal fibrosis.11 PDGF-
BB is upregulated by HIF-1, is a chemoattractant for glia and RPE
cells and promotes scarring.12-16 In mouse models of subretinal
neovascularization17,18 and in an early phase clinical trial in patients
with exudative AMD, combined suppression of VEGF and PDGF-
BB provided superior outcomes versus suppression of VEGF alone,
due tomore frequent regression of neovascularization and suppres-
sion of subretinal fibrosis.19,20 Thus, there is strong rationale for
combined suppression of VEGF and PDGF-BB in patients with
exudative AMD.

Here, we report the design, generation and characterization
of ABBV642, a dual variable domain immunoglobulin molecule
(DVD-Ig) that potently neutralizes both VEGF-A and PDGF-
BB and was specifically engineered to improve the safety and
convenience of wet AMD treatment. ABBV642 is a drug devel-
opment candidate; the translation of the design features of
ABBV642 into benefits for exudative AMD patients needs to be
evaluated in clinical trials.

Results

Design considerations for next-generation treatments for
exudative AMD

The efficacy and safety profile of current anti-angiogenesis
therapeutics for intraocular use may be improved by engineer-
ing more potent or multispecific inhibitors to limit the number
of molecules/injections required to achieve the desired thera-
peutic effect. Three factors were carefully considered in design-
ing a bispecific agent for ocular diseases that targets both
VEGF-A and PDGF-BB and provides improved efficacy, as
well as improved safety and convenience. The first factor was
improved efficacy. Compared to suppression of VEGF alone,
combined suppression of VEGF and PDGF-BB caused greater
suppression of subretinal NV in mice17,18 and better outcomes
in resolution of choroidal NV and reduced fibrosis in patients
with exudative AMD.19 ABBV642 was design to potently bind
and neutralize all VEGF-A isoforms and both soluble and
ECM-associated PDGF-BB. Second, we considered the poten-
tial for extended residence time in the vitreous cavity. Repeated
intravitreal injections increase the risk of endophthalmitis and
are a substantial burden for patients, their families, and retina
specialists. Increased residence time in the vitreous cavity will
increase the duration of efficacy for biologics and decrease the
frequency of injections. Increase in molecular size was reported
to have a weak correlation with increase in residence time in
the vitreous cavity.21,22,23 A full-length 200 kDa DVD-Ig format
with a larger molecular size was therefore selected for
ABBV642. The third factor considered was safety. Although
prolonged residence time in the eye is desirable, prolonged resi-
dence in systemic circulation is not because systemic suppres-
sion of VEGF is associated with hemorrhagic and
thromboembolic complications.24 The Fc neonatal receptor
(FcRn) is responsible for prolonged serum residence,25 but is
not required for ocular21,23 half-life of immunoglobulin mole-
cules, and therefore FcRn binding was disabled in ABBV642 by
introduction of a H435A (FcRn null) mutation.26

Endothelial cells release paracrine PDGF-BB, which is
retained proximally by heparin sulfate proteoglycan. This is

essential for proper recruitment and organization of pericytes
to establish microvessels.27 VEGF-A is secreted in multiple iso-
forms with variable affinity for extracellular proteins. Initially,
it was thought only the longer isoforms of VEGF189 and
VEGF206 are bound in the ECM when they are produced. A
somewhat surprising finding was that as much as 50–70% of
VEGF165, the most active VEGF-A isoform, could be released
by heparin from ECM, suggesting that, although this isoform is
secreted, a substantial fraction remains bound to heparin sul-
fate proteoglycans.28 Fc effector function is not required for the
activity of ABBV642. Hypothetically, the ECM-associated
VEGF-A and PDGF-BB may mediate antibody-dependent cell-
mediated cytotoxicity (ADCC), complement-dependent cyto-
toxicity (CDC), or elicit Fc-mediated immune cell cytokine
release if they bound to Fc-competent IgG molecules. To pro-
vide security against the potential risk of ADCC, CDC, or Fc-
mediated immune cell cytokine release, we introduced L234A
and L235A mutations at the lower hinge region of ABBV642 to
attenuate binding to FcgR I FcgR II and C1q molecules.29,30

With these design considerations in mind, we generated an
anti-VEGF-A/anti-PDGF-BB DVD-Ig molecule with L234A,
L235A and H435A mutations, designated as ABBV642 (Fig. 1).
As a bispecific, this allows for a single injection and a more
streamlined development and regulatory path vs. combination
products. We will describe the selection and in vitro and in
vivo characterization of ABBV642 below.

Selection of a DVD-Ig molecule with improved thermal
stability

We first described the DVD-Ig format in 2007.31 A DVD-Ig
molecule is a dual-specific tetravalent IgG-like molecule with
two target binding variable domains on each Fab arm. A DVD-
Ig molecule can be generated with variable domains from any
two mAbs linked in tandem via naturally occurring linkers or
glycine-serine linkers. The tandem linkage of the variable
domains and the ability to adjust linker lengths offer tremen-
dous structural and functional flexibility to the DVD-Ig format,
such that we can join two variable domains of interest (e.g., dif-
ferent functionalities), adjust the position of the first variable
domain and the second variable domains relative to CH1/CL
(variable domain orientation), and adjust the distance between
the two variable domains (linker design and combinations).
Like an optimized therapeutic mAb, an optimized DVD-Ig
molecule has many desirable properties, such as acceptable
expression in mammalian cells for transient and large-scale
production, simple purification to homogeneity using standard
approaches, and good drug-like biophysical, biochemical, and
pharmacokinetic (PK) properties.31 Currently, three DVD-Ig
molecules, lutikizumab (ABT-981), remtolumab (ABT-122)
and ABT-165, are in clinical development.

The CH1/CL domain in a regular IgG molecule not only
helps the proper folding of the variable domain, but may also
contribute to the stabilization of the variable domain. The
major structural difference between a DVD-Ig molecule and a
mAb is an additional variable domain on each Fab and linkers
connecting the two variable domains in a DVD-Ig molecule.
The outer variable domain in some DVD-Ig molecules may not
be as stable as in the parental mAb because it is being
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supported by VH and VL of the inner variable domain, instead
of the CH1/CL. Therefore, if the appropriate CH1/CL stabiliza-
tion support is not available and the intrinsic stability of VH
and VL of the outer variable domain is not strong enough in
some DVD-Ig molecules, the outer variable domain may
become less stable and may reduce overall stability of the entire
molecule. We found that the accelerated storage stability of
DVD-Ig molecules is correlated with the Tm value of the high-
est peak of mAbs used for DVD-Ig outer variable domains
(Fig. 2A and B). To this regard, a total of 73 mAbs (45 anti-
VEGF-A mAbs and 28 anti-PDGF-BB mAbs) were selected
and analyzed by differential scanning calorimetry (DSC) and
the thermal stabilities of their VH-VL regions were quantitated
by determining the temperature of the highest peak in the DSC
thermograms. We selected the mAbs with higher VH and VL
thermal stabilities as the building blocks for constructing an
anti-VEGF-A/anti-PDGF-BB DVD-Ig molecule; the Tm value
of the highest peak in the DSC thermograms for the parental
anti-VEGF-A mAb selected was 72�C and Tm value of the
highest peak in the DSC thermograms for the parental anti-
PDGF-BB mAb selected was 87�C. The resulting DVD-Ig,
ABBV642, demonstrated good thermal stability properties with
the midpoint temperature of the first transition of unfolding at
62�C.

ABBV642 potently binds and neutralizes all active VEGF-A
isoforms and PDGF-BB with appropriate species cross-
reactivity for efficacy and safety studies

ABBV642 is a humanized DVD-Ig molecule against human
VEGF-A and human PDGF-BB constructed using a humanized
rat anti-VEGF-A mAb and a humanized rat anti-PDGF-BB
mAb generated using Aldveron cDNA immunization technol-
ogy. The rat mAbs were humanized using a computer-aided
high throughput humanization program developed at AbbVie.
The anti-PDGF-BB mAb was further affinity matured using
yeast display technology. A kinetic analysis of ABBV642 bind-
ing to VEGF-A species and PDGF-BB species were quantita-
tively characterized using surface plasmon resonance (SPR)

technology. ABBV642 binds human VEGF-A165 at an affinity
KD of 65 pM (on-rate ka D 5.2EC05 M¡1s¡1 and off-rate kd D
3.4E-5 s¡1), and human PDGF-BB at an affinity of less than 5.2
pM (on-rate ka � 1.0EC07 M¡1s¡1 and off-rate kd D 5.2E-5
s¡1). A competition ELISA was performed to evaluate the abil-
ity of ABBV642 to block ligand-receptor interaction. ABBV642
potently blocks VEGF/VEGFR2 interaction at 71 pM (Fig. 3A)
and blocks PDGF-BB/PDGFRb interaction at 90 pM (Fig. 3B).
Cellular assays were employed to assess the potency of
ABBV642 to neutralize human VEGF-A165 and human
PDGF-BB. Potency to human VEGF-A165 was determined
using a human microvascular endothelial cells (HMVEC) bio-
assay. The HMVEC cells proliferate in response to VEGF-A165
stimulation. HMVEC cells incubated in the presence of
ABBV642 demonstrate decreased proliferation due to antago-
nist activity, producing an IC50 value of 145 pM (Fig. 3C). A
second VEGF-A165-dependent bioassay was used to confirm
antagonist activity. Mouse fibroblast cells stably transfected
with the receptor VEGF-R2 were stimulated with VEGF-A165
in the presence of ABBV642. The results clearly demonstrated
a decrease in proliferation due to antagonist activity and pro-
duced an IC50 value of 433 pM (data not shown). Potency to
human PDGF-BB was determined using a NIH-3T3 bioassay.
These are mouse fibroblast cells which natively express the
mouse receptor PDGF-Rb. The human PDGF-BB interacts
with the mouse receptor PDGF-Rb and will induce prolifera-
tion of the cell line. NIH-3T3 cells incubated in the presence of
ABBV642 demonstrated decreased proliferation due to antago-
nist activity and produced an IC50 value of 45 pM (Fig. 3D).

To understand whether ABBV642 can simultaneously bind
and block both VEGF and PDGF-BB or not, the neutralization
potency of ABBV642 for the first ligand was measured in the
presence of excess amount of the second ligand. We confirmed
that the excess amount of the second ligand itself alone did not
affect the assay readout for the first ligand in these assays.
When pre-incubated with excess hPDGF-B, ABBV642 blocks
hVEGF-A165-induced Tyr1054 signaling in VEGFR2–3T3
cells at an equivalent level compared with the parental anti-
VEGF clone hBEW-9E10.1 (Fig. 4A). ABBV642, when pre-

Figure 1. Design features of anti-VEGF-A/anti-PDGF-BB DVD-Ig molecule, ABBV642. VD D variable domain; ECM D extracellular matrix.
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incubated with excess hVEGF-A165, blocks hPDGF-BB-
induced NIH-3T3 cell proliferation also at an equivalent level
compared with the parental anti-PDGF-BB clone CL-33675
(Fig. 4B). These results demonstrated that binding of ABBV642
to one soluble ligand did not affect its ability to block biological
activities induced by another soluble ligand.

VEGF-A mRNA undergoes alternative splicing events that
generate five different homodimeric isoforms, VEGF111,
VEGF121, VEGF165, VEGF189, or VEGF206. VEGF121 is a
non-heparin-binding acidic protein, which is freely diffusible.28

The longer forms, VEGF189 or VEGF206, are highly basic pro-
teins tightly bound to extracellular heparin-containing proteo-
glycans.28 VEGF165 has intermediate properties.28 VEGF111
was also identified later as a biologically active and proteolysis-
resistant splice variant of this family.32 Pegaptanib, the first
anti-VEGF-A agent approved for the treatment of exudative
AMD, selectively neutralizes only VEGF165 and is less effica-
cious than agents that neutralize all isoforms.33 Therefore, we
selected the VEGF-A binding domain of ABBV642 that can
neutralize all the active VEGF-A isoforms. The overall affinity
KDs of ABBV642 were 65 pM for human VEGF-A 165 (on-rate
ka D 5.2EC05M¡1s¡1 and off-rate kd D 3.4E-5s¡1), 230 pM for
human VEGF-A 121 (on-rate ka D 1.8EC05 M¡1s¡1 and off-
rate kd D 4.1E-5s¡1), and 290 pM for human VEGF-111 (on-
rate ka D 1.5EC05M¡1s¡1 and off-rate kd D 4.3E-5s¡1). The
neutralization of different human VEGF-A isoforms by
ABBV642 was also demonstrated in cellular potency assays
(data not shown). We also confirmed that ABBV642 can bind
to ECM-associated PDGF-BB by immunostaining (data not
shown).

Species cross-reactivity is an important consideration
when assessing PK, efficacy and safety of the drug develop-
ment candidates in relevant animal species, disease models,
and preclinical toxicology species. ABBV642 had very weak
binding to mouse and rat VEGF-A at the 500 nM concentra-
tion tested. Affinity of ABBV642 for rabbit VEGF-A was 41
pM (on-rate ka D 9.6EC05M¡1s¡1 and off-rate kd D 4.0E-
5s¡1). The amino acid sequence of VEGF-A of cynomolgus
monkey and human is identical. ABBV642 binds to human,
cynomolgus monkey, mouse and rat PDGF-BB at high
affinity, with KD values at � 5.2 pM (on-rate ka �
1.0EC07M¡1s¡1 and off-rate kd D 5.2E-5s¡1), 0.81 pM (on-
rate ka � 1.0EC07M¡1s¡1 and off-rate kd D 8.1E-6s¡1), 0.36
pM (on-rate ka � 1.0EC07M¡1s¡1 and off-rate kd D 3.6E-
6s¡1) and 2.6 pM, respectively (on-rate ka � 1.0EC07M¡1s¡1

and off-rate kd D 2.6E-5s¡1). The amino acid sequence of
PDGF-BB in rat and rabbit is also identical.

ABBV642 inhibits endothelial tube formation and pericyte
coverage in a co-culture in vitro angiogenesis assay

The abnormal new blood vessels that grow in the subretinal
space in exudative AMD are made up of two cell types, endo-
thelial cells and pericytes. The endothelial cells line the inside
of the vessels and pericytes wrap around the endothelial cells.
First, VEGF binds to its receptor on endothelial cells, causing
them to proliferate and form new blood vessels. VEGF provides
survival signals to endothelial cells and induces blood vessel
permeability. Next, the endothelial cells release paracrine
PDGF-BB that is retained proximally by heparin sulfate

Figure 2. (A) CH1-CL interactions stabilize VH-VL in the context of a Fab of IgG molecule. This stabilization is not available for the outer domain of a DVD-Ig molecule. (B)
Outer domain stability shows a correlation (r D ¡0.58) of statistical significance (p D 0.002) with DVD-Ig accelerated, high concentration storage stability.
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proteoglycan to chemoattract PDGF receptor-B (PDGFR-b)
expressing pericytes. The recognition of the proximally retained
PDGF-BB by the pericyte-bound PDGFR-b initiates the prolif-
eration and migration of the pericytes along the growing neo-
vascularization.27 The critical role of PDGF-BB/PDGFR-b
interaction for pericyte recruitment and capillary maturation

has been demonstrated through gene knockout,34 ectopic deliv-
ery of competing PDGF-BB,35 blocking the PDGF-BB/PDGFR-
b interaction by external agents,18 or deletion of the PDGF-BB
heparin sulfate proteoglycans binding motif.36 Established sub-
retinal vessels may have sufficient pericyte coverage to be resis-
tant to anti-VEGF monotherapy.18 Pericytes also produce

Figure 3. ABBV642 blocks ligand-receptor binding in a competition ELISA and blocks soluble ligand induced biological activities in cellular bioassays. (A) ABBV642 blocks
binding of hVEGF-A165 to hVEGF-R2 in a competition ELISA. (B) ABBV642 blocks binding of hPDGF-BB to hPDGF-Rb in a competition ELISA. (C) ABBV642 neutralizes
hVEGF-A165 and blocks hVEGF-A165 induced proliferation of HMVEC-d cells. (D) ABBV642 neutralizes hPDGF-BB and blocks hPDGF-BB induced proliferation of NIH-3T3
cells.

Figure 4. Binding of ABBV642 to one soluble ligand did not affect its ability to block another soluble ligand induced biological activities. (A) ABBV642, when pre-incu-
bated with excess hPDGF-B, blocks hVEGF-A165-induced Tyr1054 signaling in VEGFR2–3T3 cells at the equivalent level as parental anti-VEGF clone hBEW-9E10.1 does. (B)
ABBV642, when pre-incubated with excess hVEGF-A165, blocks hPDGF-BB-induced NIH-3T3 cell proliferation at the equivalent level as parental anti-PDGF-BB clone CL-
33675 does.

MABS 273



VEGF to promote survival of endothelial cells. Therefore, strip-
ping of pericytes combined with anti-VEGF therapy may lead
to regression of neovascularization and improved visual
outcomes.

We evaluated anti-VEGF-A mAb, anti-PDGF-BB mAb and
ABBV642 for their ability to interfere with endothelial tube for-
mation and pericyte coverage in a human umbilical vein endo-
thelial cell (HUVEC) and human mesenchymal stem cell
(MSC) co-culture in vitro angiogenesis assay. This is a semi-

quantitative assay mainly for demonstrating anti-angiogenesis
mechanism. Tube formation and pericyte coverage were
observed with no treatment or isotype control DVD-Ig treat-
ment (Fig. 5A-a and 5A-b). Addition of the anti-VEGF-A mAb
inhibited the formation of new sprouts, but had little effect on
pericyte coverage (Fig. 5A-c). Addition of anti-PDGF-BB mAb
had no effect on endothelial sprouting, but reduced pericyte
coverage (Fig. 5A-d). Addition of the ABBV642 or a combina-
tion of anti-VEGF-A and anti-PDGF-BB mAb reduced tube

Figure 5. ABBV642 potently inhibits tube formation in a HUVEC/hMSC co-culture sprouting assay. (A) Representative images demonstrate reduced tube formation and/or
pericyte coverage by various treatment (B) Total tube length from one bead was measured by Image J and average of 5 to 10 beads were plotted for each treatment
with standard deviation (mean § SD).
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number and length and pericyte coverage (Fig. 5A-e and 5A-f).
Semi-quantitative measurement of tube length was done by
Image-J software37 and data was analyzed using Excel and pre-
sented as mean ( § SD) (Fig. 5B). These results confirm that
ABBV642 suppresses both VEGF and PDGF-BB activities in an
in vitro angiogenesis assay.

Systemic and ocular PK profile of ABBV642 in preclinical
animals

ABBV642 has a H435A mutation in its Fc region and has
no significant binding to human, cynomolgus, mouse, rat or
rabbit FcRn (data not shown). Single dose intravenous (IV)
PK studies were run in humanized FcRn mice (B6.Cg-
FcRn-276) to compare PK profiles of ABBV642 to PK pro-
files of a tool DVD-Ig molecule engineered with the same
Fc mutant (H435A) and a tool DVD-Ig molecule with the
wild type Fc region. After a single 5 mg/kg IV injection of
ABBV642 to male B6.Cg-FcRn-276 mice, serum clearance

was rapid, with measurable concentrations observed at only
the 1 and 24 hour time points (Fig. 5A). The half-life of
ABBV642 could not be calculated due to the paucity of
measurable data points. As the controls, the half-lives of
tool DVD-Ig molecules constructed with Fc H435A mutant
(PR-1565689) or wild type Fc (PR-1565009), dosed at
6.7 mg/kg, are 14 and 67 hours, respectively (Fig. 6A). PK
parameters are presented in Table 1. The net exposure of
ABBV642 in systemic circulation for the intended route of
intravitreal administration is the result of diffusion of the
drug from ocular space into systemic circulation and its
clearance from systemic circulation. The FcRn null muta-
tion was reported to not have a significant effect on vitreous
exposure, but to significantly reduce serum exposure follow-
ing a single intravitreal administration compared with simi-
lar IgG with a wild type Fc region.23 ABBV642 with the
FcRn null mutation is therefore expected to have reduced
persistence in circulation in human blood when compared
with the same molecule with a wild type Fc region.

Figure 6. Systemic and ocular PK profile of ABBV642 in preclinical animals. (A) Mean ( § SD) serum concentrations of ABBV642 with H435A mutation (solid circle), a con-
trol DVD-Ig with H435A mutation (open square) and a control DVD-Ig with wild-type Fc (solid triangle) following a single 5 or 6.7 mg/kg intravenous dose in male B6.Cg-
FcRn-276 mice. (B) Mean ( § SEM) serum concentrations of ABBV642 after a 1 mg/kg intravenous dose in New Zealand White rabbits. (C) Mean ( § SEM) serum concen-
trations of ABBV642 after a 0.59 mg ocular dose in New Zealand White rabbits. (D) Mean ( § SEM) aqueous humor concentrations of ABBV642 after a 0.25 mg ocular
dose in New Zealand White rabbits.
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The PK profile of ABBV642 was also assessed following a
single 1 mg/kg IV dose in New Zealand White rabbits. The
mean clearance after the single ABBV642 IV administration
was 0.58 mL/hr/kg, the mean volume of distribution at steady-
state was 29.1 mL/kg, and the harmonic mean of the terminal
half-life was 36 hours. Both animals displayed similar PK pro-
files, with measurable exposure lost after 4 d (Fig. 6B). The
exposure, expressed as mean AUC0–96h/D, was 1732 mg�hr/mL.

Serum levels of ABBV642 after ocular dosing were moni-
tored in four animals receiving a 590 mg dose to one eye
(»0.2 mg/kg). In all animals dosed, serum exposure rose after a
delayed systemic absorption from the eye before dropping
below measurable levels after 5 d. Exposure, as measured by
AUC0–120h was low and variable, ranging from 11 to 22 mg�hr/
mL (Fig. 6C). The dose normalized systemic exposure after
ocular dosing was »4% of that seen after an intravenous dose.

Ocular levels of ABBV642 after ocular dosing were moni-
tored in four animals, split into two groups of two, each receiv-
ing a 250 mg dose to one eye (»0.1 mg/kg). Ocular exposure, as
monitored by aqueous humor concentration, was variable fol-
lowing diffusion of drug through the unstirred ocular compart-
ment (Fig. 6D). Within the limits of the high variability, the
estimated composite ocular half-life and AUC0–504 were
111 hours and 770 mg�hr/mL, respectively. Concentrations of
ABBV642 in both aqueous and vitreous humor were quanti-
tated in terminal sample taken on Day 7 and Day 21. The ratio
of vitreous concentration to aqueous concentration of
ABBV642 was quite consistent across all samples and averaged
22:1 (range of 18–24:1), indicating that aqueous humor concen-
trations are a good surrogate for vitreous exposure. This result
is consistent with a previous report.23

ABBV642 significantly decreased subretinal
neovascularization in rho/VEGF-A transgenic mouse model

Because ABBV642 does not bind to rodent VEGF-A, we used
two transgenic mouse models in which human VEGF-A165 is
expressed, resulting in subretinal neovascularization, to assess
the efficacy of ABBV642. Transgenic mice in which the rho-
dopsin promoter drives expression of human VEGF-A165 in
photoreceptors (Rho-VEGF-A mice) have onset of VEGF-A
expression at P7. Starting at P10, mice develop sprouts of neo-
vascularization from the deep capillary bed of the retina that
grow through the photoreceptor layer and form an extensive
network of new vessels in the subretinal space.4 Since the new
vessels originate from retinal capillaries and not choroidal ves-
sels, it is technically a model of retinal angiomatous prolifera-
tion (RAP, also known as type 3 choroidal neovascularization),
which occurs in roughly 30% of patients with neovascular
AMD. The positive control for these studies was aflibercept, a
recombinant VEGF-neutralizing protein that is currently

widely used for standard care of exudative AMD. The concen-
tration of aflibercept injected into human eyes is 2 mg/ml.
Intraocular injection of 1 ml of the 2 mg/ml clinical concentra-
tion, which is 0.32mmoles of aflibercept, was done and an injec-
tion of 0.32 mmoles of all other agents was done for
comparison. The DVD-Ig control group had significantly
greater mean area of neovascularization per retina compared
with all other groups (ANOVA with Dunnett correction p <

0.0001). The mean area of neovascularization per retina was
significantly less in ABBV642-treated eyes than those treated
with aflibercept (Tukey HSD test, p D 0.0031). The mean area
of neovascularization in the ABBV642 group was numerically
less, but not significantly different from the combination of a
potency matched anti-VEGF mAb and an anti-PDGF mAb
(Fig. 7).

ABBV642 significantly prevented retinal detachment in
Tet-opsin-VEGF double transgenic mouse model

Double transgenic mice with doxycycline (Dox)-inducible
expression of human VEGF-A165 in photoreceptors express
10-fold higher levels of VEGF than Rho-VEGF transgenic mice
and develop severe neovascularization and exudative retinal
detachment 3 d after initiation of Dox.38 Test agents
(0.32 mmoles) were injected in one eye, Dox treatment was
begun, and after 4 d retinal fundus photographs were scored
using the grading scale as described in the method section. In
brief, 0 D no retinal detachment (NRD), 1 D partial retinal
detachment (PRD), 2 D total retinal detachment (TRD)
(Fig. 8A, B and C). In 5 eyes injected with anti-VEGF-A mAb,
there were no retinal detachments preventing assessment of

Table 1. Pharmacokinetic parameters of three DVD-Ig molecules with or without FcRn null mutation after single dose intravenous (IV) administration in humanized FcRn
(B6.Cg-FcRn-276) mice.

Compound FcRn Binding AUC (mg�h/mL) AUC/Dose (mg�h/mL)/(mg/kg) Cl (mL/h/kg) t1/2 (hours)

ABBV642 Null 1860 372 2.6 NC
PR-1565689 Null 4340 648 1.6 14
PR-1565009 Full 8280 1240 0.8 67

Figure 7. ABBV-642 significantly decreased subretinal neovascularization in Rho/
VEGF-A transgenic mouse model. Area of subretinal neovascularization (NV) per
retina 7 d after intraocular injection of 0.32mmoles of listed agents in Rho/VEGF-A
transgenic mice was measured. The area of NV per retina was significantly less in
eyes injected with ABBV642 compared with those injected with aflibercept (p D
0.0031 by Tukey HSD test).
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improved activity by addition of anti-PDGF-BB mAb in the
combination group. However, only 1 of 11 eyes (9%) injected
with ABBV642 had a retinal detachment compared with 4 of 8
(50%) of eyes injected with aflibercept, and 7 of 9 eyes (78%)
injected with control IgG (Table 2). These data suggest that
ABBV642 strongly suppresses exudative retinal detachment in
this particularly severe disease model.

Discussion

AMD is a complex disease in which a subgroup of patients with
exudative AMD has stabilization of HIF-1 in photoreceptors

and RPE cells, resulting in upregulation of VEGF and other
vasoactive proteins. PDGF-BB has been implicated as a second
contributor to subretinal neovascularization because PDGF-BB
antagonists cause modest suppression in a mouse model18 and
because combined suppression of VEGF and PDGF-BB causes
greater neovascularization suppression than either alone.17,18

Here, we report the development of a new biologic that
addresses many of the problems of current treatments for exu-
dative AMD. We developed a novel dual variable domain
immunoglobulin molecule, ABBV642, which specifically and
potently neutralizes all isoforms of VEGF-A and both soluble
and ECM-bound PDGF-BB. In an in vitro angiogenesis model,

Figure 8. Typical images of the simplified RD grading in tet-opsin/huVEGF-A double transgenic mice. Fundus images with A1, A2, A3 representing NRD, PRD, TRD respec-
tively; OCT images with B1, B2, B3 representing NRD, PRD, TRD respectively; Ocular cryo-section with H&E stain, C1, C2, C3 represent NRD, PRD, TRD respectively.

Table 2. The efficacy of test agents in Tet/opsin/VEGF double transgenic mice�.

Grade IgG control Anti-VEGF mAb Anti-PDGF mAb Anti-VEGFC Anti-PDGF ABBV642 Aflibercept

0 (NRD) 2 5 2 7 10 4
1 (PRD) 1 0 2 1 0 3
2 (TRD) 6 0 3 0 1 1
Total eyes 9 5 7 8 11 8

�Intraocular injection (one per mouse) with 0.32 mmoles of one of the above listed agents was followed by daily subcutaneous injections of 500mg/kg of doxycycline. On
day 4 after injections fundus photographs were graded for exudative retinal detachment.
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ABBV642 suppressed both endothelial tube formation, a
VEGF-stimulated activity, and pericyte coverage, a PDGF-BB-
stimulated activity. ABBV642 does not cross-react with mouse
VEGF, and therefore it was tested in two transgenic mouse
models in which human VEGF165 is expressed in photorecep-
tors: Rho/VEGF and Tet/opsin/VEGF mice. In Rho/VEGF
mice, expression of VEGF in photoreceptors begins at P7 and
persists thereafter, resulting in progressively worsening subreti-
nal neovascularization. Intraocular injection of 0.32 mmoles of
ABBV642 caused greater suppression of subretinal neovascula-
rization than injection of 0.32 mmoles of aflibercept. In a model
with high expression of VEGF in photoreceptors, 9% of eyes
injected with 0.32 mmoles ABBV642 developed exudative reti-
nal detachment compared with 50% of eyes injected with
0.32 mmoles of aflibercept. These data suggest that ABBV642 is
highly efficacious in mouse models predictive of effects in exu-
dative AMD, similar to what is observed with combination
treatment of separate anti-VEGF and anti-PDGF antagonists.18

Enhancing short-term outcomes is important, but the ulti-
mate goal is to provide sustained long-term benefits.
ABBV642 was engineered to potentially increase durability of
activity in the eye to maximize long-term benefits. This was
done by making ABBV642 a 200 kDa full-length IgG, i.e.,
with a molecular weight over 50 kDa larger than a canonical
IgG antibody and over 100 kDa larger than aflibercept. After
an injection of 250 mg of ABBV642 in rabbit eyes, aqueous
levels decreased with a half-life of 4.6 days, which compares
favorably to the aqueous half-life of 2 d of aflibercept in rabbit
eyes21 and is similar to a published vitreal half-life of bevaci-
zumab of 4.3 d.39 A previous study reported that the differ-
ence in molecular weight of 50 to 150 kDa only had a small
effect on the vitreous half-life, which ranged from 3.2 to 5.2
d.23 Further study may be required to understand the effect of
larger molecular size on ocular PK and how this is compared
with other biological therapies for the treatment of wet AMD.
The additive effect of combined suppression of VEGF and
PDGF-BB in a single bispecific agent may also reduce the fre-
quency of injections. Once dosed into the ocular compart-
ment, drug is cleared from the eye into the systemic
circulation by various mechanisms and can be persistent.23,40

The kinetics of net exposure of drug in systemic circulation
for the intended route of intravitreal administration is the
result of diffusion of the drug from ocular space into systemic
circulation and its clearance from systemic circulation.23 After
ABBV642 exits the eye, rapid elimination from the circulation
is desired to reduce systemic effects. ABBV642 was engineered
to minimize FcRn binding with an H435A mutation in the Fc
region of the molecule for rapid clearance in systemic circula-
tion. After IV dosing, we observed that ABBV642 was elimi-
nated from the circulation more rapidly than a wild-type IgG
molecule with normal FcRn binding in humanized FcRn mice.
To further insure against potential adverse effects, L234A,
L235A mutations in the low hinge Fc region were introduced
to attenuate binding to FcgRI, FcgRII and C1q molecules,
thus reducing the potential for ADCC and CDC activity.

Exudative AMD is a major public health problem. Intraocu-
lar injection of specific VEGF-neutralizing proteins has pro-
vided substantial short-term visual benefits in many but not all
patients. However, most benefits are lost over time, often due

to development of subretinal fibrosis, and PDGF-BB is an
important stimulus for fibrosis in the eye.12-16 Loss of visual
acuity gain benefit over time has also been linked to an inability
to maintain the recommended frequency of injections needed
to maintain disease quiescence.41 ABBV642 addresses these
issues by suppressing VEGF and PDGF-BB with a single injec-
tion and prolonging residence time in the vitreous cavity to
reduce injection frequency, while at the same time minimizing
systemic exposure. The translation of these effects in patients
with exudative AMD remains to be tested in clinical studies.

Materials and methods

Molecular cloning, protein expression and purification

ABBV642 is a humanized DVD-Ig molecule that targets human
VEGF-A and human PDGF-BB. Parental mAbs for the DVD-
Ig molecule were generated using rat hybridoma technology at
Aldevron (Madison, WI), and hybridoma supernatants were
subsequently screened for activity at AbbVie Bioresearch Cen-
ter (Worcester, MA). Antibody heavy and light chain variable
regions (VH and VL) of the selected hybridomas were cloned
and expressed as chimeric antibodies, and then further human-
ized using computer-aided high throughput humanization
design software developed at AbbVie. The affinity of the anti-
PDGF humanized mAb was further improved through affinity
maturation using yeast display technology. DNA for the DVD-
Ig molecule was generated using overlapping PCR with the par-
ent mAb DNA as template DNA and the primers. The first-
round PCR used the parent mAb DNA as template and the
appropriate vector and mAb-linker primers using KOD Hot
Start DNA Polymerase (EMD Millipore 71086). The PCR reac-
tion was purified using Qiagen Qiaquick PCR Purification Kit
(28104 or 963141). The first-round PCRs were used as the
DNA template with the appropriate vector primers. The sec-
ond-round PCR was purified using Qiagen PCR Purification
Kit (28104 or 963141), the DNA concentration was determined
by nanodrop reading and multiple PCRs were pooled for digest.
PCR products and vectors were digested with XbaI and SalI for
HCs or XbaI and BsiWI for LCs. The HC vector used for clon-
ing was pHybE-hCg1mut (L234A, L235A, H435A) and the LC
vector was pHybE-hCKappa. Digested DNA was run on aga-
rose gel, the appropriate sized band was extracted and Qiagen
Gel Extraction Kit (28704) was used to clean the DNA. PCR
products were cloned into vectors using T4 DNA Ligase (NEB
M0202S) and ligation reaction was transformed into DH5a
cells. Colonies were sequenced to identify vectors with correct
DNA sequence, and then E.coli were grown for DNA Maxiprep
using Invitrogen BenchPro (MC2001).

ABBV642 was transiently transfected into 500 mls of Expi293
suspension cell cultures using the ExpiFectamine kit (LifeTech-
nologies A14524) with a ratio of 60% to 40% light to heavy chain
construct. Supernatants were harvested after six days in shaking
flasks, centrifuged to pellet cells, and filtered through 0.22 mm fil-
ters to separate IgG from culture contaminates. All were purified
via gravity flow using 1–2 ml of rProteinA sepharose fast flow
beads (GEHealthcare, 17–1279–04) over poly prep chromatogra-
phy columns (Bio Rad, 731–1550). Once supernatants had passed
through the columns, the beads were washed with 10 column
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volumes of binding buffer, and IgG was eluted with Immunopure
IgG elution buffer (Pierce, 185 1520) and collected in 1 ml ali-
quots. Fractions containing DVD-Ig were pooled and dialyzed
into 15 mM histidine pH 6 (also known as UBC) overnight at
4�C. DVD-Ig protein was analyzed for protein concentration
usingNanoDrop (Thermo Fisher Scientific,Waltham,MA), puri-
fication yield, monomer percentage by size exclusion chromatog-
raphy and protein identity was verified using mass spectrometry.

Affinity measurement of ABBV642

Goat antibodies specific to the Fc region of human IgG (Jack-
son ImmunoResearch Laboratories, Code# 109–001–008) were
used to capture ABBV642 and parental mAbs. They were cova-
lently linked to the carboxy methyl dextran matrix of the CM5
biosensor chip for VEGF-A and CM4 chip for PDGF-BB via
free amine groups using an amine coupling kit (GE Healthcare
Life Sciences) and the immobilization wizard option of the Bia-
core instruments controlling software. Carboxyl groups of the
dextran matrix on the chip were activated with 100 mM N-
hydroxysuccinimide, (NHS) and 400 mM 1-ethyl-3-(3-dime-
thylaminopropyl) carbodiimide (EDC). Goat anti-human IgG
Fc (25 mg/mL), diluted in 10 mM sodium acetate, pH 4.5, was
injected across the activated surface. Once the level of binding
response reached the desired value, unreacted groups were
deactivated by injection of 1 M ethanolamine. Approximately
5000RU of goat anti-human IgG Fc were immobilized on the
chip surface on flow cells 2, 3 and 4. A modified CM surface
with conjugated goat IgG antibodies in flowcell 1 was used as a
reference surface. HBS-EP with added 0.1 mg/ml bovine serum
albumin (BSA) served as a running buffer. ABBV642 and
parental mAbs diluted to 1 mg/mL were injected over the goat
anti-human IgG Fc surface on flow cells 2, 3 and 4, at a flow
rate of 50 mL/min, to achieve capture level of »70–200 RU.
The net difference in the baseline signal and the signal after the
completion of the antibody injection was taken to represent the
amount of bound DVD-Ig molecules or mAbs. Each antigen
binding experiment consisted of antigen association and anti-
gen dissociation phases. Aliquots of recombinant antigens were
injected at different concentrations at a flow rate of 50 mL/min
for 5 minutes over the captured immunoglobulins and the ref-
erence surface to ascertain association rates.

Recombinant VEGF-A was tested at concentrations of 0, 0.08,
0.4, 2, 10, 50, 250 nM (in some cases where on-rate was too fast,
250 nM concentration was removed to improve fit). Recombi-
nant PDGF-BB species were tested at concentrations of 0,
0.0032, 0.016, 0.08, 0.4, 2, 10 nM. Dissociation phase consisted of
continuous flow of buffer at 50 mL/min at two dissociation times
(30 min for 50 and 10 nM human and rabbit VEGFA and 10
and 2 nM PDGF-BB and 10 min for lower concentrations of
these antigens). The instrument response is measured in RU,
and is proportionate to the mass of bound VEGFA and PDGF-
BB species. Immobilized surfaces were regenerated with 25 mL
injections of 10 mM glycine (pH 1.5) at a flow rate of 50 mL/min
before the injection of the next sample. Each interaction of
DVD-Ig molecules and mAbs with VEGF-A and PDGF-BB
antigen species was run as n D 2. The reference surface response
was subtracted from the reaction surface data in order to elimi-
nate change in the refractive index and injection noise.

The association rate constants (ka, units of M¡1s¡1) were
derived by kinetic binding measurements at several antigen
concentrations. Dissociation rate constants (kd, s

¡1) were deter-
mined by measuring changes in the amount of antigen bound
to DVD-Ig molecules and mAbs over time after the association
phase was complete. Association and dissociation rate con-
stants were calculated by the instrument appropriate evaluation
software based on the values extracted from the data using
global fit analysis (allowing identical values for each parameter
in the data set, except for Rmax that was set local due to varia-
tion in DVD-Ig molecules and mAbs capture level). The value
of 1£107 M¡1s¡1 was used as an instrument detection limit for
the on rate. In cases, where the limit of detection was exceeded,
a qualifier of “� 1£107” was used for the on rate and apparent
overall average dissociation constant (KD) was expressed as
KD � kd /1£107. The goodness-of-fit between the 1:1 model fit-
ted curve and the experimental data was expressed by the eval-
uation software as Chi2.

Blockade of ligand-receptor interaction by ABBV642

hVEGF-A165 / hVEGF-R2-Fc competition ELISA
To examine the ability of ABBV642 to block the interaction of
hVEGF-A165 with hVEGF-R2 (KDR/Flk-1) receptor, a compe-
tition ELISA was performed. 96-well Costar high binding plates
(Corning Cat# 3369) were coated with 0.5 mg/mL recombinant
human VEGF-R2-Fc (R&D Systems cat#357-KD 50 mL/well in
D-PBS), shaken for 2 hours at 25�C and stored overnight at
4�C. Plates were washed with wash buffer (TBS, 0.05% Tween-
20) and blocked with Superblock blocking buffer (Thermo Sci-
entific, Cat# 37535). During the blocking step, the monoclonal
antibodies anti-VEGF clone hBEW-9E10.1 and DVD-Ig mole-
cule ABBV642 were diluted in 1% Blocker BSA (Thermo Scien-
tific cat#37525) and an eight-point titration of each sample
molecule was performed. The biotinylated human VEGF-A165
(Abbvie) was diluted in 1% Blocker BSA at 35 ng/mL. The sam-
ples were added to the biotinylated human VEGF165 (17.5 ng/
mL final concentration) and pre-incubated for 45 minutes at
25�C with shaking. The pre-incubated sample/ hVEGF-A165
complex was added to the coated plate at 50 mL in duplicate
and incubated for 30 minutes at 25�C with shaking. Following
incubation, plates were washed with wash buffer. Streptavidin-
polyHRP-40 (Fitzgerald Cat# 65r-s104phrp) was diluted in
assay diluent (10% Superblock containing 0.05% surfactants)
and added to plates (50 mL) for 45 minutes at 25�C with shak-
ing. Plates were washed with wash buffer and developed with
the addition of Enhanced K-blue TMB substrate (Neogen, Cat#
308177). The reaction was stopped with 2 N sulfuric acid
(VWR, Cat# BDH3500–1) and the absorbance was read at
450 nm – 570 nm. A decrease in observed optical density indi-
cates the test molecule is blocking hVEGF-A165 binding to the
hVEGF-R2-Fc. Data was analyzed using Softmax Pro 4.8 soft-
ware and IC50 values calculated using a sigmoidal dose response
(variable slope) fit in GraphPad Prism 5.

hPDGF-BB / hPDGF-Rb competition ELISA
To evaluate the ability of ABBV642 to block the interaction of
hPDGF-BB with hPDGF-Rb, a competition ELISA was devel-
oped and performed. 96-well Costar high binding plates
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(Corning, Cat# 3369) were coated with 0.5 mg/mL recombi-
nant human PDGF-Rb-Fc (R&D Systems #385-PR, 50 mL/
well in D-PBS), shaken for 2 hours at 25�C and stored over-
night at 4�C. Plates were washed four times with wash buffer
(TBS, 0.05% Tween-20) and blocked with Superblock blocking
buffer (Thermo Scientific, Cat# 37535). During the blocking
step, monoclonal antibodies anti-PDGF-BB clone CL-33675
and DVD-Ig molecule ABBV642 were diluted in assay diluent
(10% Superblock containing 0.05% surfactants) and an eight-
point titration of each sample molecule was performed. The
recombinant human PDGF-BB-biotin (CST Cat# 8912BF;
labeled at AbbVie) was diluted in assay diluent at 20 ng/mL.
The sample molecule titration was added to the human
PDGF-BB-biotin (10 ng/mL / 3.97E-10 M final concentration)
and pre-incubated for 45 minutes at 25�C with shaking. The
pre-incubated sample/PDGF-BB complex was added to the
coated plate at 50 mL in duplicate and incubated for
35 minutes at 25�C with shaking. Following incubation, plates
were washed with wash buffer. Detection reagent Streptavi-
din-polyHRP-40 (Fitzgerald, Cat# 65r-s104phrp) was diluted
in assay diluent and added to plates (50 mL) for 45 minutes at
25�C with shaking. Plates were washed with wash buffer and
developed with the addition of Enhanced K-blue TMB sub-
strate (Neogen, Cat# 308177). The reaction was stopped with
2 N sulfuric acid (VWR, Cat# BDH3500–1) and the absor-
bance was read at 450 nm – 570 nm. A decrease in observed
optical density indicates the test molecule is blocking hPDGF-
BB binding to the human PDGF-Rb-Fc. Data was analyzed
using Softmax Pro 4.8 software and IC50 values calculated
using a sigmoidal dose response (variable slope) fit in Graph-
Pad Prism 5.

Evaluation of potency of ABBV642

Human microvascular endothelial Cell (HMVEC) proliferation
assay
Human microvascular endothelial cells (Lonza, cat#CC-
2516) were maintained in EBM-2 (Lonza cat#CC3156) sup-
plemented with EGM-2V singlequots (Lonza cat#3202). Day
of assay, the cells (passage 2–7) were trypsinized, washed in
D-PBS and resuspended at 1E5 cells/mL in assay media
(M199, 2 mM L-glutamine, 100 units/mL penicillin/
100 mg/mL streptomycin, 10 mM HEPES and 10% FBS).
Cells were plated at 5,000 cells on 96-well gelatin coated
plates (BD Biocoat cat#354689) and incubated at 37�C, 5%
CO2. The anti-VEGF-A monoclonal antibodies, benchmark
compounds or DVD-Ig molecules were serially diluted in
assay media and pre-incubated with recombinant human
VEGFA165 (1.3E-10 M final concentration) for 1 hour at
25�C with gentle shaking. The pre-incubated samples were
added to the cells and plates were incubated at 37�C, 5%
CO2 for 72 hours. Cell survival/proliferation was measured
indirectly by assessing ATP levels using the CellTiter-Glo
Luminescent Cell Viability Assay kit (Promega, Madison,
WI). A decrease in observed signal indicates the test mole-
cule is neutralizing the hVEGF165 induced proliferation.
IC50 values were calculated using a sigmoidal dose response
(variable slope) fit in GraphPad Prism 5.

VEGFR2–3T3 proliferation assay
Stably transfected VEGFR2–3T3 cells were trypsinized, washed
in D-PBS and resuspended at 8.5E4 cells/mL in assay media
(DMEM, 2 mM L-glutamine, 100 units/mL penicillin/ 100 mg/
mL streptomycin, 0.1% MEM non-essential amino acids, 1 mM
sodium pyruvate and 0.1% BSA). Cells were plated at 4,250
cells / well on black 96-well plates and incubated for 24 hours
at 37�C, 5% CO2. The following day, anti-VEGF-A monoclonal
antibodies, benchmark compounds or DVD-Ig molecules were
serially diluted in assay media and pre-incubated with recombi-
nant VEGF-A165 (1.04E-9 M final concentration) for 1 hour at
25�C with gentle shaking. The pre-incubated samples were
then added to the cells and plates were incubated at 37�C, 5%
CO2 for 72 hours. Cell survival/proliferation was measured
indirectly by assessing ATP levels using an ATPlite kit (Perkin
Elmer, Waltham, MA). A decrease in observed signal indicates
the test molecule is neutralizing the VEGF-A165 induced pro-
liferation. IC50 values were calculated using a sigmoidal dose
response (variable slope) fit in GraphPad Prism 5. This assay
format was also used to evaluate species cross-reactivity to rab-
bit VEGF-A165 and human isoforms VEGF-A121 and VEGF-
A111.

NIH-3T3 proliferation assay
NIH-3T3 cells (ATCC, cat#CRL-1658) were trypsinized,
washed in D-PBS and resuspended at 4.5E4 cells/mL in assay
media (DMEM, 2 mM L-glutamine, 100 units/mL penicillin/
100 mg/mL streptomycin, 0.1% MEM non-essential amino
acids, 1 mM sodium pyruvate and 0.1% BSA). Cells were plated
at 2,250 cells / well on black 96-well plates and incubated for
5 hours at 37�C, 5% CO2. During cell incubation, anti-PDGF-
BB monoclonal antibodies, benchmark compounds or DVD-Ig
molecules were serially diluted and pre-incubated with recom-
binant human PDGF-BB (CST, cat#8912BF) (6.63E-11 M final
concentration) for 1 hour at 25�C with gentle shaking. The pre-
incubated samples were then added to the cells and plates were
incubated at 37�C, 5% CO2 for 44 hours. Cell survival/prolifer-
ation was measured indirectly by assessing ATP levels using a
CellTiter-Glo Luminescent Cell Viability Assay kit (Promega,
Madison, WI). A decrease in observed signal indicates the test
molecule is neutralizing the human PDGF-BB induced prolifer-
ation. IC50 values were calculated using a sigmoidal dose
response (variable slope) fit in GraphPad Prism 5. This assay
format was also used to evaluate species cross-reactivity to cyn-
omolgus, mouse, rat and rabbit PDGF-BB.

Ligand co-incubation VEGF-R2 phosphorylation assay
Stably transfected VEGFR2–3T3 cells were trypsinized, washed
in D-PBS and re-suspended at 3.5E5 cells/mL in growth media
(DMEM, 2 mM L-glutamine, 100 units/mL penicillin/ 100 mg/
mL streptomycin, 0.1% MEM non-essential amino acids, 1 mM
sodium pyruvate, 400 mg/mL geneticin and 10% FBS). Cells
were plated at 3.5E4 cells/well on 96-well plates (Costar
cat#3599) and incubated for 6 hours at 37�C, 5% CO2. Cells
were washed with D-PBS and incubated in starvation media
(DMEM, 2mM L-glutamine, 100 units/mL penicillin/100 mg/
mL streptomycin and 1 mM sodium pyruvate) for 18 hours at
37�C, 5% CO2. The following day, the MSD anti-VEGFR2-
phospho assay plate (Mesoscale VEGFR2-Tyr1054 phospho-
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MSD kit, cat#K151DJD-2) was blocked with MSD Blocker-A
for 1 hour at 25�C with shaking. The anti-VEGF-A monoclonal
antibodies, benchmark compounds or DVD-Ig were serially
diluted in growth media and pre-incubated with recombinant
human PDGF-BB (3.94E-8 M) for 30 minutes at 25�C with
shaking. Following the first pre-incubation step, recombinant
human VEGF-A 165 (1.3E-9 M) was added to the samples and
incubation was continued for 30 minutes at 25�C with shaking.
Starvation media was removed and pre-incubated samples
were added to cells for 8 minutes at 37�C, 5% CO2. Plates were
transferred to ice where media was removed and cells washed
with ice-cold D-PBS. Plates were frozen for 10 minutes at
¡80�C and thawed on ice. To generate lysates, ice-cold lysis
buffer (CST cat#9803S) containing 1 mM phenylmethylsul-
fonyl fluoride (PMSF) was added to cells followed by centrifu-
gation at 3000 rpm, 4�C for 15 minutes. Lysates were
transferred to MSD plate and incubated 1 hour at 25�C with
shaking. Following incubation, the MSD plate was washed with
assay wash buffer. The anti-phospho-Tyr1054-IgG-sulfotag
reagent was added to wells and incubated in dark for 1 hour at
25�C with shaking. Plates were washed, MSD read buffer was
added to wells and plates were read on a MSD Sector Imager
6000. A decrease in observed signal indicates the test molecule
is neutralizing the hVEGF-A165 mediated activation in the
presence of hPDGF-BB. Data was analyzed using Graphpad
Prism software and IC50 values calculated using a sigmoidal
dose response (variable slope) fit in GraphPad Prism 5.

Ligand co-incubation NIH-3T3 proliferation assay
NIH-3T3 cells (ATCC, cat#CRL-1658) were trypsinized,
washed in D-PBS and re-suspended at 5E4 cells/mL in assay
media (DMEM, 2mM L-glutamine, 100 units/mL penicillin/
100 mg/mL streptomycin, 0.1% MEM non-essential amino
acids, 1 mM sodium pyruvate and 0.1% BSA). Cells were
plated at 2,500 cells / well (50 mL) on black 96-well plates
and incubated for 5 hours at 37�C, 5% CO2. During cell
incubation, anti-PDGF-BB monoclonal antibodies, bench-
mark compounds or DVD-Ig molecules were serially diluted
in assay media containing human VEGF-A165 (104.2 nM).
The samples were pre-incubated with recombinant PDGF-
BB in assay media (6.63E-11 M final concentration) for
1 hour at 25�C with gentle shaking. The pre-incubated sam-
ples were added to the cells and plates were incubated at
37�C, 5% CO2 for 44 hours. Cell survival/proliferation was
measured indirectly by assessing ATP levels using a Cell-
Titer-Glo Luminescent Cell Viability Assay kit (Promega,
Madison, WI). A decrease in observed signal indicates the
test molecule is neutralizing the hPDGF-BB induced prolif-
eration in the presence of hVEGF165. Data was analyzed
and IC50 values calculated using a sigmoidal dose response
(variable slope) fit in GraphPad Prism 5.

Evaluation of anti-angiogenesis activity of ABBV642 in
HUVEC/human MSC co-culture sprouting assay

Cytodex-3 beads (Sigma-Aldrich, cat# C3275) were coated with
HUVEC cells (Lonza) 400 cells/bead, overnight, and then
embedded (200 beads/ml) with human MSC cells (Lonza,
160 K cells/ml) in fibrin gel in tissue culture plates (1 ml/well in

12-well plate). A 1:1 mixture of fresh EGM-2 complete media
(Lonza) and fibroblast (Lonza) conditioned EGM-2 media were
added on top of the fibrin gel along with 2 ng/mL of recombi-
nant human hepatocyte growth factor (Sigma, Cat#H14014)).
Medium was replaced every 2–3 d until the end of the experi-
ment (20 days). Anti-VEGF-A mAb, anti-PDGF-BB mAb,
combination, ABBV642 or negative control DVD-Ig molecule
were added to the culture medium at 20 nM starting from day
6 after endothelial cell sprouts and pericytes covering were
formed. 14 d after addition of antagonists, cells were fixed in
formalin and blocked with blocking buffer overnight at 4�C.
Endothelial cells were stained with anti-CD31 (Abcam,
ab32457), followed by Donkey anti Rabbit IgG-H&L (Alexa
Fluor 488 Cat#: ab150073), and pericytes were stained with
anti-aSMA-Cy3 (Sigma, C6198). Cells were then viewed by an
inverted fluorescence microscope and 5–10 beads were cap-
tured for each treatment with 10x objective. Semi-quantitative
measurement of tube length was done by Image-J software37

and data was analyzed using Excel and presented as mean §
SD.

Characterization of systemic pharmacokinetics profile of
ABBV642 in humanized FcRn mice

Studies were conducted in accordance with the AbbVie Institu-
tional Animal Care And Use Committee (IACUC) guidelines.
ABBV642 was IV administered at 5 mg/kg to male B6.Cg-
FcRn-276 mice (The Jackson Laboratories, Bar Harbor, ME).
Whole blood samples (20 mL of whole blood diluted into
80 mL assay buffer) were collected from mice at 1 and 24 hours,
and on Days 4, 7, 10, 14 and 21. Two control DVD-Ig mole-
cules were IV administered at 6.7 mg/kg to male B6.Cg-FcRn-
276 mice. Whole blood samples (20 mL of whole blood diluted
into 80 mL assay buffer) were collected from mice at 1 and
24 hours, and on Days 4, 7, 14 and 21. All samples were stored
at ¡80�C until analysis.

Serum and blood samples were analyzed using an MSD
assay employing VEGF biotin for capture and Sulfo-Tag
labeled goat anti-human IgG antibody for chemiluminescent
detection. The assay was performed in 1% final concentra-
tion FcRn mouse serum. Standard curve fitting and data
evaluation was performed using XLfit4 software. A calibra-
tion curve was plotted from MSD luminescence units vs.
theoretical standard concentrations. A four-parameter logis-
tic model was used for curve fitting. The regression equa-
tion for the calibration curve was then used to back
calculate the measured concentrations. Plates passed when
at least 2/3 of the QCs were within 30% of the expected val-
ues. The linear range of the MSD assay of ABBV642 was
0.027–20 mg/mL. The lower limit of quantitation (LLOQ)
was 0.027 mg/mL. The linear range of the MSD assay for
both control DVD-Ig molecules was 0.020–20 mg/mL. The
LLOQ was 0.020 mg/mL. Values that were below the quan-
titation limit (BQL) of any assay were omitted from calcula-
tions. PK parameters were calculated with Pharmacokinetics
Laboratory Automation Software for Management and
Analysis (PLASMA) Version 2.6.12 (SPaRCS, AbbVie) using
the linear trapezoidal method, and non-compartmental
analysis.
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Characterization of systemic and ocular pharmacokinetics
profile of ABBV642 in New Zealand White rabbits

Studies were conducted in accordance with the AbbVie IACUC
guidelines. Female New Zealand White rabbits were used for
both ocular and systemic PK characterization of ABBV642.
The animals in these experiments were weight matched at 2.7
§ 0.1 kg. Test article was IV administered into the lateral ear
vein of two animals for determination of serum PK profiles and
parameters after IV injection. The dose (1 mg/kg) was adminis-
tered at a dose volume of 0.5 mL/kg. Whole blood samples
(0.50 mL) were collected from the medial ear artery and allowed
to clot for the harvest of serum, prior to being transferred into
polypropylene strip tubes. Serum samples were collected at 0.5,
1, 3, 8, 24, 48, 72, 96, 168, 336, 504, and 672 hours post dosing.

Animals (four animals) were split into two cohorts of two
for determination of ocular PK. Prior to ocular injection, ani-
mals were anesthetized and their eyes were treated with analge-
sic drops and antiseptic. Test article was dosed into the vitreous
compartment at 0.59 mg per eye with a dose volume of
0.050 mL. Only the right eye of each animal was dosed. Samples
of aqueous humor were taken at 4, 24, 48, 72, 120, 168, 336 and
504 hours post dosing, with cohort 1 providing samples at 4,
48, 120 and 168 hours, and cohort 2 providing samples at 24,
72, 336 and 504 hours, post dosing. Drug levels in the eye were
determined from concentrations in aqueous humor as a surro-
gate for the vitreous concentrations. Vitreous was harvested
from each animal as a terminal sample after the last aqueous
humor sample. The vitreous to aqueous concentration ratio
was determined from these terminal time points.

Animals (four animals) were split into two cohorts of two
and were dosed by the ocular route to provide systemic expo-
sure of PR-1610561 after an ocular dose of 0.25 mg. Blood sam-
ples for the harvest of serum used to estimate systemic exposure
after vitreous dosing were also collected at 4, 24, 48, 72, 120,
and 168 hours post dosing from all animals, and at 336 and
504 hours from the animals in cohort 2. The animals in these
experiments were weight matched at 2.7 kg. Aqueous, vitreous
and serum samples were stored at ¡80�C, and submitted for
drug level concentration determinations.

Aqueous humor, vitreous humor and serum samples were
analyzed using an MSD assay employing goat anti-human IgG
Fc for capture and Sulfo Tag labeled goat anti-human IgG anti-
body for chemiluminescent detection. The assay was performed
in 1% final concentration rabbit serum. Standard curve fitting
and data evaluation was performed using XLfit4 software. A
calibration curve was plotted from MSD luminescence units vs.
theoretical standard concentrations. A four-parameter logistic
model was used for curve fitting. The regression equation for
the calibration curve was then used to back calculate the mea-
sured concentrations. Plates passed when at least 2/3 of the
QCs were within 30% of the expected values. The linear range
of the MSD assay of ABBV642 was 30–0.041 mg/mL for the
serum and humor matrices. The LLOQ was 0.041 mg/mL for
all assays. Values that were BQL were omitted from calcula-
tions. PK parameters were calculated with Pharmacokinetics
Laboratory Automation Software for Management and Analy-
sis (PLASMA) Version 2.6.12 (SPaRCS, AbbVie) using the lin-
ear trapezoidal method, and non-compartmental analysis.

Evaluation of preclinical efficacy of ABBV642 in subretinal
neovascularization models

The animal procedures were approved by the IACUC con-
ducted in accordance with the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research. Two animal
models of subretinal neovascularization, Rho/huVEGF trans-
genic mouse model and tet/opsin/huVEGF double transgenic
mice, were used to evaluate in vivo efficacy of ABBV642.

Transgenic mice with increased expression of VEGF in
photoreceptors
Transgenic mice in which the rhodopsin promoter drives
expression of VEGF in photoreceptors (Rho-VEGF mice) have
onset of VEGF expression at P7 and starting at P10, develop
sprouts of NV from the deep capillary bed of the retina that
grow through the photoreceptor layer and form an extensive
network of new vessels in the subretinal space. The concentra-
tion of aflibercept (Regeneron Pharmaceuticals, Tarrytown,
New York) injected into human eyes is 2 mg/ml. Intraocular
injection of 1 ml of the 2 mg/ml clinical concentration, which is
0.32 mmoles of aflibercept was done and 0.32 mmoles of all
other agents was injected for comparison. At P14 hemizygous
Rho-VEGF mice were given an intraocular injection of 1 ml of
test agent in one eye. At P21, the mice were euthanized, and
eyes were fixed in 10% formalin for 2 hours. Retinas were dis-
sected, blocked with 5% normal swine serum in PBS for 1 hour,
stained with FITC-conjugated GSA (Vector Labs, Burlingame,
CA) for 2 hours to stain vascular cells, flat mounted with the
photoreceptor side up, and examined by fluorescence micros-
copy. The area of subretinal NV was measured with image
analysis by an investigator blinded with respect to treatment
groups.

Tet-opsin-VEGF double-transgenic mice
When given injections of doxycycline (Dox), double transgenic
mice with Dox-inducible expression of VEGF express 10-fold
higher levels of VEGF than Rho-VEGF transgenic mice and
develop severe NV and exudative retinal detachment within 3–
5 d. Adult male Tet-opsin-VEGF transgenic mice were given
an intraocular injection of 0.34 mmoles of test agent in one eye
and started on 50 mg/kg of Dox by subcutaneous injection
once every day for 3 d. At the 4th day, wide field fundus photos
were taken by Micron III retinal imaging microscope (Phoenix
Research Laboratories, Pleasanton, CA). Optical coherence
tomography(OCT, bioptigen) was also taken. For retina exuda-
tion/detachment that could not be decided by fundus image
and OCT, cryosection was done. Images were graded by two
independent observers masked with respect to treatment
groups using the following grading scale: 0 D no retinal detach-
ment (NRD), 1 D partial retinal detachment (PRD), 2 D total
retinal detachment (TRD) (Fig. 7).
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