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ABSTRACT

Studies show that the b-isoform of Vascular Endothelial Growth Factor-A-165
(VEGFA 165b) is predominant in normal human vitreous, switching to the a-isoform (VEGFA 1653)
in the vitreous of eyes with active diabetic retinopathy or ROP. The potential of thisisoform-
switching to impact the retinal vasculature is not clear, particularly in endothelial cells which are
important targets of VEGFA-mediated activation. We wished to determineif significant
differences exist in the ability of these two isoforms to activate intracellular signalling and gene
expression changesin retinal endothelial cells. Effects of VEGFA 65 isoforms (a/b) on the retinal
vasculature were tested by intravitreal injection in rats using fluorescein-angiography and Optical
Coherence Tomography to monitor primary vein dilation and retinal edema. Dose response
curves for activation of MAPK (ERK1/2), AKT and VEGFR2 were determined using primary
Human Retinal Microvascular Endothelial Cells (HRMECS). The ability of both isoforms to alter
gene expression markers related to endothelial cell / leukocyte adhesion and tight-junctions was
tested by quantitative-PCR. In rats, dilation of primary retinal veins and edema could be induced
within 24 hours by intravitreal injection of sufficient amounts of either isoform. Both isoforms
activated MAPK and AKT in primary HMRECs, however dose-response analysis revealed much
stronger activation of MAPK, AKT and VEGFR2 by the a-isoform. The a-isoform was also more
effective at increasing ICAM1, VCAM1 and SELE gene expression and decreasing CLDN5 and
OCLN gene expression in primary HRMECSs. In conclusion, VEGFA jssa could maximally
activate the MAPK and AKT intracellular kinasesin HRMECs at lower concentrations where
VEGFA6sb had little effect. Shifts of VEGFA 65 expression from mostly b-isoform to mostly a-
isoform in some human retinal vascular diseases could potentially contribute to VEGFA-driven

pathology through differential effects on the activation of retinal endothelial cells.
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1. Introduction

Vascular Endothelial Growth Factor-A-165 (VEGFA165) istheisoform of VEGF that is
primarily responsible for driving retinal vascular pathology in diabetic retinopathy (DR), age-
related macular degeneration (AMD) and retinopathy of prematurity (ROP), through activation of
VEGF Receptor-2 (VEGFR2). A seminal analysis of the vitreous fluids of patients with diabetic
retinopathy established the presence of elevated VEGF concentrations associated with this and
other conditions (Aidlo et a., 1994). That study contributed to the eventual development of
intravitreal VEGF-blocking drugs to treat neovascularization and edemain AMD, DR, and the
current exploration of their use for ROP (Amadio et al., 2016; Friedman, 2012; Miller et al.,

1997; Robbins et al., 1997).

Blockade of VEGFA activity is provided by the use of intravitreal drugsincluding
ranibizumab (Lucentis, Genentech), bevacizumab (Avastin, Genentech), pegaptanib (Macugen,
Bausch & Lomb), and aflibercept (Eylea, Regeneron). Some VEGF-blocking drugs injected into
the vitreous can enter the systemic circulation and, in the case of bevicizumab and aflibercept
they can substantially decrease serum VEGF concentration for several days (Avery et al., 2014).
Many non-endothelial cell types also express VEGF receptors such as neurons. VEGF receptors
are also expressed by cells of the immune system, including early and late hematopoietic
progenitor cells, dendritic cells, T-lymphocytes and macrophages (Li et al., 2016). Because
VEGF is also essential for vascular health, there is interest to advance VEGF-regulating therapies
by more precise titration of VEGF concentration or by modulating specific portions of VEGF-
mediated signalling. Unfortunately, much published research does not differentiate between

VEGFA'’sisoforms and in the case of retinathereis less extensive investigation using primary
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human retinal endothelial cells. Thisfield of research would benefit from a more complete

knowledge of VEGF' s signaling mechanisms within endothelial cells.

Isoforms of the VEGFA protein result from transcriptional alternative-splicing of eight
exons, which includes the alternative exons-8a and -8b (Bates et al., 2002; Ferrara, 2010; Park et
al., 1993; Qiu et a., 2009). The most frequently detected isoforms are VEGFA 121, VEGFA 165 and
VEGFA 189, With 121, 165 and 189 amino acids respectively. Other isoforms include 145, 162 and
183. One major functional impact of aternative splicing isto produce less diffusible isoforms like
VEGFA 65, which includes a heparin-binding domain encoded by exon-7. VEGFA 159 and
VEGFA »06 have even more affinity for heparin with an additional heparin-binding domain
encoded by exon-6 (Ferrara, 2010; Park et al., 1993). VEGFA 121 is more diffusible, without any
heparin-binding domains. All of these VEGFA isoforms bind as dimers to activate the receptor-
tyrosine kinase, VEGFR2. VEGFA 165 also binds Neuropilin-1 as a co-receptor, while VEGFA 121
lacks the C-terminal regions required to bind Neuropilin-1. While VEGFA 165 and VEGFA 121
have similar binding affinities for VEGFR2, VEGFA 1,; activates VEGFR2 less strongly than
VEGFA 165. Thiswas attributed to VEGFA 165’ s ability to form alarger complex of multiple
VEGFR2 dimers with additional involvement of Neuropilin-1 as a co-receptor (Whitaker et al.,

2001).

The a and b-isoforms differ in the sequence of their C-terminal six amino acids (Bates et
a., 2002). Thisdifference renders the b-isoform incapable of bringing the co-receptor
Neuropilin-1 into a receptor/ligand complex with VEGFR2 (Prahst et al., 2008; Soker et al.,

1998; Woolard et al., 2004). Similar to VEGFA 121, which only binds to VEGFR2, VEGFA esb is
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less angiogenic than the a-isoform (Bates et al., 2002; Konopatskaya et al., 2006; Magnussen et
a., 2010). VEGFA 15b has smilar VEGFR2-binding affinity as VEGFA 16sa in Human Umbilical
Vein Endothelial Cells (HUVECS). The b-isoform also displays weaker activation of VEGFR2
and ERK1/2 than the a-isoform in transfected porcine aortic endothelial (PAE) cells (Cébe Suarez
et a., 2006). Perrin et al. (2005), detected a switch from mostly b-isoform to mostly a-isoformin
the vitreous of patients with active diabetic retinopathy (Perrin et al., 2005). A similar shift, from
VEGFA 1650 to VEGFA 1658, Was reported from analysis of vitreous humor of young patients with
ROP (Zhao et al., 2015). An equivalent isoform switching of murine VEGFA 1542 t0 VEGFA 1640

occursin amouse model of oxygen-induced retinopathy (Zhao et al., 2011).

Intravitreal injection of VEGFA6sb was reported to reduce the leakiness of the retinal
vasculature in one-week diabetic rats which suggested that the b-isoform could be beneficial by
sequestering VEGFR2 signalling in alower activated state (Ved et al., 2017). Here, we report that
areatively higher dose of VEGFA 165b was capable of dilating primary retinal veins to the same
extent as VEGFAssa in the normal rat eye. Both of these observations are compatibleif thereisa
significant difference in the dose response effects of the two isoforms on retinal endothelial cdlls.
We hypothesized that there is a significant difference in the dose-reponse for activation of retinal
endothelial cells between the a and b-isoforms of VEGFA 165. Furthermore we hypothesized that
the a-isoform is a significantly stronger activator of VEGFA signalling pathways within this cell
type. To address these hypotheses, we determined the dose-reponse for activation of MAPK
(ERK1/2), AKT and VEGFR2 in primary HRMECs for both isoforms of VEGFA 6. Our results
demonstrate that there is a significant difference in the ability of these two isoforms to activate

intracellular signalling and change gene expression in primary human retinal endothelial cells.
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2. Materialsand methods

2.1. Cdll Culture and Antibodies

Human Retinal Microvascular Endothelial Cells (HRMEC) and Attachment Factor were

purchased from Cdll Systems (Kirkland, WA). EndoGRO-MV Complete mediakit was obtained

from Millipore (Burlington, MA). EndoGro basal medium was supplemented with rhEGF, L-

Glutamine, Heparin Sulfate and Ascorbic Acid according to the kit instructions. Additionally,

supplementation with FBS and Hydrocortisone Hemisuccinate (1ug/ml) was dependent upon the

assay requirements. Recombinant human VEGFA jesa and VEGFA 1650 were obtained from R&D

Systems (Minneapolis, MN). Odyssey Blocking Buffer and an Odyssey Infrared Imager were

purchased from LI-COR Biosciences (Lincoln, NE). The antibodies used for in situ labeling of

HMRECs (In Cdl Westerns, ICW) and Western blotting are summarized in Table 1. Mini

Protean TGX gels were purchased from Bio-Rad (Hercules, CA).

Table-1. Specific Antibodies used and Sources

Antibody 1gG Species Company Cat. No.
Phospho-AKT (P-Ser473) Rabbit Cell Signaling Technologies 4058
AKT (pan) Rabbit Cell Signaling Technologies 4691
Phospho-p44/42 MAPK (Thr202/204) Rabbit Cell Signaling Technologies 4370
p44/42 MAPK (pan) Rabbit Cell Signaling Technologies 4695
Phospho-VEGFR2 (Tyr1175) Rabbit Cell Signaling Technologies 2478
Beta-Actin Mouse Millipore MAB1501
Anti-mouse 1gG IRDye 800CW Goat LI-COR 32210
Anti-rabbit 1gG IRDye 680RD Goat LI-COR 68071
Anti-rabbit 1gG IRDye 800CW Goat LI-COR 32211
Anti-mouse 1gG IRDye 680RD Goat LI-COR 68070
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2.2. Animals

97 All experiments performed in this study were carried out with the approval of Oakland

98  University’s Animal Care and Use Committee and conformed to the ARV O Statement for the

99  Useof Animalsin Ophthalmic and Vision Research. Ratswere housed at Oakland University in
100 afacility approved by the Association for Assessment and Accreditation of Laboratory Animal
101  Carelnternational. Adult Long Evans rats (155-190 grams body weight, female) were obtained

102  from Charles River Laboratories (Wilmington, MA).

103 2.3. Anesthesiafor injectionsor retinal imaging
104 Pupils were dilated with tropicamide and phenylephrine drops prior to anesthesia. Rats
105 were anesthetized with an intra-peritoneal injection of a Ketamine HCL (50 mg/kg) and Xylazine

106 (7 mg/kg).

2.4. EvansBlue Angiography
107 Evans blue solution (30mg/ml) at a dose of 30 mg/kg was injected intravenously (tail
108  vein) two hours prior to imaging for Evans Blue Angiography. After sedation and pupil dilation,
109 retinaswereimaged using aMICRON 3 camera system (Phoenix technology group, Pleasanton,
110  CA) using the Evans Bluefilter set (green illumination, red emission). Corneal surfaces were
111  covered usng GenTeal lubricant eye gel (Novartis, CV'S Pharmacy) to prevent corneal

112  dehydration and to provide optical transmission with the cameralens (rat).
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2.5. Fluorescein Angiography
113 After sedation and pupil dilation, rats were injected (intra peritoneal) with 50 microliters
114  of 10% sodium fluorescein in PBS. Retinas were imaged using a MICRON 3 camera system
115  using the fluorescein filter set (blue illumination, green emission). Corneal surfaces were covered
116  using GenTeal lubricant eye gel (Novartis, CVS Pharmacy) to prevent corneal dehydration and to

117  provide optical transmission with the camera lens (rat).

2.6. VEGFA @ and VEGFAgsb intravitreal injection (rat)
118 All animals were pre-imaged, prior to injections of VEGFA, using fluorescein
119  angiography and SD-OCT imaging to record the status of their normal retinal vasculature. Both
120  imaging modes were completed in a single session of anesthesia. This was typically performed
121 about one week before intraocular injections with VEGFA isoforms. Rats were anesthetized and
122  their pupilsdilated prior to intraocular injections. Recombinant carrier-free human VEGFA 658, Or
123 VEGFA65b, was reconstituted with phosphate buffered saline solution (PBS, no calcium, no
124  magnesium) to the appropriate concentration for intravitreal injections of a 5ul volume (dose 300
125 ng/eye). Injections were done with a NanoFil syringe fitted with 35 gage and beveled NanoFil
126  needles (WPI Inc., Sarasota, Florida). The contralateral eye served as a control and received the
127  sameinjection procedure-using vehicle alone (PBS). Depending on the experimental goal,
128 imaging of theretinal vasculature was generally repeated at 24, 48, or 72 hours post injection and
129  retinas collected for biochemical analysis.
130

2.7. Analysisof rat retinal edema and primary retinal vein diameter in vivo
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131 Spectral Domain Optical Coherence Tomography (SD-OCT) was utilized to measure

132  changesin retinathickness in vivo, induced by intravitreal injection of VEGFA isoforms. Retinal
133  thickness was measured between the Inner Limiting Membrane (ILM) and the Outer Limiting
134  Membrane (OLM) to detect potential retinal edemainvolving the neural retinal vasculature. To
135 maintain corneal transparency, Artificial Tears lubricant eye drops (CV S Pharmacy) solution

136  were applied generously to the both corneal surfaces during imaging. Anesthetized rats were

137  secured in athree-axis positioning support cradle (Bioptigen, Durham NC). SD-OCT scans were
138  taken using an Envisu R2200 model SD-OCT system (Bioptigen) equipped with alens for the rat
139 eyeaxia length. A rectangular scan pattern of rat sizes 2.6 mm x 2.6 mm was used (1000 A-scans
140 by 100 B-scans). For measuring retina vein thickness, calipers were positioned and locations
141  recorded for subsequent re-measurements of the same primary veins locations after injection of
142  VEGFA isoforms. For measurement of retinal edema, retinal layers were marked and measured
143  using processed OCT images with InVivoVue Diver 2.0 software (Bioptigen) as previously

144  described (Dailey et al, 2017). A fixed 5x5 grid was first centered on the optic disc. Boundaries
145  of al retinal layers were marked at measurement grid locations. The central grid position was not
146  used asit marksthe optic disc center. The remaining 24 grid positions were then used to generate
147  an average thickness between the inner limiting membrane and the outer limiting membrane for

148  each eye, both pre- and post-injection.

2.8. Immunoblotting of activated MAPK and AKT in HRMECs
149 Primary Human Retinal Microvascular Endothelial Cells (HRMECs, genotype XY) were
150 obtained from Cell Systems (Kirkland, WA, Catalog number: ACBRI-181). HRMECs were

151  grown in 100mm dishes that had been pre-coated with Attachment Factor (Cell Systems, WA).
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152  Mediawas EndoGRO (No VEGF, Millipore Sigma, Burlington, MA) with 5% FBSto establish
153  confluency. When cells were confluent, the media was replaced with fresh media with or without
154  VEGFA;esisoforms. After incubation for 10 minutes, the cells were washed with ice cold PBS
155 and the dishes were scraped to detach the cells. The cell suspension was then centrifuged at 1000
156 X gfor 5 minutes and the cells were reconstituted in RIPA céll-lysis buffer (150 mM NaCl, 1%
157  Triton-X-100, 0.1% SDS, 50 mM Tris, pH 8.0, 10 mM Sodium FHuoride, 1 mM Sodium

158  Orthovanadate and complete Protease inhibitor cocktail (1 tablet/10 ml)). The cells were then
159  sonicated or vortexed every 10 minutes while kept on ice for 30 minutes. The cell lysate was
160  collected after centrifuging at 14,000 X g for 15 minutes at 4°C. The protein concentration was
161  then measured using Pierce BCA Protein Assay (Thermo Scientific). The samples were then

162  prepared with Laemmli sample buffer and loaded onto a (4-15%) gradient gels for SDS-PAGE
163  electrophoresis. After electrophoresisthe gels were equilibrated in cold transfer buffer and then
164 transferred to PDVF membranes overnight. The membranes were then blocked with Odyssey
165  blocking buffer and incubated with appropriates rabbit primary antibodies (Table-1) along with
166  mouse monoclonal Actin antibody which was used for normalization. After washing with PBS,
167  0.1% tween-20 (4 X 5 min), the membranes were incubated with secondary antibodies (Goat
168  Anti-rabbit IRDye680 and Goat Anti-mouse IRDye800CW) for 30-60 minutes. They were then

169  washed and scanned on an Odyssey Infrared imager (Li-Cor, Lincoln, NE).

2.9. Dose-response analysis of intracellular signaling in primary HMRECs

170 HRM ECs were seeded into black 96 well plates (5000/well) that had been coated with
171  Attachment Factor. The cellswere grown to confluence using fully supplemented EndoGRO-

172 MV mediafor 4-5 days. The cells were then serum starved overnight using EndoGRO-MV

10
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173 without Hydrocortisone. The cells were treated with VEGFA 1g5a or VEGFA 165b for varied

174  lengths of time after which the treatments were immediately removed and replaced with of 4%
175 Paraformaldehyde. The cells were fixed for 20 minutes at room temperature followed by

176  permeabilization with PBS, 0.1% Triton X-100 (10 minutes). The cells were then blocked by
177  incubation with Odyssey Blocking Buffer (Li-Cor) for 1.5 hours at room temperature and then
178 incubated with primary antibodies (1:200) for either 2 hours at room temperature or over night at
179 4 °C. Rabbit antibodies were used against the proteins of interest and a mouse monoclonal anti-
180 Beta-Actin antibody was used for normalization. The cells were then washed with PBS, 0.1%
181  Tween 20 (5x5 minutes) and incubated with secondary antibodies, Goat anti-Rabbit IRDye

182 800CW & Goat anti-Mouse IRDye 680RD (1:750) for 45 minutes at room temperature. After
183  washing with PBS 0.1% Tween 20 (5x5 minutes) the plates were scanned on an Odyssey Imager
184  (Li-Cor). For time response and dose response experiments, the doses of VEGFAssa and

185 VEGFAssb were assayed in quadruplicate wells and dose response experiments were repeated
186 threetimesto confirm reproducibility of relative dose reponse differences for activation of

187 MAPK (phospho-Thr202/Tyr204), AKT (phospho-Ser473) and VEGFR2 (phospho-Tyr1175).

2.10. Quantitative PCR analysis of HMREC Gene Expression
188 Primary HMRECs were grown to confluencein six well plates. After the desired
189  treatment, cells weretrypsinized. Total RNA was isolated using the Absolutely RNA miniprep kit
190 (Agilent, Santa Clara, CA). Cells were homogenized in 200uL of lysis buffer. Homogenization
191  was accomplished using conical pellet-pestlesin 1.5 mL microfuge tubes, with a hand-held rotary
192  tool (Bel-Art,Wayne, NJ). First-strand cDNA was synthesized by reverse transcribing 500 ng of

193 total RNA per sample using either the AffinityScript gJPCR DNA Synthesiskit (Agilent), or the

11
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194  LunaScript RT Super Mix Kit (NEB # E3010(S/L), Ipswich, MA) with Oligo-dT priming. The
195  reaction conditions were according to the manufacturer’ s instructions. For AffinityScript: 25°C
196  for 5min, 42°C for 20 min, 95°C for 5 min, and 10°C for 10 min. For LunaScript RT: 25°C for 2
197  min, 55°C for 10 min, and 95°C for 1 min. All compared samples were processed using the same
198  reagent set. Stock first strand cDNA preparations were stored at -70°C, and were not used for
199  analysis after a maximum of three freeze-thaws. Duplex reaction format was utilized with FAM-
200 labeled probe/primer pairs for the gene of interest and VIC-labeled probe/primer-limited pairs for
201 TBP (Tata-Binding Protein) as the normalizer gene (ThermoFisher, Waltham, MA). For real-time
202  PCR reactions, sample first-strand cDNA was diluted 5-fold with deionized water and 2uL added
203  to 18uL of master mix for 20uL PCR reactions. Triplicate reactions were used for each sample.
204 Master Mix chemistries were either 2x Gene Expression Master Mix (ThermoFisher, Applied
205 Biosystems# 4369016, Waltham, MA), or the Luna Universal Probe gPCR Master Mix (2x)

206  Gene Expression (New England BioLabs# M3004L, Ipswich, MA), both mixes with the Rox
207  reference dye option. Reactions were run on either an Mx3000P real-time PCR system using the
208  MxPro software, or an AriaMx Real-time PCR System using the AriaMx HRM QPCR Software
209 (Agilent, Santa Clara, CA). Gene expression assays were evaluated for high PCR efficiency

210 using adilution series of HMREC cDNA to ensure validity of using the delta-delta Ct method for
211 comparing relative gene expression. Each replicate reaction was internally normalized relative to
212  endogenous TBP gene expression. The specific assay probe sets used for gene expression

213 analysisarelisted in Table 2.

12
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Table 2. Tagman gene expression probesfor HRMEC gene expression.

Gene Probe Set # Spans Exons
CLDN5 Hs01561351 m1l 1-2
ICAM1 Hs00164932_m1 2-3
OCLN Hs00170162_m1 5-6

SELE Hs00174057_m1 4-5

TBP Hs00427620_m1 34
VCAM1 Hs01003372_m1 6-7

3. RESULTS
3.1. Effectsof VEGFA;ssa and VEGFAsg5b on the Retinal Vasculature In Vivo.

The Long Evans'srat strain was used for two reasons. First, to avoid the use of non-
pigmented eyes, which may experience additional contributions from oxidation damage. Second,
to alow the use of angiography for imaging the retinal vasculature, because thisimaging modeis
not possible with non-pigmented eyes. Intra-vitreal injection of VEGFA 165 isoforms were
employed, as this method was used previously to demonstrate that VEGFA disrupts the blood
retinal barrier and that VEGFA-blockade could be employed as a therapeutic strategy (Adamis et

al., 1996; Aidlo et a., 1995; Ozaki et al., 2000; Robinson et al., 1996; Xu et a., 2001).

Using fluorescein angiography and SD-OCT, the retinal vasculature was imaged prior to
injectionsto allow comparison of the same retina after injections. This was the best way to
account for the individual variation between rats for primary vein diameters as well asthe
individual pattern of each eye's vascular network. The contralateral eye served as an injected

control, receiving the same injected volume of vehicle. Both isoforms of VEGFA 145 caused

13
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227  visibledilation of the primary veins, which was not seen with the contralateral vehicle-injected
228 eye. (Figure-1) Dilation of the primary retinal veins was maximum about 24 hours post-injection,
229  followed by gradual recovery. Intraocular pressure was not elevated nor decreased, checked as
230 early as 10 minutes after injections, and remained normal on subsequent days (data not shown).
231  Figure-2 shows another example of the dilation effect using the VEGFA 165b isoform, as

232  visualized using fluorescein angiography and SD-OCT imaging. Dilation of the primary veins

233  was apparent at 24 hours post-injection and reverted almost to normal by 72 hours.

234 While injections with vehicle did not cause dilation of the primary veins, another control
235 was demonstrated using Aflibercept to block the effect of VEGFA16sb in vivo (Figure-3).

236  Aflibercept isarecombinant VEGF-trap that contains the VEGF-binding sites of VEGFR2 and
237  VEGFR1 and should be capable of blocking both VEGFA 1s5a and VEGFA 1650 because they have
238 the same binding affinity for VEGFR2. Fluorescein angiography of the VEGFA 1¢5b injected eye
239  showed dilation of the primary retinal veins at 24 hours post injection, which was then decreasing
240 by 48 hours. Aflibercept co-injection of the contralateral eye completely prevented dilation of

241  primary retinal veins by VEGFA 16sb injection.

242 In another different experiment, Long Evans rats were also injected with VEGFA jgs5a or
243  VEGFA6sb (300 ng) in one eye (OD) and the contralateral eye (OS) received an injection of the
244  vehicleaone (PBS). SD-OCT imaging and Evans Blue angiography were employed to monitor
245  for evidence of retinal edema. Fluorescein angiography images and 3D SD-OCT image data were

246  obtained several days prior to intravitreal injectionsto provideindividual starting baseline data

14
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247  for al eyes. 24-hours after injections, all eyes were imaged again using Evans Blue angiography

248 and 3D SD-OCT imaging.

249 Using 3D SD-OCT data sets, we measured changes in the diameter of primary retinal

250 veinsand changesin retinal thickness. Several primary veins were measured at the same location
251 inretinas before injection and 24 hours post-injection. The average percent changesin vein

252  diameter from before to after injection were compared for the VEGFA-injected eyes (OD) and
253  alsofor the contralateral PBS-injected eyes. (Figure-4) VEGFA ssa caused a 72% increase in
254  average primary vein diameter, 24 hours post-injection. This was substantially larger than the
255  average percentage change in diameters measured for the contralateral vehicle-injected control
256  eyes(P<0.005, t-test). Similarly, a substantial increase in primary vein diameter of 54% was

257  dicited by treatment with VEGFA 165b. Thiswas significantly larger than primary vein diameter

258 changesin the contralateral control eyes (P<0.03, t-test).

259 SD-OCT data was also processed using DIVER software to orient a 5x5 reference grid,
260 centered on the optic disc, and the depth of al retinal layers were measured at 24 locations per
261 retina. (The center position of the grid, on the optic disc, was not used for measurement.) For
262  purposes of comparing changes that result from retina edema, the average thickness between the
263  Inner-Limiting-Membrane (ILM) and the Outer-Limiting-Membrane (OLM) were calculated
264  (Figure-5). Firgt, the total average ILM-OLM thickness was calculated using all 24 grid

265 locations. Additionally, central averages were calculated using only the 8 grid locations nearest
266 thedisc, and mid-peripheral averages were calculated using the outer 16 grid locations farther

267  from the center. Both VEGFA 1¢5a and VEGFA16sb caused a significant increasein ILM-OLM
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268  thickness by 24 hours post-injection. Vehicle-injected contralateral eyes did not display
269  gignificant changesin average ILM-OLM thickness. Significant increases in thickness were

270  found in both the more central and more mid-peripheral zones.

271 Evans Blue angiography images were also captured for these same eyes that were

272  measured by OCT for changesin retinal vein diameter and retinal thickness above. Evans Blue
273  dyewas delivered intravenous and permitted to circulate for 2 hours prior to imaging. At 24 hours
274  post-injection, the VEGFA 165-injected eyes (OD) of all rats displayed the presence of intense

275  vitreal Evans Blue fluorescence (red) using either isoform, which obscured the ability to visualize
276  even the primary retina vessels. An example is shown for both VEGFA j6sa and VEGFA 1650

277  injected eyes. (Figure-6) The contralateral PBS-injected eyes had far |ess vitreal-fluorescence

278  and the primary and secondary retinal vessels could be imaged.

3.2. Activation of MAPK and AKT in primary HRMECs by VEGFAjgsa and VEGFA16sb
279 To examine the effect of VEGF;65 isoforms on intracellular signaling pathways we chose
280  primary human retinal microvascular endothelial cells (HRMECSs) and tested for activation of the
281 MAPK and AKT pathways. These pathways were examined as two of the intracellular signaling
282  kinasesimplicated in mediating the effects of VEGFA on endothelial proliferation and blood-
283  retinal barrier. We initially compared the ability of the a-isoform and the b-isoform to activate
284 MAPK (ERK1/2) and AKT by immunoblotting. Using arelatively high dose (100 ng/mL, 5300
285  pM), both isoforms of VEGFA 165 increased the amounts of the active form of MAPK (Figure-
286  7a) and the active form of AKT (Figure-7b), by about 2.7-fold and 1.6-fold (Figure-7c)

287  respectively.
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3.3 MAPK Activation by VEGFA1ssa and VEGF Ajesb: Timing and Dose-Response
288  Activation of the MAPK pathway in HRMECs occurred maximally at 10 minutes for both
289 VEGFAsa and VEGFA6sb treatment, and returned to control levels by 90 minutes, using a dose

290 of 100 pM (Figure-8a). For the timed experiment, cells had 5% serum in basal medium. The

291  activation by VEGFA165awas significantly stronger than that of VEGFA 1g5b (P<0.01).

292 We next carried out dose-response analysis for the activation of the MAPK (ERK1/2)
293  using the 10 minutes time point and cells pre-adapated to lower serum. Eleven doses of each

294  isoform were evaluated and dose-response data for MAPK activation were fit to the Log-Logistic
295  4-parameter dose-response function (Ritz et al., 2015). (Figure-8b) Activation of MAPK by

296  VEGFA 6s5b showed atypical sigmoidal dose-response. Compared to VEGFA 165b, the dose-

297  response curve for VEGFAssa displayed a strong allosteric shift to a more binary-like activation
298  response. The a-isoform was more potent for activation of MAPK at lower doses. A similar

299  maximum level of MAPK activation could be achieved with the highest dose tested (10,000 pM)
300 using ether isoform. Activation of MAPK by 250 pM VEGFA 1g5b was only 10% of the

301  maximum activation, which was generated by VEGFA 1sa treatment at this dose. The EDsp dose
302 was 73 pM for VEGFA jgsa and 1015 pM for VEGFA 165 for the experiment shown. The

303  experiment was repeated three times confirm the reproducibility of thislarge difference in dose-
304  response between the two isoforms. Differences between the EDspvalues were typically in the

305 800 to 1000 pM range.
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3.4. AKT Activation by VEGFA1ssa and VEGFAesb: Timing and Dose-Response.
306 Maximum activation of the pAKT pathway in HRMECs occurred between 15 and 30
307  minutesfor VEGFA jgsa treatment and VEGFA 16sb treatment (Figur e-9a). Dose response
308 anaysiswas then carried out for AKT activation using these maximum time points of response
309 (Figure-9b). With VEGFAssa, AKT activation in HRECs displayed a much steeper dose-
310 response curve than for VEGFA 165b. The EDso doses were 53 pM for VEGFA 165a compared to
311 126 pM for VEGFA 365b. In addition, the maximum activation of AKT generated by the b-isoform
312 waslessthan half that obtained from treatment with the a-isoform. Repetition of the experiment

313  confirmed similar relative responses.

3.5. VEGFR2 Activation by VEGF Ajgsa and VEGF Ajgsh: Dose-Response
314 Hypothetically, the differencesin activation of the MAPK and AKT kinases can begin
315 upstream at the activation of the VEGFR2 receptor. To determineif the relative difference in
316  dose-response kinetics might begin at the level of the receptor itself we examined the dose-
317  response for activation of VEGFR2. Maximum activation of the receptor was very fast and likely
318  within lessthan afew minutes (as quickly as cells could be processed for treatment and fixation).
319 Five and ten minute experiments were similar in relative response, so ten minutes were used for
320 thedose-response experiment shown. (Figure-10a). VEGFA jgsa treatment achieved maximum
321  activation by about 500 pM whereas the b-isoform caused little if any activation at that dose. The
322  EDs for activation by the a-isoform was 254 pM compared to 1192 pM for the b-isoform.
323  Furthermore, the maximum activation by the b-isoform was 73% of that obtained by the a

324  isoform. Again, thisrelative pattern was confirmed by a repeated experiment (data not shown).
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3.6. I soform Effects on Gene Expression: Leukocyte Docking and Tight-Junction Proteins
After establishing that the b-isoform was also capable of activating both MAPK and AKT,
we examined several gene expression markers from 1 to 24 hours after VEGFA 165 treatment
using adose that provided for maximal activation of singalling by either isoform (5,300 pM). We
examined three genes important for the activation of leukocyte-endothelial cell adhesion: ICAM1,
Sectin-E, and VCAML (Figure-11a, c, €). All three of these genes displayed increased
expression after treatment with either isoforms of VEGFA 165 with maximum changes at the 6
hour point. These trends were confirmed by repeated experiments. ICAM1’sincreasing
expression trend was the same but not always maximum at 6 hours, sometimes later by 24 hours

(data not shown).

Guided by our kinase activation dose-response data, we selected alow (100 pM),
intermediate (1000 pM) and high (5,000 pM) dose to test for dose-response differencesin the
relative activation of VEGFR2, MAPK and AKT. (Figure-11b, d, f). We used the 6 hour time
point as most of the genes examined had shown substantial expression changes by that time. For
all three leukocyte docking protein genes (ICAM1, SELE, VCAM1), VEGFA esa increased their
expression at the intermediate dose of 1000 pM where VEGFA 145b still had very little effect.
Furthermore the b-isoform could not increase the expression of these three genes to the maxium

level observed with the a-isoform.

We also compared the effects VEGFA 165 isoforms on the expression of genes encoding

the tight-junction proteins Claudin-5 and Occludin (Figure-12). Both isoforms of VEGFA 165

reduced the expression of these genes with the stronger effect on Claudin-5 gene expression.
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346  Expression of both genes recovered by 24 hours (Figure-12a, c). Comparing the low,
347  intermediate and high doses at 6 hours, VEGFA 16s5b was also less effective at suppressing the

348  expression of Claudin-5 and Occludin compared to VEGFAgsa (Figure-12b, d).

4. DISCUSSION
349 Whilethe role of VEGFA in vascular development, tumorgenesis and hypoxia has been
350 studied for over two decades, most studies have not differentiated the functional contributions of
351 different VEGFA size-isoforms nor the a- and b-isoforms. More recently, isoform-specific
352 anaysisfound that most VEGFA1es in normal vitreous was the b-isoform, with the ratio changing
353 to mostly a-isoform in eyes with active diabetic retinopathy and ROP (Perrin et al., 2005; Zhao et
354 al., 2015). The a- and b-isoforms are both derived from the VEGFA gene through alternative
355  gplicing of the pree-mRNA. Phosphorylation of the ASF/SF2 splice-factor by the SR protein
356  kinases (SRPK1/2) regulates alternate splicing of exon 8 to change from VEGFA 650 mRNA to
357 VEGFAssa mRNA (Nowak et al., 2010). An obvious question arises about whether this shift
358 dtersthe functional effects of any concentration of VEGFA 165 0N the retinal vasculature? That it

359 could isareasonable hypothesis because the change in isoform ratio islarge.

360 We started our investigations by using intravitreal injections of what we estimated to be a
361 substantial dose of either isoform in a pigmented rat model to determining if the b-isoform can
362  affect theretinal vasculature similar to the a-isoform. While VEGFA 165b does not bind the

363  Neuropilin-1 co-receptor, it does bind to VEGFR2 with the same affinity as the a-isoform (Cébe
364 Suarez et al., 2006). We found that both isoforms of VEGFA 165 could dilate primary retinal veins,

365 an effect previously observed for VEGFA jgsa during studies that established it as a key disruptor
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366  of the blood-retinal barrier (Aidlo et al., 1997). This substantial dilation of primary veins (60%)
367 recovered to normal over afew days. Both isoforms bind to the VEGFR2 receptor with similar
368  affinity, and so the VEGF-trap Afliberept should block the dilation effect of the the b-isoform and

369 that wasthe case.

370 Retinal edema was also observed using SD-OCT data. Again, both isoforms could

371 increased ILM-OLM thickness. Consistent with the primary-vein dilation and edema, the a-

372  isoform and the b-isoform also caused increased leakage of intravenous Evans Blue dye into the
373  vitreous of VEGFA-injected eyes compared to contralateral vehicle-injected eyes. We concluded
374  that the b-isoform of VEGFA 165 was capable of driving similar effects as reported for the a-

375 isoformif injected in sufficient quantity. This result seemed like it might be contrary to the

376  previous study where alower dose of VEGFA 165b was reported to reduce the leakiness of the
377 retinal vasculature in one-week diabetic rats, presumably by sequestering VEGFR2 signallingin a
378 lower activated state (Ved et al., 2017). However, all of these observations would be compatable
379  with the hypothesis that the b-isoform is aweaker activator of VEGF-mediated signaling in

380 vascular endothelial cells compared to the a-isoform. Does-response curves would provide the
381 answer. Whileit may be surprising in the age of anti-VEGF drug treatment, dose-response data
382  comparing isoforms of VEGFA is sparse. We decided to examine isoform-specific activation

383  using primary human retinal endothelial cells because results from non-retinal endothelia cells
384  might not apply to the high-barrier endothelial cells of the CNS. Furthermore, we wanted to

385 compare the effects of these two isoforms on the activation of intracellular signaling pathways,

386  since binding assays would not inform us about the actual activation state of the endothelial cells.
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387 Previous studies with procine aortic endothelial cells found that the a-isoform can activate
388 the VEGFR2 receptor stronger than the b-isoform (Kawamura et al., 2008). Another study of

389  human pulmonary microvascular endothelial cells (HPMECs) found that the a-isoform was a

390 stronger activator of VEGFR2 and MAPK (ERK1/2) than the b-isoform at a dose of 20 ng/ml
391 (1000 pM) (Qurradi et al., 2017). So we also began with immunoblotting to examine the

392 activation of MAPK and AKT in primary HRMECs. We found that both MAPK and AKT were
393 activated to asimilar extent using a higher dose (100 ng/ml, 5,300 pM) in primary HRMECs. We
394  found that both MAPK and AKT were activated less by the b-isoform at the lower dose (20

395 ng/ml, 1000 pM) (data not shown). With this preliminary guidance, we moved to use the in-cell-
396  western (ICW) method to measure activation of these kinases in Situ. This enabled usto explore

397  activation in the form of complete dose response curves using many doses and replicate doses.

398 Our full dose-response curves confirmed that there are substantial differencesin the

399  activation of both MAPK and AKT by the two isoforms of VEGFA6s. In the case of MAPK, the
400 EDs, dose (Effective Dose for 50% maximal activation) was over 800 pM lower for VEGFA 165a
401  compared to the b-isoform. Higher doses of the b-isoform could activate MAPK to asimilar

402  maximum level, but it was apparent that VEGFA 16sa caused maximum activation at far lower

403  doses where VEGFA 165b had little effect. For AKT, the EDsp was two-fold greater for the b-

404  isoform compared to the a-isoform. The activation of AKT by b-isoform remained subtanially
405 lessthan that from the a-isoform over the entire dose-response range. In contrast to MAPK

406  activtion, the maximum activation of AKT obtained with the b-isoform was half of the maximum
407 using the a-isoform. Thisis at least one difference from human pulmonary endothelial cells where

408  AKT activation was the same with both isoforms at a dose of 20 ng/ml (1000pM) (Ourradi et al.,
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409  2017). Thisdifference reveals that nuances of VEGF-mediated signaling should not be

410 considered universal between different sub-types of vascular endothelial cells.

411 The necessity of studying primary HRMECs to properly understand the functional effects
412  of VEGF isoformsin the neural retinais also supported by other studies. A recombinant protein
413  (r'VEGFss4b), modified from murine VEGF;e4b, attenuated the VEGF;gsa-induced proliferation of
414  an ImmortoMouse-derived vascular endothelial cell line (MVEC), and reduced the VEGFg4a-
415  induced disruption of an MV EC endothelia-cell barrier (Cromer et al., 2010). Similar to human
416  VEGFAssa and VEGFA 165b, murine VEGF64a and the modified rVEGFe4b are different in their
417  C-termina amino acid sequence and thisresultsin different functionality. Other studies with

418 rVEGF¢b also indicate that the effects of the b-isoforms may be organ-specific, possibly dose-
419  dependent, and require investigations for different organs and tissues. While viral delivery of

420 rVEGFs4b attenuated inflammatory-response damage in amurine model of ulcerative colitis, it
421  exacerbated blood-brain-barrier damage in amurine model of focal cerebral ischemia (Chaitanya

422  etal., 2013; Cromer et al., 2013).

423 The hypothesis that the differences in the activation of MAPK and AKT begin with

424  activation of the receptor was confirmed by our dose-response analysis for activation of

425 VEGFR2. Again, the a-isoform was far more potent for activating VEGFR2 compared to the b-
426  isoform. Altogether, our dose-response curves for the activation of VEGFR2, MAPK, and AKT
427  are consistent with the model proposed by Whitaker et al., wherein the a-isoform activates

428 VEGFR2 more intensely when it can bind the co-receptor Neuropilin-1 to form a larger activation

429  complex comprised of more VEGFR2 and Neuropilin-1 subunits (Whitaker et al., 2001).
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430 Consigtent with our findings here that the b-isoform was also capable of activating both
431 MAPK and AKT, we also found that VEGFA 165b could affect the expression of genes regulated
432 by VEGFAssa. Theseincluded genes involved in leukocyte-endothelial cell adhesion and in

433  tight-junction structure. VEGFA-mediated activation of the VEGFR2 receptor is known to

434 disrupt adherin-junctions and causes [3-Catenin mediated repression of Claudin-5 gene expression
435 inendothelia cells (Taddel et al., 2008). We found that the Claudin-5 gene was particulary

436  succeptible to repression by both isoforms of VEGFA 165 compared to Occludin in this cell type.
437  With guidance from our dose-response curves for kinase activation we were able to select several
438 dosesto ask: are differencesin the relative activation of VEGFR2, MAPK and AKT translated
439 into dose-response differences in gene expression? The answer to this question was yes. For all
440 threeleukocyte docking protein genes (ICAM1, SELE, VCAM1), VEGFA jgsaincreased their

441  expression at the intermediate dose of 1000 pM where VEGFA 165b had very little effect.

442  Furthermore the b-isoform could not increase the expression of these three genesto the level

443  observed with the a-isoform. VEGFA 165b was also |ess effective than the a-isoform at

444  suppressing the expression of the tight-junction structural genes, Claudin-5 and Occludin. We
445  concluded that there were significant dose-response differences in the regulation of VEGFA-

446  target genes, with the a-isoform proving to be the stronger affector of gene expression changesin

447  primary HRMECs.

5. Summary

448 It is apparent that the b-isoform of VEGFA 165 was capable of affecting the rat retinal

449  vasculature and activating primary HRMECs similar to the a-isoform. However, our dose-
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450  response analysis found a substantial difference in the ability of these two isoformsto activate
451 intracdlular signaling in primary human retinal endothelial cells. Thiskinetic difference begins
452  with the activation of VEGFR2 itself and propagates to differential activation of at least two

453  important regulatory kinases in endothelial cells: MAPK (ERK1/2) and AKT. These dose-

454  response effects are transmitted all the way to the expression of VEGFA-target genesinvolved in
455  leukocyte endothelial cell adhesion and endothelial-cell tight juctions. Our results suggest that
456  the expression switch from VEGFA 165b to VEGFA16sa reported in active DR and ROP vitreous
457  could be a significant factor affecting retinal endothelial cellsin vivo, and that this possibility
458  warrants more investigation. If true, then inhibiting disease-related switching to expression of

459 VEGFAgsawould also be a potential target for thergpeutic development.
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FIGURE LEGENDS

Figure l. Primary retinal vein dilation following intra-vitreal injection of VEGFAesa and
VEGFA 65b.

Fluorescein angiography images of the same rat retinas pre-injection and 24 hours after injection
with isoforms of VEGFA6s. Right (OD) eyes were injected with VEGFA 165 and contral ateral
(OS) eyes were injected with vehicle as controls. Both A) VEGFA j¢5a and B) VEGFA 165b caused
visible dilation of the primary retinal veins using fluorescein angiography after 24 hours. Vehicle

injected control eyes did not show vein dilation.

Figure 2. Induction and recovery of primary retinal vein dilation following intra-vitr eal
injection of VEGFA 15b.

Fluorescein angiography and SD-OCT images of the same arat retina pre- and post-injection (24
and 72 hours). (Dose 250 ng/eye) One of the five primary veinsislabeled (v) at each time point
in the fluorescein and OCT images. Primary veins have larger diameters than the arteries. A)
Fluorescein angiography images. All five primary retinal veins displayed a visible dilation at 24
hours post-injection. Recovery to pre-injection diameter was essentially complete by 72 hours
post-injection. B) SD-OCT en face views of primary vessel shadows for the same retina. Green
horizontal lines indicate the location of OCT cross-sectional images shown below. Arrows
indicate the location of the cross sectional OCT views. C) Zoomed view of OCT cross-sectional

images with digital-calipers to measure the diameter of the vein at the location (v) in panel B).

Figure 3. Aflibercept blocks primary retinal vein dilation caused by intravitreal injection of
VEGFA 65b.

Fluorescein angiography of the OD eye, showing the dilation of primary retinal veins 24 hours
post injection with VEGFA 165b (white arrows). Significant recovery from the transient dilation is
seen at 48 hours post-injection. Co-injection of Aflibercept with VEGFA16sb, in the OS eye,
blocked the dilation effect.
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Figure 4. Changesin diameter of primary retinal veins by VEGFA 145 isoformsin vivo.
Animals received intravitreal injectionsin one eye with either VEGFA 16s5a or VEGFA 165b
(300ng). The contralateral eye received an intravitreal injection with PBS (vehicle) only. At 24
hours post-injection, all retinas were reimaged and vein diameters were re-measured at the same

locations. (**p<0.005 vs vehicle. *p<0.03 vs vehicle, N=2 rats per isoform)

Figure 5. Retinal thickness changesinduced by VEGFAgsa or VEGFA 165b.

Retinal thickness was measured from SD-OCT data, between the Inner-Limiting Membrane
(ILM) and the Outer-Limiting Membrane (OLM). Total thickness was averaged from 24-grid
locations centered on the optic disc and including the central to mid retina. Central thickness was
averaged from 8/24 locations adjacent to the optic disc. Mid thickness was averaged from 16/24
locations more peripheral to the optic disc. A) VEGFA ssa caused a relative increase in retinal
thickness compared to PBS-injected contralateral eyes measured over the total area (P<0.05),
central area (P<0.05) and mid area (P<0.05). B) VEGFAesb aso caused arelative increasein
thickness compared to PBS-injected contralateral eyesfor the total area (P<0.05), central area
(P<0.001) and mid area (P<0.05). (t-test, N=2 rats per group)

Figure 6. Effect of VEGFA 165 isofor msintravenous Evans Blue dye leakage into the
vitreous humor in vivo.

Both eyes of Long Evans rats were first imaged by fluorescein angiography before intravitreal
injection of VEGFA isoforms (pre-injection fluorescein). After aweek of recovery, rats received
intravitreal injections of the a-isoform or b-isoform in the OD eye and injection with vehicle
(PBS) inthe OS eye. 22-hours post-VEGFA injections, animals received an intravenous injection
of Evans Blue dye. Two hours later, rat’s eyes were imaged by Evans Blue angiography (24 hour
Evans Blue). A) Treatment with VEGFA jesa increased permeability of the vasculature compared
to PBS-only. Strong intravitreal Evans Blue fluorescence (OD) overwhelmed the ability to
visualize the retinal vasculature, which was imaged clearly in the PBS-injected eyes (OS). B)
Treatment with VEGFA 165b (OD) also resulted in the appearance of more Evan’s blue
fluorescence in the vitreous compared to contralateral (OS) PBS-injected eyes.
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Figure7. Activation of MAPK and AKT in HRMECshy VEGFAgsa and VEGFA 165b
A) Immunoblots of total MAPK and activated MAPK (Phospho-MAPK) 10 minutes after
treatment with VEGFAssa (Va), VEGFA 165b (Vb), or media control (C). Two representative
experiments are shown. B) Immunoblots of total AKT and activated AKT (Phospho-AKT) 10
minutes after treatment with VEGFA 1g5a (Va), VEGFA 165b (Vb), or media control (C). Two
representative experiments are shown. C) Fold activation of MAPK and AKT from three

immunoblotting experiments. P-values are shown, t-test relative to media controls (1-fold).

Figure 8. Activation of MAPK in primary HRMECs by isoforms of VEGFA 165.

Activation of MAPK was measured by in-situ immunofluorescence with a phospho-specific
antibody (phospho-Thr202/Tyr204) for p44/42. A) Activation of MAPK at three time-points after
the addition of 100 pM VEGFA gsa or VEGFA165b. Bar shows standard deviation. (t-test, ***
p<0.001 relative to untreated control, n=8 biological replicates.) B) Dose-response curves for
activation of MAPK. The EDsy was 73 pM for VEGFAgsa and 1015 pM for VEGFA 165b. Bars
indicate the 95% confidence interval for data fit to the 4-parameter log-logistic dose-response

function. N=4 biological replicates per dose.

Figure9. Activation of AKT in primary HRMECs by isofor ms of VEGFA ¢5.

A) Activation of AKT was measured by in-situ immunofluorescence with a phospho-specific
antibody for Ser473-AKT at five time-points after the addition of 20 ng/mL (1,250 pM)
VEGFA ssa or VEGFA 165b. Bar shows standard deviation. (t-test, ***p<0.001 relative to
untreated control, n=4 biological replicates.) B) Dose response curves for activation of AKT. The
EDso value for AKT activation by VEGFA ;gsa was 53 pM compared to 126 pM for VEGFA 165b.
Barsindicate the 95% confidence interval for datafit to the 4-parameter log-logistic dose-

response function. N=4 biological replicates per dose.

Figure 10. Dose-response curvesfor activation of VEGFR2 by isofor ms of VEGFA 16s.

The a-isoform was a stronger activator of VEGFR2 compared to the b-isoform. The EDs, for
activation by VEGFA 1gsa was 254 pM compared to 1192 pM for VEGFA 165b. Barsindicate the
95% confidence interval for datafit to the 4-parameter |og-logistic dose-response function. N=4
biological replicates per dose.
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Figure 11. Effects of VEGFA 1651s0for ms on expression of leukocyte-endothelial cell
adhesion genesin HRMECs.

A) ICAM1 gene expression at 1, 3, 6 and 24 hours after VEGFA 145 treatment. Confluent
HRMECs were treated with 100 ng/mL (5,300 pM) of VEGFAssa or VEGFA165b. B) ICAM1
gene expression comparing VEGFAssa and VEGFA 165b at alow, intermediate and high dose
measured after 6-hours. C) Selectin-E gene expression at 1, 3, 6 and 24 hours after VEGFA 165
treatment. D) Selectin-E gene expression comparing VEGFA 1gsa and VEGFA 165b at a low,
intermediate and high dose measured after 6-hours. E) VCAM1 gene expression at 1, 3, 6 and 24
hours after VEGFA 165 treatment. F) VCAM1 gene expression comparing VEGFA 1gsa and
VEGFA65b at alow, intermediate and high dose measured after 6-hours. (For all graphs, t-test
relative to media controls: *p<0.05, **p<0.01, ***p<0.001, triplicate assays.)

Figure 12. Effects of VEGFA 165 is0forms on the expression of tight-junction genesin
HRMECs.

A) Claudin-5 gene expression at 1, 3, 6 and 24 hours after VEGFA 165 treatment. Confluent
HRMECs were treated with 100 ng/mL (5,300 pM) of VEGFAssa or VEGFA165b. B) Claudin-5
gene expression comparing VEGFAssa and VEGFA 165b at alow, intermediate and high dose
measured after 6-hours. C) Occludin gene expression at 1, 3, 6 and 24 hours after VEGFA 165
treatment. D) Occludin gene expression comparing VEGFA 1ssa and VEGFA16sb at alow,
intermediate and high dose measured after 6-hours. (For all graphs, t-test relative to media
controls: *p<0.05, **p<0.01, ***p<0.001, triplicate assays.)
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