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ABSTRACT:Primary open-angle glaucoma is associated with elevated intr&8¢Q Prototyping

pressure (IOP) that damages the optic nerve and leads to gradual vision loss

prove” g “@ ®Drug 4

agents that reduce the stiss of pressure-regulating Schiewanal (SC) endothelighaueous o ° © 1

cells, in the conventional cnitv pathway of the eye, lower IOP in glaucoma patients’ 8Bt \ sieen A

are approved for clinical use. However, poor drug penetration and uncop N ' k\
biodistribution limit their ecacy and produce local adversets. Compared to otheF-aliliieuiis —
ocular endothelia, FLT4/VEGFR3 is expressed at elevated levels by SC endot é?l‘éﬂséésl]‘@“@ Access
and can be exploited for targeted drug delivery. Here, we validate FLT4 receptors és: - 'L —

clinically relevant targets on SC cells from glaucomatous human donors and| engineer
polymeric self-assembled nanocarriers displaying lipid-anchored targeting lig Ny
optimally engage this receptor. Targeting constructs were synthesized as-lipid-PEG—= | {,

peptide, diering in the number of PEG spacer urjtsapd were embedded in micelles , res, rirsigans| Clinically-Significant

We present a novel proteolysis assay for quantifying ligand accessibility that we employ to Qutcome

design and optimize our FLT4-targeting strategy for glaucoma nanotherapy. Peptide

accessibility to proteases correlated with receptor-mediated targeting enhancements. Increasing the accessibility of FLT4-binc
peptides enhanced nanocarrier uptake by SC cells while simultaneously decreasing thetapgakedscalar endothelial cells.

Using a paired longitudinal IOP stirdyivo we show that this enhanced targeting of SC cells translates to IOP reductions that are
sustained for a sigoantly longer time as compared to controls. Confocal microscopy of murine anterior segmenttisdue con
nanocarrier localization to SC within 1 h after intracameral administration. This work demonstrates #hets dietiveen
surface-displayed ligands and PEG coronasasigigiimpact the targeting performance of synthetic nanocarriers across multiple
biological scales. Minimizing the obstruction of modular targeting ligands by PEG measurably impcaegdftgaricoma
nanotherapy and is an important consideration for engineering PEGylated nanocarriers for targeted drug delivery.

KEYWORDS:VEGFR3, FLT4, drug delivery, targeting ligand, rational design, IOP, nanoparticle
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INTRODUCTION venous plexus, and the aqueous veins. Decreasea“??orosity
Glaucoma is the leading cause of irreversible blindness, IacQ.I, g'e SC endothellum contributes to the'lncrease lovout
résistance in glaucoma, and these porosity changes arise from

cure, and is currently estimated tech 76 million people : . X . . X
worldwidé. The prevalence of glaucoma continues to rised! INCrease in SC stéss that impairs pore formatiohost

with the number of individuals living with the disease projectéjgc.ently' it was Qemonstrate_d tha.‘t .the source obvout
to increase to 112 million people by 2040 he hallmark of resistance is Iocahz.ed to aér%eglon withim df the inner wall
glaucoma is elevated intraocular pressure (ARnm Hg)’ of the SCI endothelial surface. i | h .
which progressively damages retinal gangliohMaltgple Current )I/OPrSl; ar?t(:] se(_:ogd IN€ glaucoma therapeL_Jtlcs
lines of evidence demonstrate that mechanical dysfunctionﬂrﬁc(gsagﬁvmg ayg(raéatirr (8ro§g:§§slr:)gf ?r?;ei]uuseoarsmﬁrulrgor
e e i ez ok aw ot he uncomyentonal aw paay

' ’ .. “However, these treatments do not address the source of the
between the rate of aqueous humor production by the ciliary
body and the rate of aqueous humorawthrough tissues of
the convention&P'’ and uveoscletat?! out ow pathways.  Received: May 19, 2021 "
Ocular hypertension results from increased resistance Agcepted: June 24, 2021
aqueous humor owtw through the conventional cawy ~ Published:July 7, 2021
pathwa$/ that is positioned at the iridocorneal angle of the
anterior segment and consists of the trabecular meshwork
(TM), Schlemris canal (SC), collector channels, intrascleral
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increased oubw resistance that contributes to ocular EXPERIMENTAL SECTION

hypertensm?ﬁ Celljsoftenl_ng.agents,_such as actin depolymer- Chemicals. Unless otherwise stated, all chemical reagents were
1zers af),gzaRhO k|.nase |nh|b|tors,_ Improve aqueous humBﬁrchased from the Sigma-Aldrich Chemical Company.
out 0W2_ by directly addressing dysfunction in the ' ggjig-Phase Peptide Synthesis.Fmoc-N-amido-dPE@cid,
conventional oubw pathway. Cell-softening agents aregmoc-N-amido-dPE@acid, and Fmoc-N-amido-dRE&mido-
approved for clinical use in the United States (Net il dPEGacid (Quanta Biodesign) were purchased for use in the
and abroad (Ripasut)lbut su er from side ects, including  synthesis of the PG6, PG24, and PG48 peptide constructs,
conjunctival hyperemia, conjunctival hemorrhage, corneespectively. Standard Fmoc solid-phase peptide synthesis was
verticillata, eye pruritus, reduced visual acuity, and blurr@drformed to synthesize PG6, PG24, and RGZPG48) peptides
vision”® Targeted drug delivery vehicles may address these a 0.125 mmol scale. Information regarding each synthesized
issues by directing cell-softening agents to their site of actipeptide is presented irable S2The chemical structure of each
while minimizing adverse events arising fretarget eects. peptide is presented figure S1

To target the delivery of cell-softening agents to SC cells, we>reparation of PEGb-PPS Micelle Formulations.The PEGs
previously developed a lipid-anchored targeting péfitate ~ 2-PP$; polymer was synthesized using established procétures
binds to FLT4/VEGFR3 receptors. FLT4 receptors are 'able Sk Briey, sodium methoxide was used to deprotect PEG
enriched on the SC endothelium in animal mot&iest thioacetate. Thl; deprotected PEG thioacetate is ther) u§ed .to initiate
recently, FLT4 receptors have been detected in cultured g€ Polymerization of propylene dal through an anionic ring-
cells derived from healthy human déhaaad in human opening polymerization reaction. Micelle (MC) nanocarriers were

. h : self-assembled from the REEPPS, polymet®*** via cosolvent
donor eyes by single-cell RNA sequeritih@espite this evaporation using established protdtBlst uptake studiés vitrg

early work, mu!tlple uncertainties remain regard”?g the Usedts were prepared to load Dil hydrophobic dye (invitrogen),
an _FLT4-target|ng strategy. One uncertainty pertains to CI”“‘Wilwereas formulations intended for IOP stirdigsowere prepared
utility and whether FLT4 receptors are expressed on the St .coload latrunculin A (LatA: Cayman Chemical Company) and Dil.
surface in the eyes of glaucoma patients to permit the targetgg formed MCs were split into aliquots of equal volume prior to the
delivery of cell-softening drugs. Second, to maximize th@dition of peptide. PG6, PG24, or PG48 targeting peptides were
e cacy and minimize the sidesets of these agents, it is dissolved in dimethyl sulfoxide and were added to theedpd&
important that the engineered vehicles optimally deliver drugiquots at either a 1 or 5% molar ratio (peptide/polymer). Blank MC
payloads to SC cells instead efavget endothelial cell types, controls (lacking peptide) were included in cellular uptake studies. Al
in particular the corneal endothelium. Regarding our initial S@rmulations were prepared under sterile conditions andtereq
targeting approach, steric considerations involving the PEGing a Sephadex LH-20 column.

chains of the drug delivery vehicle chassis and their potentiaPetermination of Peptide Concentration. The peptide

for obstructing receptor access to the peptide ligand motivatéencentration in pued MCs was determined by measuring
us to rationally design alternative ligand structures to impro¥ptophan uorescence £ = 270 nm and g, = 350 nm),
performance. Suboptimal receptor binding is a general probl&@brated against a peptide concentration series, using a SpectraMax
with targeted drug delivery syst%q‘m;r,\d it is often left M3 mlcroplate reader (Molecular Devices, I__LC). The peptide is
unresolved due to a lack of methods for optimizing ligangfadily detectable using these parametégair¢ Sp The
interactions at the nanocarrier surface. While useful insigl'centration of peptide was determined using a simple linear

into the role of ligand length on organ-level nanocarri regression model that was obtainedtlmg the calibration data (see

accumulation are available in the literatu irical igure S4for a representative calibration curve). To account for
. . . . &mp X backgrounduorescence from the polymeric MCs, the emission from
relationships between ligand steriects at nanocarrier

. . a blank MC control formulation (lacking peptide) was subtracted
surfaces and their consequences on multiscale targetfigh, the peptide-containing MC formulations. The peptide-

performance and the impact on clinically relevant outcomegntaining formulations and control formulations were prepared in

remain unestablished. Here, we address these issuesfaysame solvent and contained the FPEBS polymer at an

developing a novel assay to measure peptide accessibilitygtdtical concentration. This procedure isolates the analyte signal (the

proteolysis, which enabled us to quantify the availability gpecied peptide) by removing contributions from the PE8S

ligands for binding events. We were particularly interested polymer and solvent.

determining whether lipid-anchored targeting constructs canSmall-Angle X-ray Scattering. Small-angle X-ray scattering

be optimized to maximize binding to FLT4 receptors andSAXS) was performed using synchrotron radiation at the DuPont-

whether dierences in receptor engagement producedlorthwestern-Dow Collaborative Access Team (DND-CAT) beam-

measurable dérences in drug delivery vehicle performancéine at the Advanced Photon Source at the Argonne National

in a clinically relevant setting. Laboratory (Argonne, IL, USA).A7.5m sample-to-detector distance,
Using a multidisciplinary approach that included moleculd© keV ( = 1.24 A) collimated X-rays, and 3 s exposure time were

characterizatiomm vitrotargeting studies, and direct evaluationused in all SAXS experiments. Fange of 0.0&D.5 A* was used

in a murine model, we examined the potential for thesl @nalyze scattering, and silver behenatctibn patterns were

optimized nanotherapeutics to target a cell-softening agent4sd for calibration. The momentum transfer veptisr ¢e ned in

SCin vivoand lower IOP. C57BL/6J mice were used as arfd + Whereé denotes the scattering angle

animal model in these studies due to their similar conventional sin( )

out ow pathway anatomy, physiology, and pharmacologicalq= 4 —— )

responses to humais!? This work holds important clinical

implications for the use of cell-softening nanotherapies as safpriMUS software (version 3.0.3) was used for data reduction.

and e cacious tools for managing glaucoma. Furthermore, tRgsview (version 5.0) software was used for ntiiagl A cors

rational design principles established herein, as well as #mell sphere modetq 9 was t to the scattering prtes of blank

empirical evidence supporting their utility, can be harnessedMiTs (prepared without peptide) as well as MCs displaying PG6,

meet diverse challenges in drug delivery. PG24, or PG48 peptides at a 1 or 5% molar ratio (peptide/polymer)
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Table 1. Donated Human SC Endothelial Cell Strains Used in This Study

cell strain disease state age génder racé dex tedt cell source eye bank

SC 78 normal 7 male white negative whole eye Kansas Eye Bank
SC 84 normal 67 NA NA negative corneoscleral rim NC Eye Bank

SC 57g glaucoma 78 male NA negative whole eye Life Legacy

SC 90g glaucoma 71 female white negative whole eye NC Eye Bank

3NA = Information not availabRDex (dexamethasone) test. A negative Dex test indicates a lack of myocilin induction upon treatment with
dexamethasone, which is a response that is expected of SC cells and is used to distinguish isolated SC cells from the major possible contami
TM cells (a positive Dex test is expected for TM cells).

3 . . sin@r) S g cos@r) - in endothelial cell growth basal medium-2 (Lonza) supplemented
HQq = ch( ¢S 4 (q@s + V(S o with FBS and an EGM-2 BulletKit (Lonza) optimized for HUVEC
s . culture. All cells were cultured at@75% CQin T25 or T75 asks.
sin(ar) S g cos(ar) Quanti cation of FLT4/VEGFR3 Expression by Flow
(q@3 ) Cytometry. SC cells, glaucomatous SC (SCgqg) cells, or HUVECs

(n=3) were seeded in 24-well plates at a density of 100,000 cells per
whereF is the structure factaris the momentum transfer vectegj ( well. Cells were cultured in their appropriate media types (described
1), Vs the particle volume {AV, is the particle core volume’A elsewhere in thexperimental Sectjoand were allowed to adhere

. is the core-scattering length density®(£3?, is the shell-  overnight at 37C, 5% CQ. On the following day, media were
scattering length density 1089, ¢, is the solvent-scattering aspirated, cells were washed with phosphatetisaline (PBS),
length density (£6 A°%), andr is the core radius (A). The radius of and single-cell suspensions were prepared following established
the total particler{ units: A) is used to determine the shell thiCknessProcedure%“'s Cell pellets were resuspended in the cell staining
(r; units: A), as described by 3 bu er with zombie aqua cell viability stain (BioLegend), incubated at
3) 4 °C for 15 min, and washed with the cell stainingrbé\fter a

subsequent blocking step, cells were incubated with an APC-
MC diameter values determined from dynamic light scatteringonjugated antihuman VEGFR3 (FLT4) antibody (BioLegend) for
(DLS) (Table 3 were used to select initial values for the core radiug0 min at 4°C and were then subjected to two iterative rounds of
and shell thickness prior to paramettérg. An iterative chi square washing (and centrifugation) per manufatiurecommendations.
( 3 minimization procedure using the Leverfidarquardt Cells were xed using a paraformaldehyde calfion buer
algorithm was used to optimal model parameters. A good&ore (BioLegend). Flow cytometry was performed using a BD LSRFortessa

=TI+ 1

shell modelt is indicated by? < 1.0. In all cases? 0.1 was ow cytometer. Cytobank softWareas used to analyze the acquired
obtained for nal t models. data.
Quanti cation of Loaded Drug Concentration. Aliquots of Live-Cell Imaging by High-Throughput Wide eld Fluores-

puri ed LatA-loaded MC formulations were froze®8at°C and cence Microscopy.SC cells, SCg cells, or HUVE@s-(3) were

were lyophilized overnight. The resulting powder was resuspendedéeded in glass-bottom 96-well plates (Greiner) at a seeding density of
methanol and was place&a0°C for 1 h. Samples were centrifuged 25,000 cells/well and were placed &C35% CQ overnight. Cells

at 4000 for 5 min to sediment the polymer. After this extractionwere washed, blocked, and then placed in media containing an APC-
procedure, the supernatant (containing drug) was collected feonjugated anti-human FLT4/VEGFR3 antibody (BioLegend) for 30
analysis. The concentration of LatA was determined using highin at 37°C. Afterward, the media were removed by aspiration and
performance liquid chromatography (HPLC) calibrated against gells were gently washed twice using fresh media. Afteal tvash
concentration series of LatA prepared in methigoir¢ Sp The step, cells were treated with media supplemented with cell-permeant
absorption of 235 nm light was measured. Data were acquired frafcBlue (Hoechst 33342) counterstain to visualize cell nuclei. High-
three replicates. HPLC was performed using a C18 XDB-Eclipg§oughput wideeld uorescence microscopy was performed using
column (Agilent) and a static methanol/water (95:5) mobile phasegn |mageXpress High-Content Imager (Molecular Devices). Images

Protease Protection Assay for Examining the Biochemical of live cells were acquired ax 48agnication in brighteld. DAPI
Accessibility of Targeting Peptides.PEGb-PPS MC nanocarriers and Cy5 channels q 9 9 ' '

displaying PG6, PG24, or PG48 at a 5% molar ratio were incubated\janocarrier Uptake Studies.SC cells or HUVECS were seeded

\p/)vggtig)e/pcscl)rrllc%c;l?r;ftirg;egfsio(zle)n;r?g?na;?’z?rger%@n?gn%&?é rﬁof a2 density of.100,000 cells/well in 48-well plates and were allowed to
here overnight at 3T, 5% CQ. Cells were treated with the

nM (1:20 ratio) were used in these experiments. Reaction aliquots _ ~ i .
were quenched in 2% formic acid at the smmedimepoints. Specied Dil-loaded MC formulations (0.5 mg/mL polymer) for 2 h

X 0 h -
Quenched reaction aliquots were mixed 1:1 with 50:50 methano t 37°C, 5% CQ All experiments mqlude_d untregted cells and a
acetonitrile with 0.1% troroacetic acid and a saturating quantity of BS-treated group, as well as three .blologlcal replicates per treatment
the -cyano-4-hydroxycinnamic acid (Sigma) matrix. Samples w up € = 3). MC uptake was quardd by ow cytometry using a
applied to 384-spot polished stainless-steel plates and were dritid “SRFortessaw cytometer, and the acquired data were analyzed
under hot air using a heat gun. Data were acquired using matrd&n9 Cytobank softw4relhe median uorescence intensity (MFI)
assisted laser desorption ionization timigof- (TOF) mass above the PBS-treated background was calculated to remove cellular

spectrometry (MS) using a Bruker rajii MALDI Tissuetyper @utouorescence contributions to the measured values.
TOE MS instrument. Longitudinal Evaluation of IOP In Vivo. The mice were
Primary Cell Culture.Normal and glaucomatous SC endothelial anesthetized with ketamine (60 mg/kg) and xylazine (6 mg/kg). I0P
cells were isolated from postmortem human eyes obtained froff@s measured using rebound tonometry (TonoLab; Icare) immedi-
BioSight Table ) and were cultured using established proce-ately upon the cessation of movement (i.e., in light sleep). Each
duresga“ Human umbilical vein endothelial cells (HUVECs) from recorded IOP was the average of six measurements, giving a total of
pooled donors were purchased from Lonza, Ltd. The passage numB@rrebounds from the same eye per recorded IOP value. IOP was
of all primary cells used in these studies was less than six. SC dbk@sured three times prior to nanocarrier treatment and 24, 30, 48,
were cultured in low-glucose Dulbscooodied Eagle medium 72, and 96 h following nanoparticle injection. A total of nine mice
(Gibco) supplemented with 10% fetal bovine serum (FBSkand 1were used for theS@8 h timepoints. The IOP of four and three mice
penicilliSstreptomycifiglutamine (Gibco). HUVECs were cultured were measured at 72 h and 96 h timepoints, respectively.
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Figure 1.Normal and glaucomatous SC endothelial cells express FLT4/VEGFR3. (a) lllustration of the FLT4/VEGFR3 expression test in two
normal SC endothelial cell strains (SC 78 and SC 84) and two SCg cell strains (SC 57g and SC 90g). (b) Flow cytometric analysis of FLT+
expression in SC and SCqg cell strains. HUVECs are included as a control endothelial cell line that does not express FLT4 at high levels. FL
expression was detected by staining cells with antihuman FLT4-APC antibodies. Data are presertesieasi.mear). Signicant

di erences between SC and HUVEC FLT4 MFI were determined by ANOVA with Onnuftgite comparison test (5% sicgmce level¥p

< 0.05. (c) FLT4 expression observed by wideuorescence microscopyX(Bright eld images are shown together with the DAPI channel

(cell nuclei) and Cy5 channel (anti-FLT4-AP®Jergé denotes the merged DAPI and Cy5 channels. Scale bam= 50

Intracameral Injection of Nanocarrier Formulations. For contralateral eyes were used as the negative control. Single images
IOP studies, three-month-old female C57 mice were anesthetizadd tile images were acquired using aBfective to capture either
with an intraperitoneal injection of ketamine (100 mg/kg) andSC and its surrounding structures or the entire sagittal plane using the
xylazine (10 mg/kg). A drop of 0.5% proparacaine, a topicaZEN2010 operating software (Carl Zeiss).
anesthetic, was applied to both eyes. Two pulled microglass needleStatistical Analysis. Statistical analyses were performed using
lled with nanocarrier formulation (labeled or “B") and Prism software (version 9.0.0; GraphPad Prism Software, LLC).
connected to a pump were alternatively inserted into both moudgetails of each statistical analysis are provided in the corresponding
anterior chambers. A volume ofL.2of nanocarrier formulatiéA” gure legends.
or “B’ containing 18 M LatA was infused into the anterior chamber
of contralateral mouse eyes at a rate of W#7in. Thus, this RESULTS
procedure delivered 15.2 ng of LatA per eye. After infusion, the
needles were withdrawn, and topical erythromycin antibiotic ointment Target Validation: Glaucomatous Schlemn's Canal
was applied to both eyes. All the mice were maintained on a wandothelial Cells Highly Express FLT4/VEGFR3 Recep-
water-circulating blanket until they had recovered from the anesthesgisys. The SC endothelium is somewhat unique in that it
and the animals were subsequently returned to the animal hOUSié‘ﬁpresses both vascular and lymphatic characi@ fstics.

rack. Unmasking of treatment identity occurred after all IOF?‘eceptorS are lymphatic markers expressed by SE cells.

measurements were recorded. . ! T . )
Developing strategies to promote nanocarrier interactions with

Confocal Microscopy. Mouse eyes were dissected into eight . . ; .
radial wedges. Each wedge was immersed in Vectashield mounfihg 4 r€ceptors @rs a potential strategy for increasing their

media containing DAPI (Vector Laboratories) in a glass-bottom dispPtake by SC endothelial cells relative to blood vascular cells of
and was imaged along one of the two sagittal planes using a zékg iris and ciliary body. While past studies detected FLT4
LSM 700 confocal microscope (Carl Zeiss). The uninjectedeceptors on the surface of SC cells derived from normal

32826 https://doi.org/10.1021/acsami.1c09294
ACS Appl. Mater. Interfac2621, 13, 3282332836


https://pubs.acs.org/doi/10.1021/acsami.1c09294?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsami.1c09294?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsami.1c09294?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsami.1c09294?fig=fig1&ref=pdf
www.acsami.org?ref=pdf
https://doi.org/10.1021/acsami.1c09294?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Applied Materials & Interfaces WWW.acsami.org

Figure 2.PEGb-PPS MCs displaying lipid-anchored FLT4-/VEGFR3-binding peptidesehat the length of their PEG spacers. (a,b)
lllustration of PE®-PPS MCs (a) and cryo-TEM of blank MCs (i.e., without peptide) (b). (c) MC characterization by SAXS. (d) lllustration of
the designed FLT4-binding peptide constructs aBMBQerformed on the synthesized peptide products. (e) Deconvoluted mass spectra of
puri ed peptides. Peaks are 2151.1, 3046.7, and 4071.4 Da for PG6, PG24, and PG48, respectively. (f) Cryo-TEM of MCs dispthying the speci
targeting peptides at a 5% molar ratio (peptide/polym8i).Gbaracterization of MCs displaying FLT4-binding peptides at a 5% molar ratio.

The magnication is 10,06Q and the scale bar is 100 nm for all cryo-TEM micrographs. In all cases, SAXS was performed using synchrotron
radiation at the Argonne National Laboratory and &steel model wag to the data.? 1.0 was obtained for all modisl (a good t is

indicated by? < 1.0).

human patients, it is unclear whether glaucoma alters thecopy Eigure t). While low FLT4 expression was detected on
expression of these receptors. To determine whether FLT4 islBVECs by ow cytometry, this lower expression level is
viable cell surface marker for targeting SC cells in patients witblow the limit of detection of the less-sensitiveescence
glaucoma, FLT4 expression was examined in two normal amitroscopy technique. The relatively high FLT4 expression by
two glaucomatous SC cell strains from human déngusg SC cells in the conventional aw tissue$, and its
la andTable ). maintenance during glauconfag(re ), suggests that

SC cells expressed FLT4 at stgmitly greater levels than FLT4 is available for targeting the delivery of 10P-reducing
HUVECS, a representative model of vascular endothelial cedigents directly to SC cells in glaucoma patients.
in both the normal and glaucomatous cell strains examinedDevelopment of SC-Targeted PEG®-PPS MCs Dis-
(Figure b,c). The quanttation of FLT4 expression hyw playing Optimized FLT4-Binding Peptides. The drug
cytometry Figure b) was consistent with the FLT4 delivery vehicles developed in this work are polymeric MCs
expression levels observed by wideuorescence micros- self-assembled from oxidation-sensitive, amphiphilic poly-
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Table 2. Physicochemical Characterization of REHPRS MCs Displaying FLT4-Targeting Peptide Constructs

DLS? SAXS ELS
formulation Drotar (NM) PDI Drotal (NM) Reore (NM) shell thickness (nm) 2 zeta potential (mV)
BL MC 21.9 0.06 21.0 45 6.0 0.011 S§1.2+ 0.2
MC + PG6 (1%) 21.8 0.05 21.2 6.3 43 0.007 + D4
MC + PG6 (5%) 215 0.06 20.9 6.1 4.3 0.008 +D3
MC + PG24 (1%) 20.4 0.07 21.2 6.1 45 0.006 + 02
MC + PG24 (5%) 21.6 0.08 214 6.1 4.6 0.014 + 03
MC + PG48 (1%) 20.7 0.06 23.0 6.3 5.2 0.019 + 02
MC + PG48 (5%) 22.4 0.05 24.2 6.1 6.0 0.012 + DT

3Number-average hydrodynamic diamétgg,J and PDI measured by DL'SAXS performed using synchrotron radiation at the Argonne
National Laboratory. The values for the total diamet®x{;.), thickness of the shell, and radius of the Bggg)(are displayed together with
the chi squared %) value for the nal model t. See thé&xperimental Sectifor details™ean zeta potential s.d. ( = 3) measured by ELS.

(ethylene glycob-poly(propylene sude) (PEGsb-PPSy) The incorporation of peptide did not disrupt the spherical
diblock copolymers that employ a meth8QQH,) group at morphology expected for PEGPS MCs, as demonstrated
the terminus of the PEG hydrophilic bldeky(re 2S¢ and by morphological analysis using cryogenic transmission
Table S). Our past studies established rational desigmlectron microscopy (cryo-TEMgure £ see th&upporting
principles for modulatingrgiein corona formation in Informationfor cryo-TEM procedures) and SAXS performed
protein-rich biouids and demonstrated that the methoxyusing synchrotron radiatioRiqure 8Si and Table 2. In
surface chemistry greatly reduces plasma protein adsorptiorttgo-TEM micrographs, PBEXRPS MCs appear as small dark
PEGb-PPS MC surfacésThe methoxy surface chemistry circles in two dimensions. These visible structures are the high-
was therefore used to minimize the adsorption of aqueousntrast PPS hydrophobic core of the self-assembldd PEG-
humor proteins, which are present at a relatively lowPS MCs, rather than the low-contrast MC PEG corona.
concentration and are compositionally similar to plasma,Consistent with this interpretation, the hydrodynamic size
since adsorbed protein layers would otherwise shield targetmgasured by DL éble 3 exceeds the diameter of the PPS
ligands and hinder binding interactions. We hypothesized thatre observed by cryo-TEM. The exclusive presence of the
the FLT4-binding peptides incorporating longer PEG spacelPfS core structures, and their size similarity acreendi
would more easily bind to the FLT4-binding receptors of théormulations, is consistent with the expected MC morphology.
SC cells as the longer spacer would minimize obstruction Byese results further suggest that the nanocarrier morphology
the 45-unit MC PEG corona. To test this hypothesis, peptidis not perturbed by the palmitoleic lipid anchor of the peptide.
constructs were designed with 6- (PG6), 24- (PG24), or 48- MC total diameter measurements obtained by SAXS were
(PG48) unit PEG spacefBSidures @ andSJ). Peptides were  generally in agreement with the orthogonal analysis by DLS
synthesized using standard Fmoc solid-phase peptide synthé$isble ). However, the higher resolution information
and the resulting products were of high puri®p% purity; obtained by probing the nanocarrier suspensions with high-
Figure @,e). Dominant peaks of 2151.1, 3046.7, and 407 liAtensity X-rays did shed light on various structural details.
Da are visible in the extracted mass spectra for PG6, PG24, @uteSshell models were to the data with high codence,
PG48, respectively, and these massedices are consistent further supporting the fact that the MC morphology was
with the dierences in the mass of the construct-speEG unperturbed by the presence of peptide at~=&gliré Spor
spacersHigure 2 andTable Sp 5% (Figure BSi) molar ratio. In all cases, the MC core radius
Peptides were embedded into REFPS; MC nano- in the presence of peptide exceeded that of blank MCs by
carriers at a 1 or 5% molar ratio (peptide/polymer) and wergreater than 1 nnTéble 3. We attribute this observation to
puri ed through a lipophilic Sephadex column to remove arlyydrophobic packing by the palmitoleic acid lipid anchor of
unembedded peptide. The resulting MC formulations werthe FLT4-binding peptides with the PPS core of the MCs.
monodisperse [polydispersity index (PDI) < 0.1] with an While the shell thickness of MCs displaying PG48 at a lor
average diameter 021523 nm (Table J. Electrophoretic 5% molar ratio is greater than that of MCs displaying PG6 or
light scattering (ELS) analysis demonstrates a zeta potentdb24 at equivalent molar density, the shell thickness of PG48
indicative of a neutrally charged surface for all nanocarriersfammulations matched that of the blank MCsble 3. We
the presence and absence of pepfidiel€ 3. DLS and ELS  attribute this observation to the greater continuity of the PEG
procedures are described in thepporting Information  corona in MCs prepared without peptide (blank MCs) and
Peptide incorporation into MCs was sti by Fourier-  those displaying PG48, which scatter X-rays more consistently.
transform infrared spectroscopy (FTIR; Figure S2; see thEhe PG6 and PG24 constructs have fewer hydrophilic units
Supporting Informatiofor FTIR procedures), and peptide than the 45-unit PEG block (PEGof the polymer (this is
concentration was determined by spectrophotorféty€s depicted in thé&igure Rillustrations). This length mismatch
S3 and 94 FTIR spectra of pud peptide-displaying MC leaves a void volume that provides greater freedom for the
formulations revealed peaks in the amide | bandS1600 PEGs distal end to compact, leading to less consistent
cntl; C O and GN stretching vibrations) and amide Il scattering near the MC surface and a lower apparent shell
band (15981520 cmi!; NSH in-plane bending andS®l thickness in these formulations. This interpretation will be
and GSC stretching vibrationsfigure SR These peaks are corroborated by proteolysis experiments in the proceeding
characteristic of the peptide bond and were absent from M@sction, which probe the éiences in the biochemical access
prepared without peptid€igure SR of each targeting ligand type.
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Figure 3.Di erences in ligand biochemical accessibility modulate the rate of MC uptake by SC endothelial cells and vascular iendothelial cells
vitra (a,b) Determination of biochemical access to lipid-anchored targeting peptides displayed on polymeric MCs. (a) lllustration of the proteas
protection assay to evaluate peptide accessibility. (b) Trypsin proteolysisikirgti€ofcentrations: [peptide] = 40 nM and [trypsin] = 800

nM. Pseudorst-order association moded are displayed for comparisps, Yo + (Ymax S Yo)*(1 S €X), wherek is the proteolysis rate

(hoursY. In all cases? > 0.94. (6f) The surface-displayed PG48 FLT4-targeting peptideaigiyiincreases MC uptake by human SC cells

and decreases uptake by HUVIBGAro (c) lllustration of PE®-PPS MC formulations and the cellular uptake study. (d,e) Cellular uptake by
normal SC cells (d) or HUVECs (e). MFI determinedday cytometry. The means.e.m. is displayed £ 3). (f) SC-targeting specity

de ned here as $&/HUVEC,. For (d5f), statistical sigréance was determined by ANOVA wiikt hogukeys multiple comparison test

and a 5% signdance levet*** p < 0.0001** p < 0.01, andp < 0.05.

Evaluation of Peptide Biochemical Accessibility and cleaved at much slower ratégire B). This result indicates
Targeting SC Celldn Vitro. We hypothesized that targeting that protease access to the peptide component of the PG6 and
peptides designed with longer PEG spacers would minimip&24 constructs is obstructed by the 45-unit PEG corona of
ligand obstruction by the MC PEG corona to biomolecules ithe MC nanocarriers to an extent that depends on the depth it
the surrounding environment and that these accessibiligy puried. The ligand obstruction observed for PG6 and PG24
enhancements would improve peptide binding with FLT4onstructs further suggests the potential for suboptimal

receptors Kigure ). To examine derences in peptide engagement with FLT4/VEGFRS3 receptors on the surface of
accessibility, we developed an MS-based proteolysis kln%tllg SC cells.

assay. This assay uses frypsin protease (23.3 kDa) as examine whether theseeadences in ligand accessibility

biochemical probe 6.8 nm diameter), which cleaves arginiN€y snslate into greater interactions with the SC cells, we

%VifT:\{rlqthal;gg;:i)albnlg}ﬁ gﬁgﬂgﬁ:;?g:;?fntgl'igquce (masgerformed nanocarrier uptake studies with cultured SC cells

3a). A crude proteolysis rate is determined by monitoring th]c om normal huma'n donors (target cell type) and HUVECS
yascular endothelial cell modektarget cell type)Higure

ratio of intact versus cleaved peptide signal intensities w . . co S L
time. Comparing dérences in proteolysis kinetics provides a>¢)- Increasing peptide accessibility improved SC taigeting

means to examine how accessible peptide constructs are/ff2 Compared to all other formulations, MC + PG48 (5%)
biomolecules in their environment when displayed ofignicantly enhanced MC uptake by SC ceitsi(e 8) and
nanocarriers. decreased etarget uptake by HUVECE&igure 8). MCs
When presented on MCs in the PG48 form, the FLT4displaying the PG48 peptide resulted in a nearly twofold
binding peptide substrate was cleaved to completion almesthancement in SC-targeting spigicompared to the PG6
immediately, whereas buried PG6 and PG24 constructs wammed PG24 constructs that are buried within the MC PEG
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corona Figure § and a 4.5-fold enhancement in SC cell
uptake over HUVEGH(gure 8.
For MCs displaying the PG6 or PG24 constructs, the use of
shorter PEG spacers together with the 12 amino acid FLT4-
binding peptide obstructs biochemical access to the ligand
(Figure B) and the extent of this obstruction is a function of
ligand display depth within the MC PEG corona. Importantly,
di erences in ligand biochemical accessibility resulted in
signi cant dierences in SC cell-targeting performangare
3dSf). The targeting performance of a nanocarrier measurably
decreased with increasing ligand obstruction.
Performance Evaluation of PG48 versus PG6 on
Enhancing the Micellar Delivery of 10P-Reducing
Agents In Vivo. As our goal was to develop nanocarriers
capable of targeting SC cells and delivering payloads that lower
IOP, we sought to determine if the optimized nanocarriers
displaying the FLT4-binding peptide above the surface would
outperform our original, buried peptide construct (PG6) in a
more clinically relevant setting. We were patrticularly interested
in evaluating the performance of the original PG6 cotfstruct
against the more highly targeted PG48 construct in the
delivery of the IOP-reducing agent Liathivo LatA is a 16-
membered macrolitf¢hat acts by blocking the incorporation
of actin monomers into actinaments and thereby
depolymerizing actin and lowering cellnesis**> We
executed a longitudinal assessment of IOP in C57BL/6J
mice receiving LatA MC displaying either PG6 or PG48 in
contralateral eyes. Aside from the introduction of the
optimized targeting construct, this study incorporated a paired
design and greater statistical power than our previous
analysis Animal information and maintenance proceduregigyre 4. Increasing the biochemical accessibility of the FLT4-
can be found in th8upporting Information targeting peptide on SC-targeting nanocarriers enhancesatye e
The baseline IOP was measured by tonometry prior tef a model IOP-reducing agémtvivo (a) Experimental overview.
treatment. Sigmiant dierences were not found in the The performance of LatA-loaded MCs (M LatA) displaying
contralateral IOP measured at the baseline (OSt @D either the PG6 or PG48 FLT4-binding peptide was evaluated in a
mmHg and OD: 19.2 0.2 mmHg;Figure Syl Afterward, paired IOP studin vivo Nanocarriers were injected intracamerally
LatA MC + PG48 and LatA MC + PG6 were administeredhto the contralateral eyes of mice. IOP was measured prior to
intracamerally to contralateral eyes (i.e., one eye received ig?%‘:t'o” (baseline) and at 24, 30, 48, 72, and 96 h after injection.

: . e mice (= 9) were evaluated through 48 h. Measurements from
formulation type, whereas the other eye received the sec r (0= 4) and three{ = 3) mice were obtained at 72 and 96 h

formulation type) Kigure 4). 10P was m_eas.ured by timepoints, respectively. (b) IOP time course at the baseline and after
tonometry at 24, 30, 48, 72, and 96 h following intracamerge jntracameral injection of the spetinanocarrier formulations.

injection Figure 4). Compared to baseline IOP values, bothstatistically signiant dierences between the PG6 and PG48
formulations led to a sigoant decrease in IOP at the 24 h treatment groups were determined using a paired, twad-teded
timepoint, with an IOP reduction of 2.9 mmHg in the  and a 5% sigriance level’p < 0.01. The bars above the plot show
LatA MC + PG48 treatment group anc#7 1.4 mmHg in the statistically sigrdant dierences in IOP from the baseline value
LatA MC + PG6 group(gure 4). Although the decrease in within the speced treatment group, assessed using a paired, two-
IOP in the PG48 group was greater at 24 h than that in thiiledt-test*** p<0.0001** p 0.001**p < 0.005; andp <
PG6 group, this dérence was not statistically siamt.

However, a notable divergence in theaey of the two
competing formulations was observed after B¢ b). From these results, we conclude that the targeting
LatA-loaded MCs displaying the PG48 peptide sustainedparformance of MCs displaying the PG48 FLT4-binding
reduction in IOP through 72 h and did not return to the peptide is superior to that of MCs displaying the PG6 variant.
baseline until day 4 post-treatmémngre #), in contrastto  This improved ability to target cell-softening agent delivery to
the PG6 treatment group, in which the IOP returned to thehe SC endothelium enhancedcacy by achieving a
baseline by 48 h~{gure #). Our paired statistical analysis prolonged reduction in IOP that was statistically i
demonstrated that the IOP of eyes treated with LatA MC +through 48 h after a single injection.
PG48 (18.0: 0.7 mmHg) was sigmiantly lower than those Localization of the Optimal SC-Targeting Nano-
treated with LatA MC + PG6 (20£30.9 mmHg) at 48 h  carriers in the Murine Conventional Out ow Pathway.
(Figure 8). Furthermore, the IOP measured in eyes receiving/e next examined the localization of MCs displaying the
LatA MC + PG48 was sigoantly lower than the baseline PG48 peptide within the murine conventionabsupathway
values through 48 h (i.e., at 24, 30, and 4Biglie H). For (Figure a). We were patrticularly interested in the localization
eyes receiving LatA MC + PG6, siganit dierences from  of PG48-displaying MCs at an early timepoint that would
baseline IOP were only observed through Bdghre b). precede their observedeets in our longitudinal 0P
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Figure 5.Confocal microscopy of MC + PG48 localization within the murine conventiavalpatbhwain vivo (a) Experimental illustration.

Dil dye-loaded MC + PG48 (5%) nanocarriers (20 mg/mL polymer concentration) were administered intracamerally in C57BL/6J mice. After 45
min, eyes were enucleated awdl for confocal microscopy analysis. (b,c) Images of conventionapatitway tissues obtained from the eyes

of (b) the negative control group (no injection) and (c) the MC + PG48 treatment group. Images were acguinadracafon. DAPI and

Dil signals are overlaid to present the cell nuclei and nanocarrier localization, respectively. SaaleTissuweEhbreviations: SC: Schlsmm

canal and TM: trabecular meshwork.

assessmentigure ¥ To this end, PG48-displaying MCs these agents have sigant side eects that are associated
were prepared to load a lipophilic dye to pemmitescence  with the o-target vasodilation of ocular surface vessels. Using
tracing in conventional oot tissues. Nanocarriers were optimized nanocarriers loaded with an actin-depolymerizing
administered intracamerally into C57BL/6J mice, and eyegent, LatA, we demonstrate here that we can target SC cells in
were enucleated at 45 min postinjection for confocah highly speat fashion using versatile nanocarriers and that
microscopy (see tigupporting Informatioior methods). A these nanocarriers when loaded with a cell-softening agent
previous stud§using carboxylate-moelil uorescent tracers  signi cantly lower IOP in murine eyes for an extended period
demonstrated that a postinjection duration of 45 min if time.
su cient to allow 20 nm spherical vehicles to migrate through As the goal was to develop a nanocarrier that selectively
the conventional ouiw pathway tissues and reach the TMtargeted SC cells, it was necessary to demonstrate that the
and SC* Thus, the 45 min timepoint was used in the presentarget, FLT4, is expressed at high levels not only on normal but
studies to examine whether the targeted FEEES nano-  also on glaucomatous SC céllgure ). This indicated that
carriers are detectable at the target site (SC) shortly aftgfomoting nanocarrier engagement with these receptors may
entering the conventional oowv pathway. provide a clinically useful approach to direct the delivery of
We examined tissue sections prepared from the anterigsil-softening agents to the SC cells. These data also suggested
segments of the negative control and nanocarrier-receivifigt the disease state does not hinder the expression of FLT4
eyes figure B,c). The PG48-displaying MCs were distributedpy SC cells.
nonuniformly circumferentially around the eye (data not The overarching goal of the present work was to develop an
shown). These SC-targeting nanocarriers accumulated at thfyroved nanotechnology platform for targeting the delivery of
inner wall of SC and the neighboring juxtacanalicular tissue gf||-softening agents to the SC endothelium in order to lower
the TM (Figure 8). Interestingly, theuorescent signal that |op. Previous studies of LatA demonstrated promise in
localized to the SC was much greater than the TM-localizinggucing 10*?° but did not lead to the development of a
signal Figure 8). We further note that at this timepoint (45 cjinical product. Our previous biomechanical analyses using
min post-injection), the nanocarriers were also observed tOagomic force microscopy demonstrated that the untargeted
lesser extent along the endothelial side of cornea but W&fficellar delivery of LatA softens SC gelistrg*® thereby
blocked by the endothelial barrier. From this analysis, Weyn rming the successful lysosomal escape of an actin-
conclude that the SC-targeting MCs accumulate at the S§epolymerizing agent following cellular internalization and
endothelium at higher concentrations than that in the nearRy,jigated PEG-PPS nanocarriers as appropriate vehicles for
TM. The relatively strong localization to the SC in the anterioge|ivering cell-softening agents. In a separate set of studies, we
chamber further suggests that the FLT4-binding strate@emonstrated that the targeted micellar delivery of LatA (LatA

achieves high spemty for the tissue of interest. MC + PGB6) at a low concentration of 50 nM iscent to
signi cantly reduce SC cell siess compared to that of the
DISCUSSION controlin vitrg** and the targeted micellar delivery of3575

Glaucoma is a progressive disease that, if untreated, slowly bdtLatA using PG6 led to sigoant reductions in murine
relentlessly destroys ganglion cells and robs vision. THeP for up to 24 hn vivofollowing intracameral injectitin.
lowering of IOP is the only treatment for glaucoma that is To improve the ecacy of cell-softening agents delivered by
proven to decrease disease progression. Agents such as &itargeting MCs, we rationally designed variants of our
depolymerizers and Rho kinase inhibitors reduce cessti  modular lipid-anchored FLT4-binding peptide to achieve a
and have been shown to lower the IOP when delivered fgreater inux of drug-loaded nanocarriers into the SC cells. We
tissues of the aqueous humor owt pathways. However, began this design process with the observation that our original
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SC-targeting constrittdenoted in the present work as 24-, or 48-unit PEG spacers achievescsighidi erences in
“PG8, was likely buried beneath the MC surface where it isiomolecular access to the peptide ligaigdie &,b). These
less accessible to FLT4 receptors. This design consideratiomidecular-level dirences in ligand access translated to
fairly unique to lipid-anchored targeting peptides embedded @ erences in targeting speity in vitroin studies conducted
amphiphilic nanocarriers since materials are more commomth primary cultures of SC cells obtained from human donors
prepared for targeting via the direct conjugation of ligand tFigure 8Sf). MCs displaying the most accessible targeting
the surfac@ a strategy that can encounter issues with a lagieptide, PG48, achieved the greatest targetingispdor
of modularity, usage of harsh chemical conditions, and cont®C cells in these studiebigure 8. This specicity
over display density among otA&ts. improvement resulted in both an increase in uptake by the
Understanding the relationship between the biochemic8IC cells Figure @) and a decrease in uptake by vascular
access of a lipid-anchored ligand and targeting performara®lothelial cells, a model of cells where uptake is not
became a focus of the present work since the use of targetitegirable’ (Figure ).
moieties to direct vehicles to the intended location requires notOur paired longitudinal I0OP studies demonstrated that
only (i) successful ligand docking with the cognate receptdratA-loaded MCs displaying the biochemically enhanced
which is enabled by the specarrangement of functional PG48 construct led to a 7.5 mmHg reduction in I0P, on
groups of the ligand with those of the receptor-binding pockelerage, after 24 h compared to 7.1 mmHg achieved by the
but also (i) a lack of obstruction that hinders the formation ofreatment with the LatA MC + PG6 formulatiéig(re b4).
the ligan&receptor complex. The latter consideration permit&Vhile this change in IOP was not sigamtly dierent
successful binding events to occur with a greater frequenbgiween the two groups at 24 h, the greater magnitude
Whereas the rst requirement is fulled by the decrease observed after treatment with LatA MC + PG48 is
WHWLPNLRHYAS peptide that was developed by phageonsistent with a greater amount of drug reaching SC
display to spedally bind FLT4 receptors, the second endotheliunin vivo Strikingly, mice receiving the optimized
requirement was not fully met since the use of the six-urdirug delivery vehicle maintained I0OP reductions of 5.0, 1.9,
PEG spacer left the lipid-anchored peptide shrouded withand 1.5 mmHg at 30, 48, and 72 h, respectively, with the return
the 45-unit PEG corona of the MCs that self-assemble froto the baseline observed at 96 h postadministr&iigur e
the PEGsb-PP$, polymer. 4b). The IOP reductions at 24, 30, and 48 hered
These considerations prompted our rational design dfignicantly from baseline levels for the PG48 group. In
optimized targeting peptide constructs tharell in their contrast, contralateral eyes receiving LatA MC + PG6 returned
PEG linker lengths and display depth on NiCgi(e 2. As a to the baseline by 48 h after achieving a signidecrease in
prerequisite for understanding theuémce of these steric IOP at 24 and 30 hHgure $)SSan outcome that is
di erences on targeting performance, we required an assay ttatsistent with the transient IOP decrease observed in our past
is capable of probing peptide accessibility at the nanoscale. k&fgorts from two separate trials with this consfruct.
sought to develop an assay that is high-throughput compatilheportantly, the I0P reduction in the PG48 group was
and avoids the use of receptor proteins, which are notoriousligini cantly greater in magnitude than that in the PG6 group
di cult to purify in their native/active form and are expensivat the 48 h timepoint{gure #). Collectively, these results
when commercially available. We reasoned that the accedsimonstrate the superiority of the PG48 construct for
bility of nanocarrier-displayed peptide to its cognate recepttargeting the micellar delivery of a cell-softening glaucoma
would correlate with its susceptibility to proteaiysiitro therapeutic to SC in the eye. The analysis by confocal
Despite being very dirent in nature, receptor binding and microscopy demonstrated that MCs displaying the PG48
protease-mediated cleavage both require physical access td-ttie4-binding peptide accumulate withinis@ivo(Figure
peptide ligand to initiate a successful interaction. It seeméd).
plausible to quantify peptide accessibility by monitoring the Enhancing the biochemical access to the FLT4-binding
occurrence of a peptide-modifying event with time. If the sterpeptide leads to a greater accumulation of cell-softening agents
di erences iruenced peptide access, the frequency of within the SC endothelium. Higher drug concentrations at the
peptide-modifying event should decrease with greatéarget site resulted in longer lasting improvements owout
obstruction by the MC PEG corona. facility to yield an IOP reduction that is sustained for a longer
These considerations inspired our development of a novetriod of time. We further conclude that MCs displaying the
method that uses trypsin as a biochemical probe. Trypsin aB#§48 construct are the highest performing nanocarrier chassis
on each peptide molecule only once since the peptide contafos delivering I0OP-lowering cell-softening agents to SC. PEG-
one arginine residue and lysine is absent. Cleavage of thBPS MCs eciently load diverse hydrophobic small
peptide by trypsin produces irreversible mass shifts, and tmelecul€$°® and will accommodate a wide variety of new
proteolysis kinetics is monitored to quantifgrdices in the  and currently available therapeatics.
accessibility of lipid-anchored targeting peptides displayed orooking ahead, the practical challenges of sustaining the
amphiphilic nanocarriers-igure a). In this assay, we therapeutic eect of softening SC cells for a longer period of
hypothesized that PG48 is displayed at the MC surfademe remain to be addressed. As the corneal endothelium is
where it is most susceptible to proteolysis, thereby yieldipgrmeable only to molecules with molecular weights less than
peptide cleavage at a greater rate than the PG24 or P@pproximately 500 B nanoparticles cannot be delivered
peptides. PG24 and PG6 incorporate shorter PEG linkets the anterior segment topically. Instead, these agents need to
(Figure 2, leaving these constructs buried tergint extents  be either (i) injected to the anterior segment or retro-injected
within the outer PEG corona MCs that self-assemble frointo the aqueous veiA®r (i) released continuously from a
PEGsb-PPS long-term depot/device placed in the eye. While injection is
In agreement with our hypothesis, the protease protectigrausible for targeted nanocarriers carrying gene therapy to SC,
kinetic assay developed herein demonstrated that the use of@g-term release is required for pharmacological treatments

32832 https://doi.org/10.1021/acsami.1c09294
ACS Appl. Mater. Interfac2621, 13, 3282332836


www.acsami.org?ref=pdf
https://doi.org/10.1021/acsami.1c09294?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Applied Materials & Interfaces WWW.acsami.org

such as LatA-carrying MCs as frequent intraocular injections  and right eyes of C57BL/6J mice; REFRS MC

Woul_d not be tolerated. _ _ diblock copolymer; and FLT4-targeting peptide con-
Aside from the more conventional delivery of pharmaco-  structs PDR

logical payloads, our SC-targeting strategy can be extended to

the development of gene delivery technologiaucoma is
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