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Nanoscience and nanotechnology have revolutionized key areas of environmental sciences, including biological
and physical sciences. Nanoscience is useful in interconnecting these sciences to find new hybrid avenues
targeted at improving daily life. Pharmaceuticals, regenerative medicine, and stem cell research are among the
prominent segments of biological sciences that will be improved by nanostructure innovations. Nanopatrticles,
nanowires, hybrid nanostructures, and nanoscaffolds, that have been useful in mice for ocular tissue engineering

and regeneration.

nanoparticles nanodisks scaffolds nano-biomaterials and retina

nanoscaffolds and retinal regeneration nanoparticles and retinal regeneration

| 1. Introduction

To overcome the limitations of conventional eye drops and of intraocular invasive injections, several ophthalmic
formulations have been proposed, such as drug-loaded nanoparticles/nanocarriers. Nanoparticles, which are
submicron-sized particles ranging from 10 to 1000 nm, can provide a versatile platform for drug delivery. Drugs can
be loaded into such nanoparticles by attachment to the matrix, or the drug can be dissolved, encapsulated, or
entrapped within their nanomorphologies. In various stages of clinical studies, the Food and Drug Administration
(FDA) has approved nearly 250 nanomaterial-based medical products [ With recent advancements,
nanomedicine approaches to the regeneration of tissues have been particularly focused on using certified
functional nanomaterials. These engineered nanomaterials not only deliver cells and tissues but also monitor tissue
regeneration processes in real time, thereby improving the overall therapeutic efficiency. The compatibility of
biological organs with various nanomaterials, such as nanoparticles (NPs), nanowires (NWs), and hybrid
nanostructures, has enhanced the probability of their use in biomedical applications, especially in retinal
regeneration (Figure 1) ZEBIEIBIGIZ Among these, nanoparticles such as gold NPs (AuNPs) and magnetic iron
oxide nanoparticles (MIONPs) are widely used in preclinical and clinical settings due to their well-established
imaging and therapeutic properties [ Furthermore, because of their physical and chemical properties,
nanoparticles have recently been introduced as contrast enhancement agents for many imaging modalities such as
MR [ZOILLL2A3]14] - fyorescence imaging 12, photoacoustic imaging 28 ultrasound imaging, and computed
tomography (CT) LAU8I[19[201[21]122][23][24] | recent years, modified nanoparticles have been in high demand for
their use in clinical practices for in vitro metabolic assays. In this context, studies have shown that gold
nanoparticles deposited on the plasmonic chip and a porous silica-based plasmonic nanoreactor are useful for the

metabolic analysis of biofluids 251281 Some studies have used nano-biomaterials to treat antibiotic-resistant
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bacterial infections [ZZ. Furthermore, the use of platinum nanoreactor, polymer@Ag-assisted, and bimetallic alloy-
based laser desorption/ionization mass spectrometry showed its usefulness for metabolic fingerprinting and
disease diagnosis 281291301,
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Surface modifications

Manoparticle

F70 PEGylated Targeting
* Imaging agent * Drug 1\5:__5;' lipid bilayer group

Figure 1. Schematic representation of multifunctional nanostructures: nanoparticle (NP), nanowire (NW), and
hybrid with various applications in biomedical science. These nanostructures can be surface modified with drugs
(incorporated or conjugated to the surface), a PEGylated lipid bilayer (to improve solubility and decrease
immunogenicity), targeting groups (to improve nanostructures’ circulation, effectiveness, and selectivity), and

imaging agents (e.g., fluorescent dyes used as reporter molecules and employed as tracking or contrast agents).

| 2. Nanomaterials for Retinal Regeneration

In the present section, we will discuss the importance of nanoparticles, nanowires, and hybrid nanostructures in

retinal regeneration, summarized in Table 1.

Table 1. Details of various nanostructures and their morphologies for targeting specific tissues or cells for retinal

regeneration.
Nanostructure Nanomaterial Size Range (nm) Target Tissue/Cells Ref.
Nanoparticles Gold (Au) 35 Choroidal and retinal 131]
(diameter) endothelial cells
10-12 Retina of rabbit [22]
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Nanostructure Nanomaterial Size Range (nm) Target Tissue/Cells Ref.
Photoreceptor
10-20 precursor 23]
transplantation
80 Retinal cells (24]
Nucleus and
20-80 mitochondria of retinal 2
cells
[33]
5-20 Blood-retinal barrier (6]
[37]
Thickness:
Gold (Au) nanodisk . 20 Retina (36]
Diameter:
160
20-80 Bovine _retlnal 38]
. endothelial cells
Silver (Ag)
UL Porcine retinal 139]
40-50 .
endothelial cells
Superparamagne.tlc iron oxide Diameter: Retina [40]
nanoparticles 5-20
[41]
Magnetite 10 Retina and cells [42]
Poly (e-caprolactone) (PCL) Length: Implantation into [43]
membranes 2500 subretinal space
Gallium phosphide (GaP) Length: Retinal cells [44]
Phosp 500-4000
NWs
. Length: . [45]
n-type silicon 4400 Retinal cells
Thickness: Retinal cells and
[46]
Gold (Au) nanorods 10-35 photoreceptors
i [43]
AP Au NP diameter: [47]
nanostructure -
Gold NPs coated over 5-15 Artificial 48]
titania (TiO,) NWs TiO, NW length: photoreceptors [49]
2000 50]
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Nanostructure Nanomaterial Size Range (hm) Target Tissue/Cells Ref.
Gallium phosphide (GaP) rod and Length: Ganglion cells, and [44]
cone 20-2500 bipolar cells
Au NP diameter:
Gold NPs coated over 5-10 Artificial (5]
silicon NWs NW length: photoreceptors (52]
500-2500
; . (53]
Thin film functionalized with the NPs Dlameter: Photoreceptors [54]
5-50
. . . NW length: Membranes of live [55]
p—n junction silicon NWs 10-120 bipolar cells
Au NP diameter:
Au-coated carbon nanotube (Au- 5-20 Subretinal space of [56]
CNT) CNT length: mice
500-2500
IrOx diameter:
Iridium oxide (IrOx) combined with 2-25 Subretinal implant into 57]
reduced graphene oxide CNT length: live mice
2-2500
&]
IrOx diameter: 58]
Iridium oxide (IrOx) coated with CNT 525 _ Retinal cells/tissues 59]
CNT length: 60]
500-2500 61]
Core—shell-structured - . ] .
NaYF4:20%Yb, 296Er@p-NaYF4 Diameter: Subretlnql space of 4]
. 30-40 mice
nanoparticles
[62]
[63]
elatin fibl:iituéz:tgggrlea;ninin and Diameter/porosity: Extracellular matrix [64]
g ’ ’ T ’ 100-200 and cell attachment es I,
hyaluronic acid [66]
[67]
. ataoka,
Nanoscaffolds Synthenc pglymgr. RPE, biological [68] sdicine.
poly (lactic-co-glycolic acid) (PLGA), . . . 169]
Diameter/porosity: activity, extracellular
poly (e-caprolactone) (PCL), poly (L- ) [z0]
. . o 50-500 matrix, and cell
lactic acid) (PLA), polyimide, and [71]
. attachment
poly (I-lactide-co-e-caprolactone) eng, G.
Biohybrid: Diameter/porosity: RPE and biological [72]

nanofibers of Bruch’'s membrane

100-200

activity

Mammalian near-infrared image vision through injectable and self-powered retinal nanoantennae.

Cell 2019, 177, 243-255.
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2. X NanopartickesSeal, S.; Mcginnis, J.F. Rare earth nanoparticles prevent retinal degeneration

induced by intracellular peroxides. Nat. Nanotechnol. 2006, 1, 142-150.
Nanoparticle-based gene and drug delivery to retinal cells has been harnessed to treat various eye diseases 22173

abdionaliro G, This UHGs HrafeBOH: e draMishhdondr 3o KarticME ARG, A URLEHRISHIBh o-retinal
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bioidg®ing and to treat cancer by using near-infrared-triggered photothermic therapy (PTT) B, Due to the low

8. Hao, R.: Xing, R.; Xu, Z.; Hou, Y.; Gao, S.; Sun, S. Synthesis, functionalization, and biomedica
very hlqh, allowing the use of near-infrared ra%(s for nanoparticle stimulation without damagzlr}gzthe tissue e<l. Gold-
applications of multifunctional magnetic nanoparticles. Adv. Mater. 2010, 22 29-2742. _
nanoparticle-based intravitreal injection is used for retinal imaging and for the inhibition of retinal

Redvaguliitdiionds tfeatmscliar YeyhetiRargdigidinsiational research on magnetic nanoparticles for
regenerative medicine. Chem. Soc. Rev. 2015, 44, 6306—6329.
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18. Wu, C.; Shen, Y.; Chen, M.; Wang, K.; Li, Y.; Cheng, Y. Recent advances in magnetic-
FIgHEh Briafena b AsGANe e IR HAYEHBIE 18R UEIP TR IABR PRadfAural bogias, (BEB)- The BRB

is eé‘jf%ﬁi@@'é selective and has unambiguous transport mechanisms allowing a close control of molecules/cells
that enter the retina. Loosening of tight junctions (TJs) either due to the presence of a surfactant in NPs or by BRB

impairment due to pathological conditions allows the movement of NPs through the BRB. (A) NPs’ admittance into

https://encyclopedia.pub/entry/12540 5/12



Nano-Biomaterials for Retinal Regeneration | Encyclopedia.pub

118 e MetirzelisGhrdigarieceptdhiebtiatell | Coppaysisl. ;(Batan, MPdViagnsaticvaon tealpet tedl iateptacesaethe
endesiiegabiodlirctiane) naivbpetisias. [Hyem. Seni2aid ,iBjadBdblledd3&sicle formation, and, therefore, the
7619388 AR DG S5 g SR ST M 4 o o e At P e BN PRSRIa Fg s can

oo R PSS o e damsy eSS responsive therapy. Chem. Rev. 2015, 115, 10637—10689.

22.ZHanpweesZ.: Chen, C.; Chen, J. Spinels: Controlled preparation, oxygen reduction/evolution

reaction application, and beyond. Chem. Rev. 2017, 117, 10121-10211.
Engineered nanostructural materials are essential for the development of advanced retinal applications. Among

2l thahoHREGAVE etk Brieq 8l il APPIE AIAAS T IWRLRESES O lanaonatiG ORpanATicieRAat Rl
the%?ﬁl&ﬁﬂgog}ﬁj Fﬁgmlgﬁ/\/o?g&r@ovﬁe@ %%45%[%0&)1%0% of photoreceptors, and the photoabsorption and

2SS EPIRINBPARETAP, NANOWERS JTH SQeRATEDIE IRGERE SfIRNOIGARISCIOShIN, SPI8 ;Cgﬁe%glll,-ﬂ?e gold-
nanqaMEsieailesaraktisanizorfirol Ral StARVErAniFExehanteditigatr oPgtaRcspNisEl fesiprerigicioht
respgiiesdsia. MaiRacertordagenepated 1gingy phe use of nanowires with poly (e-caprolactone) (PCL) scaffolds
for the deliver _of r?tinal rogenitor cells resulted in i_ncr_eased diffle_re_ntiellltion and migdration of thefs_e cells into both
A geneTacan ahd el reinas SRR R SOV NI SRCLRR e Fee RS o Suort the
a%]ent for contrfalst-enhanced R:jl of the liver: Properties C|Inl((j2%| d?veIoPr@nt, and applications.
long-term survival o ophotorecezptors rods and conesg, ganglion cells, and bipolar cells 34,
ur. Radiol. 2003, 13, 1266-1276.
BT eP/NONRINY SYNSEithedNcRMRG, It It alsR Mansielrelertripg) wlaniranitindedstndcaeRe oTelds 4. To
crepladidtnie ehipForandtaniat elRGiES SI9UPVIGILaEEEs Sarectfing AriPe it RDRAS SHREIN MERoYS-
Thexgxiiconogigaglg. sense light and transform it into electrical signals B3 Furthermore, the one-dimensional

morphology of silicon nanowires is better suited to sense Ii%_ht and convey the signals to the various retinal layers

26. Liu, J.; Cai, C.: Wan ,Y'[Ei Y.;Huangdtlla.r;]Tan Yao, Y.; Wej, J.; Chen, R.; Zhang, K.; et aléiée

to co_rreé]'_['fhe visual'impaimient Urhe incorporati of n-type and p-type siliton’in nandwirés has made it gos
qqlomlmetl,ceplasmonlc nanoreactor for reliable metabolite detection. Adv. Sci. 2020, 7, %903 30..

for the nanowires to convert |Ight signals to electrical signals an then transfer them into the membranes of live

Xipblar, dalis ZowidionGaoy¥ty B4, Q.; Ji, J. Emerging nanobiomaterials against bacterial infections in
postantibiotic era. View 2020, 1, 20200014.

2.3. Hybrid Nanostructures _
28. Huang, L.; Gurav, D.D.; Wu, S.; Xu, W.; Vedarethinam, V.; Yang, J.; Su, H.; Wan, X.; Fang, Y.;

A vaiieange; #thArateREKRNGIP Rah sdatiBue R BREHPE BRI sl bR mS abS] I aBRh%Fish B IR

still,z%-ginﬁle]ﬁﬁt%ﬂ&ﬁ% been successful in mimicking the biological, mechanical, and electrical properties of the

26'12lB "R SRNABLANY L 2PRIRARBS M 1GIACSN destoned (S RXAIOR. Mo AReRis My mitesiat e
at R SRS HBSAMRRESIRNGBRFSIaNE Enddre Wb TR bRkitRBSIENEd drataificia! BIRipreapRiqERmade
of qgﬁiglﬂage%’tiglg;dfyggﬂqﬁﬁ@pia (Au-TiO,) nanowire arrays were able to absorb light, generate photovoltage,
and process visual information in a photoreceptor-degenerated retina Bl. Not only is nanowire arrays’ rough

300 5R% 03y Rk or FrAYs B U hardd mirdrls Koty JireZN80 SN mVABE: R o n My
staflt YPIRRQIS RAGIPURLNG QB SYE Rl AlRYR Qs medulioRlastora diadngsis and (BRI SrARY bon
naneoYl%Légf ﬂ'—él\(li'}ls')Ml?rttﬁ%rzeon%%hg’gd %Qé?p glcj)r ace area and electrical and mechanical adhesion B2, Iridium

xiehaarbeManekioe hhNOsLIrPRkINTFamgrd Nepahedrig hBvE 3 Fighgffexiver b fads biteryasffattsiohigbkt
changg syetetire esapacitegf-eoinprueddiecepunigriaiion ivxideolRSid-Fettherencotiteialydeids chatinbsMotn®di.by
comRipg Addit@ooxide with reduced graphene oxide or graphene oxide exhibited 10% higher charge storage
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3apBeakes Sndn Pudiao of . puydukinenjeexide; Malrleigitn .oNbiekhaiadhyayo Do bseride ofditstilggstiperior
elecatinadrofcitsmbiligdd HaiisdBIBdn a rabbit model. Retina 2008, 28, 147-149.

327).A<im J.H.: Knﬂ: M—I Kim, K.W.; Kim, M.H.; Yu, Y.S. Intravenously administered gold nanoparticles
4. Nanosc
pass through the blood-retinal barrier depending on the particle size and induce no retinal toxicity.

Nam2R2teeRNalRIXA2AMI&PH 0L ectrospun  nanofibers made up of synthetic or natural polymers.
Manesrakeliskrisvisle RAMNFCEVIISAMENL S : ARSI/ A1y N0, R RO KErapg\y qugrption, and
diffeS L GHAPRIDREP G @%‘Iﬂ[%—manoparticles in retinal pigment epitheial cell line. Toxicol. Vitro 2016, 37,

61-69.
These scaffolds are made up of natural nanofibers/polymers. Collagen | is a major component of retinal pigment

SepitRORE SR NihdEh RAURY, [ difsediaberd i Meddithdd wiphanssan desidP MaRraPRatddeafiiMEr Pitde
meSRIAMANRRAT UekRRo P ABHR ERIMHT B HUE AN 25 WEIRS. CONA@NeRAFAICKR IFHRIAILRIIRS: retinal
regBREBIRN S AIEAHVE RIGSaH IR At EECIGGRRAUN ik BDME 204rhiCd8a 380 The chemistry

3988k anescaficlgsanaligs ;AR Syiiable (s cel\aitarirap Aad Blﬁ’ﬁlﬂiaﬁcﬁﬁ?‘&‘lté%- nanodisks
optically tuned for optlcal coherence tomography: Inhibitory effect on retinal neovascularization

Synthetic ff d dt ily b trolled t imi
yn ﬁq ano %aar%g?ea OXIC |er e%?éld%rllnehférlp)lyfgahgé)fe Gifan more easily be controlled to mimic
the extracellular matrix compared to natural polymers 9. Poly (lactic-co-glycolic acid) (PLGA) 8 poly (e-

apfdBetsndy Mravel eppsefchaade Keliyabarjgeand gamansgliveny..hrepsl Vl%cﬁ&'ééfﬁgjéﬁﬁlo%@%ﬂeﬁu

are7commonly used synthetic polymers.

38. Sheikpranbabu, S.; Kalishwaralal, K.; Venkataraman, D.; Eom, S.H.; Park, J.; Gurunathan, S.

BORINE RaRBFANTies ThhibiF Ve gPa 8"lbirl§”91cl°t?é% gial A, yninete, nanofiers o make composice

ff Biohybrid ffolds h nd prot tural ffold and th
S Ay T o PR R b e AP ES A NI S EAL AR BY15G, 7 gl nanoscafiold and the
de5|gn of synthetrc nanoscaffolds. Studies have shown that biohybrid nanoscaffolds are well tolerated without any

3Mayanystena@wtreddioManiiedbtita; MetsyiVhefe a0 mRRe fF o BiRIReMe: RENRIE0s Sonpidmats of

bio@brM%@Fﬁ&aﬁ);dQ@a{ﬁeiMémmﬁk; et al. Subretinally injected semiconducting polymer
nanoparticles rescue vision in a rat model of retinal dystrophy. Nat. Nanotechnol. 2020, 15, 698—

Li?%tudies on the Application of Nano-Biomaterials for

.Rl@tirn&k.Regeneralbium.; Jha, B.S.; Dejene, R.; Hotaling, N.; Li, Y.; Stoddard, J.;
Stankewicz, C.; Wan, Q.; et al. Clinical-grade stem cell-derived retinal pigment epithelium patch

Refjeaclirspratialiefie fepritdifleiethardadime BePpigs Iecirenail Mddindneglisgases4ss4e the complex

neural network 71, Therefore tlssue regeneratlon using scaffolds with acc)ftable biocompatibility is a recent, more

41. o, X.B.; Li, J.J.; Lan
promrsrnq approacﬂgto re alr amage flssues or organs. Scaf%l%s(‘ﬂk)ly simulaté llLe extrace%ular matmg(lg:CM)

andHRZISHL P00 1 igs1 a0 fod |p pedotpssimuctcogh compasic material o

@@ﬁ—]al ll\lrgr%mlgt%rlaNg nv?u?ﬁab?que} 5pr?)pélz'r'rlgz7a|%Lc§3 a hierarchical architecture have been developed for
4iAulidis8iplifakyzaywicaYiod amdahave; thiatapkbilinkiagaymifjddrtiy) adeg ide; tKobiely as his slielosgareregeneration.
As engisee vagausiny esagptetitd agn dpasiiples et magries ovior desttiele tisodympatibiigr iccocotiduetvity,
ancheglatattyssrandephdothalial eéiientis st éssng r&fover dton8 B8IBIPAII9SIRA]  various in vitro, in vivo, and
AR LR OV B T RASE LTS AT IS 0BT, Rt o
pre§ented in Table 2
ISsue englneerlng using mouse retinal progenitor cells and a novel biodegradable, thin-film poly

(e-caprolactone) nanowire scaffold. J. Ocul. Biol. Dis. Inform. 2008, 1, 19-29.

esron, ana morp e regeneratlc? ¥the retina
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4raldberet |Guite erelzinMivh ;sRdits, ¢ W ridiaurieoonstgriavsthnardusystaftdqdysid &xpedssiosgeh@astmatal
CcNs neurons on gap hanowire arrays in long-term retinal cell culture. Biomaterials 2013, 34, 875—

Analysis Nanomaterial Form Size (hm) Cell Response Ref.
Poly (e- Lenath: t expression of PKC and
4 caprolactone) NWs 2580 ' recoverin in RPCs; cells 8 nal cells
(PCL) undergo differentiation
4 Gallium NWs Length: Extended growth of 50]
phosphide (GaP) 500—-4000 retinal cells
orods.
Lenath: Long-term and dense
n-type silicon NWs 4 490 ' growth of mouse retinal [95]
4 cells H.
Diameter: ARPE-19 cells undergo
. apoptosis upon AuNP [66]
4 internalization 19
Diameter- Gold nanoparticles inhibit
4 10-12 ' proliferation of ARPE-19 El for
Gold (Au) Nanoparticle cells; no cytotoxicity
d Highly viable )
< In vitro . ] mesenchymal stem cells 1,
Diameter: . - [4] .
80 undergo differentiation wire,
and secrete various cell
trophic factors ells
Increase uptake into
E Gold (Au), . Diameter: retinal cells; 1+ apoptosis, a7 rfect
silver (AQ) Nanoparticle 20-80 oxidative stress, and
microglia activation
[
N Inhibition of in vitro rated
Gold (Au) Nanodisk Diameter: angiogenesis Wlthout 145 Ng
160 cellular toxicity of
HRMECs
£ . ‘erate
Combination of Increased expression of _
Antheraea RPE marker genes 10SCI.
Hybrid ernvi silk fibroin Diameter/porosity: (CRALBP, PEDF, VEGF, [72]
nanoscaffolds p(RV)\;SF) PCL 90-210 MITF, and PMEL 17
c L among N
£ » visual
and gelatin others) sua
In vivo Poly (e- Successful implantation
£ caprolactone) NWs Length: into subretinal space with 43 ehler,
(PCL) 2500 limited tissue disruption of
membranes and no inflammation
. S o .., ., 260-

N ——

56. Vafaiee, M.; Mohammadpour, R.; Vossoughi, M.; Elham Asadian, E.; Janahmadi, M.; Sasanpour,
P. Carbon nanotube modified microelectrode array for neural interface. Front. Bioeng. Biotechnol.

https://encyclopedia.pub/entry/12540

8/12



Nano-Biomaterials for Retinal Regeneration | Encyclopedia.pub

Analysis Nanomaterial Form Size (nm) Cell Response Ref.
o AuNP-decorated TiO,
N AuNPs diameter: NW arrays restore light- X~
Gold (Au), titania Au nanoparticle 5-15, sensitive visual [ capacity
(TiOy) coated TiO, NWs TiO, NW length: responses in
2000 degenerated
photoreceptors
< e
Intravitreal injection ated
attenuates
Gold (Au) Nanodisk Diameter: 160 neovascularization in [45]
mouse model of oxygen-
=
1 induced retinopathy astor, N.
5,157,
Intravitreal injection of
gold nanoparticles
. Diameter: passed through the 180] .
€ Gold (Au) Nanoparticle 20-100 blood-retinal barrier with bon
no structural abnormality s Surf. B
or cell death
€ No retinal or optic nerve B2 ||
Gold (Au) Nano-gold Not reported toxicity by intravitreal 80]
injection of nano-gold al
Poly
€ (strenesulfate) or Intravitreal injection elatin-
Gold (Au), poly apt|-CD90.2 Not reported . obscureq the retinal [46]
(strenesulfate) antibody-coated signal and induced ocular
Au nanorods inflammation
€ (PSS-AUNRS) >-related
, Bruch’s membrane
Nanofibrous Diameter/porosity: thickness changes with
€ Nanoscaffolds porous P Y . hang 72 ural
) membrane 680 aging, and it correlates
gelatin/ch with RPE function ater.
Therapeutic AuNP-labeled
€ photoreceptor precursor ater.
. ) transplantation provides 180]
Gold (Au) Nanoparticles Dlar;C()ater. high-resolution Iong-tgrm [96]
tracking and cell survival
€ with no toxic effects on r cell
retina or cells 63—778.
€ Nanoparticle tson,
Core—shell- (core—shell- Retinal pbUCNP injection )
structured - structured Diameter: extends the visual (4] \CIC
NaYF4:20%YDb, upconversion 35-40 spectrum to the near
2%Er@p-NaYF4 nanoparticles infra-red range in mice
€ (UCNPs)) dium of

an aruncial Bruch’s membrane made of nanofibers for engineering of retinal pigment epithelium
cell monolayers. Acta Biomater. 2013, 9, 9414-9422.

https://encyclopedia.pub/entry/12540

9/12



Nano-Biomaterials for Retinal Regeneration | Encyclopedia.pub

¢ Analysis Nanomaterial Form Size (hm) Cell Response Ref. |
Synthetic Nanofibrous Diameter/porosity: Used as a cell [86]
nanoscaffolds scaffolds 100-200 replacement therapy
70. Giordano

D. Retinal pigment epithelium cells cultured on synthetic biodegradable polymers. J. Biomed.
Mater. Res. 1997, 34, 87-93.

71. llmarinen, T.; Hiidenmaa, H.; Kodbi, P.; Nymark, S.; Sorkio, A.; Wang, J.H.; Stanzel, B.V;
Thieltges, F.; Alajuuma, P.; Oksala, O.; et al. Ultrathin Polyimide Membrane as Cell Carrier for
Subretinal Transplantation of Human Embryonic Stem Cell Derived Retinal Pigment Epithelium.
PLoS ONE 2015, 10, e0143669.

72. Xiang, P.; Wu, K.C.; Zhu, Y.; Xiang, L.; Li, C.; Chen, D.L.; Chen, F.; Xu, G.; Wang, A.; Li, M.; et al.
A novel Bruch’s membrane-mimetic electrospun substrate scaffold for human retinal pigment
epithelium cells. Biomaterials 2014, 35, 9777-9788.

73. Kim, J.H.; Kim, M.H.; Jo, D.H.; Yu, Y.S.; Lee, T.J.; Kim, J.H. The inhibition of retinal
neovascularization by gold nanopatrticles via suppression of vegfr-2 activation. Biomaterials 2011,
32, 1865-1871.

74. Joris, F.; Manshian, B.B.; Peynshaert, K.; De Smedt, S.C.; Braeckmans, K.; Soenen, S.J.
Assessing nanoparticle toxicity in cell-based assays: Influence of cell culture parameters and
optimized models for bridging the in vitro-in vivo gap. Chem. Soc. Rev. 2013, 42, 8339-8359.

75. Li, Y.; Yue, T.T.; Yang, K.; Zhang, X.R. Molecular modeling of the relationship between
nanoparticle shape anisotropy and endocytosis kinetics. Biomaterials 2012, 33, 4965-4973.

76. Ngwa, W.; Makrigiorgos, G.M.; Berbeco, R. Gold nanoparticle enhancement of stereotactic
radiosurgery for neovascular age-related macular degeneration. Phys. Med. Biol. 2012, 57, 6371—
6380.
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