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ABSTRACT  8 
 9 
Background: A successful therapy requires drug access to the target site. This is particularly 
complicated if the target is located in a well-protected location. Furthermore, if a chronic 
disease must be treated, the desirable system should be able to control drug release, 
maintain therapeutic concentrations during the necessary period and prolong administration 
needs.  
Objective: To serve such purposes, the use of controlled-release systems as vectors has 
been suggested. This might be relevant, among other regions, in the posterior segment of 
the eye, a place where access is difficult due to different barriers.  
Results: To achieve access, multiple strategies have been attempted. Dendrimers, 
microparticles and liposomes have been designed with varying success. The lack of clinical 
trials is an issue that must still be addressed.  
Conclusion: these approaches are only the tip of the iceberg in terms of what pharmaceutical 
technology will develop over the next decades. 
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1. INTRODUCTION (ARIAL, BOLD, 11 FONT, LEFT ALIGNED, CAPS) 15 
 16 
A targeted therapy is one that has been developed to affect a specific target, such as an enzyme or a 17 

receptor. Targeted therapies can either block or increase the function of their target to treat a 18 

particular disease. This is subsequent to the drug’s general basis of action. For example, in the 19 

treatment of ocular diseases, spironolactone, a steroidal competitive mineralocorticoid receptor 20 

antagonist drug, can prevent receptor overactivation by endogenous hormones or increased levels of 21 

glucocorticoids, contributing to retinal fluid homeostasis through the regulation of specific ion and 22 

water channels in retinal macroglial cells and reduced subretinal fluid and choroidal vasodilation, with 23 

an improvement on the visual acuity in chorioretinopathy patients [1]. As another example, 24 

dexamethasone interacts with glucocorticoid receptors, activating anti-inflammatory pathways 25 

involved with cytokine production, inactivation of vascular cells and adhesion and transmigration of 26 

leucocytes into the site of injury [2], and it is useful, among other cases, in dry eye disease or uveitis 27 

[3]. In addition, 5-fluorouracil is a thymidylate synthase inhibitor with the ability to block thymidine 28 

synthase, an essential nucleoside for DNA replication and cell growth in proliferative 29 

vitreoretinopathies [4]. 30 

However, sometimes, as happens in the posterior segment of the eye, drug access is even more 31 

complex to reach the target site. Furthermore, in chronic diseases, the therapeutical drug 32 
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concentration must be maintained over long periods of time. To solve these problems, controlled-33 

release systems have emerged as the most promising alternatives. In the use of these new tools, 34 

drug administration is located near the target site, avoiding systemic undesired effects. Drug 35 

concentration can be maintained, and repetitive administration is not so frequent. The drugs are 36 

generally administered by invasive routes—the intravitreal is the most common—but as the number of 37 

injections is reduced, as are the undesired effects like high risk of infection, retinal detachment, 38 

endophthalmitis or even blindness, and poor patient compliance [5]. There are a wide variety of 39 

controlled-release systems in preliminary evaluation. For ocular disease treatment, solid ophthalmic 40 

devices, contact lenses, viscous liquids, gels, suspensions, colloidal systems (nanoparticles and 41 

nanosuspensions), matrix systems (ocular inserts, minitablets and collagen shields) liposomes, 42 

dendrimers, solid lipid nanoparticles, niosomes, and microparticles have been developed with varying 43 

success [6].  44 

These systems incorporate the drug and then release it in a fixed way after administration. If the 45 

delivery system could reach its own specific target in the appropriate place where the drug must 46 

interact with its ligand, it would represent a step forward. The technology that allows the use of 47 

delivery systems as vectors is maybe the vastest and most laborious but promising path the 48 

pharmaceutical technology focused on controlled release could follow nowadays. This possibility is 49 

now a reality, for instance, with some kinds of cancer. To treat breast cancer, Abraxane® is a 50 

medicine for injectable suspension containing 100 mg of paclitaxel formulated as albumin-bound 51 

particles. These nanoparticles, with a mean particle size of approximately 130 nanometers, follow 52 

rapid dissolution after administration. Then, they bind to albumin-specific receptors on endothelial 53 

cells, which leads to activation of transcytosis (via vesicles), and release into the subendothelial space 54 

and tumor interstitium. Now, once the system is in the target place, the tumor uptakes the drug, and 55 

cancer cells die (for more information, visit www.abraxane.eu). This new approach shows at least two 56 

advantages over existing alternatives. First of all, it reduces the number of adverse effects, as the 57 

drug is only released on the target site and not on the entire systemic circulation. In addition, it is not 58 

necessary to achieve a certain systemic circulation, so the drug dose can be reduced and even 59 

personalized to each patient’s requirement depending on the disease’s degree and progression. 60 

For ocular pathological treatment, there is also another difficulty. Access to this area from systemic 61 

circulation is not favored due to the presence of the retina pigment epithelium layer, the blood-retinal 62 

barrier and the efflux transporters, and from the anterior segment of the eye (after the corneal or non-63 

corneal routes; it is not easy beforehand), the drug must gain access through the ciliary body, the 64 

trabecular meshwork and the blood aqueous barrier—too many barriers that preserve the eye from 65 

foreign materials (Figure 1). Despite these disadvantages, there have been some more or less 66 

successful attempts. In this review, the most interesting approaches for vectors specifically designed 67 

to reach target sites in ocular diseases are presented to understand the basis from which 68 

pharmaceutical technology could develop systems that can gain the authorities’ approval and 69 

financing as first choices to cope with patients’ needs. 70 

 71 
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 72 
2. DENDRIMERS’ USE FOR SELECTIVE TARGETING 73 
 74 
Dendrimers, globular, treelike branched nanostructured polymers (3–20 nm) [7], are a suitable 75 

candidate for a prodrug drug delivery and transfectant system design. Hydroxyl-polyamido-amine, or 76 

PAMAM, dendrimers have shown a histopathology-dependent retinal distribution. In ischemic retinas, 77 

OH-dendrimers are specifically localized in activated microglia and macrophages. The reason is not 78 

fully understood, but some authors refer to environmental changes, the increased phagocytic activity 79 

of activated microglia cells and macrophages, and the dendrimer’s ability to readily partition itself to 80 

the retina from the vitreous chamber [8]. It cannot be ruled out that specific receptors expressed on 81 

activated macrophage-like cell lines, such as mannose receptors, could be target sites for dendrimers 82 

used as vectors [9] or cellular entry points, with internalization through endocytosis. Once in the target 83 

site, retention has demonstrated to improve by more than ten times (up to 21 days, in contrast with 84 

the 72 h needed for clearance in normal retinas).  85 

Guo et al. [10] revealed an interesting behavior of novel 4th-generation cyanine-dye-conjugated 86 

PAMAM dendrimers. If these dendrimers are intravenously administered, they can easily reach 87 

microglia, Muller cells and retinal pigment epithelium cells that are in the area affected by optic nerve 88 

ischemia and inflammation in both murine and primate models of non-arteritic anterior ischemic optic 89 

neuropathy (NAION). Dendrimers accumulate in macrophages and activated astrocytes in the anterior 90 

optic nerve and in activated macrophages in the surrounding optic nerve (or extrinsic macrophages). 91 

It must be pointed out that these systems’ uptake in healthy animals was minimal. Dendrimers remain 92 

for at least 30 days post-injection if they are administered soon after NAION. This could be related to 93 

disruption of the blood-brain barrier and the ability of dendrimers to access the anterior optic nerve 94 

and ischemic region. If dendrimers are intravitreally administered, they provide minimal access to the 95 

damaged optic region, showing different biodistribution, and only remain in the vitreous for 2 days. 96 

 97 

 98 
3. “COATED” PARTICLES AS VECTORS 99 
 100 
New particle elaboration methods allow location of proteins on the particle’s surface. New polymers 101 

and block copolymers, such as the μ-RAFT agent and the tetraethylene glycol methacrylate (TEGM) 102 

selected by Whitmire et al. [11], can tether proteins to the surface when they are employed for 103 

microparticle elaboration. In this study, after polymerization of the amphiphilic block copolymer that 104 

renders particle formation by self-assembling technique, anti-inflammatory interleukine-1 receptor 105 

antagonist (IL-1RA) was located on the surface. The protein maintained structure and bioactivity. IL-106 

1RA on the particle’s surface can localize these systems on inflammatory mediator cells such as 107 

macrophages, neutrophils or B cells, and cause particles to exert two possible activities. First, IL-1RA 108 

blocks the IL-1 signaling pathway and modulates NF-kB activation after IL-1b stimulation and also 109 

enables particles to release the drug loading, i.e., an anti-inflammatory agent, in a controlled way. 110 

Both mechanisms of action could be useful in the treatment of surface ocular inflammation, as in dry 111 

eye disease and/or in ocular neurodegenerative diseases that are accompanied by inflammation. 112 
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The first data corroborated that the IL-1RA particles exhibited a significantly longer half-life in a sealed 113 

cavity, such as a joint, compared to the soluble protein (3.01 ± 0.09 days for IL-1RA particles vs. 0.96 114 

± 0.08 days for soluble IL-1RA). Similar behavior could be expected when administered in the 115 

posterior segment of the eye, a closed compartment surrounded by major barriers. However, if this 116 

system were loading with a drug, controlled release for a long period would not be expected. Only 117 

nanoparticles (300 nm mean particle diameter) were obtained. In spite of this, it may be possible to 118 

modify segment block copolymers’ molecular weight to create larger particles with better-sustained 119 

release. Particles effectively bind to HIG-82 synoviocytes in vivo and inhibit IL-1b-induced signaling. 120 

Remarkably, the IL-1RA particles inhibited NF-kB activation to the same levels as an equal amount of 121 

soluble IL-1RA.  122 

 123 

To achieve this, the particles might have diffused through synovial fluid and tight junctions, which 124 

would be interesting behavior if administered in the ocular surface, reaching the anterior chamber, or 125 

in the posterior segment of the eye, crossing the vitreous and retinal barriers. Be that as it may, 126 

nanoparticles demonstrated being non-cytotoxic up to a concentration of 1 mg/mL in raw 127 

macrophages culture. No specific data for ocular toxicity were available. 128 

 129 

 130 

 131 
Table 1. First attempts for vectoring drugs into posterior segment of the eye target sites. 132 
The system design, its characterization and the proof of concept are included. 133 
 134 

System Model Administration Target site 
reached 

How? Bibliography

PAMAM 

dendrimers 

Murine 

(adult male 

Long-Evans 

rats, 200-

250 g) and 

primate 

(adult male 

rhesus, 5 

Kg) NAION 

model 

 

- Intravitreal: 

3 μL of 20 mg/mL D-Cy5 

dendrimers dispersion 

- Intravenous: 

20 mg dendr./kg rats  

128 mg dendr./kg 

primates 

Microglia, Muller 

cells and retinal 

pigment 

epithelium cells 

Environmental 

changes; 

disruption of 

the blood-brain 

barrier 

[10] 

Nanoparticles Adult male 

Lewis rats 

(200-250 g) 

 

Intraarticular injection (27 

G needle) 

50 μL of μ-RAFT and 

TEGM microparticle 

dispersion containing 5 

μg of IL-1RA 

 

IL-1R on 

macrophages, 

neutrophils or B 

cells’ surface 

Diffusion 

through 

synovial fluid 

and tight 

junctions  

 

[11] 

Liposomes Adult 

female 

Sprague-

Dawley rats 

Single intravenous 0.5 ml 

injection containing 125I-

anti-CD163-liposomes 

([mM] = 0.125)  

Microglia, 

CD163+ 

macrophages 

Capitation in 

peripheral level 

and infiltration 

[12] 
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(225-250 g)  

Non viral 

systems for gene 

vectoring 

Adult 

female 

BALB/c 

mice 

(25-30 g) 

 

 

5-10 years 

old female 

Rhesus 

monkeys 

(5-10 kg) 

 

 

6-7 years 

old albino 

male Lewis 

rats 

(150-200 g) 

Single intravenous 0.5 ml 

injection through the 

femoral vein containing 5 

to 6 μg of plasmid DNA 

 

 

 

Single intravenous 0.5 ml 

injection via the 

saphenous vein 

containing 70 μg of 

plasmid DNA 

 

 

Single intravitreal 5 μl 

injection containing 0.8 

μg of 

oligodeoxynucleotide and 

4.5 μg of VP22  

Plasma 

membrane of 

retinal cells 

 

 

 

 

(I) Plasma 

membrane of 

retinal cells 

(II) Outer nuclear 

layer  

 

 

Pigment 

epithelium retina 

cells 

Transferrin 

receptor 

expressed on 

blood retinal 

barrier cells 

allows 

capitation 

(I) Transferrin 

receptor 

(II) Insulin 

receptor 

expressed on 

outer nuclear 

layer 

Specific 

electrostatic 

binding? 

[18] 

 

 

 

 

 

 

[19] 

 

 

 

 

 

 

[20] 

Viral systems for 

gene vectoring 

(AAV or EIAV) 

 

 

Clinical 

assays -

phase I/IIa 

Intravitreal or sub-retinal 

injection 

(I) Retina 

(II) Macula 

Tissue tropism? [22,26] 
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 136 

 137 
 138 
Fig. 1. Schematic representation of the main barriers a drug must overcome to access the 139 
posterior of the eye target sites. Barriers are shown from the ocular surface, from systemic 140 
circulation and after intravitreal injection. 141 
 142 
 143 
 144 
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4. A QUESTION OF SIZE? PROMISING RESULTS FOR LIPOSOMES 145 
 146 
Undoubtedly,  access  to  biological  structures  is  facilitated  for  reduced  systems.  Liposomes  are  controlled‐147 

release  systems, which might  be  effective  as  vectors  for  retinal  delivery  of  drugs.  These  systems  can  be 148 

developed with good loading efficacy of lipophilic drugs (higher than 90%) using different techniques, such as 149 

the ethanol  injection method  [12] or  the  film dispersion  technique  [13].  In ocular disease  treatment,  this  is 150 

particularly  interesting  for dexamethasone, a corticoid available  for the treatment of various ocular diseases 151 

and thus one of the most prescribed drugs worldwide [14]. 152 

 153 

Intermediate and severe age‐related macular edema (AMD) pathogenesis and progression has been associated 154 

with  changes  in  the  number  and  location  of  retinal  CD163+  infiltrating  cells  [15].  Treatments  based  on 155 

dexamethasone that specifically target these  immune cells are promising and are a potentially revolutionary 156 

therapeutic  tool  in AMD. Despite  no  ocular  results  having  been  assessed, we must  highlight  the  vectoring 157 

results  obtained  by  Tentellier  et  al.  (2016)  because  of  the  potential  role  this  strategy  could  have  in  the 158 

development  of  new  ocular  pharmaceutical  technology.  A  liposome  formulation  from  a  mixture  of 159 

hematopoietic  stem  cells  and  progenitor  cells,  hydrogenated  soy  L‐phosphatidylcholine,  cholesterol  and 160 

mPolyEthylene  Glycol  (PEG)  2000‐PE  in  a  molar  ratio  of  55:40:5  and  loading  with  dexamethasone  was 161 

prepared  using  the  ethanol  injection  method  to  target  CD163+  macrophages.  Liposomes  were  sized  by 162 

extrusion  to  achieve  uniform  distribution,  and  then  a  0.125  mM  liposome  solution  for  intravenous 163 

administration was prepared. In this case, treatment with 0.02 mg dexamethasone/kg was administered in a 6‐164 

OHDA  Parkinson’s  disease  model  in  adult  female  Sprague‐Dawley  rats.  The  first  dose  of  the  liposome 165 

formulation was given 1 day before the  intracerebral 6‐OHDA  lesion, followed by administration 3 times per 166 

week  for 3 weeks. PEG  incorporation plays two  functions,  first of all, acting as a coating barrier  in which an 167 

anti‐CD163+  antibody  could  be  linked  and  also  acting  to  ensure  that  the  liposomes were  not  bounded  by 168 

opsonins and unspecific uptaked in phagocytic cells. 169 

 170 

As a result, dexamethasone delivery into the CD163+ macrophages was achieved, although the mechanism of 171 

infiltration  is  still  not  clear.  Peripherally  injected  liposomes  demonstrated  the  ability  to  target  the  CD163 172 

receptor and to modify the  local central nervous system microglia phenotype significantly (soluble mediators 173 

pattern)  and  achieve  neuroprotection  of  dopaminergic  neurons.  Because  the  CD163+  population  was 174 

specifically targeted, the dose needed was substantially lower than the normal dexamethasone doses used for 175 

anti‐inflammatory  purposes.  If  similar  results  were  achieved  in  ocular  CD163+  macrophages,  as 176 

dexamethasone has been estimated to possess effective anti‐inflammatory activity from a  low concentration 177 

of 1000 ng/mL [16], the amount of the steroidal drug could be reduced significantly with the benefit of the lack 178 

of or the minimal possibility of adverse effects. 179 

 180 

 181 
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5. NON-VIRAL AND VIRAL GENE VECTORS, FIRST RESULTS FROM A CLINICAL 182 
TRIAL 183 
 184 
Successful gene therapy requires a vector system that allows specific, efficient and long-lasting 185 

transgene expression in the target cells. Various non-viral (such as liposomes, lipoplexes, polyplexes 186 

and vectosomes [17]) and viral vector systems have been evaluated for cell gene transfer in the 187 

posterior segment of the eye. Among them, oligonucleotide vectosomes and the adeno-associated 188 

virus (AAV) have been proved to be the most suitable vectors for selective, safe, stable, efficient and 189 

long-term expression in the retina (including inner retina) and choroid.   190 

 191 

Some creative oligonucleotide vectosome designs have been proposed to selectively achieve the 192 

retinal-pigmented epithelium. For example, Zhu et al [18] prepared pegylated inmunoliposomes 193 

containing rat 8D3 monoclonal surface antibodies and double-stranded plasmid DNA – encoding 194 

bacterial β-galactosidase – driven by a cell-specific promoter in the interior to achieve two milestones. 195 

First, thanks to a monoclonal antibody that targets transferrin receptor-rich structures, such as the 196 

blood-retina barrier, the vector penetrates the posterior segment of the eye after intravenous 197 

administration. Second, but not least, the introduction of a selective promoter can control the 198 

expression of the plasmid DNA to occur only on cells of interest. A similar strategy was used by 199 

Zhang et al [19], who compared their results with a new generation of pegylated inmunoliposomes 200 

coated with 83-14 murine monoclonal antibody, an antibody with high affinity to the human insulin 201 

receptor. The results showed that the distribution of inmunoliposomes differed depending on the 202 

surface antibody. If 8D3 was used, there was an absence of gene expression in the outer nuclear 203 

layer, which was attributed to the minimal expression of transferrin receptors. Conversely, if 83-14 204 

antibodies were employed, high transfection was observed since the outer nuclear layer expresses 205 

high levels of insulin receptors. The results of these studies confirm that it is possible to target 206 

different structures of the eye according to necessity. Finally, Normand et al [20] demonstrated that a 207 

step forward consists of activating the system when it finally reaches the target site. VP22, a structural 208 

protein of the herpes simplex virus, was complexed with labeled antisense oligodeoxynucleotides, 209 

leading to the formation of nanoparticles. When injected in the vitreous body of rat eyes, it showed the 210 

ability to migrate through the retina to the pigment epithelium and accumulate. After internalization, 211 

the nanoparticles remained stable, and the genetic material only dissociated on illumination with white 212 

light, possibly due to thermal effects. Furthermore, the first assays revealed that a modulation of 213 

activation intensity might open the doors to personal medicine. 214 

 215 

Among viral gene vectors, AAV stands out among other viral vectors due to its efficiency in 216 

transducing photoreceptors, Müller glia, retinal pigment epithelial cells and retinal ganglion cells [21]. 217 

Currently, the production of recombinant AAV vectors involves co-transfection of two engineered 218 

plasmids: (1) the transgene cassette that has removed all viral genes except for two palindromic 219 

inverted terminal repeats flanking the transgene of interest and (2) a helper plasmid that expresses 220 

viral replication and packages capsid genes necessary for replication [22]. Vector-loaded suspensions 221 

can be administered via a sub-retinal injection by pars plana vitrectomy and retinotomy with a 41-222 
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gauge cannula [23] or as an intravitreal injection, which is technically easier to perform and less 223 

invasive [24]. It is necessary for gene therapy that there be no toxicity, immunogenicity or changes 224 

in retinal responses on electroretinography. 225 

 226 

These vectors have been proposed in gene therapy for complex ocular disorders associated with 227 

dystrophies and visual deficiencies. Such diseases are devastating and ultimately, in the absence of 228 

treatment, cause blindness. Among them, Leber’s congenital amaurosis, an inherited retinal 229 

dystrophy, was the first ophthalmological disease targeted by a multidisciplinary approach including 230 

gene therapy. Phase I clinical trials have been carried out in 3 patients with AAV packing RPE-65 231 

gene [25] following mounting evidence of safety, successful proof-of-concept of visual improvement 232 

across multiple RPE-65 animal models and the promising phenotype of RPE-65 Leber’s congenital 233 

amaurosis patients. The study demonstrated a relatively high safety profile of AAV-RPE65 gene 234 

replacement without toxicity or dissemination of the vector, adverse surgical events such as 235 

intraocular inflammation or serious immunologic responses. More recently, equine infectious anemia 236 

virus (EIAV), a lentivirus, packed with gen ABCA4 or MYO7A has been translated into clinical trials 237 

(phase I/IIa) for Stargardt dystrophy and Usher type 1B syndrome, respectively, with recent initiation 238 

of escalating doses [26]. For age-related macular degeneration, a phase I clinical trial for an EIAV 239 

vector able to express anti-angiogenic genes endostatin and angiostatin is being carried out in 40 240 

patients [27]. Optimizing viral transduction, improving cell tropism and minimizing cell loss are the 241 

main challenges in the field. 242 

 243 
 244 
6. CONCLUSION 245 
 246 
The examples shown (Table 1) here are only the tip of the iceberg of the principles that can 247 

presumably guide the pharmaceutical technology over the next decades. It is too soon to brainstorm 248 

the future of controlled-release systems, but it is not difficult to imagine it involves the development of 249 

vectors thanks to their multiple benefits, further effectivity, security and, certainly, though maybe not in 250 

the beginning but sooner rather than later, economy. Promising results must be confirmed in future 251 

trials to assess the usefulness of vectors in the treatment of optic diseases, but, as we always said, 252 

the promising results reported will cause the pharmaceutical industry to focus deep attention on the 253 

development of a variety of controlled-release systems that can achieve drug vectoring, among other 254 

uses, for different ophthalmic therapeutic uses, and, as it is logical, it implies an increment of clinical 255 

trials. 256 

 257 
 258 
REFERENCES 259 
 260 
1. Zhao M, Rodriguez-Villagra E, Kowalczuk L, Le Normand M, Berdugo M, Levy-Boukris R, El 261 

Zaoui I, Kaufmann B, Gurny R, Bravo-Osuna I, Molina-Martinez IT, Herrero-Vanrell R, Behar-262 
Cohen F. Tolerance of high and low amounts of PLGA microspheres loaded with 263 
mineralocorticoid receptor antagonist in retinal target site. Journal of controlled release : 264 
official journal of the Controlled Release Society 2017; 266: 187-197; doi: 265 
10.1016/j.jconrel.2017.09.029 266 



 

10 
 

2. Waltenberger B, Atanasov AG, Heiss EH, Bernhard D, Rollinger JM, Breuss JM, Schuster D, 267 
Bauer R, Kopp B, Franz C, Bochkov V, Mihovilovic MD, Dirsch VM, Stuppner H. Drugs from 268 
nature targeting inflammation (DNTI): a successful Austrian interdisciplinary network project. 269 
Monatshefte fur chemie 2016; 147: 479-491; doi: 10.1007/s00706-015-1653-y 270 

3. Rodriguez Villanueva J, Bravo-Osuna I, Herrero-Vanrell R, Molina Martinez IT, Guzman 271 
Navarro M. Optimising the controlled release of dexamethasone from a new generation of 272 
PLGA-based microspheres intended for intravitreal administration. European journal of 273 
pharmaceutical sciences : official journal of the European Federation for Pharmaceutical 274 
Sciences 2016; 92: 287-297; doi: 10.1016/j.ejps.2016.03.012 275 

4. Fabiano A, Bizzarri R, Zambito Y. Thermosensitive hydrogel based on chitosan and its 276 
derivatives containing medicated nanoparticles for transcorneal administration of 5-277 
fluorouracil. International journal of nanomedicine 2017; 12: 633-643; doi: 278 
10.2147/ijn.s121642 279 

5. Madni A, Rahem MA, Tahir N, Sarfraz M, Jabar A, Rehman M, Kashif PM, Badshah SF, Khan 280 
KU, Santos HA. Non-invasive strategies for targeting the posterior segment of eye. 281 
International journal of pharmaceutics 2017; 530: 326-345; doi: 282 
10.1016/j.ijpharm.2017.07.065 283 

6. Rodriguez Villanueva J, Rodriguez Villanueva L. Turning the screw even further to increase 284 
microparticle retention and ocular bioavailability of associated drugs: The bioadhesion goal. 285 
International journal of pharmaceutics 2017; 531: 167-178; doi: 286 
10.1016/j.ijpharm.2017.08.067 287 

7. Xu Q, Kambhampati SP, Kannan RM. Nanotechnology approaches for ocular drug delivery. 288 
Middle East African journal of ophthalmology 2013; 20: 26-37; doi: 10.4103/0974-289 
9233.106384 290 

8. Kambhampati SP, Clunies-Ross AJ, Bhutto I, Mishra MK, Edwards M, McLeod DS, Kannan 291 
RM, Lutty G. Systemic and Intravitreal Delivery of Dendrimers to Activated 292 
Microglia/Macrophage in Ischemia/Reperfusion Mouse Retina. Investigative ophthalmology & 293 
visual science 2015; 56: 4413-4424; doi: 10.1167/iovs.14-16250 294 

9. Gao J, Chen P, Singh Y, Zhang X, Szekely Z, Stein S, Sinko PJ. Novel monodisperse 295 
PEGtide dendrons: design, fabrication, and evaluation of mannose receptor-mediated 296 
macrophage targeting. Bioconjugate chemistry 2013; 24: 1332-1344; doi: 10.1021/bc400011v 297 

10. Guo Y, Johnson MA, Mehrabian Z, Mishra MK, Kannan R, Miller NR, Bernstein SL. 298 
Dendrimers Target the Ischemic Lesion in Rodent and Primate Models of Nonarteritic Anterior 299 
Ischemic Optic Neuropathy. PloS one 2016; 11: e0154437; doi: 300 
10.1371/journal.pone.0154437 301 

11. Whitmire RE, Wilson DS, Singh A, Levenston ME, Murthy N, Garcia AJ. Self-assembling 302 
nanoparticles for intra-articular delivery of anti-inflammatory proteins. Biomaterials 2012; 33: 303 
7665-7675; doi: 10.1016/j.biomaterials.2012.06.101 304 

12. Tentillier N, Etzerodt A, Olesen MN, Rizalar FS, Jacobsen J, Bender D, Moestrup SK, 305 
Romero-Ramos M. Anti-Inflammatory Modulation of Microglia via CD163-Targeted 306 
Glucocorticoids Protects Dopaminergic Neurons in the 6-OHDA Parkinson's Disease Model. 307 
The Journal of neuroscience : the official journal of the Society for Neuroscience 2016; 36: 308 
9375-9390; doi: 10.1523/jneurosci.1636-16.2016 309 

13. Chen XY, Wang SM, Li N, Hu Y, Zhang Y, Xu JF, Li X, Ren J, Su B, Yuan WZ, Teng XR, 310 
Zhang RX, Jiang DH, Mulet X, Li HP. Creation of lung-targeted dexamethasone 311 
immunoliposome and its therapeutic effect on bleomycin-induced lung injury in rats. PloS one 312 
2013; 8: e58275; doi: 10.1371/journal.pone.0058275 313 

14. Rodriguez Villanueva J, Rodriguez Villanueva L, Guzman Navarro M. Pharmaceutical 314 
technology can turn a traditional drug, dexamethasone into a first-line ocular medicine. A 315 
global perspective and future trends. International journal of pharmaceutics 2017; 516: 342-316 
351; doi: 10.1016/j.ijpharm.2016.11.053 317 

15. Lad EM, Cousins SW, Van Arnam JS, Proia AD. Abundance of infiltrating CD163+ cells in the 318 
retina of postmortem eyes with dry and neovascular age-related macular degeneration. 319 
Graefe's archive for clinical and experimental ophthalmology = Albrecht von Graefes Archiv 320 
fur klinische und experimentelle Ophthalmologie 2015; 253: 1941-1945; doi: 10.1007/s00417-321 
015-3094-z 322 

16. Barcia E, Herrero-Vanrell R, Diez A, Alvarez-Santiago C, Lopez I, Calonge M. 323 
Downregulation of endotoxin-induced uveitis by intravitreal injection of polylactic-glycolic acid 324 
(PLGA) microspheres loaded with dexamethasone. Experimental eye research 2009; 89: 238-325 
245; doi: 10.1016/j.exer.2009.03.012 326 



 

11 
 

17. Bloquel C, Bourges JL, Touchard E, Berdugo M, BenEzra D, Behar-Cohen F. Non-viral ocular 327 
gene therapy: potential ocular therapeutic avenues. Advanced drug delivery reviews 2006; 328 
58: 1224-1242; doi: 10.1016/j.addr.2006.07.023 329 

18. Zhu C, Zhang Y, Pardridge WM. Widespread Expression of an Exogenous Gene in the Eye 330 
after Intravenous Administration. Investigative ophthalmology & visual science 2002; 43: 331 
3075-3080. 332 

19. Zhang Y, Schlachetzki F, Li JY, Boado RJ, Pardridge WM. Organ-specific gene expression in 333 
the rhesus monkey eye following intravenous non-viral gene transfer. Molecular vision 2003; 334 
9: 465-472. 335 

20. Normand N, Valamanesh F, Savoldelli M, Mascarelli F, BenEzra D, Courtois Y, Behar-Cohen 336 
F. VP22 light controlled delivery of oligonucleotides to ocular cells in vitro and in vivo. 337 
Molecular vision 2005; 11: 184-191. 338 

21. Schon C, Biel M, Michalakis S. Retinal gene delivery by adeno-associated virus (AAV) 339 
vectors: Strategies and applications. European journal of pharmaceutics and 340 
biopharmaceutics : official journal of Arbeitsgemeinschaft fur Pharmazeutische 341 
Verfahrenstechnik eV 2015; 95: 343-352; doi: 10.1016/j.ejpb.2015.01.009 342 

22. Ku CA, Pennesi ME. Retinal Gene Therapy: Current Progress and Future Prospects. Expert 343 
review of ophthalmology 2015; 10: 281-299; doi: 10.1586/17469899.2015.1035711 344 

23. Garoon RB, Stout JT. Update on ocular gene therapy and advances in treatment of inherited 345 
retinal diseases and exudative macular degeneration. Current opinion in ophthalmology 2016; 346 
27: 268-273; doi: 10.1097/icu.0000000000000256 347 

24. Trapani I, Puppo A, Auricchio A. Vector platforms for gene therapy of inherited retinopathies. 348 
Progress in retinal and eye research 2014; 43: 108-128; doi: 349 
10.1016/j.preteyeres.2014.08.001 350 

25. Bainbridge JW, Smith AJ, Barker SS, Robbie S, Henderson R, Balaggan K, Viswanathan A, 351 
Holder GE, Stockman A, Tyler N, Petersen-Jones S, Bhattacharya SS, Thrasher AJ, Fitzke 352 
FW, Carter BJ, Rubin GS, Moore AT, Ali RR. Effect of gene therapy on visual function in 353 
Leber's congenital amaurosis. The New England journal of medicine 2008; 358: 2231-2239; 354 
doi: 10.1056/NEJMoa0802268 355 

26. Zallocchi M, Binley K, Lad Y, Ellis S, Widdowson P, Iqball S, Scripps V, Kelleher M, Loader J, 356 
Miskin J, Peng YW, Wang WM, Cheung L, Delimont D, Mitrophanous KA, Cosgrove D. EIAV-357 
based retinal gene therapy in the shaker1 mouse model for usher syndrome type 1B: 358 
development of UshStat. PloS one 2014; 9: e94272; doi: 10.1371/journal.pone.0094272 359 

27. Maclachlan TK, Lukason M, Collins M, Munger R, Isenberger E, Rogers C, Malatos S, 360 
Dufresne E, Morris J, Calcedo R, Veres G, Scaria A, Andrews L, Wadsworth S. Preclinical 361 
safety evaluation of AAV2-sFLT01- a gene therapy for age-related macular degeneration. 362 
Molecular therapy : the journal of the American Society of Gene Therapy 2011; 19: 326-334; 363 
doi: 10.1038/mt.2010.258 364 

 365 
 366 

 367 

 368 

 369 
 370 


