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Abstract

e AIM: To evaluate the effect of laser photocoagulation
on transfection efficiency of lentivirus (LV) vectors injected
intravitreally.

e METHODS: The rat retina was photocoagulated prior to
intravitreal injection of LV vectors encoding red fluorescent
protein. Rats given intravitreal injection or photocoagulation
alone served as controls. The transduction efficiency was
analyzed by fundus angiography, histopathology, and
immunofluorescence staining. Potential adverse effect of
laser photocoagulation was evaluated in choroid flat mounts
by observing the morphology of retinal pigment epithelium
(RPE) that formed the outer blood-retina barrier.

e RESULTS: Laser photocoagulation enhanced the
retinal area transduced by LV vectors in fundus images
and increased the maximum transduction thickness in
histopathological sections. Choroid flat mounts showed the
RPE transduced by LV vectors maintained normal morphology.
e CONCLUSION: Laser photocoagulation improves the
transduction efficiency of LV vectors injected intravitreally,
identifying this as a promising gene therapy strategy for
inherited retinal dystrophies caused by gene mutations in
RPE and photoreceptor cells.

o KEYWORDS: gene therapy; laser photocoagulation;
lentivirus vector; transduction efficiency; intravitreal injection
DOI:10.18240/ijo.2026.06.05

Citation: Jiao J, Xu YJ, Li XD, Hua W, Jiang YR. Laser
photocoagulation improves the transduction efficiency of lentivirus
vectors injected intravitreally. /nt J Ophthalmol 2026;19(6):1057-1064

INTRODUCTION

he favorable anatomical, accessibility, and immunological
T characteristics of the retina make it an optimal
target tissue for gene therapy''. In the last decades, some
remarkable achievements have been made in gene therapy of
inherited retinal dystrophies (IRDs)"”. Approval of Luxturna
(voretigene neparvovec-rzyl), the first gene therapy product
for Leber congenital amaurosis 2, by the U.S. Food and Drug
Administration marked a new era of retinal gene therapy"'.
Gene therapy usually requires the use of vectors, such as
adeno-associated viruses (AAVs) and lentivirus (LV), to
introduce the target gene into the host cell. Currently, AAVs
are considered the most promising viral vectors in the field of
gene therapy because they possess several favorable features,
such as nonpathogenicity, minimal immunogenicity, the
ability to transduce nondividing cells, and the capacity to
mediate sustained expression of the therapeutic gene'™”. For
this reason, more than one hundred AAV serotypes have been
isolated according to the sequence of their capsid protein®”.
However, despite the popularity of AAVs, they are difficult to
use in transduction of the outer retina by intravitreal injection
because of the presence of physical barriers®”. In addition,
the packaging capacity of AAVs is less than 5 kb, These
obstacles preclude the use of AAVs in therapy for some IRDs,
such as Stargardt maculopathy, when the disease is caused by
mutations of large genes with coding sequences that exceed
5 kb"™. Therefore, considerable effort has been made to explore
alternative vectors that have larger packaging capacities. LV
vectors possess transgene cargo capacity of approximately
8-10 kb, and are considered an attractive alternative to the
primate lentiviral vectors for gene therapy'”.
Vectors administration methods for IRDs gene therapies usually
involve subretinal or intravitreal injection™*!. Intravitreally
administered virus vectors can transduce the inner retina with
high efficiency!'”; however, the majority of genes mutated
in IRDs are expressed in retinal pigment epithelium (RPE)
and photoreceptor (PR) of the outer retina'"’. By contrast,
subretinal injection can transduce the RPE and PR directly,
as it releases the viral vectors into the subretinal space''”.
For example, Luxturna is delivered subretinally by an AAV2

vector to treat RPE65-related Leber congenital amaurosis 2",
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However, both subretinal and intravitreal injection present
some limitations. Subretinal injection is an invasive technique
that requires delicate surgical operations and complex
procedures with high iatrogenic risk"*. Intravitreal injection is
less invasive, but it is hindered by physical barriers, such as the
internal limiting membrane (ILM) that is particularly thick in
adult and large animals'®. These barriers decrease the ability of
intravitreally injected viral vectors to effectively transduce the
RPE and PR in outer retina'"
from the vitreous to the outer retina can increase if the ILM is

!, The diffusion of viral vectors

peeled surgically or if the physical retinal barrier is digested
with a nonspecific protease or disrupted by advanced retinal
degeneration'™".

Studies have suggested that LV vectors are usually inefficient
at transducing the outer retinal cells following intravitreal
injection because of their larger size and the physical barriers
of retina"'”. The surgical challenges and high iatrogenic risks
of subretinal injection led us to suppose that vitreous injection
would be a more practical approach for administration of
gene therapy if some simple and less invasive methods could
promote penetration of the viral vectors through the retinal
barriers. In our preliminary experiments, we found that laser
photocoagulation destroyed the retinal barriers and seemed to
increase the transduction efficiency of intravitreally injected
LV vectors. The aim of the present study was to verify this
possibility using LV vectors encoding red fluorescent protein
(RFP). LV vectors normally possess a large packaging
capacity but transduce the RPE and PR with low efficiency.
The vectors were injected intravitreally immediately after
laser photocoagulation, and the transduction efficiency was
analyzed by Micron III fundus angiography, histopathology,
and immunofluorescence staining. Choroid flat mounts were
examined to detect potential adverse effects.

MATERIALS AND METHODS

Ethical Approval Animals were handled following the Guide
of the ARVO Statement for the Use of Animals in Ophthalmic
and Vision Research, and this study was approved by People’s
Hospital of Beijing Daxing District Ethics Committee
(approval number: BLARC-LAWER-202509007).

LV Vectors Construction and Titration LV vectors
encoding the RFP and a multiple repetitive nonsense sequence
(5’-TTCTCCGAACGTGTCACGT-3") were constructed by
Genechem Co., Ltd., Shanghai, China. Briefly, 293 T cells
were transduced with the following plasmids: pGCSIL-RFP
carrier, pHelper 1.0 carrier, and pHelper 2.0 carrier. Plasmids
were digested by restriction endonuclease Age I/EcoRI, and
oligonucleotides were annealed and ligated with linearized
PGCSIL-RFP by T4 DNA ligase. The recombinants were
finally identified by enzyme cutting and sequencing. The
LV vectors were produced in 293 T packaging cells, and the
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concentrations were titered to 9x10° TU/mL. The RFP-LV
vectors were used to transduce intestinal epithelial cell line
(IEC)-6 cells to test the transduction efficiency.

Animals Normal adult male Brown Norway rats were
procured (weight ranged from 250 to 300 g) from Vital River
Laboratories (Beijing, China). A total of 30 Brown Norway
rats were divided into 3 equal groups. Before the experiments,
every eye was examined using direct ophthalmoscopy to
exclude abnormalities.

Laser Photocoagulation and Intravitreal Injection
The right eyes of the first group of rats were given laser
photocoagulation, and the left eyes did not receive any
treatments as the normal control. The right eyes of the second
group rats were injected intravitreally with LV vectors but
not given the laser photocoagulation. The right eyes of the third
group rats were photocoagulated and then injected intravitreally
with LV vectors immediately after laser photocoagulation.

For the laser photocoagulation, the pupils were dilated with
tropicamide (5 mg/mL) and phenylephrine hydrochloride
(5 mg/mL), and the rats were anesthetized with an
intraperitoneal injection of pentobarbital (30 mg/kg). A total
of 8 spots were photocoagulated between the retinal vessels in
a peripapillary distribution at a distance of approximately 2-3
disc diameters with the following laser parameters: 100 mW,
100 pm, 521 nm, and 50ms (Coherent Novus 2000, USA).
The right eyes from the second and third groups of rats were
injected intravitreally with 5 uL LV vectors using a 30-gauge
micro-injector (Hamilton Co., USA) under a microscope.
A coverslip filled with 0.5% methylcellulose was used as a
contact lens for direct viewing of the fundus during these
procedures.

Fundus Fluorescein Angiography The area transduced by
LV vectors was determined by fundus fluorescein angiography
(FFA) carried out 7d after intravitreal injection. After mydriasis
and anesthesia, the rats were intraperitoneally injected with
10% fluorescein sodium (0.1 mL/kg), and the early-phase
angiograms were obtained with a Micron III instrument
(Phoenix Laboratories, USA) within 1-3min after fluorescein
sodium injection.

Histopathology and Immunofluorescence Staining Five
rats from every group were euthanatized at 7d after intravitreal
injection. The right eyes from the three groups of rats were
enucleated, embedded in optimum cutting temperature
compound (TissueTek, Sakura Finetek Inc., Japan), and
directly frozen in a cryostat (Leica CM 1900, Germany) at
-20°C. Serial 6 um frozen sections were cut along the vertical
meridian, and sections crossing the laser lesion were selected.
The left eyes of the first group rats were also used to produce
frozen sections and served as the normal control. These frozen
sections were blocked for 2h in phosphate buffered saline
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containing 5% bovine serum albumin and 1% Triton X-100,
and stained with 4’,6-diamidino-2-phenylindole (Invitrogen,
USA) to label the nuclei. The sections were viewed with a
fluorescence microscope (Eclipse 50i, Nikon, Japan) and
photographed.

Choroid Flat Mounts At 7d after intravitreal injection,
five rats from every group were euthanatized for choroid flat
mounts by the method described previously!”. Briefly, the
rats were anesthetized and perfused through the left ventricle
with 1 mL phosphate buffered saline containing 50 mg/mL
fluorescein isothiocyanate-dextran (2x10° average molecular
weight; Sigma, USA). All the right eyes from the three groups
and the left eyes form the first group were enucleated and
fixed in 4% paraformaldehyde for 1h at room temperature. The
anterior segment and sensory retina were carefully removed.
Four to six radial relaxing incisions were made from the edge
to the equator to allow the RPE-choroid-sclera complex to be
flattened onto a glass slide with the RPE facing up. The flat
mounts were photographed with laser confocal microscopy
(LSM700; Carl Zeiss, Germany).

Statistical Analysis ImagelJ software (National Institutes of
Health, USA) was used to quantify the data from the fundus
angiograms and histopathological sections. The angiograms
captured by the Micron III were used to calculate the area ratio
of the transduced retina with red fluorescence to total retina
with background green fluorescence. The maximum thickness
of RFP expression in the frozen sections was also measured.
All values are presented as mean+standard error of the mean
(SEM) and compared by Tukey’s repeated-measures one-
way analysis of variance with SPSS V20.0 (SPSS Inc., USA).
P<0.05 was considered statistically significant.

RESULTS

Laser Photocoagulation Increased the Area of the Retina
Transduced by LV Vectors The Micron III fundus camera
is designed to capture high-resolution FFA images of rodent
animals. The Micron III allowed direct in vivo observation of
the red fluorescence from retinas transduced by the RFP-LV
vectors. The FFA images of normal eyes (laser-/Lv- group)
showed bright green fluorescence of fluorescein sodium in
the vessels and dim green background fluorescence, but no
red fluorescence (Figure 1A). The eyes treated with laser
photocoagulation only (laser+/Lv- group) showed normal
green fluorescence and leakage of fluorescein sodium at the
laser lesions, but again no red fluorescence (Figure 1B). The
eyes injected intravitreally with LV vectors but without laser
photocoagulation (laser-/Lv+ group) showed no obvious red
fluorescence at the posterior retina around the optic papilla.
Three of ten eyes in the laser-/Lv+ group showed red RFP
fluorescence in the peripheral retina at the puncture point of the
intravitreal injection (Figure 1C, white arrow). Eyes given both

the laser photocoagulation and intravitreal injection (laser+/
Lv+ group) showed substantial red fluorescence at the posterior
retina around the optic papilla, and leakage of fluorescein
sodium was observed only at the laser lesions (Figure 1D).
The red fluorescence could be observed more clearly with the
red channel of the Micron III (Figure 1E). Calculation and
comparison of the area ratios of the transduced retina with red
fluorescence to the total fundus revealed statistically significant
differences between the laser+/Lv+ group and the other three
groups (Figure 1F).

Laser Photocoagulation Significantly Enhanced the
Maximum Transduction Thickness of Histopathological
Sections Frozen sections showed disorganization of the retina
at the laser lesions and revealed the distribution pattern of red
fluorescence at the transduced retina. The tissue structure of
the normal retina in the laser-/Lv- group is shown in Figure
2A, and no red fluorescence was evident at any layer of retina.
In the laser+/Lv- group, the normal structure of retina was
disrupted at the laser lesions, but no red fluorescence was
detected either (Figure 2B). In the laser-/Lv+ group, intravitreal
injection just resulted in very slight red fluorescence at the
level of RPE, but retina retained its normal structure (Figure
2C). The higher magnification made the frozen sections more
sensitive to detect RFP than the fundus images, so slight
expression of RFP could be observed in the frozen sections
(Figure 2C), but no obvious red fluorescence was detected
at the posterior retina around the optic papilla in the fundus
images by Micron III (Figure 1C). By contrast, the laser+/Lv+
group showed both disorganization of the retina at the laser
lesions and extensive red fluorescence around the laser lesions
(Figure 2D). In the horizontal direction, the red fluorescence
extended from the laser lesions to the periphery and formed the
“expansion regions” of transduction around the laser lesion.
Hence, if two laser lesions were located adjacent to each other,
the “expansion regions” of transduction showed contact and
mutual integration (Figure 2E), which corresponded to the
substantial red fluorescence observed around the optic papilla
in the Micron III fundus images (Figure 1D). Moreover, the
retina at the “expansion regions” of transduction still remained
normal morphology (Figure 2E). In the vertical direction,
laser photocoagulation significantly enhanced the transduction
thickness. The maximum range of RFP distributed from
the outer plexiform layer to the choroid, including the RPE
and PR. Measurement of the maximum thickness of RFP
expression in frozen sections with Imagel software revealed
statistically significant differences among the groups (Figure 2F).
Choroid Flat Mounts Showed the RPEs Transduced by LV
Vector Maintained Normal Morphology The hexagonal
RPEs in choroid flat mounts could be observed by laser
confocal microscopy when they expressed RFP. Because
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Figure 1 Laser photocoagulation increased the area of the retina transduced by LV vectors A: Fundus angiography of the laser-/Lv- group
showed bright green fluorescence of fluorescein sodium in the vessel and dim green background fluorescence, but no red fluorescence; B:
Fundus angiography of the laser+/Lv- group showed normal green fluorescence and leakage of fluorescein sodium at the laser lesions, but no
red fluorescence of red fluorescent protein (RFP); C: Fundus angiography of the laser-/Lv+ group did not show obvious red fluorescence at the
posterior retina around the optic papilla, but the peripheral retinas at three of ten eyes showed red fluorescence apparently adhering to the
puncture point of the intravitreal injection (white arrow); D: Fundus angiography of the laser+/Lv+ group showed substantial red fluorescence
at the posterior retina around the optic papilla and fluorescein sodium leakage at the laser lesions; E: The red fluorescence could be observed
more clearly with the red channel of the Micron Ill; F: Mean values for the area ratio of transduced retina to total fundus are shown as

mean+SEM, and analyzed with Tukey’s repeated-measures one-way analysis of variance. °P<0.01. Lv: Lentivirus; SEM: Standard error of the mean.
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Figure 2 Laser photocoagulation significantly enhanced the maximum transduction thickness of histopathological sections A: Frozen sections
of the laser-/Lv- group showed a normal retinal structure; B: The laser+/Lv- group showed disorganization of the retina at the laser lesions but
no red fluorescence; C: The intravitreal injection at the laser-/Lv+ group only resulted in slight red fluorescence in the RPE which retained its
normal structure; D: The laser+/Lv+ group showed both disorganization of retina at the laser lesions and extensive red fluorescence around
laser lesions. The maximum range of RFP extended from the outer nuclear layer to the choroid, including the RPE and PR; E: The transduction
“expansion region” was significantly greater than the laser lesion. Two laser lesions distributed relatively adjacent to each other showed
contact and mutual integration of the transduction “expansion regions”; F: Mean values for the maximum thickness of the RFP are shown as
mean+SEM, and were analyzed with Tukey’s repeated-measures one-way analysis of variance. °P<0.01. Scale bar: 100 um. RPE: Retinal pigment

epithelium; RFP: Red fluorescent protein; PR: Photoreceptor; SEM: Standard error of the mean; Lv: Lentivirus.

no RPE expressed RFP, flat mounts from laser-/Lv- group  mounts around the optic papilla (Figure 3C, white arrow),
and laser+/Lv- group showed only the green fluorescence  which corresponded well with the finding of only a few RPEs
of the fluorescein isothiocyanate—dextran perfused into the  transduced by LV in Figure 2C. By contrast, the flat mounts
choroid capillary (Figure 3A-3B). In the laser-/Lv+ group,  of the laser+/Lv+ group showed extensive hexagonal RPEs
only sporadic RPEs expressing RFP were observed in flat  that expressed RFP and maintained normal morphology at the
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Figure 3 Choroid flat mounts confirmed a normal morphology for the transduced RPE in the expansion region A-B: Flat mounts of the laser-/

Lv- and laser+/Lv- groups showed only the green fluorescence of fluorescein isothiocyanate—dextranperfused into the choroid capillary; C: The

flat mounts of the laser-/Lv+ group showed sporadic RPEs expressing RFP around the optic papilla (white arrow); D: The flat mounts of the

laser+/Lv+ group showed extensive RPEs expression the RFP at the posterior retina around the optic papilla; E: The red channel of the laser

confocal microscope showed that the transduced RPEs with two nuclei at transduction expansion regions retained their normal hexagonal

shape and tight arrangement, indicating that the outer blood-retina barrier was maintained in its normal state. Scale bar: 100 um. RPE: Retinal

pigment epithelium; RFP: Red fluorescent protein; Lv: Lentivirus.

posterior retina around the optic papilla (Figure 3D). These
tightly arranged hexagonal RPEs located in the transduction
“expansion regions” were observed more clearly in the red
channel of laser confocal microscope (Figure 3E).
DISCUSSION

Gene mutations expressed in the RPE and PR account for
the majority of IRDs, and about half of all known IRDs are
caused by mutations in genes whose coding sequence exceeds
5 kb"". The packaging capacity of AAVs was less than 5 kb,
and subretinal injection was the preferred route of delivery
because AAVs reach cells in outer retina difficultly when
intravitreally administered. Many investigators have explored
alternative vectors, such as the LV that has a transgene
cargo capacity of approximately 8-10 kb and can efficiently
integrate its genome into a host cell for stable gene expression.
Furthermore, LV vectors are not pathogenic after gene delivery
and their increased safety features can facilitate their clinical
application”’.

Subretinal injections are more technically challenging and
invasive, as they require creation of a hole in the retina by the
vitrectomy surgeon and detachment of the PR from the RPE
with the injection of fluid. This surgical procedure is therefore
accompanied by a higher risk of iatrogenic complications, such
as foveal thinning, macular holes, choroidal effusion, retinal

detachment, and hemorrhage!*"**"". Intravitreal injection is

relatively safe; however, it does not effectively transduce cells
in the outer retina because of the presence of physical barrier.
The vitreous and ILM form the physical barrier to transduction
and result in the failure of vectors delivered intravitreally to
transduce RPE and PR in outer retina®". For this reason, we
investigated laser photocoagulation as a method to overcome
the physical barriers, and we expected to enhance the
transduction efficiency of intravitreally injected LV vectors
with larger packaging capacity.

In this study, we used the Micron III fundus camera to watch
the retina transduced and determine the transduced area.
This instrument was specifically developed to produce high-
resolution fundus images in rodents. In a previous report,
the Micron III was used in quantitative research of choroidal

2 To our knowledge, this study

neovascularization in rats
was the first use of the Micron III to quantify the ratio of the
transduced area in an experimental study of gene therapy. The
Micron III revealed the red fluorescence of retinas transduced
by RFP-LV vectors in vivo and reduced the numbers of rodent
animals sacrificed for invasive methods.

Of course, the Micron III still has a lower magnification
capability than light microscopes, so the fundus images
obtained with the Micron III were less sensitive than the
frozen sections for detecting the red fluorescence (Figure 1C
vs Figure 2C). In the laser-/Lv+ group, the fundus images were
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not sufficiently sensitive to detect the slight red fluorescence
from the RPE transduced by LV vectors at the posterior
retina around the optic papilla, although red fluorescence was
observed in the peripheral retina, adhering to the puncture point
of intravitreal injection, in three of 10 eyes (Figure 1C, white
arrow). Conversely, frozen sections were sensitive enough
to reveal slight expression of RFP from the RPE transduced
by LV vectors at the posterior retina around the optic papilla
(Figure 2C). We speculate that the peripheral transduced
retina originated from the destruction of the retinal barrier by
the intravitreal injection puncture, but this speculation could
not be verified directly in the present study. For this reason,
we did not exclude the area of the peripheral transduced
retina when we calculated the area ratio. The presence of the
peripheral transduced retina would increase the area ratio of
the transduced retina to the total retina in the fundus images;
but even so, this average area ratio was still significantly lower
for the laser-/Lv+ group than for the laser+/Lv+ group (Figure 1F).

RPE cells carry out many important functions, such as
absorption of scattered light, the conversion and storage
of retinoid, fluid transport, and the phagocytosis and
autophagy functions™. In addition, normal RPE cells show
a hexagonal appearance and are arranged tightly via tight
junction complexes to form the outer blood-retina barrier™"

Disorders of the RPE cells can result in a series of ocular
fundus diseases™. The flat mounts of the laser+/Lv+ group
(Figure 3E) showed substantial numbers of transduced
hexagonal RPE cells at the transduction expansion regions
and they were tightly arranged in the normal morphology, as
reported previously”™. Correspondingly, the fundus images
obtained with the Micron III showed that the leakage of
fluorescein sodium in the laser+/Lv+ group occurred only at
the locations of laser lesions, but no leakage occurred at the
extensive transduction expansion regions (Figure 1D). Taken
together, these results indicated that the outer blood-retina
barrier composed of RPE transduced by RFP-LV vectors was
maintained in its normal state except for the positions of laser
lesions.

Subretinal delivery remains the most efficient administration
route for gene therapy when targeting the RPE and PR.
However, the disadvantages mentioned above cannot be
ignored and have led to many attempts to enhance the
transduction efficiency of intravitreal injection. For example,
Dalkara et al/”" reported that digesting the ILM with
nonspecific protease improved the efficiency of AAV-mediated
transduction in nonhuman primates. Similarly, Takahashi
et al' achieved efficient transduction through surgical ILM

221 were the first to demonstrate laser

peeling. Lee et al'
photocoagulation enhancement of AAV vector transduction of

the mouse retina. We confirmed that laser photocoagulation
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significantly improved the transduction efficiency of LV
vectors injected intravitreally. In addition, LV mainly infected
the outer retina, including the RPE and PR.

Among the three methods used to improve transduction
efficiency, laser photocoagulation is the most conventional
and well-established therapy, and it has been widely applied
for various retinal diseases because of easy operation with
little iatrogenic risk. Previous research indicated that laser
photocoagulation resulted in a stable scar after 2mo"”. The
diameter, distribution density, and burn intensity of laser
lesions could be well controlled according to the specific
clinical requirements”®. The retinal morphology at the
transduction expansion regions also remained roughly normal
(Figure 2E). Taken together, these findings indicated that laser
photocoagulation had very little impact on the whole retina,
just with damage limited to the laser lesions. Compared with
subretinal injections, the combination of laser photocoagulation
and intravitreal injection of LV vectors seemed to be an
efficient and safe method for transduction of the outer retina,
as it was less invasive and seldom induced retinal detachment
and other iatrogenic complications.

The mechanism of outer retina transduction by intravitreally
injected LV vectors after laser photocoagulation is not
completely clear. Thermal disruption of the retina barrier

certainly played an important role in this process”"

, as
previous studies had indicated that various retinal barrier
disruptions, such as surgical ILM peeling or digestion of

t**" could enhance

ILM with nonspecific protease treatmen
retinal transduction. Mechanisms other than simple thermal
disruption were likely also involved in the robust transduction.
For example, laser-stimulated Miiller cell activation and the
movement of Miiller cell endfeet might disrupt the ILM"".
Nonetheless, we think these viewpoints seem suitable to
explain the enhanced transduction in the vertical direction at
the laser lesions. In the horizontal direction, the significant
transduction expansion regions around the laser lesions
indicated that additional mechanisms perhaps accounted for
the enhanced transduction by laser photocoagulation. We
hypothesized an alteration of cytokine secretion such as matrix
metalloproteinase 9 (MMP-9), or activation of macrophages
around the laser lesions, as reported in previous studies™ ",
might have participated in the enhanced transduction. In further
research, to confirm the safety of laser photocoagulation, we
plan to validate the impact of disrupting the inner limiting
membrane of retinal through visual electrophysiology,
and explore the maximum safe photocoagulation dose that
the retina can tolerate. Comprehensive understanding of
the findings in this study provided an assumption that the
transduction procedure enhanced by laser photocoagulation
occurred as shown in the schematic diagram in Figure 4. The
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Figure 4 Schematic diagram of the retina transduction enhanced by laser photocoagulation A: The retinal physical barrier was destroyed

at laser lesion by the thermal disruption of photocoagulation and other possible mechanisms, which led to extensive retinal transduction.

The transduced region spread around and beyond the range of the laser lesion; B: The laser lesion (black arrow) actually acted as the “anchor

point” for the transduction process, and the transduced retina around the “anchor point” formed the “expansion region” (white arrow); C:

Reasonable arrangement of the laser lesions allowed the transduction expansion regions to come into contact and integrate mutually, resulting

in a widespread transduction area at the posterior retina.

physical barriers were destroyed at the laser lesions and LV
vectors penetrated the sensory retina from the vitreous to the
RPE (Figure 4A); therefore, the laser lesions actually acted
as an “anchor point” for the transduction procedure. Once the
retina was penetrated by the LV vectors at the “anchor points”,
the transduction would continue to spread. In the vertical
direction, the transduced depth was distributed from the outer
nuclear layer to the choroid, including the RPE and PR (Figure
4A). In the horizontal direction, the transduced area around the
laser lesions spread and formed the expansion region (Figure
4B). Interestingly, the diameter of the transduction expansion
region was significantly greater than that of the laser lesions.
The diameter ratio of the expansion region to the laser lesion
generally averaged about fivefold, with a maximum of tenfold.
The existence of an expansion region was very important
for improving the transduction efficiency. Researchers could
reasonably arrange the distribution density of laser lesions so
that expansion regions of two laser lesions would contact each
other and integrate mutually. These reasonably arranged laser
lesions would generate a widespread transduction area with
fewer laser lesions (Figure 4C). Obviously, fewer laser lesions
would reduce the damage to the retinal function, which was
the most favored goal in gene therapy of IRDs. According to
this method, fewer but reasonably well-arranged laser lesions
would also allow researchers to transduce a specific region of
retina, such as the macula of humans and other primates, which
was not suitable for direct photocoagulation. Certainly, the
barriers against transduction, such as the ILM in large animals,
were particularly thick'®*. Whether laser photocoagulation
could overcome this barrier to enhance transduction efficiency
in large animals remained to be confirmed in the future.

In summary, we demonstrated that laser photocoagulation
significantly improved the transduction efficiency of LV
vectors injected intravitreally. We also observed that the

retina retained a normal structure in the expansion region

and the outer blood-retina barrier formed by transduced
RPE remained intact and arranged tightly in its normal
morphology. These findings indicated that the combination of
laser photocoagulation and intravitreal injection of LV vectors
seemed to be an efficient and safe method for gene therapy.
This method enabled LV vectors with large cargo capacity to
transduce the outer retina with low iatrogenic risk. Therefore,
photocoagulation provides a new strategy for gene therapy of
various IRDs caused by large gene mutations in the RPE and
PR, such as Stargardt maculopathy and Usher syndrome.
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