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Vision Change After Sheet Transplant
of Fetal Retina With Retinal Pigment Epithelium
to a Patient With Retinitis Pigmentosa
Norman D. Radtke, MD; Robert B. Aramant, PhD; Magdalene J. Seiler, PhD;
Heywood M. Petry, PhD; Diane Pidwell, PhD

Objective: To report the subjective and objective improvement in vision in a patient with autosomal dominant retinitis pigmentosa after transplantation of a sheet
of fetal neural retina together with its retinal pigment epithelium.
Design: A sheet of fetal neural retina with its retinal

pigment epithelium was transplanted into the subretinal space under the fovea unilaterally in a patient with
retinitis pigmentosa with visual acuity of 20/800 in the
treated eye. Early Treatment Diabetic Retinopathy
Study visual acuity testing, scanning laser ophthalmoscope, tissue typing of the donor and recipient, fluorescein angiography, multifocal electroretinogram, multifocal visually evoked potential, and clinical examination
were used.
Results: No clinical evidence of rejection was ob-
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served. There was no retinal edema or scarring. The transplant sheet lost its pigmentation by 6 months.
Main Outcome Measures: A change in visual acuity
from 20/800 to 20/400 (7 months), 20/250 (9 months),
and 20/160 (1 year) was observed by Early Treatment Diabetic Retinopathy Study visual acuity testing. Independently, scanning laser ophthalmoscope testing at a different institution at 9 months showed a visual acuity of
20/270 at a 40° field of view.
Conclusion: This study indicates that fetal retina transplanted with its retinal pigment epithelium can survive
1 year without apparent clinical evidence of rejection and
show continued improvement in Early Treatment Diabetic Retinopathy Study visual acuity.
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REVIOUSLY, IT HAS BEEN REported that intact sheets of fetal retina together with its
retinal pigment epithelium
(RPE) can be safely transplanted to patients with retinitis pigmentosa (RP).1 Retinitis pigmentosa is a group
of inherited diseases with mutations in
photoreceptor or RPE genes.2 In these diseases, blindness is due to specific degeneration of the photoreceptors and/or RPE
cells even though the inner retina that connects to the brain may still remain functional.3-5 If the diseased photoreceptors
and/or RPE can be replaced and the new
cells make appropriate connections to the
functional part of the host retina, eyesight may be improved.
Using an implantation instrument
and procedure originally developed by Aramant and Seiler6 for use in rats with retinal degeneration, clinical studies have been
performed in patients with RP1,7 to transplant intact sheets of fetal retina with or
without the RPE. Although no objective
improvement in vision was reported, these
clinical studies demonstrated the safety of
the procedure.
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METHODS
The study protocol was that of an interventional case series in which patients with RP and
a visual acuity of 20/800 or worse in one eye
were studied without a control group for comparison after approval from both Norton Audubon Hospital, Louisville, Ky, and the University of Louisville human studies committee.
The study was conducted under the Food and
Drug Administration (FDA) investigational new
drug number BB-IND 8354.
The patient who received the transplant
gave informed consent after extensive counseling regarding the realistic expectation of the
procedure. In accordance with our selection criteria, this patient had a visual acuity measurement of 20/800 in the eye that was operated
on for at least 1 year with a diagnosis of RP,
was older than 21 years, was not pregnant, and
was willing to return for follow-up visits. The
patient, a 64-year-old woman, was tested preoperatively on 3 separate occasions, 1 month
apart, by Early Treatment Diabetic Retinopathy Study (ETDRS) so that she was accustomed to the chart. The person measuring the
ETDRS visual acuity was masked as to which
eye had the surgery. The patient underwent
protocol refraction each time by the masked
observer. The ETDRS protocol for visual acu-
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Figure 1. Fundus images: Arrows indicate the same blood vessel landmark in all images. A, Three weeks prior to transplantation. B, Two weeks after
transplantation, showing heavy pigmentation of the transplant. The transplant area is outlined by white dots. C, Six months after transplantation, there is a loss of
pigment. A white scar is recognizable at the retinotomy site. White dots outline the same area as in B. D, Twelve months after transplantation, there is no change
compared with 6 months.

ity testing was followed as previously described.8 The right eye,
which was not operated on, was tested first.
Fetal tissue of 13 weeks’ gestational age was obtained by
informed consent. Donors were not compensated. After the donors had decided to terminate their pregnancy, they were approached to donate tissue for research. The harvesting procedure of fetal retina with RPE has previously been described.1
A 1.5⫻3.1-mm piece of the fetal retina with its RPE was cut
out and implanted subretinally under the fovea of the left eye,
using a custom-made implantation instrument with a flat plastic nozzle tip at a 130° angle.1,6,7 The loaded instrument was
inserted under the retina through the retinotomy site, and the
donor tissue was placed into the target area with the correct
orientation, the RPE toward the choroid.
Donor tissue that was dissected away was used for the tissue typing of the donor at the histocompatibility lab at Jewish
Hospital, Louisville. The donor DNA was extracted using a DNA
tissue extraction kit (QIAGEN, Valencia, Calif) and typed for
the HLA antigens HLA-A, HLA-B, and HLA-DR by polymerase
chain reaction amplification using sequence specific primers
(Pel Freeze, Brown Deer, Wis). Anti-HLA antigen antibodies
in the recipient were detected using 2 techniques, both using
sensitive flow cytometric procedures. Screening for antibodies was performed using a pool of normal T cells. The specificity of the antibody was determined using HLA antigen–
coated beads (One Lambda, Canoga Park, Calif).
Complete assessments (ocular examination, fluorescein angiography, ETDRS protocol for visual acuity testing, multifocal electroretinogram [mfERG], and multifocal visually evoked
potential [mfVEP]) were performed preoperatively and re-
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peated postoperatively. To assess potentially corresponding
physiologic changes in the region of the transplant, photopic
mfERGs and mfVEPs were recorded with VERIS Science software (EDI Inc, San Mateo, Calif) using techniques and parameters previously described.7,9 Recordings were performed 3 times
before surgery and at 2 weeks and 1, 3, 6, and 12 months postoperatively.7
The patient was tested at 9 months postoperatively at an
independent testing site with the scanning laser ophthalmoscope (SLO) using a small, dim stimulus. The examiners at this
location did not know which eye had received the transplant.
To compensate for the patient’s eye movement after each measurement, the reference cross was fixed by manual tracking at
clearly defined vascular landmarks.10 The patient declined the
opportunity for preoperative testing, which makes this portion of the study difficult to interpret. However, the SLO testing postoperatively and the ETDRS testing correlated very well.
The SLO testing was in addition to information obtained from
the other clinical tests and not in the experimental protocol.
RESULTS

The transplant could be observed easily after surgery by
indirect ophthalmoscopy because of its heavy pigmentation (Figure 1A and B). During the follow-up examinations, the area of pigmentation eventually disappeared (between 3-6 months) (Figure 1C). The
appearance of the fundus in the transplant area remained unchanged between 6 and 12 months (Figure 1C
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and D). Fluorescein angiography showed no dye leakage in the area of the transplant at 6 to 12 months
(Figure 2). There was no evidence of vitritis or vitreous cells. Although the clinical appearance of rejection
in the retina is still somewhat unclear, no clinical evidence of tissue destruction, subretinal fibroses, or necrosis of the retina was seen in our patient. No systemic
or intraocular immunosuppression medications were
used.
Tests of the medium surrounding the tissue before
implantation for sterility and endotoxin levels were well
within normal limits (data not shown). The HLA antigen types for donor and recipient are listed in the Table.
As expected, the donor and recipient were not matched.
The donor and recipient shared only a single HLA-B antigen (B14) and no HLA-DR antigens, indicating this was
an allogeneic graft.
No donor-specific antibodies were seen in the patient at 6 months. Anti–major histocompatibility complex class I antibodies specific for the HLA-A1 antigen
carried on the graft were found before transplantation and
did not change at the time of the transplant. However,
at approximately 3 months after transplantation, the titer of this class I antibody increased and continued to increase through the last sample collected 12 months after surgery. However, all other antibodies, including
antibodies with specificities to antigens not expressed by
the graft, increased concurrently. No anti–major histocompatibility complex class II antibody was detected at
any time before or after the transplant.
The patient’s vision in the eye that was operated on
showed improvement both subjectively and objectively,
as assessed with ETDRS visual acuity testing at 7 months
to 1 year. The patient declined the opportunity for preoperative SLO testing but agreed to postoperative SLO
testing when she noticed a marked subjective improvement at 6 months. Objectively, her visual acuity improved from 20/800 preoperatively to 20/400 at 6 months,
20/250 at 9 months, and 20/160 at 12 months. No vision improvement occurred prior to 6 months. In contrast, the ETDRS visual acuity of the eye that was not operated on, which was tested at every follow-up
examination, did not change during the testing period
from the 20/400 preoperative value. The postoperative
ETDRS visual acuity at 9 months was confirmed by SLO
testing at an independent clinical center and measured
20/270 at a 40° field of view (Figure 3). The eye that
was operated on contained 53 seeing and 37 nonseeing
areas (Figure 3). There appeared to be some fixation at
the nasal edge of the transplant bed, and there was a similar pattern of stability of fixation in both eyes. At 9 months,
SLO testing of the eye that was not operated on measured
the visual acuity at 20/369 (33 seeing and 37 nonseeing
areas) (Figure 3), which was consistent with the visual acuity of 20/400 in the same eye by ETDRS testing.
The overlay of the SLO fixation and the photograph of the transplant show that the patient viewed the
20/270 letter (using 40° field of view testing) with a portion of the retina nasal to but at the edge of the transplant (Figure 4).The mfERG and mfVEP showed no clear
signal preoperatively or postoperatively in any region of
the retina.
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Figure 2. Fluorescein angiograms: Arrows indicate the same blood vessel
landmark in all images (also shown in Figure 1). The images on the left show
the early stages of fluorescein angiograms, and the images on the right show
the late stages. The transplant area (which is the same area as in Figure 1B,
C, and D) is outlined by white dots. A and B, Three weeks before
transplantation. C and D, Seven months after transplantation. E and F, Nine
months after transplantation. G and H, Twelve months after transplantation.
There is no fluorescein leakage in the transplant area.

Tissue Typing of Donor and Recipient
Donor HLA Antigen Typing

Recipient HLA Antigen Typing

HLA-A1
HLA-A30
HLA-B13
HLA-BW4
HLA-B14
HLA-BW6
HLA-DR17
HLA-DR7

HLA-A2
HLA-A3
HLA-B14
HLA-BW6
HLA-B27
HLA-BW4
HLA-DR1
HLA-DR13

Immediately after surgery, the patient required ventilation for pulmonary edema following general anesthesia. This development did not appear to be related to the
instrument or fetal tissue retinal implant in her eye used
during the retinal transplantation. Appropriate notification was made of this adverse event to the FDA and institutional review board. The result of this event was that
WWW.ARCHOPHTHALMOL.COM
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Figure 3. Scanning laser ophthalmoscope: The top row shows microperimetry of the eye that was not operated on (left) and of the eye that was operated on (right).
Seeing areas are indicated as filled white squares and nonseeing areas as open white squares; fixation points are indicated by black crosses. The microperimetry data
indicate that fixation is not stable and sometimes involves retina over the transplant area as well as retina adjacent to the transplant. The transplant area is outlined by
black-on-white dots. The eye that was operated on contained 53 seeing and 37 nonseeing areas. In contrast, the eye that was not operated on contained 33 seeing and
37 nonseeing areas. The bottom row shows fixation of a large, horizontal black E in the eye that was not operated on (left) and in the eye that was operated on (right).
The patient fixated on a large, horizontal black E at the nasal edge of the transplant but outside of the area of the transplant. The patient could not consistently see the
E in this location. Potential acuity meter 20/369 OD (40° field of view); potential acuity meter 20/270 OS (40° field of view).

the patient had increased oxygen saturation levels for 5
days postoperatively in the range of 96.7% to 98.9% as
measured by blood gases and oximeter readings, which
had been supplemented from a baseline of 92% saturation preoperatively.
COMMENT

The approach used in this patient with RP was to transplant an intact sheet of fetal neural retina and RPE. A specialized instrument and method have been developed to
transplant sheets of fetal neural retina and RPE into the
subretinal space between the neurosensory retina and RPE.
This approach has significant advantages over other techniques because it maintains the correct orientation of the
retinal sheets,6,11 and the minimal trauma associated with
the procedure reduces the possibility of rosette formation or rupture of the Bruch membrane.
To date, no effective treatment has been developed
for the recovery of visual loss from RP, but the following 3 treatments are being investigated: (1) Oral vitamin A therapy has been demonstrated to be safe and effective in slowing the rate of electroretinogram loss in
RP but shows no effectiveness in the recovery of lost vision.12 (2) Gene therapy and pharmacologic therapy are
underway but are still under development and not in use
in clinical trials at this time, although a clinical trial of
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gene therapy in Leber congenital amaurosis will probably be initiated in 1 to 3 years.13 (3) Development and
use of a visual prosthesis is actively being pursued in many
centers but the visual potential of existing devices is not
known.14-16
In this patient, by 1 year postoperatively, no graft
encapsulation, tissue destruction, or macular edema indicating rejection was seen clinically or with fluorescein angiography. However, one cannot exclude the presence of more subtle graft rejection without histological
data. Previous reports of human transplantation have varied in the incidence of rejection depending on whether
the transplantation involved patches of RPE cells or dissociated cells and whether the patients had exudative or
nonexudative manifestations of age-related macular degeneration.12,17-19 The observed pigment loss of the transplant might have been due to the death of the RPE cells
(ie, graft failure) or to the fact that the pigment production of the cells could not keep up with the growth of
the cells. Based on clinical experience, depigmented RPE
cells do not necessarily function normally. Pigment loss
has also been observed in cografts of rat fetal retina with
RPE although the donor RPE cells could still be identified by bromodeoxyuridine label.11 However, it cannot
be excluded that slow rejection was occurring. Perhaps
there was a mild rejection response first manifested as a
loss of pigment. Nevertheless, fluorescein angiography
WWW.ARCHOPHTHALMOL.COM
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Figure 4. Overlay of scanning laser ophthalmoscope fixation image and fundus photograph of the transplant at 2 weeks postoperatively. Vascular landmarks were
used to superimpose the 2 images accurately. This shows that the patient used retina nasal to the nasal edge of the transplant to view the 20/270 letter.

showed no dye leakage in the area of the transplant at 6
to 12 months.
The patient showed a general increase of major histocompatibility complex class I antibodies at 3 months
after transplantation, which indicates that some event
stimulated the patient’s immune system to produce antibodies. Whether the transplant or some other stimulus (eg, an illness) was responsible is unclear but it shows
a nonspecific immunologic response as opposed to a graftspecific response. No new antibodies to graft-specific antigens developed as would be expected in the presence
of graft rejection. Also, the loss of pigment in the graft
occurred gradually across the 3- to 6-month period, and
the beginning of the loss of pigment in the transplant was
seen well before the titer increase of the anti–class I antibody.
Taken together, our data indicate that changes in
recipient antibody production were not initiated by graft
recognition and that graft-specific sensitization and thus
rejection had not occurred in the observed time frame.
Because of the “immune privilege” of the subretinal space, retinal allografts do not elicit a classic immune response.20-22 Allogeneic subretinal transplants of
postnatal mouse retina (cell aggregates) contain microglial cells expressing major histocompatibility complex class
I and II antigens at 35 days posttransplantation.21 Most
microglial cells are associated with blood vessels and migrate into the retina postnatal in rats23 and beginning at
16 weeks’ gestation in humans.24 Since the number of microglial cells in fetal rat retina is much lower than in post(REPRINTED) ARCH OPHTHALMOL / VOL 122, AUG 2004
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natal retina,25 fetal retina, which still lacks inner retinal
vessels, may be less immunogenic than postnatal rat retina.
In an animal model using allografts of Long-Evans or August Copenhagen Irish rat donors into Sprague-Dawley
or Royal College of Surgeons rat recipients, stable transplants were seen in rats 6 to 10 months after surgery,6
indicating that allogeneic retinal sheet transplants can be
tolerated in the subretinal space of rats with retinal degeneration. However, this does not necessarily prove that
no rejection occurred in the patient since results in animals cannot be directly extrapolated to humans.
The subjective and objective visual acuity improvement appeared concurrently at 6 to 7 months after surgery. The patient’s report of vision improvement was corroborated by ETDRS visual acuity testing. The SLO testing
indicated a similar result as the corresponding ETDRS
protocol for visual acuity testing. However, since there
was no preoperative testing, any improvement could not
be confirmed by SLO.
The SLO testing showed that fixation was unsteady
and involved the nasal edge of the transplant as well as
the retina nasal and immediately adjacent to the transplant. Viewing of the 20/270 letter was done with the
retina at the nasal edge of the transplant.
There are 2 mechanisms that may explain the visual improvement: a trophic effect of the transplant on
host cones26,27 or local synaptic connections between the
transplant and host. Basic fibroblastic growth factor28-30
and various cytokines and neurotrophic factors31 have
been shown to protect against photoreceptor degeneraWWW.ARCHOPHTHALMOL.COM
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tion due to continuous light exposure or genetic defects.32,33 These growth factors likely act indirectly on photoreceptors via Mueller cells.34 It has also been suggested
that transplanted normal rod photoreceptor cells release soluble factor(s) to enhance cone survival in primary rod photoreceptor dystrophies35 without the need
for specific synapse formation.
An alternative or additional mechanism by which
the transplant may have improved the vision in this patient is by local synaptic connectivity between the transplant and host. However, this is uncertain in this case
since the patient fixated only on the edge of the graft. In
Royal College of Surgeons rats and transgenic rats with
retinal degeneration, transplants of fetal retinal sheets can
restore visual responses in an area of the superior colliculus that topographically corresponds to the placement of the transplants in the retina.36,37 Preliminary studies suggest synaptic connections between subretinal
transplants and host retina by a trans-synaptic virus tracing from the host brain to the transplant38 (M.J.S., unpublished data, March 1999-June 2002). At the present
time, however, there is no published experimental evidence that transplanted fetal neurosensory retina can reestablish appropriate synaptic connections with the residual host neural network.
The failure of the mfERG to reveal improvement was
not contradictory to our conclusion of improved vision
but rather indicative of an inability to extract any clear
signal from the considerable recording noise (ie, a very
low signal-noise ratio). Because of the nature of the multifocal technique, any movement of the stimulus on the
retina due to lack of good fixation will smear the stimulation and response of functional areas of retina with adjacent nonfunctional areas. This effect will diminish any
signal that may be present. The mfERG is additionally
complicated by the issue of whether the waveform recorded focally from the region of the transplant will resemble waveforms characteristic of normal retinas.7 The
waveform is likely to be affected by the types of connections made between the donor and host and precludes
reliance on standardized templates in the analysis. Although no new tissue has been introduced to the visual
cortex, waveforms composing the normal mfVEP vary
considerably across the visual field because of the convolutions of the primary visual cortex and individual variability. In patients, it is possible that transplant-induced
changes in input and activity of the visual cortex after
many years of their absence may result in neural plasticity that produces waveforms uncharacteristic of normal mfVEPs. The approval of the FDA to perform this
procedure in patients with better visual acuity (up to 20/
400) and with less nystagmus will provide our future studies with greater potential for showing improved function with mfERG and mfVEP testing.
The effect of the patient’s exposure to oxygen saturation levels at 96.7% to 98.9% for 5 days postoperatively on the transplant is unknown.
Diseases that affect the RPE and photoreceptor cells
of the retina (eg, RP, age-related macular degeneration,
rod-cone dystrophy, and Stargardt disease) might conceivably benefit from this type of transplantation in the
future.
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An additional improvement has been seen in the patient presented in this article since the time the manuscript was submitted. The patient was tested with follow-up ETDRS and SLO. The last SLO data presented in
the article were at 9 months after surgery. At 1 year 3
months after transplantation, SLO testing showed a visual acuity of 20/260 in the eye that was operated on and
20/330 in the eye that was not operated on with a 40°
field of view. At 2 years 3 months after surgery, SLO testing showed improved visual acuity in both eyes: 20/84
in the eye that was operated on and 20/139 in the eye
that was not operated on. The fixation was similar over
the transplant in both tests. At 2 years 2 months, ETDRS testing showed a visual acuity of 20/200 in the eye
that was operated on, whereas the visual acuity of the other
eye remained unchanged at 20/400. Subjective improvement also occurred. At 2 years 2 months after the surgery, the patient noted that she could definitely see better with the eye that was operated on. The vision in that
eye was less cloudy than that of the other eye. She could
also read the large-print Reader’s Digest and print on the
computer with the eye that was operated on that she could
not read with the other eye.
Submitted for publication August 6, 2003; final revision received January 28, 2004; accepted April 22, 2004.
This study was supported by The Murray Foundation
Inc, New York, NY; the Vitreoretinal Research Foundation, Towson, Md; the Kentucky Lions Eye Foundation, Louisville; Research to Prevent Blindness, New York, NY; and
an anonymous donor.
We thank Michael Lazar, project manager, Facilities
Planning and Construction; Tatiana Forofonova, MD, PhD,
and Marco Zarbin, MD, PhD, at The University of Medicine and Dentistry of New Jersey, New Jersey Medical School,
Newark, for performing scanning laser ophthalmoscope testing, creating the overlay of the fundus photograph and scanning laser ophthalmoscope images, and interpreting the scanning laser ophthalmoscope results.
Dr Radtke had full access to all the data in the study
and takes responsibility for the integrity of the data and the
accuracy of the data analysis.
Correspondence: Norman D. Radtke, MD, 3 Audubon
Plaza Dr, Suite 240, Louisville, KY 40217 (ret-vit.resource.ctr
@prodigy.net).
REFERENCES
1. Radtke ND, Seiler MJ, Aramant RB, Petry HM, Pidwell DJ. Transplantation of intact sheets of fetal neural retina with its retinal pigment epithelium in retinitis
pigmentosa patients. Am J Ophthalmol. 2002;133:544-550.
2. van Soest S, Westerveld A, de Jong PT, Bleeker-Wagemakers EM, Bergen AA.
Retinitis pigmentosa: defined from a molecular point of view. Surv Ophthalmol.
1999;43:321-334.
3. Santos A, Humayun MS, de Juan E Jr, et al. Preservation of the inner retina in retinitis pigmentosa: a morphometric analysis. Arch Ophthalmol. 1997;115:511-515.
4. Milam AH, Li ZY, Fariss RN. Histopathology of the human retina in retinitis pigmentosa. Prog Retin Eye Res. 1998;17:175-205.
5. Humayun MS, Prince M, de Juan E Jr, et al. Morphometric analysis of the extramacular retina from postmortem eyes with retinitis pigmentosa. Invest Ophthalmol Vis Sci. 1999;40:143-148.
6. Aramant RB, Seiler MJ. Retinal transplantation: advantages of intact fetal sheets.
Prog Retin Eye Res. 2002;21:57-73.
7. Radtke ND, Aramant RB, Seiler MJ, Petry HM. Preliminary report: indications of
improved visual function following retina sheet transplantation to retinitis pigmentosa patients. Am J Ophthalmol. 1999;128:384-387.

WWW.ARCHOPHTHALMOL.COM

©2004 American Medical Association. All rights reserved.

8. Ferris FL III, Kassoff A, Bresnick GH, Bailey I. New visual acuity charts for clinical research. Am J Ophthalmol. 1982;94:91-96.
9. Hood DC, Zhang X, Greenstein VC, et al. An interocular comparison of the multifocal VEP: a possible technique for detecting local damage to the optic nerve.
Invest Ophthalmol Vis Sci. 2000;41:1580-1587.
10. Sunness JS, Schuchard RA, Shen N, Rubin GS, Dagnelie G, Haselwood DM. Landmark-driven fundus perimetry using the scanning laser ophthalmoscope. Invest
Ophthalmol Vis Sci. 1995;36:1863-1874.
11. Aramant RB, Seiler MJ, Ball SL. Successful cotransplantation of intact sheets of
fetal retinal pigment epithelium with retina. Invest Ophthalmol Vis Sci. 1999;40:
1557-1564.
12. Sibulesky L, Hayes KC, Pronczuk A, Weigel-DiFranco C, Rosner B, Berson EL.
Safety of ⬍7500 RE (⬍25000 IU) vitamin A daily in adults with retinitis pigmentosa. Am J Clin Nutr. 1999;69:656-663.
13. Chong NH, Bird AC. Management of inherited outer retinal dystrophies: present
and future. Br J Ophthalmol. 1999;83:120-122.
14. Rizzo JF III, Wyatt J, Humayun M, et al. Retinal prosthesis: an encouraging first
decade with major challenges ahead. Ophthalmology. 2001;108:13-14.
15. Chow AY, Pardue MT, Perlman JI, et al. Subretinal implantation of semiconductorbased photodiodes: durability of novel implant designs. J Rehabil Res Dev. 2002;
39:313-321.
16. Margalit E, Maia M, Weiland JD, et al. Retinal prosthesis for the blind. Surv Ophthalmol. 2002;47:335-356.
17. Algvere P, Berglin L, Gouras P, Sheng Y. Transplantation of fetal retinal pigment
epithelium in age-related macular degeneration with subfoveal neovascularization. Graefes Arch Clin Exp Ophthalmol. 1994;232:707-716.
18. Algvere PV, Berglin L, Gouras P, Sheng Y, Kopp ED. Transplantation of RPE in
age-related macular degeneration: observations in disciform lesions and dry RPE
atrophy. Graefes Arch Clin Exp Ophthalmol. 1997;235:149-158.
19. Algvere PV, Gouras P, Dafgard Kopp E. Long-term outcome of RPE allografts in
non-immunosuppressed patients with AMD. Eur J Ophthalmol. 1999;9:217230.
20. Wenkel H, Streilein JW. Evidence that retinal pigment epithelium functions as
an immune-privileged tissue. Invest Ophthalmol Vis Sci. 2000;41:3467-3473.
21. Ma N, Streilein JW. Contribution of microglia as passenger leukocytes to the fate
of intraocular neuronal retinal grafts. Invest Ophthalmol Vis Sci. 1998;39:23842393.
22. Ma N, Streilein JW. T cell immunity induced by allogeneic microglia in relation
to neuronal retina transplantation. J Immunol. 1999;162:4482-4489.
23. Larsson J, Juliusson B, Holmdahl R, Ehinger B. MHC expression in syngeneic
and allogeneic retinal cell transplants in the rat. Graefes Arch Clin Exp Ophthalmol. 1999;237:82-85.
24. Provis JM, Leech J, Diaz CM, Penfold PL, Stone J, Keshet E. Development of the
human retinal vasculature: cellular relations and VEGF expression. Exp Eye Res.
1997;65:555-568.

25. Ashwell KW, Hollander H, Streit W, Stone J. The appearance and distribution of
microglia in the developing retina of the rat. Vis Neurosci. 1989;2:437-448.
26. Mohand-Said S, Deudon-Combe A, Hicks D, et al. Normal retina releases a diffusible factor stimulating cone survival in the retinal degeneration mouse. Proc
Natl Acad Sci U S A. 1998;95:8357-8362.
27. Mohand-Said S, Hicks D, Dreyfus H, Sahel JA. Selective transplantation of rods
delays cone loss in a retinitis pigmentosa model. Arch Ophthalmol. 2000;118:
807-811.
28. Faktorovich E, Steinberg RH, Yasumura D, Matthes MT, LaVail MM. Photoreceptor rescue in retinal degenerations by basic fibroblast growth factor. In: Anderson RE, Hollyfield JG, LaVail MM, eds. Retinal Degenerations. Boca Raton, Fla:
CRC Press; 1991:101-109.
29. Faktorovich EG, Steinberg RH, Yasumura D, Matthes MT, LaVail MM. Basic fibroblast growth factor and local injury protect photoreceptors from light damage in the rat. J Neurosci. 1992;12:3554-3567.
30. Uteza Y, Rouillot JS, Kobetz A, et al. Intravitreous transplantation of encapsulated fibroblasts secreting the human fibroblast growth factor 2 delays photoreceptor cell degeneration in Royal College of Surgeons rats. Proc Natl Acad Sci
U S A. 1999;96:3126-3131.
31. LaVail MM, Unoki K, Yasumura D, Matthes MT, Yancopoulos GD, Steinberg RH.
Multiple growth factors, cytokines, and neurotrophins rescue photoreceptors from
the damaging effects of constant light. Proc Natl Acad Sci U S A. 1992;89:1124911253.
32. Chong NH, Alexander RA, Waters L, Barnett KC, Bird AC, Luthert PJ. Repeated
injections of a ciliary neurotrophic factor analogue leading to long-term photoreceptor survival in hereditary retinal degeneration. Invest Ophthalmol Vis Sci.
1999;40:1298-1305.
33. Liang FQ, Dejneka NS, Cohen DR, et al. AAV-mediated delivery of ciliary neurotrophic factor prolongs photoreceptor survival in the rhodopsin knockout mouse.
Mol Ther. 2001;3:241-248.
34. Wahlin KJ, Adler R, Zack DJ, Campochiaro PA. Neurotrophic signaling in normal and degenerating rodent retinas. Exp Eye Res. 2001;73:693-701.
35. Mohand-Said S, Hicks D, Leveillard T, Picaud S, Porto F, Sahel JA. Rod-cone
interactions: developmental and clinical significance. Prog Retin Eye Res. 2001;
20:451-467.
36. Woch G, Aramant RB, Seiler MJ, Sagdullaev BT, McCall MA. Retinal transplants
restore visually evoked responses in rats with photoreceptor degeneration. Invest Ophthalmol Vis Sci. 2001;42:1669-1676.
37. Sagdullaev BT, Aramant RB, Seiler MJ, Woch G, McCall MA. Retinal transplantationinduced recovery of retinotectal visual function in a rodent model of retinitis pigmentosa. Invest Ophthalmol Vis Sci. 2003;44:1686-1695.
38. Aramant RB, Seiler MJ, Woch G. Retinal transplants form synaptic connections
with host retinas with photoreceptor degeneration: demonstrated by transsynaptic tracing from host brain [ARVO abstract]. Invest Ophthalmol Vis Sci. 2000;
41(suppl):S101, program 528.

Notice to Authors: Submission of Manuscripts
Selected manuscripts submitted to the Archives of Ophthalmology will
be submitted for electronic peer review. Please enclose a diskette with
your submission containing the following information:
File name
Make of computer
Model number
Operating system
Word processing program and version number

(REPRINTED) ARCH OPHTHALMOL / VOL 122, AUG 2004
1165

WWW.ARCHOPHTHALMOL.COM

©2004 American Medical Association. All rights reserved.

