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ABSTRACT
PURPOSE: To report the subjective and objective improvement in vision in a patient with
autosomal dominant retinitis pigmentosa (ADRP) after transplantation of a sheet of fetal neural
retina together with its retinal pigment epithelium (RPE).
DESIGN: Interventional case series.
METHODS: A sheet of fetal neural retina and RPE were transplanted together into the
subretinal space under the fovea unilaterally in a patient with retinitis pigmentosa who had
20/800 vision in the treated eye. The patient was followed for one year. The main outcome
measures were Early Treatment Diabetic Retinopathy Study (ETDRS) testing, scanning laser
ophthalmoscope (SLO), tissue typing of both donor and recipient, fluorescein angiography,
multifocal electroretinogram (mfERG), visually evoked potentials (mfVEPs), and clinical
examination.
RESULTS: No evidence of rejection was observed although the patient was HLA (human
leucocyte antigen) mismatched with the donor tissue. Up to one year, there was no evidence of
retinal edema or scarring. The transplant sheet lost its pigmentation by 6 months. A change in
vision from 20/800 to 20/400 (6 months), 20/250 (9 months) and 20/160 (1 year) was observed
by ETDRS. Independently, SLO testing at a different institution at 9 months showed a vision of
to 20/270 at a 40° field of view.
CONCLUSION: This study of a single patient indicates that fetal retina can be transplanted
together with its RPE and survive one year without evidence of rejection and show continued
improvement in both objective and subjective visual acuity.
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TEXT
Previously, it has been reported that intact sheets of fetal retina together with its RPE can
be safely transplanted to patients with retinitis pigmentosa (RP) 1. RP is a group of inherited
diseases with mutations in photoreceptor or retinal pigment epithelium (RPE) genes (review: 2).
In these diseases, blindness is due to specific degeneration of 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 might be improved.
Retinal transplantation studies in animals have involved either RPE cells to rescue
photoreceptors 6-9 or cells of the neural retina to replace damaged photoreceptors 10-15.
Transplantation of healthy RPE cells in an animal model of RPE dystrophy can delay
photoreceptor degeneration 6, 7. However, RPE cell transplants have not been shown to have any
effect in the RDS mouse, a model of photoreceptor degeneration 16.
The success of RPE transplants in RCS rats has led to clinical trials in age related
macular degeneration (ARMD) patients. The first transplants performed on patients with
ARMD undergoing choroidal new vessel (CNV) excision showed signs of rejection at three
months 17. In ARMD patients undergoing CNV excision, Bruch’s membrane is damaged and the
native RPE in the dissection bed have been removed 18, permitting leukocyte and humoral access
to the grafts. However, in another study, patients with non-exudative ARMD, which has a
largely intact blood-retinal barrier, demonstrated less clinically evident inflammation after RPE
transplantation19-20. One patient with ARMD and geographic atrophy that received adult RPE
transplants showed signs of graft failure and/or rejection 5 months after surgery 21. One AMD
patient underwent CNV excision and RPE transplantation followed by immune suppression with
cyclosporine, azathiaprine, and prednisone. There was no clinical evidence of inflammation after
surgery, and histopathology showed no signs of immune rejection, photoreceptor atrophy, and
large areas devoid of RPE in the dissection bed 22. RPE transplants have been done in two
patients with RP. These patients experienced improved performance on visual field testing 23.
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RPE transplantation can rescue existing photoreceptor cells in animal models of retinal
degeneration 6, 7. On the other hand, when photoreceptors are irreversibly lost, transplantation of
RPE cells cannot be of help because the photoreceptors need to be replaced (review: 24).
Fourteen RP patients in India 25, and eight patients with RP and one patient with ARMD in the
U.S. received aggregate retinal transplants 26. Ten patients received adult photoreceptor sheet
transplants 27-29. These experiments have shown no clinical signs of rejection, but also no
improvement in vision. However, the presence of subclinically evident graft rejection cannot be
excluded.
Using an implantation instrument and procedure developed by Aramant and Seiler to
transplant intact sheets of fetal retina with or without RPE to rats with retinal degeneration
(review: 24), clinical studies have been performed in patients with RP 1, 30. Although no objective
improvement in vision was reported, these clinical studies demonstrated the safety of the
procedure.
The present study is a continuation of the safety study of transplanting fetal neural retina
together with RPE to RP patients with light perception or no light perception 1. The Food and
Drug Administration (FDA) and the Institutional Review Board (IRB) of Norton Audubon
Hospital and the University of Louisville approved to change the patients’ vision criteria from
light perception (LP) or no light perception (NLP) in both eyes to 20/800 or worse in one eye
based on the demonstration of safety on previous patients 1. The results of the first patient with
the new vision criterion of 20/800 or worse are presented because the patient showed visual
improvement from 20/800 ETDRS vision before treatment to 20/160 at one year. The most
effective methods to demonstrate visual function were Early Treatment Diabetic Retinopathy
Study (ETDRS) and scanning laser ophthalmoscope (SLO) measurements.

METHODS: The study protocol is that of an interventional case series in which patients with RP
and vision of 20/800 or worse in one eye are studied without a control group for comparison,
after approval from Norton Audubon Hospital and from the University of Louisville Human
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Studies Committee. The study is conducted under the Food and Drug Administration (FDA)
Investigational New Drug (IND) Number BB-IND 8354.
Criteria for exclusion from the study were: any significant ocular diseases that
compromised or could compromise vision in the eye to be studied and thus confound the
analysis; participation in another ophthalmic clinical trial; use of any other investigational new
drug within 12 weeks before the start of the study treatment; intraocular surgery within the last
two months; capsulotomy within the last month in the study eye; a history of uveitis, Coat’s
disease, or diabetic retinopathy, glaucoma, or a cataract that prevents visualization of the
posterior pole.
The patient who received the transplant had given an informed consent after extensive
counseling regarding realistic expectation of the procedure. In accordance with our selection
criteria, this patient had 20/800 vision measurement in the operated eye for at least one year with
a diagnosis of retinitis pigmentosa, was over 21 years of age, not pregnant, and was willing to
return for follow-up visits. The patient was a 64-year-old female.
The fetal tissue used was 13 weeks gestational age and 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 been described previously 1. A piece of 1.5 x 3.1 mm of the fetal retina with
its RPE was cut out and implanted subretinally under the fovea, using a custom-made
implantation instrument with a flat plastic nozzle tip at a 130º angle 1, 24, 30. 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 towards the choroid.
Donor tissue that was dissected away was used for the tissue typing of the donor. Tissue
typing of the donor was done at the histocompatibility lab at Jewish Hospital. The donor DNA
was extracted using a DNA tissue extraction kit (QIAGEN, Valencia, California) and typed for
the human leucocyte antigens HLA-A, B, and DR antigens by PCR amplification using sequence
specific primers (Pel Freeze, Deer Brown, Wisconsin).
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Anti-HLA antibodies in the recipient were detected using two techniques, both using
sensitive flow cytometric procedures. Screening for antibodies was performed using a pool of
normal T-cells. The specificity of antibody was determined using HLA coated beads (One
Lambda, Canoga Park, California).
Complete assessments (ocular examination, fluorescein angiography, mfERG, and
mfVEP) were performed pre-operatively and repeated after surgery. To assess potentially
corresponding physiologic changes in the region of the transplant, photopic mfERGs and
mfVEPs were recorded three times before surgery and at 2 weeks, 1, 3, 6, and 12 months postoperatively. Multifocal ERGs were recorded using a Burian-Allen electrode (Hansen
Ophthalmic Development Laboratory, Iowa City, Iowa), amplified at 100K with low- and highfrequency cut-offs at10Hz and 300Hz respectively (half amplitude, Grass preamplified P511J,
Grass Instruments, Quincy, Massachusetts), and VERIS Science software (EDI, Inc., San Mateo,
California). A 42o x 38o field of 103 black and white hexagons (mean luminance 200 cd/m2,
75Hz frame rate) was used with the hexagons flashing on or off according to a pseudorandom
binary M-sequence. A cross-correlation technique was used to extract local responses from the
continuous electroretinography. For mfVEP recordings, the same testing and analysis apparatus
was used with the following changes. A 60-sector dartboard stimulus was used with each sector
consistent of 16 checks (VERIS stimulus Dart Board 60 with Pattern, mean luminance of 200
cd/m2 75Hz frame rate); gold cup electrodes were placed 4 cm above the inion (positive), at the
inion (references) and on the forehead (ground); and signs were amplified (100K) and filtered at
3Hz and 100Hz (half-amplitude cut-offs). Multifocal VEP (mean luminance 200 cd/m2, 75Hz
frame rate) recorded using three Grass gold disc electrodes and the VERIS Science 4.9 system
(EDI, Inc., San Mateo, California). Electrodes were placed on the forehead, at the inion and 4
cm above the inion. Dartboard pattern was used with the checks flashing on or off according to
a pseudorandom binary M-sequence.
The patient was tested at nine months post-operatively at an independent testing site with
the scanning laser ophthalmoscope (SLO) using a small, dim stimulus. The examiners at this
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location did not know which eye had been transplanted. For SLO/Microperimetry, the following
settings were used: 1) fixation cross: intensity 75 - 100 dB, size #2, square shape; background 1
Cd/m2; 2) thresholds: duration 12 flashes/sec, 255 dB intensity, size #8. A helium-neon laser
was used for testing. Infrared light was used to image the fundus during testing. Manual tracking
was used to compensate for the patient’s eye movement after each measurement by fixing the
reference cross at clearly defined vascular landmarks 31. The patient declined the opportunity for
pre-operative testing. The SLO testing was not in the experimental protocol and was additional
information obtained to the other clinical tests.

RESULTS: The transplant could be observed easily after surgery by indirect ophthalmoscopy
because of its heavy pigmentation (see Figure 1A,B). During the follow-up exams, the area of
pigmentation eventually disappeared between 3 and 6 months (Figure 1C). The appearance of
the fundus in the transplant area remained unchanged between 6 and 12 months (Figures 1 C,D).
Fluorescein angiography showed no dye leakage in the area of the transplant at six to twelve
months (Figure 2). Although the clinical appearance of rejection in the retina is still somewhat
unclear, no evidence of tissue destruction, as evidenced by dye leakage on fluorescein
angiography, 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 types for donor and
recipient are listed in Table 1. As expected, the donor and recipient were not matched. The
donor and recipient shared only a single HLA-B antigen (B14) and no DR antigens, indicating
this was an allogeneic graft.
The patient’s vision in the operated eye showed improvement both subjectively and
objectively, as assessed with ETDRS acuity at 6 months to 1 year, and with SLO testing at 9
months. The patient declined the opportunity for pre-operative SLO testing but agreed to postoperative SLO testing when she noticed a marked subjective improvement at six months. She
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could only see the shape of a person’s head pre-operatively, but post-operatively, she could see
the eyes, nose, and mouth of people’s faces. Objectively, her vision improved from 20/800 preoperatively to 20/400 at six months, 20/250 at 9 months, and 20/160 at 12 months. No vision
improvement occurred prior to six months. The post-op ETDRS vision at 9 months was
confirmed by SLO testing at an independent clinical center and measured 20/270 at a 40° field of
view (FOV) (Figure 3). The independent clinical center did not know prior to SLO testing which
eye had been given the transplant. The operated eye contained 53 seeing and 37 non-seeing
areas (Figure 3). In contrast, the ETDRS vision of the non-operated eye did not change during
the testing period from the 20/400 pre-operative value. This value remained the same
throughout the testing period, and it was tested at every follow-up examination.
Correspondingly, SLO testing of the non-operated eye at 9 months measured the vision at 20/369
(33 seeing and 37 non-seeing areas), which was consistent with the ETDRS testing of the nonoperated eye of 20/400.
The overlay of the SLO fixation and the photo of the transplant shows that the patient
viewed the 20/270 letter (using 40° FOV testing) with a portion of the retina nasal to but at the
edge of the transplant (see Figure 4).
The mfERG and mfVEP showed no clear signal pre- or post-operatively in any region of
the retina.
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 IRB. The result of this event was
that the patient had increased O2 saturation levels for five days post-op in the range of 96.7-98.9
% as measured by blood gases and oximeter readings which had been supplemented from a
baseline of 92% saturation pre-operatively. The effect of increased oxygen levels on the
transplant survival is unknown.
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DISCUSSION: The approach used in this patient with ADRP was to transplant an intact sheet of
fetal neural retina and RPE. In RCS rats, it has been shown that freshly harvested intact sheets
of fetal RPE and retina transplanted together into the subretinal space can develop
approximately normal morphology 32 and preserve visual responses in the superior colliculus 33.
Recently, it has been shown that co-grafts of human fetal retina with RPE can develop normally
in athymic nude rats 34. Such transplants have the potential to benefit retinal disease with
dysfunctional RPE and photoreceptors such as human RP. 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. This technique maintains the correct orientation of the retinal sheets 24, 32. The
minimal trauma associated with the procedure reduces the possibility of rosette formation or
rupture of Bruch’s membrane.
Fetal donor tissue has many advantages over adult tissue. Fetal cells have a high capacity
to sprout processes, to produce trophic substances 35, and can overcome the trauma of
transplantation much easier than adult cells because they do not depend so heavily on oxygen as
adult cells 36. Fetal retinal tissue is less likely to be immunogenic than adult tissue 37, 38.
Allografted sheets of RPE, in contrast to dissociated cells, have been shown to be
immunologically privileged – they are not rejected when transplanted to the kidney capsule 39.
To date, no effective treatment has been developed for the recovery of visual loss from
RP: 1.) Oral vitamin A therapy has been demonstrated to be safe and effective in slowing the
rate of ERG loss in RP but shows no effectiveness in the recovery of lost vision 40. 2.) Gene
therapy and pharmacologic therapy are underway and are exciting but are still under
development and not in use in clinical trials at this time, although a clinical trial of gene therapy
in Leber’s Congenital Amaurosis will probably be initiated in one to three years 41. 3.)
Development and use of a visual prosthesis is actively being pursued in many centers but it is not
clear what the visual potential of the existing devices is 42-44.
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If the graft was undergoing rejection, graft encapsulation, tissue destruction, and macular
edema would have been observed by fundus exams or fluorescein angiography. In this patient, by
one year post-operatively, there was no rejection 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 non-exudative manifestations of AMD 17, 19, 20, 22. The
observed pigment loss of the transplant might have been due to death of the RPE cells (i.e., graft
failure) or to the fact that the pigment production of the cells could not keep up with the growth
of the cells. Pigment loss has also been observed in cografts of rat fetal retina with RPE
although the donor RPE cells could still be identified by BrdU label 32. Another explanation is
that rejection was occurring. However, fluorescein angiography showed no dye leakage in the
area of the transplant at six to twelve months.
In the patient reported here, there were no donor-specific antibodies seen at six months.
Anti-MHC class I antibodies specific for HLA-A1 antigen carried on the graft was found before
transplantation, possibly from past pregnancies or transfusion. The titer of this antibody did not
change at the time of the transplant. However, at approximately four months after
transplantation, the titer of this class I antibody increased and continued to increase through the
last sample collected nine months after surgery. This result indicates that some event stimulated
the patient’s immune system to produce antibodies. Whether the transplant or some other
stimulus (e.g., an illness) was responsible is unclear. The patient’s antibodies against an antigen
that the graft carried increased, but all other antibodies, including antibodies with specificities to
antigens not expressed by the graft, increased concurrently. This result indicates a non-specific
immunologic response as opposed to a graft-specific response. No new antibodies to graftspecific antigens developed as would be expected in the presence of graft rejection. Also, the
loss of pigment in the graft occurred gradually over the 3 to 6-month period, and the beginning
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of the loss of pigment in the transplant was seen well before the titer increase of the anti-class I
antibody. No anti-MHC class II antibody was detected at any time before or after the transplant.
The neural retina itself is not immunogenic, but the RPE and microglial cells in the donor
retina are immunogenic 39, 45, 46. Most microglial cells are associated with blood vessels. These
cells migrate into the retina post-natally in the rat 47 and beginning at 16 weeks gestation in the
human 38. Since the number of microglial cells in fetal rat retina is much lower than in postnatal retina 37, it is likely that fetal retina is less immunogenic than post-natal retina in that
species because fetal retina still lacks inner retinal vessels. In an animal model using allografts
of Long-Evans or ACI rat donors into Sprague-Dawley or RCS recipients, stable transplants were
seen in rats six to ten months after surgery 24, indicating that allogeneic retinal sheets transplants
can be tolerated in the subretinal space of rats with retinal degeneration.
Due to the early gestational age of the donor (13 weeks), it is unlikely that donor-derived
microglial cells were present in this graft, reducing the possibility of immunologic recognition
through antigen presenting cell migration to lymph nodes or spleen. The fact that the bloodbrain barrier under the graft appeared to remain intact, based on clinical evaluation and
fluorescein angiography, reduces the potential graft recognition by the recipient immune system.
Taken together, these immunological 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 yet.
The subjective and objective visual acuity improvement appeared concurrently at six
months after surgery. The patient’s report of vision improvement was corroborated at two
separate, independent clinical centers, one with ETDRS and one with SLO.
The SLO testing showed that fixation was unsteady and involved the nasal edge of the
transplant as well as retinal nasal and immediately adjacent to the transplant. Viewing of the
20/270 letter was done with retina nasal to the transplant. These findings indicate that the
transplanted tissue might have had a trophic effect on residual host cone cells corresponding to
what has been observed in vitro and in vivo 48, 49. Basic fibroblastic growth factor 3, 50-52 and
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various cytokines and neurotrophic factors 53 have been shown to protect against photoreceptor
degeneration due to continuous light exposure or genetic defects 54, 55. These growth factors
likely act indirectly on photoreceptors via Mueller cells 56. It has also been suggested that
transplanted normal rod photoreceptor cells release soluble factor(s) to enhance cone survival in
primary rod photoreceptor dystrophies 57 without the need for specific synapse formation.
Another mechanism by which the transplant may have improved the vision in this patient
is by local synaptic connectivity between transplant and host. In RCS rats and transgenic rats
with retinal degeneration mimicking human RP, transplants of fetal retinal sheets with or
without RPE can restore visual responses in an area of the superior colliculus that
topographically corresponds to the placement of the transplants in the retina

33, 58

. Preliminary

studies suggest synaptic connections between subretinal transplants and host retina by transsynaptic virus tracing from the host brain to the transplant 59 (Seiler et al., submitted). 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 electrophysiological tests 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 (i.e., a very low signal/noise ratio). This result was
not unexpected due to fixation problems and general lack of function inherent in eyes with
20/800 vision. 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 non-functional 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 (e.g., 30). The waveform is likely to be affected by the types of connections made
between 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
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normal mfVEP vary considerably across the visual field due to the convolutions of primary
visual cortex and individual variability. In patients, it is possible that transplant-induced changes
in input and activity of 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 vision (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 O2 saturation levels at 97-99% for five days postoperatively on the transplant is unknown.
Diseases that affect the RPE and photoreceptor cells of the retina (e.g., RP, ARMD, rodcone dystrophy, and Stargardt disease) might conceivably benefit from this type of
transplantation. This technique has novel features, which are of considerable biological and
clinical interest for patients with diseased RPE and/or neural retina. Laboratory research to
improve connectivity of the donor to host should enhance the potential for functional success of
this procedure.
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FIGURES AND TABLES

FIGURES:

Figure 1. Fundus images: Arrows indicate the same blood vessel landmark in all images. A) 3
weeks prior to transplantation. B) 2 weeks after transplantation, showing heavy pigmentation of
transplant. The transplant area is outlined by white dots. C) 6 months after transplantation: loss
of pigment. A white scar is recognizable at the retinotomy site. White dots outline the same area
as in B). D) 12 months after transplantation – no change compared to 6 months.

Figure 2. Fluorescein Angiograms: Arrows indicate the same blood vessel landmark in all
images (same as in Fig. 1). The transplant area (same area as in Figs. 1B-D) is outlined by white
dots. A) 3 weeks before transplantation. B) 6 months after transplantation. C) 9 months after
transplantation. D) 12 months after transplantation. No fluorescein leakage in transplant area.

Figure 3: Scanning Laser Ophthalmoscope (SLO): Top – Microperimetry of operated eye.
Seeing areas are indicated as filled white squares, non-seeing 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 operated eye
contained 53 seeing and 37 non-seeing areas. In contrast, the non-operated eye contained 33
seeing and 37 non-seeing areas. Bottom – The patient fixated a large size 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.

Figure 4: Overlay of SLO fixation image and fundus photograph of the transplant at 2 weeks
postoperatively. Vascular landmarks were used to superimpose the two images accurately. The
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figure shows that the patient used retina nasal to the nasal edge of the transplant to view the
20/270 letter.

TABLES:

Table 1:

DONOR HLA TYPING

RECIPIENT HLA TYPING

HLA-A1

HLA-A2

HLA-A30

HLA-A3

HLA-B13

HLA-B14

HLA-BW4

HLA-BW6

HLA-B14

HLA-B27

HLA-BW6

HLA-BW4

HLA-DR17

HLA-DR1

HLA-DR7

HLA-DR13
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