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1. INTRODUCTION:

Approximately 39 million people worldwide suffer from blindness. Ocular trauma is second only
to cataracts in major causes of visual impairment in the US, with permanent vision loss in over
1 million civilians per year. Combat ocular trauma is severe and ranges from perforations to
open globe ruptures. Ocular trauma has a poor prognosis despite the best available
interventions, which results in a decline in quality of life and ability to return to the workforce for
patients and presents challenges to the medical and military communities. The poor prognosis
of ocular trauma or disease results from irreversible damage to the optic nerve. The difficulty
with recovery is due to inability of retinal ganglion cells, the cells whose axons comprise the
optic nerve, to regain function after traumatic or ischemic injury. Whole eye transplantation is
the holy grail of vision restoration, regardless of the underlying etiology, as it offers the
opportunity to provide viable retinal ganglion cells and an entire optical system to recipients
with irreversible blindness. We have established the first vascularized orthotopic whole eye
transplant model in the rat, which gives the unprecedented ability to forward the field of eye
transplantation with basic science research. Our goal is to perform a comprehensive approach
to whole eye transplantation through exploring viability, immune response, and optic nerve
regeneration after whole eye transplantation.

2. KEYWORDS:

whole eye transplantation (WET); Vascularized composite allotransplantation (VCA);
Composite tissue allotransplantation (CTA); face transplant; animal model; optical coherence
tomography (OCT); magnetic resonance imaging (MRI); vision loss; optic nerve; retina;
aqueous humor dynamics; ocular tissue permeability; total human eye allotransplantation.

3. ACCOMPLISHMENTS:

What were the major goals of the project?

Aim 1: To evaluate the viability, structural integrity, and functional properties after
whole eye transplantation in a rat model.

Aim 2: To evaluate optic nerve function in the whole eye transplant (WET) model
after application of optic nerve directed fetal optic nerve derived Extracellular Matrix
nerve wrap therapy.

Aim 3: To evaluate the immune response after whole eye allotranpslantation.

What was accomplished under these goals?
Quarter 1

3. Major Activities:
a. Obtained ACURO approval December 8, 2014
b. Performed syngeneic whole eye transplants in the rat
c. Started fundoscopic examination of whole eye transplants for
evaluation of structural integrity
d. Started transplant viability analyses with Optical Coherence
Tomography
4. Specific Objectives:
a. Task 1.1: Syngeneic transplants are performed
b. Task 1.2: Fundoscopic examination of whole eye transplants for
evaluation of structural integrity post operative days 10,30,90,120
c. Task 1.3: Optical Coherence Tomography (OCT) for evaluation of
viability and retinal cell ganglion survival post operative days 4
10,30,90,120




5. Significant results:
a. Syngeneic transplants

Whole eye transplant is established in a rodent model
We first performed 10 syngeneic transplants in twenty 8-10 week old Lewis rats (RT1'). The
donor graft consisted of the whole eye and optic nerve including hemi-facial skin and the
ear. The pedicles were the common carotid artery and the external jugular vein. The
recipient was prepared by removing the hemi-facial skin and globe, and cutting the optic
nerve at the base of the globe. The graft was transplanted to the recipient rat. The optic
nerve was sutured with 11-0 nylon suture with interrupted stitches. The vascular pedicles of
the common carotid artery and the external jugular vein were sutured together with 10-0
nylon suture. The graft was then sutured into place with 5-0 chromic absorbable suture.
(figure 1)

Figure 1. A. Whole eye transplant donor graft. B. (ON: Optic Nerve; TB: Temporal Bone; TN:
Trigeminal Nerve; ELG: External Lacrimal Gland; CCA: Common Carotid Artery; EJV: External Jugular
Vein.) C. Graft insetting with optic nerve apposition.

Eight out of 10 animals survived the transplantation process. One rat died from respiratory
failure 2 hours after surgery and one rat died from post-operative bleeding on postoperative
day one. Graft survival rate averaged 80%. Ischemia time averaged 1.96 hours. The
average donor surgery time was 1.03 hours. The average recipient surgery time was 2.72
hours. Average weight reduction at post-operative day 7 was 21.3%. Complications included
post-operative bleeding and respiratory failure.

b. Fundoscopic examination

Fundoscopic examination was performed at post-operative day 10 in the transplants to
evaluate viability and structural integrity. Slit lamp examination was used to assess the
eyelids, conjunctiva, cornea, anterior chamber, iris, lens and fundus. All rats examined under
slit lamp had a vascularly intact transplant with a patent vascular network. There was mild
chemosis and hemorrhage in the conjunctiva, mild paralimbal injections, mostly transparent
cornea with some degree of peripheral neovascularization, mild to moderate cataracts of the
lens, and red reflex elicited on all fundus exams. These ocular findings improved or remained
the same during the follow up period. (figure 2)




Fig. 2. Ocular blood supply. A: Eyeball in transplant graft after heparin perfusion; B: Eyeball immediately
after transplantation and vascular anastomoses; C: Normal eyeball

c. Optical Coherence Tomography

An SD-OCT device (Bioptigen Inc, Research Triangle Park, NC) was used to image a 2.5mm
X 2.5mm x 2mm (512 x 512 x 1024 samplings) volume centered on the cornea, lens and
Optic nerve head (ONH). The SD-OCT device had a wide-bandwidth light source centered on
870nm, which results in a theoretical axial resolution of 1.3um. When possible, Doppler
imaging was performed to assess blood flow in the eye. Doppler OCT was performed in a
2.5mm x 2.5mm x 2mm (700 x 20 x 1024 samplings) region. Eight Doppler frames were
acquired with an acquisition rate of 28 kHz, resulting in a Nyquist limit of 4.62 mm/s normal to
the scanning beam.

OCT imaging demonstrated the structural integrity of the cornea, albeit with evidence of neo-
vascularization. (Fig. 3) The structural integrity of the retinal layers was maintained. (Fig. 4)
There was thinning of the retina, especially the anterior hyperreflective layer. Blood flow was
observed in the retina, as well as the optic nerve head of the transplanted eye. (Fig. 5)
Aliasing, and indication of turbulent/high blood flow, flow too high to be detected, noted for
blood flow exceeding 4.62 mm/s normal to the scanning beam, was evident in all 6 surviving
subjects.

Fig. 3. Cornea with OCT. A: Control cornea; Fig. 4. Fundus vascularization with OCT. A:
B: Transplanted cornea POD 7. Control fundus; B: Transplanted fundus POD 7.




Fig. 5. Retina vascularization with Doppler. A: Control retina; B: Transplanted retina.

d. Other Achievements
Intraocular pressure analysis of transplants:

Intraocular pressures of the uninjured left eye and transplanted right eye were 15.9+£3.1
mmHg and 16.5+3.2mmHg respectively at 3 weeks post transplantation in 3 transplanted rats.

Quarter 2

1. Major Activities:

a. Performed additional syngeneic whole eye transplants in the rat

b. Continued fundoscopic examination of whole eye transplants for
evaluation of structural integrity

c. Continued transplant viability analyses with Optical Coherence
Tomography

d. Performed electroretinogram analyses of transplants

e. Preparation of ECM derived nerve wraps

2. Specific Objectives:

a. Task 1.1: Syngeneic transplants are performed

b. Task 1.2: Fundoscopic examination of whole eye transplants for
evaluation of structural integrity

c. Task 1.3: Optical Coherence Tomography (OCT) for evaluation of
viability and retinal cell ganglion survival

d. Task 1.4: Electroretinogram analysis is performed on transplants to
assess optic nerve regeneration

e. Task 1.5: Further electrophysiological analysis is performed on
transplants that elicit a response in ERG

f. Task 2.1: Preparation of ECM optic nerve wraps




3. Significant results:
a. Syngeneic transplants

Whole eye transplant is established in a rodent model

We performed 20 syngeneic transplants in twenty 8-10 week old Lewis rats (RT1)).
The donor graft consisted of the whole eye and optic nerve including hemi-facial skin
and the ear. The pedicles were the common carotid artery and the external jugular
vein. The recipient was prepared by removing the hemi-facial skin and globe, and
cutting the optic nerve at the base of the globe. The graft was transplanted to the
recipient rat. The optic nerve was sutured with 11-0 nylon suture with interrupted
stitches. The vascular pedicles of the common carotid artery and the external jugular
vein were sutured together with 10-0 nylon suture. The graft was then sutured into
place with 5-0 chromic absorbable suture. (figure 1)

16 out of 20 animals survived the transplantation process. Graft survival rate averaged
86.7%. Ischemia time averaged 1.98 hours. The average donor surgery time was
1.15 hours. The average recipient surgery time was 2.8 hours. Average weight
reduction at post-operative day 7 was 22.1%. Complications included post-operative
bleeding and respiratory failure. The oldest transplant to date is 98 days old. (Figure
1)

Figure 1. Syngeneic transplant results.




b. Fundoscopic examination

Fundoscopic examination was performed at post-operative day 30 and 60 in the
transplants to evaluate viability and structural integrity. Slit lamp examination
was used to assess the eyelids, conjunctiva, cornea, anterior chamber, iris, lens and
fundus. All rats examined under slit lamp had a vascularly intact transplant with a
patent vascular network. There was mild chemosis and hemorrhage in the conjunctiva,
mild paralimbal injections, mostly transparent cornea with some degree of peripheral
neovascularization, mild to moderate cataracts of the lens, and red reflex elicited on all
fundus exams. These ocular findings improved or remained the same during the follow
up period at 30 and 60 days. (Figure 2)

Figure 2: Transplanted eye (left) and contralateral eye (right) 1 week after transplantation.

c. Optical Coherence Tomography

An SD-OCT device (Bioptigen Inc, Research Triangle Park, NC) was used to image a
2.5mm x 2.5mm x 2mm (512 x 512 x 1024 samplings) volume centered on the cornea,
lens and Optic nerve head (ONH). The SD-OCT device had a wide-bandwidth light
source centered on 870nm, which results in a theoretical axial resolution of 1.3um.
When possible, Doppler imaging was performed to assess blood flow in the eye.
Doppler OCT was performed in a 2.5mm x 2.5mm x 2mm (700 x 20 x 1024
samplings) region. Eight Doppler frames were acquired with an acquisition rate of 28
kHz, resulting in a Nyquist limit of 4.62 mm/s normal to the scanning beam.

OCT imaging was performed sequentially on the same animals to assess for
maintenance of structural integrity over time. We found that on OCT examination
there appeared to be maintenance of structural integrity over time in the lens, cornea,
and retina. There was also maintenance of blood flow in the retina. (Figure 3)




Figure 3. OCT evaluation of the cornea, lens, retina, and optic nerve head was performed on the same
animal at week 1, 3, and 7 to evaluate the maintenance of structural integrity over time. The structures
appeared to maintain their integrity over time. Note the opacities in the lens (blue arrow). These are
thought to be due to the ischemia or ischemia/reperfusion injury. The opacities appear to improve by
week 7. There is evidence of blood flow in the retina at week 1, 3, and 7.

d. Electroretinogram

Electroretinogram, is a test in which the electrical potentials generated by the retina
are measured when the retina is stimulated by light. Rats underwent electroretinogram
evaluation. Rats had overnight dark adaptation in a black box housed in the animal
facility. An Espion E3 Electroreinography system (Diagnosys LLC) was integrated with
a Dell PC equipped with a fast DSP microprocessor that controls and synchronized
data acquisition and stimulator timing. A rodent lab cradle with heated platform
allowed for ERG measurements in rats. Rats were prepared under a dim red light in a
light-sealed room. Rats were anesthetized with Nembutal. Rats were placed on a
heated platform to maintain the body temperature at 37 degrees Celsius. The
recording electrodes, which are made of two 3-mm gold wire loops (Diagnosys) were
placed to gently contact the corneal surface of eyes pre-coated with a 2.5%
hydroxypropyl-methylcellulose solution (Gonak, Akorn). A subdermal needle electrode
(Viasys Healthcare, Chicago, IL) between the ears served as a common reference
while the other subdermal needle electrode was inserted at the base of the left leg to
act as a ground. Retinal responses were recorded simultaneously from both eyes.
Light stimuli was delivered via a Ganzfeld. Different stimulus strengths were used.
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Preliminary data from functional evaluation by electroretinogram (ERG) showed a
decrease in optic nerve and retinal ganglion cell function after transplantation. It
showed no response to light in the transplanted eyes in comparison to control eyes.
(Figure 4) Based on these results and in agreement with previous studies, transected
RGCs in our WET model fail to regenerate functional connections. These results are
expected given the inability of RGCs to withstand trauma. Thus, in specific aim 2 we
are planning to implement therapy through ECM nerve wrap technology to induce
optic nerve regeneration.

Figure 4: ERG of transplanted eye (right) shows no organized electrical response in the retina in
comparison to a normal response in the naive eye (left)

e. Preparation of Extracellular Matrix (ECM) nerve wraps

ECM technology uses ECM bioscaffolds that are derived by decellularizing healthy
tissues or organs. ECM bioscaffolds have been used to reduce scarring and to
promote tissue reconstruction in numerous tissues and organs, in part, by modulating
the innate immune response towards an M2 pro-repair phenotype. Previous studies
comparing ECM bioscaffolds from different age and tissue sources showed ECMs
derived from younger, homologous tissues are generally more efficacious than ECMs
derived from non-homologous tissues. Therefore in collaboration with the laboratory
of Michael Steketee, we will be implementing ECM bioscaffolds, derived from fetal
porcine brain and applying them to the optic nerve of our transplants. We have done
preliminary studies to prepare the fetal ECM wraps and have compared the
regeneration in a peripheral nerve model with immunohistochemical staining.

Biohybrid nerve wrap preparation. ECM will be prepared by decellularizing porcine
optic nerve, in a novel decellularization chamber designed for delicate tissues. In brief,
the tissues will be subjected to a series of decellularization agents without agitation to
harvest the ECM. The decellularization process consists of a series of non-agitated
baths: distilled, deionized H20, 3% triton-X 100, 3M NacCl, and distilled, deionized H20
(30 minutes per wash). This procedure is repeated 2-4 times followed by 100 kU/mL
DNase and 0.1% peracetic acid in 4.0% ethanol (120 minutes) washes followed by 15
min washes with PBS, deionized water, PBS, and deionized water. All ECMs will be
lyophilized and stored dry until digestion and solubilization. Digestion and
solubilization is accomplished by incubating dried and powdered (400-1000uM particle
size) ECM scaffolds in 1.0 mg/ml pepsin in 0.01 N HCI for 48-72 hours until a viscous
solution has formed. The viscous solution is then electrosprayed with poly (lactic-co-
glycolic) acid PLGA.

11



Figure 4. A. Adult ECM wrap. B. Fetal ECM
wrap. C. Trigeminal nerve wrapped with fetal
ECM wrap in rat (arrow). D. Controls show
little axon regeneration (green) compared to E.
fetal ECM wraps, which show dramatic
regeneration. Unpublished data: Washington

and Steketee labs.

f. Other achievements:

none
Quarter 3
1. Major Activities:
a. Performed additional syngeneic whole eye transplants in the rat
b. Continued fundoscopic examination of whole eye transplants for
evaluation of structural integrity
c. Continued transplant viability analyses with Optical Coherence
Tomography
d. Performed electroretinogram analyses of transplants
e. Preparation of ECM derived nerve wraps

2. Specific Objectives:

Task 1.1: Syngeneic transplants are performed

Task 1.2: Fundoscopic examination of whole eye transplants for
evaluation of structural integrity

Task 1.3: Optical Coherence Tomography (OCT) for evaluation of
viability and retinal cell ganglion survival

. Task 1.4: Electroretinogram analysis is performed on transplants to

assess optic nerve regeneration

Task 1.5: Further electrophysiological analysis is performed on
transplants that elicit a response in ERG

Task 2.1: Preparation of ECM optic nerve wraps

Task 2.1. Preparation of fetal optic nerve derived ECM nerve wraps
Task 2.2. Syngeneic transplants are performed with ECM nerve wraps
around the optic nerve

12



i. Task 2.3. Optical Coherence Tomography (OCT) of WET with ECM nerve
wraps for evaluation of viability and retinal ganglion cell survival

J. Task 2.4 Electroretinogram analysis is performed on transplants to
assess optic nerve regeneration

k. Task 2.5 Further electrophysiological analysis is performed on WET that
elicit a response on ERG

I. Task 2.6 Histological preparation and assessment of WET and optic
nerve

m. Task 2.7. Data archiving, collation, analyses

Task 3.1. Allogeneic Whole eye transplants are performed (n=20)

(animals=40)

>

3. Significant results:
a. Histological Analysis:

Histological staining of transplanted eyes and the contralateral naive eye were
performed after sacrifice of rats one month after transplantation. The transplant of the
cornea appears to have maintained structural integrity with the exception of
neovascularization. (Figure 1)

Figure 1: H&E staining of the cornea (20X) 1 month after transplantation shows
neovascularization in the transplanted cornea.
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Histological staining of transplanted eyes and the contralateral naive eye were
performed after sacrifice of rats one month after transplantation. The transplant of the
retina appears to have maintained relative structural integrity with the exception of
thinning of the nerve fiber layer. (Figure 2)

Figure 2: Thinning of the nerve fiber layer and lack of retinal ganglion cells is displayed in the
retina of transplants one month after transplantation.

b. Retinal Thickness quantification with OCT

An SD-OCT device (Bioptigen Inc, Research Triangle Park, NC) was used to image a
2.5mm x 2.5mm x 2mm (512 x 512 x 1024 samplings) volume centered on the cornea,
lens and Optic nerve head (ONH). The SD-OCT device had a wide-bandwidth light
source centered on 870nm, which results in a theoretical axial resolution of 1.3um.
When possible, Doppler imaging was performed to assess blood flow in the eye.
Doppler OCT was performed in a 2.5mm x 2.5mm x 2mm (700 x 20 x 1024 samplings)
region. Eight Doppler frames were acquired with an acquisition rate of 28 kHz, resulting
in a Nyquist limit of 4.62 mm/s normal to the scanning beam.

Specialized software was used to quantify retinal thickness in the naive and
transplanted eye. Preliminary data shows comparable retinal thickness at 1 week after
transplantation, but decreased thickness 3 and 7 weeks after transplantation
respectively. This is likely due to the thinning of the nerve fiber layer that was present
on histology. This is preliminary data, however, and more quantification is necessary to
make this conclusion. (Figure 3)

14



Figure 3: Retinal thickness was quantified in transplants and naive eyes. At one week,
retinal thickness in the transplant was comparable to the naive eye. Retinal thickness
decreased at 3 and 7 weeks respectively.

c. Intraocular Pressure Quantification

IOP is one of the most significant clinical factors in ophthalmology for the correct
function of the eye and its structures. Because the globe can expand marginally,
intraocular pressure is a result of the balance between production and drainage of
intraocular fluid. It is important that intraocular pressure is in a normal range of values,
from 12-22, with an average of 16mm Hg. Naive and transplanted eyes have
comparable, intraocular pressures of 15.9£3.1 mmHg for the naive eye and 16.5+3.2
mmHg for the transplanted eye. We see this at 3weeks and 10 weeks after
transplantation. (Figure 4)
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Intraocular pressure (IOP) measurements

IOP measurements after WET
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Figure 4: Naive and transplanted eyes have comparable, intraocular pressures of 15.9+3.1 mmHg for
the naive eye and 16.5+3.2 mmHg for the transplanted eye. We see this at 3weeks and 10 weeks after

transplantation.

d. Dark-adapted Electroretinogram (ERG)

Rats were housed in a dark box overnight. Recording electrodes are placed to gently
contact the cornea. Sub-dermal needle electrodes are placed between the ears and on
the left leg. During a recording, eyes are exposed to standardized stimuli and the
resulting signal is displayed showing the time course of the signal's amplitude/ voltage.
The retinal responses are recorded simultaneous. Signals are measured in microvolts.
Dark adapted ERG at 1 week after transplantation showed an organized response to
electrical stimulus, while the retina in the transplants did not display a response.

Figure 5: Dark adapted ERG of transplanted eye (right) shows no organized electrical response in the
retina in comparison to a normal response in the naive eye (left)

e. Other achievements:

none
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Quarter 4

1. Major Activities:

a.
b.

C.

d.
e.

Performed additional syngeneic whole eye transplants in the rat
Continued fundoscopic examination of whole eye transplants for
evaluation of structural integrity

Continued transplant viability analyses with Optical Coherence
Tomography

Performed electroretinogram analyses of transplants
Preparation of ECM derived nerve wraps

2. Specific Objectives:

a.
b.

C.

m.
n. Task 3.1. Allogeneic Whole eye transplants are performed and the

Task 1.1: Syngeneic transplants are performed

Task 1.2: Fundoscopic examination of whole eye transplants for
evaluation of structural integrity

Task 1.3: Optical Coherence Tomography (OCT) for evaluation of viability
and retinal cell ganglion survival

Task 1.4: Electroretinogram analysis is performed on transplants to
assess optic nerve regeneration

Task 1.5: Further electrophysiological analysis is performed on
transplants that elicit a response in ERG

Task 2.1: Preparation of ECM optic nerve wraps

Task 2.1. Preparation of fetal optic nerve derived ECM nerve wraps
Task 2.2. Syngeneic transplants are performed with ECM nerve wraps
around the optic nerve

Task 2.3. Optical Coherence Tomography (OCT) of WET with ECM nerve
wraps for evaluation of viability and retinal ganglion cell survival

Task 2.4 Electroretinogram analysis is performed on transplants to
assess optic nerve regeneration

Task 2.5 Further electrophysiological analysis is performed on WET that
elicit a response on ERG

Task 2.6 Histological preparation and assessment of WET and optic
nerve

Task 2.7. Data archiving, collation, analyses

procedure is optimized

3. Significant Results:
Allogeneic transplant are performed. We proceeded to optimize the allogeneic
transplant procedures. The donor and recipient procedures are the same as
reported above, with the exception of using a Brown-Norway rat for the donor.
(Figure 1)
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What opportunities for training and professional development has the project
provided?

The project has offered the opportunity for post-doctoral students to learn microsurgical
expertise as well as learn the technical skills to perform Optical Coherence
Tomography. In addition, the research has been presented in multiple forums by post-
doctoral students and laboratory members. The PI has provided intensive training
sessions and one-on-on mentorship on presentations skills and techniques. Thus many
of the presentations resulted in awards on both the regional and national levels.
Through mentorship, one of the Post-doctoral students, Maxine Miller was able to obtain
a T-32 award. Part of this award involves instructional courses on the visual system.
The PI has been an invited speaker at the McGowan Institute for Regenerative
Medicine internal retreat and also the 5th Annual International Conference Vision
Restoration: Regenerative Medicine in Ophthalmology. In the forums the PI has
educated the participants about whole eye transplantation.

What do you plan to do during the next reporting period to accomplish the goals
and objectives?

During the next reporting period, we will continue work on specific aim 2, by optimizing
our ECM wrap as well as implanting them into syngeneic transplants. We will continue
to optimize our allogeneic transplants and start to analyze the immunoresponse in the
setting of allogeneic transplantation, according to the goals of specific aim 3. We will
also start to define immune rejection in the setting of whole eye transplantation.

4. IMPACT:
What was the impact on the development of the principal discipline(s) of the
project?
We have successfully created the world’s first orthotopic vascularized whole eye
transplant small animal model. Prior to our study, it was not known before whether or
not the eye could be viable and maintain its physiologic dynamics after transplantation
into its anatomic position. Our studies thus far have proven maintenance of gross
morphology, retinal blood flow, agueous humor dynamics, intraocular pressures and
blood-ocular barriers in transplants. This new model gives the unprecedented ability to
collect high quality data in carefully controlled experiments to bring WET towards clinical
reality. The work has spearheaded a multi-disciplinary, multi-institutional effort on
making eye transplantation a clinical solution for blindness.

What was the impact on other disciplines?

The work that we have completed extends across multiple disciplines. In the field of
Ophthalmology we have shown the eye’s ability to tolerate ischemia and ischemia
reperfusion, while maintaining its structure, which can serve as information for further
therapeutic treatments in the setting of eye trauma and disease. Also, our model can
serve as a platform to study technology used to target optic nerve regeneration, as it
gives unprecedented exposure to the optic nerve. Lastly, our model can serve as a
platform to study local drug delivery in the eye. In addition our work has an impact in
the fields of neuroscience and transplantation. We have shown that the retina does
maintain some of its structural integrity after transplantation, and we are exploring the
structure of the optic nerve. These findings will give insight into the ability to transplant
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central nervous system tissue, which can have broad reaching implications for other
central nervous system disease processes. With our model, we have the ability to study
the brain’s ability to reorganize and remodel after transplantation, which also gives
insight into other disease processes involving the visual cortex and the sensory portions
of the cortex in general.

What was the impact on technology transfer?
Nothing to report

What was the impact on society beyond science and technology?

Blindness in service members resulting from trauma and degenerative disease causes
a significant decline in quality of life and ability to return to the workforce, and therefore
presents challenges to the medical and military communities. For many of these
patients, there are no treatments available to restore vision. Whole eye transplantation
(WET) offers the opportunity to provide viable retinal ganglion cells and an entire optical
system to those with irreversible blindness and with it the potential to restore vision.
This project to restore form and function after vision loss through whole eye
transplantation is revolutionary and has the potential to help service members with
irreversible vision loss, and can also have broad reaching impact on civilian medicine.

5. CHANGES/PROBLEMS:

Actual or anticipated problems or delays and actions or plans to resolve them

Quarter 1:

ACURO approval was not obtained until December 8, 2014, thus our ability to collect data
for functional analyses for the 30,90 and 120 day time points were delayed. This was
resolved shortly after obtaining ACURO approval.

Quarter 2:

We are also still optimizing the fetal ECM nerve wraps so we have not yet implanted them
in our transplants. We are continuing to optimize the wraps through looking at different in
vitro release kinematics.

Quarter 3:

We are still perfecting the allogeneic transplants. Since the allogeneic transplants involve
using different breeds of animals, we are optimizing the allogeneic transplants before we
start doing the immunological studies.

Quarter 4.

We changed our rat supplier recently, as they were appearing weaker than they should after
surgery. Since we changed suppliers, they have been faring better.

The last part of Specific Aim 1 is to perform electrophysiological analysis on animals that
have positive findings on electroretinogram. There is a chance that there will be no
response on electroretinogram, in which case, further invasive electrophysiological
analysis will not be necessary.
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Changes that had a significant impact on expenditures:
None

6. Products:

Publications, conference papers, and presentations

Journal Publications:

1. An animal model for whole eye transplantation: A look into the past and
vision for the future. Debra Bourne, MD; Yang Li, MD, PhD, Chiaki,
Komatsu, MD Edward Davidson, MA, MBBS; Maxine Miller, MD, Hongkun
Wang, Li Wei Dong, MD, Mario Solari, MD; Vijay Gorantla, MD, PhD; Joel
Schuman, MD, Kia Washington, MD (Plastic and Reconstructive Surgery;
submitted); federal support is acknowledged

Books or other non-periodical, one-time publications:

1. Total Human Eye Allotransplantation: Taking an Eye for and Eye to
State of the Art. Kia M. Washington (Plastic Surgery Pulse); federal support
acknowledged

Other publications, conference papers and presentations:

1. American Society for Reconstructive Microsurgery, January 2015; Paradise
Island, Bahamas. Evaluation of Viability and Structural Integrity after
Whole Eye Transplantation. Yang Li, Chiaki Komatsu, Bo Wang, Maxine
Miller, Hongkun Wang, Yolandi van der Merwe, Leon Ho, Nataliya Kostereva,
Wensheng Zhang, Bo Xiao, Mario Solari, Larry Kagemann, Shuzhong Guo,
Gadi Wollstein, Joel Schuman, Kevin Chan, Vijay Gorantla, Kia M.
Washington

2. The 61st Annual Scientific Meeting of the Robert H lvy/Pennsylvania Plastic
Surgery Society, March 2015; Hershey, PA.

3. The Association of VA Surgeons 39th Annual Meeting, May 2015; Miami, FL.
Viability, Structural Integrity and Ocular Physiology are Established in
an Orthotopic Whole Eye Transplant Model.

Hongkun Wang, M.D., Yang Li, M.D., Ph.D., Chiaki Komatsu, M.D., Bo Wang,
B.S., Maxine R. Miller, M.D. , Yolandi van der Merwe, B. Eng, Leon C. Ho, B.
Eng, Nataliya Kostereva, Ph.D., Wensheng Zhang, M.D., Ph.D., Bo Xiao,
M.D., Ph.D., Ernest Manders M.D., Mario G. Solari, M.D., Michael B.
Steketee, Ph.D., Shuzhong Guo M.D., Ph.D., Jeffrey L. Goldberg, M.D.,
Ph.D., Larry Benowitz, M.D., Ph.D., Lawrence Kagemann, M.D., Gadi
Wollstein, M.D., Joel S. Schuman, M.D., Kevin C. Chan, Ph.D., Vijay S.
Gorantla, M.D., Ph.D., Kia M. Washington, M.D. and The Whole Eye
Transplant Consortium
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. The Association of VA Surgeons 39th Annual Meeting, May 2015; Miami, FL.
Total Human Eye Allotransplantation (THEA): Developing surgical
protocols for donor and recipient procedures.

Edward H. Davidson MA (Cantab.) MBBS, Eric W. Wang MD, Jenny Y. Yu
MD, Juan C. Fernandez-Miranda MD, Dawn J. Wang MD, Yang Li MD Ph.D.,
Mario G. Solari MD, Joel S. Schuman MD, Vijay S. Gorantla MD, Ernest K
Manders MD, Kia M. Washington MD

. The Association for Research in Vision and Ophthalmology Annual Meeting,
May 2015; Denver, CO (Poster).

Viability, Structural Integrity and Aqueous Humor Dynamics are
Established in an Orthotopic Whole Eye Transplant Model.

Kia M. Washington, Yang Li, Bo Wang, Maxine R. Miller, Yolandi van der
Merwe, Leon Ho, Michael Steketee, Joel S. Schuman, Kevin C. Chan, Vijay
S. Gorantla and The Whole Eye Transplant Consortium

. The Association for Research in Vision and Ophthalmology Annual Meeting,
May 2015; Denver, CO (Poster).

Surgical Considerations in Vascularized Composite Allotransplantation
of the Eye.

Nikisha Richards , Edward Davidson , Eric Wang , Jenny Y. Yu , Juan
Fernandez-Miranda , Kia M. Washington

. Plastic Surgery Research Council’'s 60th Annual Meeting, May 2015, Seattle,
WA.

Evaluation of Viability, Structural Integrity and Functional Outcome after
Whole Eye Transplantation.

Yang Li, M.D., Ph.D., Chiaki Komatsu, M.D., Bo Wang, B.S., Maxine R. Miller,
M.D., Hongkun Wang, M.D., Yolandi van der Merwe, B.Eng., Leon C. Ho, B.
Eng, Nataliya Kostereva, Ph.D., Wensheng Zhang, M.D., Ph.D., Bo Xiao,
M.D., Ph.D., Edward H. Davidson, M.A. (Cantab.) M.B.B.S., Mario G. Solari,
M.D., Michael B. Steketee, Ph.D., Shuzhong Guo M.D., Ph.D., Lawrence
Kagemann, M.D., Gadi Wollstein, M.D., Joel S. Schuman, M.D., Kevin C.
Chan, Ph.D., Vijay S. Gorantla, M.D., Ph.D., Kia M. Washington, M.D.

. Ohio Valley Society of Plastic Surgery 58th Annual Meeting, May 2015,
Covington, KY.

Viability, Structural Integrity and Ocular Humor Dynamics are
Established after Whole Eye Transplantation.

Maxine R. Miller, M.D., Yang Li, M.D., Ph.D., Chiaki Komatsu, M.D., Hongkun
Wang, M.D., Bo Wang, B.S., Yolandi van der Merwe, B. Eng, Leon C. Ho, B.
Eng, Nataliya Kostereva, Ph.D., Wensheng Zhang, M.D., Ph.D., Bo Xiao,
M.D., Ph.D., Edward H. Davidson MA (Cantab.) MBBS., Mario G. Solari,
M.D., Shuzhong Guo M.D., Ph.D., Jeffrey L. Goldberg, M.D., Ph.D., Larry
Benowitz, M.D., Ph.D., Joel S. Schuman, M.D., Kevin C. Chan, Ph.D., Vijay
S. Gorantla, M.D., Ph.D., Kia M. Washington, M.D.

. Ohio Valley Society of Plastic Surgery 58th Annual Meeting, May 2015,
Covington, KY.
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10.

11.

12.

13.

14.

Total Human Eye Allotransplantation (THEA): Developing surgical
protocols for donor and recipient procedures.

Edward H Davidson MA (Cantab.) MBBS, Eric W. Wang MD, Jenny Y. Yu
MD, Juan C. Fernandez-Miranda MD, Dawn J. Wang MD, Yang Li MD,
Maxine Miller MD, Mario G. Solari MD, Joel S. Schuman MD, Vijay S.
Gorantla MD, Kia M Washington MD

The International Society for Magnetic Resonance in Medicine 23rd Annual
Meeting, June 2015; Toronto, Ontario, Canada.

In vivo evaluation of ocular physiology and structural integrity of the
optic nerve upon whole eye transplantation using gadolinium-enhanced
MRI and diffusion tensor imaging.

Yolandi van der Merwe, Leon C. Ho, Yang Li, Maxine R. Miller, Chiaki
Komatsu, Hongkun Wang, Michael B. Steketee, Seong-Gi Kim, Joel S.
Schuman, Kia M. Washington, Kevin C. Chan and the WET Consortium

Northeastern Society of Plastic Surgery Meeting, September 2015,
Philadelphia, PA.

Evidence of Retinal Blood Flow, Aqueous Humor Dynamics and
Relatively Preserved Blood-Ocular and Aqueous-Vitreous Barriers are
seen in an Orthotopic Whole Eye Transplant Model.

Maxine R. Miller, MD, Yang Li, MD PhD, Chiaki Komatsu, MD, Hongkun
Wang, MD, Bo Wang, BS, Yolandi van der Merwe, B. Eng, Leon Ho, B. Eng,
Nataliya Kostereva, PhD, Tigran Kostanyan, MD, Wensheng Zhang, MD PhD,
Bo Xiao, MD PhD, Edward H. Davidson, MA (Cantab.) MBBS, Mario G.
Solari, MD, Michael B. Steketee, PhD, Shuzhong Guo, MD PhD, Jeffrey L.
Goldberg, MD PhD, Larry Benowitz, MD, PhD, Lawrence Kagemann, MD,
Gadi Wollstein, MD, Joel S. Schuman, MD, Kevin C. Chan, PhD, Vijay S.
Gorantla, MD PhD, Kia M. Washington, MD

Northeastern Society of Plastic Surgery Meeting, September 2015,
Philadelphia, PA.

Total Human Eye Allotransplantation (THEA): Developing surgical
protocols for donor and recipient procedures.

Edward H. Davidson MA (Cantab.) MBBS, Eric W. Wang MD, Jenny Y. Yu
MD, Juan C. Fernandez-Miranda MD, Dawn J. Wang MD, Yang Li MD Ph.D.,
Mario G. Solari MD, Joel S. Schuman MD, Vijay S. Gorantla MD, Ernest K
Manders MD, Kia M. Washington MD

McGowan Institute for Regenerative Medicine Retreat, March 2015;
Nemocolin, PA.

Progress Toward Whole Eye Transplantation.

Invited Speaker: Kia M. Washington, MD

McGowan Institute for Regenerative Medicine Retreat, March 2015;
Nemocolin, PA (Poster).

Evaluation of Viability and Structural Integrity after Whole Eye
Transplantation.

Chiaki Komatsu, M.D., Yang Li, M.D., Ph.D., Bo Wang, B.S., Maxine Miller,
M.D., Hongkun Wang, M.D., Nataliya Kostereva, Ph.D., Wensheng Zhang,
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M.D., Ph.D., Bo Xiao, M.D., Ph.D., Mario Solari, M.D., Jeffrey Goldberg, M.D.,
Ph.D., Larry Benowitz, Ph.D., Larry Kagemann, Ph.D., Michael Steketee,
Ph.D., Shuzhong Guo, M.D., Ph.D., Gadi Wollstein, M.D., Joel Schuman,
M.D., Vijay Gorantla, M.D., Ph.D., Kia Washington, M.D.

15.5th Annual International Conference Vision Restoration: Regenerative
Medicine in Ophthalmology, June 2015; Pittsburgh, PA.
Progress toward whole eye transplantation.
Invited Speaker: Kia M. Washington, MD

16. University of Pittsburgh Department of Ophthalmology Vision Research Day,
June 2015; Pittsburgh, PA (Poster).
Evidence of Retinal Blood Flow, Aqueous Humor Dynamics and Intact
Blood-Retinal and Aqueous-Vitreous Barriers are seen in an Orthotopic
Whole Eye Transplant Model.
Maxine R. Miller, M.D., Yang Li, M.D., Ph.D., Chiaki Komatsu, M.D., Hongkun
Wang, M.D., Bo Wang, B.S., Yolandi van der Merwe, B.Eng., Leon C. Ho,
B.Eng., Nataliya Kostereva, Ph.D., Tigran Kostanyan, M.D., Wensheng
Zhang, M.D., Ph.D., Bo Xiao, M.D., Ph.D., Edward H. Davidson, M.A.
(Cantab.) M.B.B.S., Mario G. Solari, M.D., Michael B. Steketee, Ph.D.,
Shuzhong Guo M.D., Ph.D., Jeffrey L. Goldberg, M.D., Ph.D., Larry Benowitz,
M.D., Ph.D., Lawrence Kagemann, M.D., Gadi Wollstein, M.D., Joel S.
Schuman, M.D., Kevin C. Chan, Ph.D., Vijay S. Gorantla, M.D., Ph.D., Kia M.
Washington, M.D.

17.University of Pittsburgh Department of Ophthalmology Vision Research Day,
June 2015; Pittsburgh, PA (Poster).
In vivo evaluation of ocular physiology and structural integrity of the
optic nerve upon whole eye transplantation using gadolinium-enhanced
MRI and diffusion tensor imaging.
Yolandi van der Merwe, Leon C. Ho, Yang Li, Maxine R. Miller, Chiaki
Komatsu, Hongkun Wang, Michael B. Steketee, Seong-Gi Kim, Joel S.
Schuman, Kia M. Washington, Kevin C. Chan and the WET Consortium

18. Pitt Plastic Surgery Resident Research Day, June 2015, Pittsburgh, PA.
Gross Morphology and Viability are Established in a
Whole Eye Transplant Model.
Chiaki Komatsu, Yang Li, M.D., Ph.D, Hongkun Wang M.D., Chiaki Komatsu,
M.D., Maxine Miller M.D., Bo Wang, B.S, Nataliya Kostereva, Ph.D.,
Wensheng Zhang, M.D., Ph.D., Mario Solari, M.D., Vijay Gorantla, M.D., Kia
Washington, M.D.

19. Pitt Plastic Surgery Resident Research Day, June 2015, Pittsburgh, PA.
Evaluation of structural integrity, agueous humor dynamics and
functional return after whole eye transplantation.

Maxine R. Miller, M.D., Yang Li, M.D., Ph.D., Chiaki Komatsu, M.D., Hongkun
Wang, M.D., Bo Wang, B.S., Yolandi van der Merwe, B.Eng., Leon C. Ho,
B.Eng., Nataliya Kostereva, Ph.D., Tigran Kostanyan, M.D., Wensheng
Zhang, M.D., Ph.D., Bo Xiao, M.D., Ph.D., Edward H. Davidson, M.A.
(Cantab.) M.B.B.S., Mario G. Solari, M.D., Michael B. Steketee, Ph.D.,
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Shuzhong Guo M.D., Ph.D., Jeffrey L. Goldberg, M.D., Ph.D., Larry Benowitz,
M.D., Ph.D., Lawrence Kagemann, M.D., Gadi Wollstein, M.D., Joel S.
Schuman, M.D., Kevin C. Chan, Ph.D., Vijay S. Gorantla, M.D., Ph.D., Kia M.
Washington, M.D.

20.Pitt Plastic Surgery Resident Research Day, June 2015, Pittsburgh, PA.
Total Human Eye Allotransplantation (THEA): Developing surgical
protocols for donor and recipient procedures.
Edward H. Davidson MA (Cantab.) MBBS, Eric W. Wang MD, Jenny Y. Yu
MD, Juan C. Fernandez-Miranda MD, Dawn J. Wang MD, Yang Li MD Ph.D.,
Mario G. Solari MD, Joel S. Schuman MD, Vijay S. Gorantla MD, Ernest K.
Manders MD, Kia M. Washington MD

21.Military Health System Research Symposium, August 2015 (Poster).
Viability, AQueous Humor Dynamics and Maintenance of Structural
Integrity are established in an Orthotopic Whole Eye Transplant Model.
Maxine R. Miller, M.D., Yang Li, M.D., Ph.D., Chiaki Komatsu, M.D., Hongkun
Wang, M.D., Bo Wang, B.S., Yolandi van der Merwe, B.Eng, Leon C. Ho, B.
Eng , Nataliya Kostereva, Ph.D., Edward H. Davidson, M.A. (Cantab.)
M.B.B.S., Mario G. Solari, M.D., Michael B. Steketee, Ph.D., Shuzhong Guo
M.D., Ph.D., Jeffrey L. Goldberg, M.D., Ph.D., Larry Benowitz, M.D., Ph.D.,
Lawrence Kagemann, M.D., Gadi Wollstein, M.D., Joel S. Schuman, M.D.,
Kevin C. Chan, Ph.D., Vijay S. Gorantla, M.D., Ph.D., Kia M. Washington,
M.D.

22.Emerging Vision Scientist Day, October 2015, Washington, D.C. (Poster).
Total human eye allotransplantation: from experimental model to
clinical reality.
Kia M. Washington.

Websites or other Internet sites:
Nothing to report

Technologies or techniques:
Nothing to report

Inventions, patent applications, and/or licenses:
Nothing to report

Other Products:
Awards:
2015 Outstanding Paper Award, American Society of Reconstructive

Microsurgery Annual Meeting, January 2015; Paradise Island,
Bahamas

2015 Best Overall Paper Presentation, Ohio Valley Society of Plastic
Surgeons 58th Annual Meeting, May 2015; Covington, KY

2015 First Place, Basic Science, Ohio Valley Society of Plastic Surgeons
58th Annual Meeting, May 2015; Covington, KY
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2015 Magna Cum Laude Award, International Society for Magnetic
Resonance Imaging in Medicine 23rd Annual Meeting, June 2015;
Toronto, Ontario, Canada

2015 Second Place Basic Science Paper, Pitt Plastic Surgery Resident
Research Day, June 2015; Pittsburgh, PA

2015 Military Health System Research Symposium's Research
Accomplishment/Individual/Academia; sponsored by the Assistant
Secretary of Defense for Health Affairs

2015 Alliance for Eye and Vision Research Emerging Vision Scientist

Name:

Project Role:

Nearest person month worked:
Contribution to Project:

Name:

Project Role:

Nearest person month worked:
Contribution to Project:

Name:

Project Role:

Nearest person month worked:
Contribution to Project:

Name:

Project Role:

Nearest person month worked:
Contribution to Project:

Name:

Project Role:

Nearest person month worked:
Contribution to Project:

Name:

Project Role:

Nearest person month worked:
Contribution to Project:

Name:
Project Role:

7. Participants & Other Collaborating Organizations

Kevin Chan

Collaborator

4 CYPM

Dr. Chan has performed MRI analysis of 3 transplants.

Michael Steketee, MD

Co-Investigator

4 CYPM

Dr. Steketee has assisted in the development of the ECM
nerve wraps.

Kia M. Washington

Principal Investigator

4 CYPM

Dr. Washington has served in the role of principal
investigator.

Hongkun Wang

Postdoctoral Student

3 CYPM

Dr. Wang has worked in the area of animal transplants and
surgical care of the animals

Maxine Miller

Postdoctoral Student

3 CYPM

Dr. Miller has worked in the area of Optical Coherence
Tomography of the whole eye transplants, and post-
surgical care of animals

Gadi Wollstein

Graduate Student

4 CYPM

Dr. Wollstein has worked in assisting with interpretation of
Optical Coherence Tomography and slit lamp examination
of whole eye transplants.

Bo Wang
Postdoctoral Student
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Nearest person month worked:
Contribution to Project:

Name:

Project Role

Nearest person month worked:
Contribution to project:

8. Special Reporting Requirements:

Quad Chart:

9. Appendices:

1 CYPM
Mr. Wang has assisted with Optical Coherence
Tomography evaluation of whole eye transplants.

Yang Li

Postdoctoral student

6 CYPM

Mr. Yang worked on the development of the animal model

26



27



—28



—29



30



31



—32



PITTSBURGH BUSINESS TIMES AUGUST 13, 2015

PITTSBURGH

BUSINESS TIMES

HEALTH CARE

VA researcher honored for eye transplant work

E -

KRIS B. MAMULA
Pittsburgh Business Times

VA Pittsburgh Health-
care System researcher
Dr. Kia Washington is
being honored by the
Department of Defense
for her work in the field
of eye transplantation.

Washington has been
working to develop
animal models for eye
transplants, exploring
ways to reconnect mi-
croscopic blood vessels
and optic nerves to a
transplanted ey e

The goal is to give sight
to soldiers who have
been blinded in the line
of duty.

Washington’s  work
will be spotlighted at the
DOD’s annual Milita
Health System Researc
Symposium, which will
be held Aug. 17-20 in
Fort Lauderdale, Fla.
Her research is a collab-
oration between the VA
Pittsburgh and UPMC.

This article appeared in the onine edition of the Pittsburgh Business Times on August 13, 2015. It has been reprinted by Pittsburgh Business Times
and further reproduction by any other party is strictly prohibited. Copyright ©2015 Pittsburgh Business Times, 424 South 27th Street, Suite 211, Pittsburgh PA 15203
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PITTSBURGH BUSINESS TIMES

AUGUST 13, 2015

HEALTH CARE

PITTSBURGH

BUSINESS TIMES

Q&A: Dr. Kia Washington

KRIS B. MAMULA
Pittsburgh Business
Times

Dr. Kia Washington is as-
sociate director of the hand
transplantation  program
at UPMC, and she also
holds academic and clini-
cal appointments at the
VA Pittsburgh Healthcare
System and University of
Pittsburgh. The 39-year-
old Washington was hon-
ored by the Department
of Defense with the indi-
vidual investigator award
for her research into whole
eye transplantation.

Could Pittsburgh become
a center for whole eye
transplants?

Oh, definitely. A lot of our
research is done at the Starzl
Institute and in the Opthal-
mology Department. There
have been over 95 hand and
face transplants worldwide
— face transplants have re-
ally advanced in the last five
to 10 years. That in itself is
really exciting.

When will whole eye
transplantation become a
reality?

It's high-risk, high-re-
ward research. I believe it
will happen several years
from now. That would re-
ally be amazing, almost a
miracle. When people first

This article appeared in the onine edition of the Pittsburgh Business Times on August 13, 2015. It has been reprinted by Pittsburgh Business Times

started doing face and hand
transplants, no one thought
it would really happen. But
now, people throughout the
world have benefited from
face and hand transplants.

What are the roadblocks
to making these operations
successful?

We’ve been successful
at transplanting the whole
eye intact in rats. Now,
we’re joining researchers at
Harvard and Stanford with
their optic-nerve research
to get the rat to see.

What is the biggest issue?

Optic-nerve rejection
is a major issue. We don’t
know how the eye will re-
spond to rejection. It may
undergo the same kind of
rejection as an organ. Of
course, there’s immuno-
suppressants for that, but
that’s something we need
to study.

Is transplanting eyes a
new idea?

No, it’s been around since
the 1800s. A French doc-
tor transplanted a rabbit
eye into a little girl, which
didn’t work because of re-
jection.

Do you have trouble jug-
gling your schedule?
[ wear a lot of hats. I have

RONALD FONTANA

VA eye researcher Dr. Kia Washington

a large clinical practice,
with about a quarter of my
time spent on research. It’s
a tough balance, but when
you find something you're
passionate about, it makes
the balance easier.

What is your clinical
practice specialty?

Upper extremity surgery,
microsurgery is what it’s
called. Most of my patients
have had some kind of trau-
ma. We try to restore form
and function to the hand
or other part of the body,
but most of my practice is
hand and upper extremity

surgery.

and further reproduction by any other party is strictly prohibited. Copyright ©2015 Pittsburgh Business Times, 424 South 27th Street, Suite 211, Pittsburgh PA 15203
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