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Transplantation of Tissue-engineered Retinal Pigment Epithelial Cell Sheets

Naoko YAJI and Sadao HORI
Department of Ophthalmology, Tokyo Women’s Medical University

Research in retinal regenerative medicine has made a great advance in medical and engineering science. In
particular, various transplantation methods have been developed for retinal pigment epithelial (RPE) cell trans-
plantation in an attempt to compensate for the loss of RPE function, such as age-related macular degeneration
and retinitis pigmentosa. In our previous study, we transplanted tissue-engineered RPE cell sheets in a rabbit
model.

The RPE cells of pigmented rabbits were cultured in temperature-responsive dishes. The pigmented RPE
cell sheets were non-invasively harvested without enzymatic treatment, simply by reducing the room tempera-
ture. Using 3-port vitrectomy, these sheets were transplanted into the subretinal space of albino rabbits. Our re-
sults showed that, after transplantation, RPE cell sheets attached to the host tissues in the subretinal space more
effectively than with the injection of isolated cell suspension. However, in this experiment, RPE cell sheets were
difficult to transplant in the form of flat monolayer sheets into the desired area; therefore, the transplantation
method needed to be improved. In the current study, our engineering collaborators developed a novel surgical
tool for RPE cell sheet transplantation that used the principle of the pneumatic balloon actuator. This tool could
perform sequential motions driven by pneumatic pressure. The cell sheet was fixed on the actuator, rolled-up
into a cylindrical shape, stored in the tube, and then inserted into the eye. Using this procedure, we could attach
the cell sheet as flat sheets on the Bruch’s membrane and on RPE of pig eyeball in which the cornea, lens, vitre-
ous body, and neural retina were removed. Thus, this collaboration of medicine and engineering science enabled
dramatic research progress in transplanting vulnerable RPE cell sheets into subretinal space.
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Fig. 1 Cultured RPE cells
Primary cultured RPE cells in temperature-responsive
cell culture dishes.
The cells exhibited pigmentation and cobblestone
morphology.
Reprinted from Atarashii Ganka (J Eye) 26 (6), 2009
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Fig. 2 Fabrication of carrier-free RPE cell sheets
The confluent RPE cells can be non-invasively
harvested as a single contiguous cell sheet by
reducing temperature.

Reprinted from Atarashii Ganka (J Eye) 26 (6), 2009
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Fig. 3 Surgical tool for RPE cell sheet transplantation
Reprinted from JAPANESE PATENT GAZETTE
(Patent number 4569971) 2010
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