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Corneal Endothelial Cell Transplantation
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SUMMARY
(3 & 2 & &)

I. Title: Corneal Endothelial Cell Transplantation

I1. Sepcific Aims and Object:

Corneal opacity 1s a major cause for visual disturbance, which can be cured only by live
tissue transplantation. Although the success rate reached about 90% In general, rejection
reaction have been observed in 30% for 5 years and success rate decreases to 10-20% i1n
cases with high risk factor. Therefore, tansition from organ transplantation to cell
transplantation has been necessary to reduce rejection rate in corneal transplantation.
Corneal ecdothelial cell(CEC) is not regenerative and corneal transparency is maintained by
its Na'-K' pumping action. The impairment of its function is main cause(>50%) of corneal
opacity. So, many Institues have focused on CEC transplantation instead of corneal
transplantation for restoring corneal transparency.

The experiments of gene transfection into specific cell using viral vector or plasmud have
been performed in several institutes, recently. In this study, CEC was treated with SV-40
virus(Supercell) or transfected with SV-40 T Ag. Corneas replaced with Supercells were
transplanted onto recipients. Eye has an environment of immune previlage. Especially,
Anterior chamber revealed a specific immunologic response termed as anterior chamber
associated immune deviation(ACAID). Therefore, it was supposed that transplantation of
Supercells would be successful and the results in this project would suggest the problem
and direction of cell transplantation in various fields of life science.

[II. Contents and Fields

Munne CECs was infected with SV-40(Supercells). We tested Supercells proliferation
ability using thymudine uptake assay, membrane receptors for EGF and PDGF, and TGFEF- 8
expression using immunohistochemical staining. For morphoogical study Supercell tagged
with fluorescein on Descemet membrane were observed with inverted phase contrast light
microscope. The ultrastructure and attaching process on Descemet’'s membrane of
Sueprcells were observed with electron microscope. Murine corneas replaced with
Supercells were grafted syngenetically. In this experiment, tranparency of grafted cornea
and presence of supercell on the grafted cornea were examined.

In the study of phenotype change of Supercell, collagen produced by supercell was
examined using Western blot. The physiologic function of Supercell was examined with
QOuabain test. In later experiments, transfection of gene protein was tried in CEC. In the
first step of this experiment, we transfected bovine CECs with @ -galactosidase using
lipofectin and confirmed the transfection with X-gal. With this result we determined
optimal condition of transfection into CECs and transfected SV-40 T Ag was confirmed
with Ab-Z.



IV. Results

Murine corneal endothelial cells(MCECs) were infected with SV-40 virus hybrid. These
CECs, called Supercell, could be subcultured over 25 passage, whereas original MCECs
could not be subcultured beyond 3 passage. The proliferation of Supercells was confirmed
using thymidine uptake assay. Supercells expressed growth factor receptors like EGFR and
PDGFR and TGF-£. These expressions were same as original NCECs’ expressions. The
size and morphology of Supercell were similar to those of original MCECs. Supercells were
observed with scanming and transmission elctron microscope. Those were round at one
hour and became flat depending on time manner. Some of those revealed mitotic figure.
When cornea replaced with Supercell was tranplnated on to syngeneic mouse, the success
rate reached 20%. In successful grafting, Supercells tagged with fluorescence were found in
there. However, major type of collagen produced by Supercells was changed from type IV
to type I and Na'-K' pumping action was decreased. In later experiments, transfection of
gene protein into CECs were performed. We transfected /A -galactosidase into bovine
corneal endothelial cells(BCECs) using lipofectin. This transfection was confirmed with
X~-gal staining. The efficiency of transfection reached to about 80-90%. In vivo study, we
injected B —-galactosidase and lipofectin into anterior chamber and confirmed the trnsfection
with X-gal. The efficiency was about 5% and the expression was found in basal cell layer
of corneal epithelium and endothelium. Finally, SV-40 T Ag was transfected into BCEC
with above mentioned method. The transfection was confirmed with Ab-2. SV-40 T Ag
was nicely transfected into BCEC. The efficiency was high in peripheral area in the well
and in low cell density, while that was low in center of the well and in high cell density.

V. Further Plan
New technology in this study would be applied to replace the defective cells with cells
containg specific gene in the field of Ophthalmology and in another fields of life Science.
Transfection of gene protein into specific cells will be used to improve function of organ.
These results suggested the key to understand unsolved problems found in organ and cell
transplantation.
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Fig 1. Immunohistochemistry of extended life span murine span murine corneal endothelial cells using a munoclonal antibody
specific to the SV40 large Tantigen. Extended life span mouse CE cells 20 passages after infection ; 100% of the cells

exhibit unclear staining to the SV40 large T antigen. Onginal magenification, x100.

1-2) Supercell®] AAE 32
H}

vl .

=5

ol MNETEQ ZAF=HEL sy 935l 24-well Costar plate(Costar, Cambridge, Ma)®l|
o=

5
Amer sham; Arlington Heights, IL)& 3x Ci FE2 F715d 24417 o] wjgstio. 19
i PBSE 1x}2, cold 5% trichloracetic acid® 32k Meld §F 0.25-M NaOHel| =< o=
liquid scintillation counting©. & A =&EA 3}

A 3}

super cell& Aujuleko] ASE ST label® nuclei’} 50% ©]4 A H A=, primary celle]
e 5%0)stE A stE o] AQAAFHo] super celldl YSS st o (Fig 2).
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Fig 2. Proliferative capability of the primay murine CE as compared to the extended life span murine CE. H® thynidine was
added overnight to the cell cultures, and the cells were fixed using 70% ethanol. Labeled nuclei were visualized by adding
autoradiography emulsion(Eastman Kodak, Rochester, NY), and images were developed 72 hours later. Data are expressed as
the percentage of cells with labeled nuclei, and random fields comprising > 200 cells were counted.

1-3) Supercell®] A¥xe JZAA &4 &<

Hl-HH

Super cello] ZHWFHAEY AAJAFLEA] AeA EQUsH7] AStH BIAXE 3sHAE
AT AEXEE 70% muthanolZ 15& &< A2dA nAF dx2AIZ v pH7.69 50mM
Tris bufferd] rehydrate A Zth. Uz} 34 (epidermal growth factor receptor, oncogene
sceince, Uniondale, Ny : TGF-8, R & D systems, Minneapolis, MN: PDGFR polyclonal
antibody, William LaRouchelle2HE JF WS)EES A9 A 241 &< wlgst Tris
buffer 2 523 Mo} t}. Biotinylated® 2% # A (Dako, Carpinteria, CA)E 30% ¥ F71
g & thA] Mo 50mM Tris bufferd] 34 % peroxidaselabel® avidin(Dako)€ 10&3F F
743k & Motk  3A-avidin-biothin-peroxidase E3tAl= 3, 3 -diaminobenzidione
tetrahydrochloride (DAB)E Img/ml %52 Z7}% Fd BAFHE=H o] ¥&Fo dH0E H
7} o

4 1}

o] super celld primary Z}H oA ¥} ul37t X2 EGF-receptor, PDGF-receptor, TGF- 8
of s FAoE WL AE FHE FE&AdE olF WHII gL8E & F UM (Fig. 3).
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Fig 3. Immunohistochemical analysis of Adl2-Sv40 infected mouse corneal endothelial cells ; passage 10. (A) Control staining
using a rabbit IgG. (B) Epidermal growth factor receptor peptide antibody that recognizes the carboxy terminus of the EGFR.
(C) Positive staining to the platelet-derivd growth factor receptr using a peptide antidody that recognizes both alpha and beta
forms of the receptor. (D) Positive immunostaining to a polyclonal antibody specific to transforming grosth factor. Primary
cells yielded 1identical patterms as those exgibited using the extended life span cells. Original magnification, x100.
EGFR=Epiderma growth factor receptor;PDGFR=platelet-derived growth factor receptor.

1-4) Original ZY S A ¥ 2] AA 2 Super cell® Descemet® -3

Super cell® DEscemet®t o419 sjF &4 F L cell adhesion processE &313H7] 3t
o= HA WIMEZT AR e Fulstdol joh, U FAAEE AAS7] H A
hydrolysis, trypsin®] Y collagen Z<2 chemicalS ©] &3 U3 cotton swab& o] &3 &
Al W Eo] ZAFHIUY. ol WY Hrle 4HEF e FERA, 9N IAAE AA
Ao HAME 8o gL FoE vlusddyd. I 23+ o33 ZdH(Table 1).
Hydrolydis© 495 %F°] 4ldta, AAD F&L2 &334, g8 FEX AU ChemicalsE
2 ZHea M EH S AA-3) AAAIA ERD AGZEFA) ST 2HBER o) FAFYE
B &= cotton swab2Z (Dacroswab '™, Type 1 {spectrum] &2 original Z9 I AL E A
M supercellS 1 YA I s WHIlE #ESAY. 499 Descemets A A3HS
A3 ZHerH I M T A A X super celld] 7142 AAL 7Y E Yo in vivo A
oA A Zaloldl T AZ:HbGo] A3tz Hulo] AAFH o] WMHLE ¢ ol ALRHA ZStTt
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Table 1. Removal of original corneal endothelial cells

Corneal Loss of Comeal Loss of Enodothelial Loss of Stained
Edema Curvature Cell Boundary Enodthelial Cell Nucle:
Hydrolysis ++++ - 60 - 85 % 70 %
Chemical + ++++ 50 - 70 % 70 %
Agents
Cotton Swab -/+ + > 95 % > 90 %
++++ | maximum, +++ . severe, ++ ! moderage, + : mild

Super cell€ original ZEWHIAE7F AAE Descemeto] F3EA|7]17] 3 HHo=
laminin, fibronectin® Tissue & cell adhesive (cell-Tak ®, #40240)& o] &34t 28 o
£ chemicalE©°| Z2x 32 & %43 A W53 curvature?} FA ¢tHol FE@3 AL incubatoret
NA AHYUIME Z5 HE A 3t super cellE gv HHES ARSI

o] & super cell&& original ZrEtH A E} A FE37]) A3A fluorescein (Zynaxis)E
tagging A AA FaEUF o2 dA A

A 31}

AR AE FEE ZAF 23 5x 10767 HHYS A HA

2 mm

U 1 hour later Inverted light microscope

g, —————> g,

T S i VA

8 5X10°MCEC \

Corneal Transplantation

Cotton Swab

Fig 4. Repopulation of denuded murine Descemet’s membranse. Original corneal endothelium was removed with
cottonswab by using hinge technique. 5x10°/5uf of supercells were overlaid on denuded Descemet membrane and
incubated ofr 1, 2, 6, and 24 hrs in 5% Coz 37C incubator. Some of these repopulated corneas were examined by

inverted light microscope and electron microscope, while others were used for corneal transplantation.
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1-5) Descemet 2ol A ZFrUi S Al Aujx] o] o3t B3 Ax dAul st A}

u)

Descemet Br$lol A AHlX]E super cell original Zrerisl A £} F3l7] 95t 3=
2 = tagging Al 7|3l inverted light microscope® ™A #Z3dted B oh @A 2t cup
o capacity= oF 3-4ulEA ZAITHIAHE £Z =2 F3A 3 & pipett tipd FF BEL
etz 2 9o AT 2 Yol super cellE FHFEgEd 1 A EEE 5x10°%cell/5

W3R e Cop Al B 7)ol A 1AIZE 2417k} 2442 Fof) H2FE] Q)T
4 3t

Super cell& ©HIAHEZTEE o] FH A EZ37|9 hexagonaldt FEl7} 4] ZhEa A £ 9}
5 FARSFETE. 2@l 1AIZRd Ol Descemet oA AH2E Mg EEE o] F )
A3k 712 I A 2t (adhesion), % (expansion)¥ 23 (cohsion)HAHL & U AT

=z, P
= T
9 Y F 200 E AZEASIY agen e AU}
L 7

T, 24 Tkl A f’~ﬂ§: d F7HA iﬁ U:] 24*171_}01“1

& 3 o]
I HAUL, AxIUE7} d2FME AFEA77F AR, E].OJZ H A]
17)
=
7

FFig 5. Phase-contrast micrographs of corneal endothelial cell replacement in vitro. The cells wsa flattened from spherical
shape and showed long, thin cytoplasmic process (filopoda)( T)at 1 hr of incubation(A). The cvtoplasmic expansion was
prominent(—)(B) and some of sper cells showed mitotic pattern(—){C) at Zhr of incubation.

The cells were elongated and enlarged in low density are (—), while the cells in higke density area keept normal
polygonal shape (D).

AAED] B e A FALE 1A17E, 24128, 641 +3F 248 kel A Al 8)stith mh-& Ui A
E= o2 specieso| A 9F 7R 2 hexagonal shapes HHA] microvillaeZ7t & YA S
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BH I sizee mm® F 2288.89%135.45 celle] BMIEE UetWth(Fig 6). 181 o]E AXE
o] cotton swabl & AAHULH nicrovillae® A2AHAH(Fig 7). ¥ 1A 7HEL] AXE
< T8 °/F I nucleoli7} FHIH T o|FHME WA AT A FEILE EiYH
(Fig 8 and 9).

M ESF 2A1 de AW Az o) ZARY FEI 3R 29 M¥EJF FEHE B3 3l
Qo Z A A EV) U 2 A8 Holn AHEE Alo]¢} Descemet™t Alojel] |2
o] AR (Fig 10). @H FAFA| ol = Descemet 2ol ““*] o= HIFMEX 2YL g1 ¢
oy "olz Ae AT FHEE Ha o o]lE AXEL junctional complexd] & &
AHES ¢ F A% (Fig 11). 6417+ v L wl = vacuolated *ﬂEﬂ Descemet %ol €9 UARA
o FYHMEESS DEscemet ol Eo] JQOoWA BE E7|F EYY. AHAEXFE o=
mitochondria, vacuoles, # %} heterochromatin® clumping® junctional complexE°] H &t}
(Fig 12 & 13). 24A]3+ R °qu1_ Descemet®rel] BX] £33 3 AEEFo] HE BEH oYy o
FEo AXES Z7I7F AAZ, HFAAEA TS HAEES7IE BEIY.  EFT rough
endoplasmic reticulum, mitochondria, intracytoplasia cellular®t junctional complesE Zi+=
HAE XS0l FRAHJANFig 14 & 15).

Figure Legend for Fig. 6 - Fig. 15
Fig 6. Scanning(A) and transmission (B) electron microscopic appearance of control
with normal endothliym (A, x 1300 ; B, x 1200).
Fig 7. Scannin (A) and transmission (B) electron microscopic appearance of control
with from which the endothelium has been remouved (A, x200 ; B, x1200).
Fig 8. Low (A) and high power (B) scanning electron microscopic views of cells on
posterior surface of cornea at one hour. Many cells anr round (arrow) and others are
flattened with a spindle or stellate shpae (asterisks) (A, x65; B, x1000).
Fig 9. A. Ultrastructural appearance of unattached round cells at one hour. Some have
prominent nucleoli (arrow). Others are pale staining and appearing to be undergoing
degeneration(arrowhead).
B. Some cells are attached to Descemet’'s membrane (D), have more than one nucleus
and have prominent nucleoli (A, x 2250; B, x 3000)
Fig 10. Scanning electron microscopy at two hours shows round-and spindle-shaped
cells superficially (arrows) and larger stellateshaped cells (astersks) with numerous

sytoplasmic extensions that are attached to one another and to Descemet’'s membrane
(A, x 1000 ; B, x 2000)

Fig 11. Transmission electron micrograft at two hours illustrates the unattached round
cells (arrow) and attached flattened -cells. Some cells are joined by junctional
complexes (circed and inset) ( x5,900 ; inset, x 40,000)

Fig 12. Area at six hours where midly vacuolated cells are flattened and attached to
Descemet’s membranse (x 6,000)

Fig 13. Area at six hours where some cells (asterisks) are flattened and attached to
Descemet’'s membrane (D). Other more round cells are also attached to Descemet’s
membrane or have processes, (arrow) extending to Descemet’'s membrane. These cells
have numerous mitochondria (arrowheads), some vacuoles, convoluted nuclear
membrane, clumping of heterochromatin and an occasional junctional complexes (circle
and inset)(z 8,100 ; inset, x 13,400)

Fig 14. A. Scanning elkectron microscopic appearance of posterior surpace of the cornea
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Fig. 11
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of 24 hours.
B. A few small nuattached round cells (arrows) are persent. Most of the cells are

large, flattened, have numerous cytoplasmic processes (asterisks) and are overlapping

(A, x55 ; B, x500 ; C, x 2000)

Fig 15. Area at 24 hours with vacuolated, partially degenerated cells that have rough
endoplasmic retculum (asterisks), mitochondria (arrowheads), intracytoplasia celluar
debris and junctional complexes (arrows)(D-Descemet’s memvrane) (x 24,000).

1-6) *H] Quabain binding Assay

o

SV-402 A el o] 7}&3A ¥ murine corneal endothelial cell line$] super cell® primary
culture¢| WA = A tjujoko] v]wA £-0]3F Bovine comeal cell, stromal, corneal endothelial
cell#t lens epithelial cellS¢] [°H] - OQuavain vinding AssayS A 839 Na-K' ATP ase
o] pumping 3-2°] immortalized cell lined| M E FE3 & & F=AE Lol U

HA 40-50% 80-90% confluent® %98 cell&& 4welld FH]|5x2 2¥ binding media
(20mM HEPES pH7.4, lmg/m{ BSA : in K -free Ringer’'s solution : NaCl, 6.801g;CaCl; -
2H-.O, 0.135g;MgCls - 6H20, 0.15g:NaH,PO4, 0.103g;NaHCOs;, 2.453g;glucose, 0.903g/ 2 )=
washingd Ao}

Binding mediadl Al 2417+ 9t 37ColA incubation ¥ ¥ freshd binding media$t 1.25x107
9] [°H] -ouabaing 2olFtl.  Nonspecific bindingS ¢7]98 1mM< cold ouabaing
Hot Ouabain® Y3 wjgstgdct T K'Y ouabain binding 9A] 38 <7193 16mM9
KCl& Hot ouabain® A wjdstitt. 2A13F viFF 3¥ 4 washing media(1% FBS, 20mM
HEPES in Ringer’'s solution) Y°}= non-binding [°H] -ouabaing Aold ¥ 1mle]
Lysis media (10% Triton X-100, 20mM HEPES in Ringer’s solution)& ¥ 1 30% &< A<=
3] A incubation 3FA . celle] Lysis ¥ & o2 pipettingdF ¥ 3ml9 scintillation fluidel
Y 7 A -counter® radioactivity S A 3} v},

Z 3

super cell®} Bovine corneal epithelial cell (CEP), corneal endothelial cell (CEN), stromal cell,
lens epithelial cell (LEP)S9] ™3] Ouabain binding assayd A3+ 2z} AZ A XL E0]
oy M Eo FAA Ay M X v binding%do] Bon, super celld] A9 binding2 =53] ¥
ttH(Fig 16). ©]E binding assaydll i3t AA L & A g A cold ouabain® KclZ <117
A3 27} 56% 3 43%9) Block 272& Bt super cell®] binding assay’F =3] 2 A “E
Jd A& gene regulation®] immortalizing I3 Fo] H¥o] @ A= AMZEHY,
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3-H ouabain binding
cCPm

C57bl/6
Bovine CEN
Bovine CEP

4000

Bovine stroma 2

Bovine 1xp V| SV )
3 T,
. R G

RN N

2004

Q00

ouabine binding

Fig 16. (®*H] Ouabain binding assay. (*H] Quabain bindings of Bovine corneal endothelial cells and stromal cells sere higher
than those of corneal epithelhal cells and lens epithehal cells. (*H] Ouabain binding of wuper cells was about 1/20 of those

of other cells.

2-1) Zteru] 3] A X o] &

B

E gt s EEAFEIME Kistth 28 BRALA A Y43 Balb/c, C57BL/6, NIH <&
025 ARSI e et a T2 AJAHE Donorg& 2o SV-40 virusE Al o vl
Fol 7ts3tA e AHUIAEE £33 Ztgol4lE dtod. Zuo] 42 Donor®t Recipient
ul$-2~E phenobarbital 50mg/kg FEZ EFYW FYsH #HAZIN F 2mm A E Y
trephine(E 2790, Storz, St. Louis, MO)® vannas’}9l (Storz, St. Louis)E A}&3ld Ze&
giojdtk,  Donor ZEEL A &AY 11-Onylon(70m X9 neddle, Sharp-point,
Vanguard, Houston, TX)C.2 124t #xWct, FFAdE A daz2= A=o] A2
Ocumycin(Pharmafair Hauppauge, NY)& A}-83t AwE AAL a3 7T€A87A] 14 1
3] X583ttt A AAA ALEE e 24 A EF, AR, £ score’t 40141 7B
2= AYA Y 2% AXHEE HALE dissecting @F|F oy AFF Fv|AHoR 15FY T
Ao E 3t 29 HARL Z7] 4 EFA LY AAEH FoE 7= (Table 2).
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Table 2. Clinical scoring system for orthotopic corneal grafts

Score Clinical Appearance
Opacity -
0 Clear graft

1 Minimal, superficial opacity not involving corneal stroma
2 Minimal to moderate opacity including corneal stroma
3 Moderate stromal opacity, where pupil 1s visible and iris obscured
4 Intense stromal opacity, where only outline of pupil 1s visible
5 Severe stromal opacity, where pupil 1s not visble
Neovascularization
0 No neovascularization
Vessels in < 50% of recipient graft bed only
Vessels in > 50% of recipient graft bed only
Vessels in < 50% of recipient—-graft border
Vessels in > 50% of recipient-graft border
Vessels 1n < 50% of peripheral graft stroma
Vessels in > 50% of peripheral graft stroma
Vessels 1n 50% of central graft stroma
Vessels 1n > 50% of central graft stroma

OO ~J O T o LW DN k=

#2715 E9HT7E 20148 A5l AFREEol AT HFIH, 8F7A] F5
B&stn I olF ETHRAHTIL 20140 SAAFE LFI.

2 3}
Ztebo] 21 Al supercello] AHUE EoARE A& HAGIAStY HEEE Y Healonge AHE
sjorstm (thE mhg-2Zrgol A Aldle HEEZ o]l Y2%%) supercelle] 8l BFoE =F
F1FAMA = I AE7E o] B -9 clinical score?t ZHolZiAe. 28 Y &F 2F
AFE SaolE Eo I RT} o4 @B Folle EHHTIE 2003 & E‘f’lﬂ]"iﬂ 2
A E7F glol R4 d3 oA Ere] o HAR G 4ol EEHHFE HEHHATH
figure 16). ZrHr A o] 43 supercelle] 292} Descemet®ol] F2=ojleX] AT 2
I} Fluorescein°l taggingE ol Y AMEE0] 1FYIJdE BRHAUTD (figure 17). 2F o]
2492 FHAS U £F 2559 4F A0 FA7 49S Tt FEHAG

2-2) Zterol A3 AP HA}

HEY
AME=ZY AAF cytotoxic lymphocyte(CTL) #®H&3 Fidl delayed hypersensitivity
(DTH)& o] &3ty 2345 4z ZHASIA Y.
CTL ZAIH-E Recipiet 529 Balb/c B|ZHEE 10% FBS, 2.0 mML-glutamine, 5x10°M
beta-mercaptoethanol, 10mM HEPES dhkscnddor, 100 IU penicillin, 100ug
streptomycin/méo] E7F2 DMEMel 25x10° cel/m 52 ZFH) 3o}
ol ZMEXE 2000 Rad A A% C57BL/6 qlwkdtpvh(l.25xloﬁ/m£)9} ol 44zt wi¥ FHo-
C57BL/6 derived EL-4(H-2°) tpvhfmf allogeneic target® 2, DBA/2 derived P815(H-2%)
mastocytoma A £& syngeneic targeto 2 3t Ar]o] wjFdel 5x10° cells/mt FEE &
vl 3 & 10 cells/wd 55 Z °!'Cr(Amersham, Arlington Heights, IL)3 37C, 5%Co2, 100%
5% AEIQ IncubatorA 4A]7F s FHo)
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Opacity Score
5

o CE c supercell, c Healon

-+ CE s supercell, ¢ Healon
-# CE s supercell, s Healon

2W 3W 4W

Fig. 16 Clinical Course of Murine Corneal Endothelial Cell
Transplantation
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Fig. 1’/ Clnical pictures of cornea after corneal endothelial cell (CEN transplantation.
implanted supercells on the Decemet's membrane observed with fluorescein
inverted light microscope one week after CEN transplantation (A), photoslit lamp

biomicroscopic views of the cornea one week (B), one month (C), and two months
after CEN transplantation.



o] 96well plateE €A &2 (10%, 1000 x @)% F AFH 1008S A H3S gamma counter
(Gamma 5500B, Beckman, Fullerton, CA)Z °'Cr& At}
% Specifie *'Cr release=(2 8 ¥[ & cpm-2F¥lZ cpm)/
(H vl = cpm-AQuZE cpm) x 100 £ SEM.
Cr Aul& & °'Cro 2 labeld targetdl L& 10% Triton X-100(sigma, St. Louis, MO)
I AAXNZE YR 4w o2 FAHHD
DTH ZAAMHe 3oz A= F footpadFHAIY WHIE A o ol
Balb/c #F¢2ot} 3000 RadZ HX® C57BL/6 v~ H|Z HEE 1x107/30p 25 %
Z foot paddltt HEFYUSE, controlEE T FHOZ AXHE Balb/cvk NIH
(H-2% v|AAEE FY3. foot pad®d F7A = engineer's micrometer (Mitutoyo corp,
Tokyo, Japan)2.& FUA, FUF 24A| 74 48A|7F AT}
Foot pad® 7 ¥3l A4 Experimental swelling(-+Z4e] 24A17F =& 48A) 7t 0 &
FA-22e FAA F4) - control swelling(FZ4e] 24X 7F = 48417 wj o] F A -
gzute] F¢AH F7)x10 inches + S.EM.
23
Z+al o] gllograftol A CTL 982 syngeneic graftB. ot g old+= AolE H{. Y
allograftd WHEAFEo] AT A (AHEgHr7t 20149 A9 AR glo] 9%
FS-Tlle ASE Hnd 23 dgntSoldes A7 dutAH o R wkov FAHL =
AU} (figure 18). Z2odtsty DTHRES S €% 2FAFE 4FA| 7k HYAFHSo] 3
=437 A=A FEY A3 A =i (figure 19). 2EFH o2 DTHRFS O
CTLRFE R T} ZpEfo|dl oA T ou|gles HERkgo 2 QI

2-3) Supercell® AWF9 F <AAA AA € ACAID =
B
Supercell’® A 543 1x10% cell, 5 x 10° cell, 1x10° cell, 5x10°% 1x10° cell®)
FEE ZETSF FASY FAF, 1F, 2F, 3F, 458 85 AT E HAETF large T-Ag
o it FAE o] &3l AIZEFHAE A PstHt. THOZA ol A X} kol A
T4 Ee AwTE 59 HiEgHo e B S ZASIRT ACAID( anterior chamber
associated immune divation)® W2 FAS zZt3m g+ AvHanterior chamber)o] ©]4]
3tz}t st AU A ESZT He Ay, 2HEBEZ oA H cell lined YA o] &
A Hi, olg AEE 7|52 F 33 HEEe Jd3ET 28y ole FlE ke
o] major and minor histocompatability”7} ©H& vl$29 d+E 2000 radZ2 3A7] 2
1x 10° cell/4p5 9 dElEEE FUT & 9o &g WHE DTH 9$S FAeo F
AEFEE U3
4 =
Autol] FAFE supercellg2 1¥€4 7MHEE HASA7E AAFH oY #XHE 2 1-2
A= o] AAEAYIE 3L-1FAAE dHHAELY FHAAUZEOZ o5 AY
Az 2A3E AL FFESF AR ACAIDE SE5719F Ads79 FEE 1X10° 7}
Hojotd = AL AN, AAY. T0]3l9 FEAAME 38 WSS A=3dteq 4
o] 2] A FuL-S-E ASHA doFHY (table 3).

2-4) Super cell® Na -K' pumping #-89 AF<Q

Rt

o AZr S A X2 Aapul S EE controlE 9 super cell® Na - K pumping
22 o] 3l ouabain testE THA] A 333 H T

4 1}
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PERCENT SPECIFIC LYSIS
100

—©- Control (n=5)

—®—~ Accepted (n=5-7)

+ Rejected (n=5-7)
. ® Skin Graft (n=5-7)

80

=i

. 3 4 5 6
WEEKS POST ENGRAFTMENT

Fig. 18 Secondary CTL response induced in orthotopic
corneal and skin Allografts

2



~6=GG

FOOTPAD SWELLING
(X 102 inckes)

16
B Naive (n=4)
; # Accepted (n=5-7
12 é = Rejected (n=5-7)
g Skin Graft (n=5)
I
=7
‘t B Bl B
:mE/ = E’ éf
0 Eé Eé L r— é
2 3 4

WEEKS POST ENGRAFTMENT
Fig. 19 Delayed type hypersensitivity at 24 hrs



Table 3. Rejection Rate and Opacity Score in Murine Corneal Transplantation following

Lymphocyte Injection into Anterior Chamber

S —— aE— e e T ———

Group Rejection Rate Ave. Opacity Score
Control B6 67% (6/9) 2.810.24
Control B10.D2 62.5% (5/8) 29710.34
Control C.B10-H-2° 10% (7/1 0) 26104

Injected with B10.D2 (5x10°)
Grafted with B10 100% (8/8) 3.5x0.2

Grafted with B10.D2 75% (6/8) 2.910.36

Injected with C.B10-H-2°(1x10°)

Grafted with B6 (50%) 50% (4/8) 2.710.35
Graft with C.B 10-H-2° (25%) 75% (6/8) 3.210.35

Injected with B6 (4x10°)
Graft with B6 100% (8/8) 3.51+0.2

Injection into A.C.
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supercell®] ouabain® tritiated thymidine #1& %ol A4 ZdHHIMEY viEFo] vste &
A3 gL &FUAY. ol supercelld] Na+-K+ pumping2H-8-0°] A& 2= oAl X o o] 3
HolZAL o), ojAo) At SV-40 virus hybridd ZH&AXE Q317 Y3t Algw<
A A AT A Eo| SV-40 virus hybridZ transfectionAl A T+ B-3 cell lineLEX EAIRE A3
A TARAASGIAZEG ABeF 7)Fo] ZAaFS I AUT (figure 20).

2-5) Immunoblotting for Collagen Synthesis
"

Adeno virus-SV40 hybridZ immortalized® C57bl/6 murine corneal Endothelial cell & Zt
Z} 10% FBSdhk 20% FBSE ¥ %3+ D-MEMo|A confluentd3tAl 7] ¥ media®t @&
2ad 30%E E3IE ammonium sulfate2 F23HT.  cell layers #FoW ¥ Buffer
B(0.15M Nacl, 0.05M Tris-Hcl, pH 7.4, 0.1% Triton x-100)dl A F2& 3} AlZ] $F 4Tl A 24
A7 F¢ FE289Y. @8 d FEE AAT ¥ 10% polyacrylamide geld& 953t T2
£ nitrocellulose filterdll %713 0.05% Triton x-1008 ¥ 33t= PBSol A washing3d] &t
2 bufferd] 05% dry milk & =9 do} A= accessible sites® blockd ¥ 3A|H&E<
15502 34" 1z antibodyE ¥HSA]711L washing  SFH U horseradish
peroxidaseconjugated 2%} antibodyE 1:5002.2 343 3 24|17+ E<¢ Incubationd}il
washing 3t t}. vlX| 2 @ AlZ membraneS hydrogen peroxide(10x¢/ 10m¢ DAB)E X §3}
= Diaminobenzoic acid (DAB, 1mg/m¢{ PBS)Z Incubate 3}5T.
o] AL super cellel] immortalizing A Folyv AliulYg FA =5 gene regulationo} B}H
AAY WA= collagen S7F7F vlA =X ol & Western bloto.ZE FALste Aol
Super celle] BA 3t collagen £F7F type IVAA type I 22 vlH oA TtA ot E
o] Axa}pu] YL culture flaskel collagen coating$ HE+ bare Descemet YA st HLO
2 v Y SV-40 virus hybrid2 &3 ¥ AL Aol

4 3} -
NIH, Balb/c®} C57B1/62] 3£ F supercelld primary culture®dt v}-$2 ZFEHl I A Lol A A
7Moo 2 45% SDS-electrophoresisE & 23 A F/F9 ZH9YUIAM XA vlgie
strain®ll #AIQle], SV-40 virus® transfectionol @AIglol collagen type I°] F=
expression® = AL &< UAY. ol€ viFZ AR YHAAMNEE AA vl FA] petri dish E
= plated] o2 Descemet’s membrane-type matrixo] A 9% 321 collagen IV
7V + Y92 A5 &2 9vdg (figure 21).

2-6) In vitrool Al Z+etJ) v Al X 2 2] B-galactosidase 5%
K}
24-well plateo] welld 5X10°¢] 9t Z+uh 3] A plating3td confluentd Al € wi7bx] wj <%
to}. 3+ polystyrene tubedl Al DMEM3 Lipofectin® & %3ttt o 7)9 B-galactosidase
g B A2dA 10-20% &< Foled. wigd AIXE DMEMR2E A HojsF1 200ul
o DMEM<S wellg7lsiEt. 2 & &9 59 B- galactosidase € A& HojFL
37°C, 5% CO:2 incubatorol| A AJA|7F &<k wjggo). Al A1 $9o] complete media & well
g 2ml¥ Yo F3 overnightAl It ©Y ¢, PBSE cell& washsty 70%¢ o&E&= §
AN ZFESH 4°CAlA LAAT H thA] PBSE A olF}. B-galactosidaseE developedt”] # 3}
Z8 3% x-gal stain stock solutione 7}8|F32 37°ColA] blue stain®] YEetd © 71X Fol
0. 3= LMol =HH PBSE cell2 HoFH.
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cpm = C57BL/6 supercell, high hot
BCEN, high hot
4000 11 ’
Il BCEN, high cold
. BCEN, high kcl
3000
2000
i

Fig. 20 3[H] oubain binding assay. 3[H] oubain binding of
supercells was lower than that of bovine corneal endothelial cells
(BCEN). In the condition of high cold oubain the binding of 3[H]
oubain was decreased to 59%, while in the condition of high Kcl,

that was to 71%.
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Fig. 21 4.5% SDS-electrophores
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Fig. 22 Transfection of B-galactosidase to bovine corneal endothelial cells (BCEN).
BCEN was incubated with B-galactosidase plus lipofectin for 4 hours and washed
with PBS. B-galactosidase inside the cell develpoed a green color after adding

X-gal.
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HAELEE FF F 0.005% trypsine 2 A x)steo] Y I M EE DescemetH 22 2|8
culturedof ujcko] "t} 7-10¥8 F confluence?} o] FAXH SV-40 virus hybrid2 7ZE A
713, Hejsry, A3y, A2EFgy 7|vE FAdg¥o. HHO=E+= AdI2-SV40 virus(National
Cancer Institute® Cellular and Molecular Biologydl 2+ Dr.JRhimoZ FTLUS)E vero
AXEE ZdA 7tk 283 virus7t REE S SAAZ AL 2o} vero Al X9 cytopathic &
B3} virus? titier:s vero Al ¥ E A28t plaque assay WHOE AA 3T primary Zt
Y ) A EE virus stockl.E multiplicity of infection{MOID)7} 0.1°0] Al 37TCeo|A 41|17 Z
AN 7T 1FE AESE PBSZ AolWT 10% FCS, bFGF(Gng/m), EGF(10ng/m) 12 2
insulin(5ug/mt)7t &= o] e DMEM wjfdtt,  AdidiSE 0.1% trypsin : EDTA &4
o2 HXF F split &S 11082 3o}, o]F MEE©°] SV-40 virusol & infection® ] §l
=21 #8lsl7] Ystd SV40 large T antigenol] 3t 33 Ab-2 (cat #DPO2, Oncogene
science) & AF-8-3t Q1A TH

4 3

A eI A EE FA49 AV 3 Aiwido] rH=1u SV40 hybrid® infection®
A= A ge] AHADL AEH N SV40 T H A Ab-22 9RB%old & A EH
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HFY

Al E2re] receptor FeE& HEEEL 70% methanol® 1587 A20A A3 T = PH
767412 50mM Tris buffer2 rehydrateA|Zitd. I ¥ primary AU EGF (# SC-1836,
Santa Cruz Biotechnology), VEGF(# SC-1836, Santa Cruz Biotechnology), PDGF # SC-128,
Santa Cruz Biotechnology), TGFBA1(# SC-146, Santa Cruz Biotechnology), TGF 8 2(#
SC-090, Santa Cruz Biotechnology) & FF3q A2 2A1F WA F Tris buffer® 5 A
ol ity A¥td 3HA-avidin-biotin-peroxidase £33+ DAB(1mg/ml)S F7}3tH JFU = &
ZE o

EGF, FGF, PDGF¢Y $&A9] o3+ mRNA =& Stratagene oligonucleotideE ©] &3} 1A}
o). Aldiul S ¥ supercell® T4 23 A AL b M Xl RNAC 1ug& Promega
reverse transcription kitE A}&3td A AMA| L Stratagene oligonucleotide®t Perkin Elmer
Cetus DNA F% kil& AM&3lo 4-5u8 dAIE S F3F AlZlg. 25UA] 30F7]1& AF F
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TEA REHUTA] FATT

Fo A mRNAS AHZFENE 37] H3s PCRUESE AME3%t. EGF-receptor,
FGF-receptor, PDGF-receptor®t TGF-8 genesol Widt primer® complementary sequence®=
TA " multi-insert plasmidE A8 Ao|t} o] 7| HAL & plasmidE A3t 1L-4
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EGFR, FDFRe| d3td= #H3 band® By TGF-B9 WH3td+ band’t 3 oH
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of cornea® IRAZYA YoJEy. I HEE 37°CAA 3-6A17F B¢t incubation3Fti,
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Z 3}

24X 7R X-galoll tist] gMo] R&HA HA oW Zrah A g SAo] AA LolF
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blocking serum< 7}3t20-30%2 ol blolcking serume AA3IT SV-40 TAgo] tE
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antibody & 30% %<} incubation?dtt}. tlA] PBSEZ Moy ABCE&H o2 3087F incubation
GTHPBSE Aol AECEHOE 3te B E A=t PBSE cellE Rt

7 3}

713 Ao Z2AL lipofecting Sug- 75ug/mle.E SV-40 T3Y-E Sug/mliE ¥ <
W AMEY 327} AL 7R ol A 7HE & transfection® A TH(Fig. 27)
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Fig. 23 Immunohistochemical stainings of bovine corneal
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TGF-81(D), and TGF-82(F).
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1018 == 1, EGF receptor (1157 bp)
17 m 2, FGF receptor (800 bp)
3, TGFp-1 (266 bp)
4, PDGF receptor
5, B-actin (5660 bp)

Figure 24. The expression of growth factor and growth factor
receptors in bovine corneal endothelial cells
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