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Rapamycin Inhibits Rabbit Corneal Neovascularization Induced by Angiogenin
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Abstract : The purpose of this study was to determine whether immunosuppresant, rapamycin could inhibit corneal
angiogenesis induced by angiogenin and to evalutate the its role by micropocket assay. The rabbit's eye was implanted
intrastromally into the superior cornea with pellet for the control group, pellet containing of angiogenin for the angiogenin
group, and pellet containing of angiogenin and rapamycin for the rapamycin group. We could observed that the angiogen
induced corneal angiogenesis was inhibited by rapamycin. The score of neovascularization was significantly decreased
in the rapamycin group than in the angiogenin group at 7 and 10 days after pellet implantation (p <0.05). Histologically,
the cornea treated with rapamycin group also showed much less new vessels than the cornea treated with angiogenin.
In conclusion, rapamycin appears to inhibit angiogenin induced angiogenesis in a rabbit corneal micropocket assay and
may have therapeutic potential as an antiangiogenic agent.
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angiogenin <ol <3k ztu} I o] thdk rapamycin

o] elAlEskE Brhset

Recombinant angiogenin2| 22| % XM=

pET1la-bovine angiogenin/E.coli€ LB ¥}A] (Trypton:
Yeast Extract:NaCl=2:1:1D°] HZEsl 37°C W F,
isopropyl thio-B-D-galactopyranoside (IPTG)S 0.l mM 3
7¥ete] 2~3 A7 wiFETh. L F celte A4S (6000
pm, 4°C, 158)3t -70°Col] B8t T2E cells buffer
(20mM Tris-HCL, pH 7.6, 10% sucrose containing 2.5 mM
PMSEF, 100 ug/ml Lysozyme, 200mM NaCl, 10mM
EDTAY] AF-fatd I &ollr] 4558 F<t WAsKdTh. »f
Z2to 2 2.5mM PMSFE #7keld Z2aH4l7|v Zalx]
Z M (French presson® cellZ S3MAIZTH Cell2 YAE
(17300 g, 25%, 4°C)3lxL SDS-PAGEE 41X &l
angiogenin®] 2 JEIE B33t 2 A3 angiogenind
TUAZ FAHUT. 2 F SUYAE ATEE T
20mM Tris-HClL, pH 7622 EAE FAH837 7M
guanidine-HCI, pH 7.5 (Containing 100 mM potassium
phosphate, 100 mM mercaptoethano)Z -8-3|AIH T}, S-3ll€
angio-genine 100 mM NaCle] 2% 50mM Tris-HCI,
pH 85 &Nl BMaiaict. Z2]aL o)A 4°C oA 24117
WAIBEAL 6~8A17F <t SRbslglTh. pRA e 2 1M NaCl
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Table 1. Recombinant angiogenin®] sequence

1 AQDDYRYIHF I TQHYDAKPK GRNDEYCFNM MKNRRLTRPC KDRNTFIHGN KNDIKAICED
61 RNGQPYRGDL RISKSEFQIT ICKHKGGSSR PPCRYGATED SRVVGCEN GLPYHFDESF
121 ITPRH

£ AMA3] Frtsigith. 29 o o] AEE F53 CI8
reversed-phase HPLCZ £-2]3)t}. Recombinant angiogenin
9] sequencew Table 13} 2t}

Corneal Micropocket Assay

Phosphate Buffered Saline (PBS)S.2 £3)JA171 angiogenin
< A2 AR F, 100% ARES ksl ughd F
=9 angiogening X3t 12% polyhydroxyethyimethacrylate
(Sigma-Aldrich, St. Louis, USA) &8 A=At 40l
A lab filmoll #53 F clean benchtlolA] HAzAA 27
3mm®} pelletS AHZXdGTE FL WHOR rapamycin
(Sigma-Aldrich, St. Louis, USAYS 1ughl® =2 2ul
A T3] pellers A3 HFFES 25~3kgd
New Zealand White rabbit 157}2]& xylazine (¥}l gt
=) 2mg/kg? ketamine hydrochloride (89}, §=) 5
mgkg® IEFAMEFe] HAlnkH B, 0.5% proparacaine
hydrochloride (Allergan, Inc., Irvine, USA)E Horgk &
T2 drjAstolr diamond bladeZ 124 3F zZFA% A
£ Y= 2 mmelA tunnel incision® 718t A7 3mm A
719] corneal pocketS 71d%) B3 & gE2wolls oFF
A XFEA FL pellet, angiogenin & 4 g
angiogenin®] X3 pellet® E3§ rapamycin Tl 4ug
2] angiogenin®] ¥ pellet} 2 ugel rapamycin®| *%
H pellet2 Ao AYs ¥ 0.5% chloramphenicol eye
drop (<%, =13 neomycin-dexamethasone-polymyxin
ointment (Alcon Laboratory, Inc., Forth Worth, USA)E 1
o 334 75t A AEs

Evaluation of Corneal Angiogenesis

71 Zhdrel AR pellet AY T 3, 7Y, 10¥, 14¢
ol xylazine3} ketamin hydrochloride2 ZA1v}# & slit
lamp (model SM-50F; Takagi, Nakano, Japan)Z ZH:14Y
AEE FEBL ARE 2P

R4 HrRE siA cCD 7idlEke) digital analyzer
system©] ZFZ+E image analyzer (CCD TR-900; Sony,
Tokyo, Japan)E ©|-8-3lc] &gt Safol= Apxloxe] da
o] @Z7|ek AolE AR AT WU e A 51
9. o] 85le] Table 204 FESF SR2HEH eh)e
o] Aol e S5 83 5 Fho gt

Histologic Examination
Pellet A% ¥ 1497 o] xylazines} ketamine hydro-
chloride2 IGAZ § ooz F715 Fist] 714

Table 2. Grade of Neovascularization

Grade of New vessel New vessel's Length

0 ~ 0.3 mm
1 0.4~0.6 mm
2 0.7~0.9 mm
3 1.0~1.9 mm
4 2.0 mm~

BN

D5E g, ARG S rAESE At 7
Z)S 4% paraformaldehyded] At By S AA, 3

H ¥vf & 4~6pum= ZA3} hematoxylin-eosin F44
< 3t 2FTH ArE AA

Statistical Analysis
SE tolBle B FEFHAE AN 2 o] &
oA 245-& Mann-Whitney U test® AAISt] pte]l 0.05

o o
ugel A fede agseh
2 1

The Score of Corneal Neovascularization

ztet FAAAL angiogenin oA 2~3AR|HE] fH-e
Yo 2 HE AU &5 2 Aol Fdo] AASH
2715l angiogenin 7ol B8] thZZ3 rapamycin o)AM=
olefst Azdo] A=A Sttt Pellet A FHoIX e &
FHRE, 55, £ 2 42 UERA ¥t e 8
# A HFae 3K UFT, angiogenin<®, rapamycin
2ol 820+2.86, 17.75+4.19 (p<0.05), 6.20+1.92 (p
<005, 7¢4= Y2+, angiogeninw*, rapamycinw-oj|4]
10.80 £ 3.56, 23.25 532 (p<0.05), 7.25£2.06 (p<0.05)
o2, 10¥AM= U<, angiogeninw®, rapamycin ol A]
9.80£3.19, 26.00£7.62 (p<0.05), 7.75£2.50 (p<0.05)=
z4zy YEPTE AngiogenindtolA A s HAAE
717k Bt tizzel Hisl oA A F71ske (p <0.05)
10d5fol] Haaldo] HIXE VJepIS, 2§ 14UR=
iAol aske 3RS vEhfe]l 10849 X9 &
Abalitt. Rapamycin & A A#7|7F 5<% angiogenin
o Hla Aol {od A (P <005 FAEHJT
(Fig 1 and 2).

Histologic Examination
Angiogenin®ll 2j3} B#:AA e Ao} HxE #Esir] ¢
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Fig 1. The score of neovascularization was evaluated by
number of newly developed vessels multiplied by length of
vessels from limbus on 3, 7 and 10 days after pellet implanta—~
tion. Mean scores of angiogenin group significantly increased
when compared with control group during the experimental
period. But, it was observed that the score of rapamycin group
were significantly less than that of angiogenin group. *: p<
0.05 compared with the control group, **: p<<0.05 compared
with the angiogenin group.

& ZehgRola] A 2402 Adhlos dA weke ¢
o7 zAS HHEst] hematoxylin-cosin FAE AAISIS,
. 23 A= 1495 v slit lamp examination 35

of AAAE dEzZAME A9 ket dae BE

7t BAFR FYAL, angiogenin TollXE ZHE R =5
& =3 L ARV FEFNeY, AFAEY ety
2o AATR 930}, Rapamycin2oME X3 gFoh}

o] 27AL Qi eut, angiogeninol B3k FAREA &
o] ZHad A& AT & AU (Fig 3).
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g BalM 2 98 dolngint
Rapamycin® 19753 &% oldAH=Y B Hg &
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Fig 2. Slit lamp photographs of rabbit corneas 3, and 10 days after pellet implantation. Inhibition of angiogenin induced rabbit
corneal angiogenesis by rapamycin. A: Rabbit cornea of angiogenin group on day 3 after implantation. B: Rabbit cornea of rapa-
mycin group on day 3 after implantation. C: Rabbit cornea of angiogenin group on day 10 afier implantation. D: Rabbit cornea

of rapamycin group on day 10 after implantation. <30
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Fig 3. Histological photographs of rabbit cornea on day 14
after pellet implantation. The number of new vessels (arrow)
decreased in the rapamycin group. A: Angiogen group, B:
Rapamycin group. X200

2] & rapamycin®] ©|AAFNET ZAHFANYLS oA
e A SR

Angiogenine % Ho}9] %Q =K(Chorioallantoic mem-
brane)elX] B %S 7R, B 7 B7) &
o] wiggtle)] 3 A4S gt 2 E)daLe 7
Aot A EA71dE Eafske ZEEHoHIE E4d8iA7),
a7 Wisl A f2Y JRE E35, dFNEY
tubuleS FA3%ro =z F3 4L A3t} Angiogenindt
AR 83 B4 3 EFEEE VEGF, bFGF, IL-27,
IL-87 5] UEA ot olg BAES] A7e F2 A%
4 @AM P B NEE HHo= ) r)
ol¢} W2, FYolyt Fe] EE7} gl AuhiMe g
o] Y B RS g RN FTYe] Holg dAska 2+
o] FEAS fAI5] A A7 Sl g

£ 47 94 71E ZA7ox 9] angiogenin®] =0 9
T 98 AL rapamycin©] AAFrhs AHIES HPHoz
Zgk Zlolt}h. Ao AFE-H angiogenin®] &% Al H°#
o] A& 4pgs AL, rapamycine comeal
pocket assayE 2 Aol AHS HAIFRe Re=EA «uld

Ag Bt AAQsAT £, B AAEL rapamycine] ¥
FHHHEE o838 in viro AP AE SAL Jeh)
A e FxolA M2 bFGR &% olF =L 7}
A Alste AL A ol EhslaEe) o
F9 524 A= rapamycin®] FK506 binding protein 12
(FKBP-12)%t A%3td 2 the 4152 rapamycin® target
< A 71181 in vivo AP E wR¢-A Zbet gzt
2 3 & PAshs IS rapamycino] ZAAZIthe
A& #Z st o= S-fluorouracil?t mitomycin C2 2
< ¢kl B3| rapamycin®] EAJo] Hx, F& &)
o, §%°] FUE olde) A7E0% GARRE Aot
A HAAIR] cyclosporin A%l 93 7, A1 2 A7 FA 0
B calcineurin system©ll rapamycin®] ZHEEHA] e
Uhe 9743 BRIHATH?. oite] A A3z win e
2 E AH¥o)A rapamycin®] angiogenin %0l &3 z}at
NS JAdT = AE {9k, AT HAALE S
FRlstrt.
w2bA, rapamycine ZHEFEIAAA AR E 29 2
A o) FHsks ¥ © A7) oY 59 A8A
EX8 o]§ 7FsAdo]l ¥ HAE AlEHY, old] gt
AA G olgel tigh 7 A7 o Fout
2 =
WA7PERM angiogenin 578 78S rapamycin
o] AAlTE A Elx 2FH o= IS welt
Al rapamycin®] g 9 Zhet o]4] & Wl AR ukgo
23 AN M 2] X EA2A AN 7FsAdel thEk 7]
Vs EUZ A48 A A A7E A9 AlFoin.
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