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WBE: HHRE—FE0E AAT S MERIT RN, HANEEA fE R e L IT SR a7 ik,
TG MUATE L (0 D A0 VR T T A SR T AT RE, FA YRR E M@ T T B R & IR IS B i . 1505
X BTV =5 G Bk A T S B R AR 24, 2.5 mg/IR, — i 3 IR, FEek 8 JH . MRJECIRUAH S I8 B R R Kk e S [ i {7
FRE T, ALK MG B K A 2R e, B R R AR R A 22 W BT VA R A I T R R A
(Heidelberg retina tomography, HRT) & 43 H7 ik 7 3 BRI A% 15 1 AR /N (1.10£0.88) mm? K/ LI K 0.17+0.13, 41
WA Ji ol 25 21 e J 22 ST 340 JE 5 FAAI(0.440.3 1) mm S5 6 R oo B o4y, ALY IA B4k B35 /K P (P<0.001).  EEAR AL 3
i, TAIRSG)G 4 mm [ ISR BEES AR AR SR T 40, RN 5 A A S IR ER Y By, i3 58 B As M5 2
RIS RE A . 1S T — BRI A mT 58 B PERR BLIG H T4 48 T At RS RELATT S PR 8 P 7 D IR B AR T v
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Glaucoma model for stem cell transplantation research in
New Zealand white rabbits

GUO Li-Yun', WEI Jing-Kuan®®, YANG Shang-Chuan®", WANG Zheng-Bo*’

(1. Department of Ophthalmology, the Fourth Affiliated Hospital of Kunming Medical College, Yunnan 650021, China; 2. Kunming Institute of Zoology,
the Chinese Academy of Sciences, Kunming 650223, China; 3. Graduate University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Glaucoma is a typical irreversible blind neurodegenerative disease for which there is no effective
treatment for halting visual deterioration. The recent development of neural stem cells studies sheds light on a potential
resolution for this disease. As a result, an appropriate glaucoma modeling method for stem cell transplantation study is
needed. In the present study, Dexamethasone was injected unilaterally into the conjunctiva of New Zealand rabbit at the
dose of 2.5 mg (5 mg/mL), three times a week. After eight weeks, the eye ground photography showed that the optic
nerve head of the treated eye was expanded, and the blood vessel was geniculate compared to the control eye, while the
ocular media remained transparent. The hematoxylin-eosin (HE) stain of the retinal nerve fiber layer (RNFL) sections
showed optic neuron death in the treated eye. The Heidelberg Retina Tomography (HRT) results showed optic disk
morphological changes consistent with the pathophysiology of glaucoma in the treated eye, including a decrease in the
rim area (1.10£0.88) mm?* and mean RNFL thickness (0.44+0.31) mm, and an increase in the cup/disk ratio 0.17+0.13.
Then neural stem cells were injected into the vitreous body of the treated eye. After five months, surviving transplanted
cells were observed. These results suggest a simple and reproducible chronic glaucoma model, which is appropriate for
neural stem cell transplant research, has been successfully developed.

Key words: Glaucoma; Animal model; Dexamethasone; Stem cells transplantation
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AE AV B N AH 7X107 5 6IR B (Leske,
2007). i &A% IT A 8 DGR (primary open angle
glaucoma, POAG)& 4 F N5 JGHR A g 1A Hh i) —
2K, HRR R bR S IR s e T . H
A, Ak POAG Jis NRR & T e i T K i
T E MRS T (AT YEIE R R O . R 2SI
WA 5 b7 KA #4 52 B T 3 50 (Babizhayev &
Brodskaya, 1989; Francois, 1975; Rohen, 1983). fF4E
PR AR H T 5 A2 5 2500 W9 5 AR A 28 15 4 Y (retinal
ganglion cells, RGCs)JLT ¥ - 35, & 154l
JL(RGCs) ¥ PR B0 T 1R 9 1E 2 LRI Ay B85 40 B
WA NI R R EURM . HAT, 5N MG A
IRIRr

DL = R s sh s BB 90 32 2255 ) TR &
RS PERAICHR H 1R 792, AHL iy B H 32 1 R R 2243
P EA AR, FRARHR s BR 8 A 22 LR &
g BE R, R T4 B Rl 2 g0 R A R R AE
(Chihara, 1982), PEIHANBEXS 0L BT il 2R kAT AR A1
1BIT . BEE T 40T ST R e, VR G40 i 5l
T T M BAR N, I A AR Gk iy B
Ol A 28 TG 1) Ty RERAS 52 rhoRx B ) R A 22 R G
T & ik H e &8 0 i B 7T 34 L, T
40 Mo A% RS 5240 W9 JBE 7 1 o T 706
HE BF 9% 14587 J7 7] (Bull et al, 2008; Johnson et al,
2010). 1% 5k AL E JCIR A Bt
HR A A A IS SR T v, e T - S5O0 D o 221
S HL I T SRR H A TR AR K i i () T B
TR L P4 6 Aot 2 200 0 e 2 o A R 4 i 2 5 AR
il SR 20 A it FE AT RS I [RIIN RE A 3R AT B
YAt S REAS I, LU an 8 W9 i L €] (electroretinogram,
ERG)E 35 05 75 & LA (visual evoke potential, VEP)
Kl (Ogata, 1971; Watts et al, 1989)4 5} b AR T
JAE ST 5 P T e R AR A AR

BV 22 AR AR BRSO . RNV R SR BN
AR e ' Ta) s T ELs BEAR A ) T, A — Pt
IR BHZ B U 3 W) (Bar-1lan, 1984; Pierre
Vet al, 1977); fEH RS, WHH T &
AR H A5 200 DL DG HRAS AL B RE R, B 50 A s AL BE S
FEACHR s 1) /7 (Beitch & Eakins, 1969; Katz et al,
1975) 0 FHHIIN S Bl W A A4 S0 2 W IR BRZ0 4 R )5t
WFE AL B S I AEAR W POAG ZE 4B (Bill, 1977,
Vareilles et al, 1977; Weinreb et al, 1985), B ALK
WY BE R o ER 1) AR FH A 2 B /K H 3

PR N GE R R 45 #2) (trabecular meshwork, TM). A4k
BE IR ZE RN AL BRI /NG I A0 i 1], FEAE AL
i EEERIAE LT AT 1D SN M Ak 4
J AR U PR £ 1 I8 7K1+ (Steely et al, 1992; Yun
et al, 1989); 2) i M LE) (1 & IR RIA R
SN SRR I AL )5 3 (Clark et al, 1994); 3.
SCAE G 3 R AR 1 R A R B i =
T V. 5 (1) 3k B R 8w /) 52 2 2R AN i O
(Dickerson et al, 1998); 4) 2748 Na™-K'-C1 [ %] i)z
17K >1-(Putney et al, 1997), ASZIGHIFEHE 57 T
2B PR B R IR BRI TR tH— b T 1) ey R s A
Tk, R MR EKR &5 BT R 0 b 2E K R
(dexamethasone) %53 7 AL GHR PEALAP 240 105 .
FH i 48 £ A0 9 IS IR 22 41 4 X (Heidelberg  retina
tomography, HRT)F1H Ji FEAH ASOUE %2 HI 3K i e 1] 5t
SARETE A, AT S22k
DARS I PP 2 403 0 REE o A5 AT BB A4 Il oA 4 i
FERH, L5212 o A A5% 289 AR B0 A 1) A2 AR LR VF
Wi AR TV AT AT o

1 #MR57F%

1.1 SREE s

HEPEFTTE =2 A4 20 2, iR Biieflt, 4
PHHEVCGIAT S5, AR 10 1, ARE R 1.5~3.5 kg,
P)(2.440.43) kg, iy 120~240 d (¥4 180 d).
A s W AE bR dE S AF R g%, 12 h R
(7:00-19:00 NS . BT AT b S 4h 2555560
£ 13:30-16:00 2 [A5E B
1.2 B&RA%

BREG NG 56 o ZEKAMG TS IR s . 3 ]
JE Jo,  HR BRI H 3518 B4 A - AR Y (oxybuprocaine
hydrochloride eye drops)/m) il FRER, HA0 AR b ZE K
FA(S mg/mL)ESZ 2, 2.5 mg/ik, J—. =. H%
2y, L8 [ 245 255 AR HRER T 2580
I TAJHC H 2O 78 75 o AR A 245 A BE AR 6 AR
ok R .

MR . 00 R S 3 5 1 A0 1 <6 307 - 45 P
AR H 71 (Perkins hand held applanation tonometer)dili
2 (Abrams et al, 1996; Lim et al, 2005) , KERZ5 25T
0.5 h &4524)5 1 h PRAR P . BRI IN <10
min.
1.3 BRARREISETE
13.1 RGeS E AHIRERA{(TOPCON.
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MARK I, Japan) W 5 2 4t AP 22 B EA . AR A A i
B, ) FH A W A R 2 T i A A
(HRT/F, Germany)f il #1485 A AR AR /S, -~
TN JE o 25 2T A )2 B P 55
132 HABHP WL AR IEEA LR B)
W SRR EK, 4% 2 28 B 5 [ 58 24 h; 20%-
30% FERE R B 7K A HR ER UKD (20 pm);
IR ZFE LI HE) Gty 0 Tl 52 40 100 JoE Ao 28 21 4
=8
1.4 & THARESR R BE

20 9¢ 6 3 [ (green florescence protein, GFP)
RN 2T 41t GFP BRI G 40 i 434 A3 5K
BB TEM L SEE . AR BT R IR TE K
PR WERESE TR, MBI M40, F 1k
AL T BB AL 2 25 1 v i) s A G Re s i &+
A1, I

T EREER BT A MRS FE,  EEE RUAL T AR i 2
Ji 4 mm, 9:00 J7 07, IR S mm. T B IR ) 1 A
HE BB AR A A2 T4 5 pL (1X10° AM/uL),
R 0.25 pL/min, VESEHE S mine. B4 I H

1 mm

7% 5 A HIGAYE, VKD G 58 WA B 5%
T 1 20 A 3 AR A 1R A AT 1 0
1.5 $FitFEH*

W SPSS18.0 A A Xt HRT Al A5 T2
SSHEAT G A, AR B ITR AR TIAR
VT T /48 T AP LU R 1Y) B Y- 35 qoft 28 21 4 )22 ).
o BT SEI B A P meantSE Ko, RHAIECK £
K5 (Vaajanen et al, 2008).

2 & B

2.1 MRIEMELTH

2 IR JEc FEORHAST I, T G 22 1 SR AR R TN -
A5 &M MTCH 2 e s, 5IE
0 IR AR TE A B 22 0 (B TA); AR AR A st FE AR AR
ML MIBE IR R IR, I 52 I8 1 ek
(K 1B). HRJEM AL SLARE R AE SR R 4 1 R FL
KRR A 20 H A, 1 17 AT LU S S Fr A
ZE AR AR, TS I FR R T HRT A 45 4R
Gevh & FALFT; 46 3 RAEh 25l v RN
ARAE AT TCVEIE W AR, (AAEI HRT 4.

§9,~1ﬁ;‘7-

BT ot PRI b 2 R R J AT
Fig. 1 Eye-ground photography of control eye and model eye
A) S RIRIREAH; B) 75 IR AR IR HAH .
A) Eye-ground photography of control eye; B) Eye-ground photography of model eye.

2.2 HEEUMEER R HRT)EN

T OGHRERL I BS54 R I R A W Fa bn AT 3 A
BLAT AR (rim area) Jal /> (LA T AR =400 4% THU A —RUAR
[fAR); M /A% TR L (cup/disk  ratio) 3 K (b /48 T
EC=HUAR A/ R B A DL SRR W s 28 4 2 £
Y R kN o G A A ] — TR AR A o 1 S R AT
W E IR, X 1 2742 8 MJEM 20 ik
IRBC AR HRT FIFE bR gt oA s R, il
L 6E - 6F HHIR 250 4 1 ARk 2D (1.10+0.88) mm’(P<
0.001); A/ TH A LE 4 K (0.17+0.13)(P<0.001); %

WA 5 A 28 2T 2 21 1) JR /)N (0.4440.31) mmy(P<
0.001), —TRFEHRAZ Ak [A) 5 S AR B AE — 3K

DA IR FE A meantSE 4 1F H {8 5 % 6 [
(n=20, & 1), XIEBSDZRPATYIL VP, ERIHR
Fbn e I 1230 B A A AR a3 . 48T,
17 RA R E B VE A, 18 R AR iR
PR/ TIAR EE K 16 347 10 T AR HIS R 199 Ao 28 2 4
PR LR o B3 TR AR S ARk 35 2 13
RO 5 B, W —Imh 1, WHR
itk 1 1.
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£1 FREEER S EER HRT 2755 53T t(mean+SE, n=20)
Tab.1 Rabbits optic disks HRT topographic parameters of model eyes and control eyes (mean+SE, n=20)

YR i et 22 4T 4 2 5F
45 HLTIL WL BT L I el
. : : : 2 15
Groups Disk area(mm®) Cup area(mm”) Rim area(mm®) Cup/Disk ratio thickness(mm)
v
HERLHR 6.80+1.20 6.52+1.14 0.27+.0.24 0.96+0.03 —0.62+0.22
Model eyes
o FR IR ~
6.41+1.23 4.99+1.08 1.37+0.90 0.79+0.13 0.18+0.24
Control eyes
.%%{E 0.38+0.80 1.53£1.02 -1.10+0.88 0.17+0.13 —0.44+0.31
Difference
S |l = e
P A P=0.044 P<0.001 P<0.001 P<0.001 P<0.001

Significance

23 HLARSFEHRT

e IR PR A IR e 0 ) iS4 28 e P53 4%, P BOKR
e EZTvY o W 1 0 100N O T O 1 R 3
B, LA HE Je@V) & BAY . At
YEHES 200, P2 b iK, £F 4 1o K i &
(& 2B)o X BRZL PR 4T Yl HED ) K% L FEF T
SR 4 E) D AT K i . R LW e R

24 THREENEERBERMERFER

IR BB R N R T4 5 > A
A AR BB, AEBEART, KRN
A7, IF LI A SR i (B 3A, C). BTN
BONEAEAE 2 — B RS IR T BAT IR R, A
SRR A (& 3), ZOWRRIT AT 4i
X OCHR IR T TS i T AT RE

(&l 2A).

K2 AR AE LT 2000 v HE e (s
Fig. 2 Frozen section of RNFL with HE stain
A) O IR R BEOK YD) R HE et B) IEREIRAL I B0k D) R HE et
A) HE stain of control eye RNFL frozen section B) HE stain of model eye RNFL frozen section.

100 um

B3 B s 2T A0 AR AN BB (A5 A7 5 15 0
Fig. 3 Growth situation of rhesus monkey neural stem cells after transplant into conjunctiva
A) FEFIBRAZA1R(GFP AR A1R); B) HEOLEE, T AR ikg; C) A, B &Nk,
A) Survived rhesus monkey neural stem cells (GFP label cells); B) Microscopy imaging in normal light, star refers to the eye lens; C: overlap of
A and B.
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T OCHRAE Ay — Pl R 2 5 0 A AR B 5 2 27 g
FEJ7 100 [R) SLA R 2R AT MR A 1 2 Rz b,
FEANZ TCHI ARSI T (Martin et al, 2006) AL
P (Kumar & Agarwal, 2007)F1i% )5 41 i Jak /> (Naskar
et al, 2002)%%. OGRS 7 Py P alifh 27 7
FRARIR A Hs R AE K Ja, 5PR R EEAT P AR B ke
KEZRKRW . MAEAERN PR E KRG T 57,
07 )5 o1 B AR5 5 (Bull et al, 2008), LLAMERS A
2 3 A R IR A 22 40 AR S 18 55 00 4l T Bl g U
CUBCh T OGRR VAT A 57 )

CABFFEH T LR R B R Y T 7%
PRI O ST 5 AR 3 S 28 B ER ZKAE B ) AR P s T
TFE 4 76 mmHg (10.13 kPa) Jf45745 24 h J5[nl9%
FIEH IR (19+4) mmHg [(2.5£0.5) kPa] (Ben
Simon et al, 2006); KJGEIU MR IKAL F5 K AN GE
G AR IR N He, AR A s 2k S0k RETR 1)
1.6 f%(Mittag et al, 2000; Naskar et al, 2002); JLIFE4k
S =M iR K S v R K I R IR
(Morrison et al, 1997; Neufeld et al, 1999); F|H = fg
WL 58 /N GE M (trabecular meshwork TM)EAZ 1,
BELIT 5 7K 4030 5 12 AR s FF =i (Adhara et al., 2003;
Jonas & Hayreh, 1999; Levkovitch-Verbin et al, 2002)
B o XU IR He AR 22 SR Y J IS T) N S PR T s R s
BT ERRAFA A S i A Y, FEIEH T
WU IR SRR T R ek e i HIL R JisE i 2
S T LI S BARIR R R & 5 . HIX LTy
L2 UNUBRE AR 2 00 =, XTIRERIEIA K, 23X
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