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Rhesus monkey (Macaca mulatta) muller cells exhibit retinal
stem/progenitor cell features in vitro

GUO Xiang-Yu, JIN Li-Fang, JI Shao-Hui, JI Wei-Zhi"

(Yunnan Key Laboratory for Animal Reproductive Biology, Kunming Institute of Zoology, the Chinese Academy of Sciences, Kunming 650223, China)

Abstract: Recent evidences indicate that retinal muller cells exhibit retinal progenitor characteristics under certain
condition in chick, rat and human. However, there is no report on nonhuman primate, a close relative to human. In this
study, we first established a muller cell line of rhesus monkey expressing GS, vimentin, CRALBP, EGFR, barely GFAP,
which resemble the expression profile of human muller cells, differ from that of rodent. Expression of pax6, nestin, sox2,
otx2, six6, and six3 was detected after one week culture in neural stem cell medium. Further culture with retinoic acid
induced some cells differentiate toward neuron. These results suggest that primate muller cell is capable of
dedifferentiating to retinal progenitors, which may serve as a potential cell source for cell therapy to treat retinal
degenerative diseases.
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Fig.1 Immunofluorescence test for in vitro cultured muller cell
A FIE SRR, B: A MERE IR T B4 (X200); C: GS(glutamate synthetase)4¢{f; D: vimentin Z¢{f. ELHIR: 20 um,
A: Dissected neural retina; B: Muller cells cultured with serum (< 200); C: Immunofluorescent staining for GS(glutamate synthetase); D: Staining for vimentin.

Scale bar: 20 pm.
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Glutamate synthetase(1 : 600, sigma). vimentin(l :
400, Dako). Pax6(1 : 600, Abcam). nestin(1 : 600,
chemicon). otx2(1 : 600, chemicon) %2 Fict ()2 il
FEFOE LI £33 B 14 (Zeiss, LSM 510 META)
BEAT R o

Wik sk N 7F 20 pL K FR(1X reverse
transcription buffer, 0.5 mol/L dNTPs, 50 pmol oligo
dT primer, 20 U RNase inhibitor, 5 U reverse
transcriptase) A 1 pg & RNA, 7 PCR {X(MJ
Research, Watertown, MA) |- 42 “C{4 1.5h J5 65 C
e ffi 10 min. PCR Je¥: fE 25 uL ) PCR
A Z (10X PCR reaction buffer, 1.5 mmol/L MgCl,,
0.5 mmol/L dNTPs, 0.4 pmol/L 1F a1 54, 1.25 U
rTag DNA RAHH)F A 1 uL RT P4k 1)¥ 14
25~35 4~ PCR ff§# (95 ‘C, 305s,52~60 C, 305, 72
C, 30 s)LARIE PCR J AT AR AL T2 T4 8 A B,
BJG7E 72 "CHEMfI 5 min. PCR J BT 514 W3
2, T H 1) RT-PCR X734 T Takara (Takara,
Dalian, China). PCR F#J1t 2% Li/laflifke b k)G,
IR AL Z.5E (ethidium  bromide) % ff,, LU 5% 3 Al
GAPDH it5#E, i Quantity-One % {}:(Bio-Rad)ill
LUK AR ARSI R, VPO SR PR R A R G

%1 PCR RBM{K%HR
Tab.1 PCR reaction system

1.5 i"ﬁ?ﬁ;i— g%@ﬁ%ﬁﬁ}iﬁ(re\/erg’e transcription_ %43 Components AT Volume(uL)
. . 10X PCR buffer 25
polymerase chain reaction, RT-PCR) ANTP mixture(2.5 mmol/L) )
R PR R S D B, H Trizol i 5] sense primer 1
R ) 542 I 1 5
(Invitrogen, Calsbad, CA)ME57% 140 i ELHR I antisense primer 1
X N cDNA 1
&t RNA. H] DNasel 71k RNA W] fe 51 (1) 3% ddH20 17.25
K141 DNA, 255 DNA Bv5 4%, rTaq enzyme 0.25
%2 PCR3|#ER
Tab. 2 Primer information for PCR
H:[A Genes 514)% %1 Primer sequence(5'-3') 1K/ Product size(bp) SR Tm(C)
sense CATGCAGAACAGTCACAGCGG
pax6 414 52
antisense CCCATCTGTTGCTTTTCGCTA
. sense CGCTGGAGGAGCAGAATGAG
nestin . 531 55
antisense CCAGCGACGTCTCCATGTGT
b2 sense CCATGACCTATACTCAGGCTTCAGG 211 52
antisense GAAGCTCCATATCCCTGGGTGGAAAG
. sense AACTTCCGCGACCTCTACCAC
Six3 . 238 59
antisense TGTAGGTACCACTCCCGCAAC
six6 sense ACTCTAGAGAAAGCTGAGTAGACG 244 54
antisense GTTTTGAGGTTTTGTGCCAACCCTC
i . sense GCCAGGCAAAGCAGGAGT
vimentin . 383 52
antisense GTGGGTGTCAACCAGAGG
s sense GTGCTGCTTTGGGCAGTTAC 128 56
g antisense TGTGTTGGCTGTGGCAGG
sense CATCTCCGAAAGCCAACA
egfr i 481 54
antisense CCAAAGGTCATCAACTCCC
sense GCCTCTCCTCAACTGTCCTG
cralbp X 326 55
antisense TATTTTAACCCGGGCTCCTT
sense TGAAGGTCGGAGTCAACGGA
gapdh 449 57

antisense TGGTGCAGGAGGCATTGCTG
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Fig.2 RT-PCR analysis of gene expression of
muller cells at different passage
P3: 55 =4Q; P15: 5 15 4%: P30: 55 30 4R, HoO:LA/KAf: MR 1) i
NE(IPERS ) o
P3: 3" passage; P15:15" passage; P30:30™ passage; H,O: reaction with
water as template (negative control).
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Fig.3 Expression switch of muller cell specific genes and
retinal stem cell genes after induction
before: 175 71ij; after: 5\ )5 ; water: LAKAE A AR 1K) 5B (P55 1) o
before: before induction,; after: after induction; water: reaction with water as
template (negative control).

oA LK GS. vimentin, EGFR il CRALBP £ %
R T B 3) (HZ, B A LA,
R 9 T 41 B s i 3 R (1 3 2 R A 2 R (B
PR EIR) o G RAEM, RO TR (MBRIGAE 8 411
RIS 25 5340k P I 4 B, ALt G o ) 4
TEAIL DR 41 B RS
23 EHERIEEMAREEZ MRS 1L

T4 i — > BB bR A B AT o 2 Re
(West et al, 2009) . BxAz A2 # 40 M 28 i 2814 B 57
BB )G, S 1%FBS 130 mmol/L #1
[ 1) DMEM/F12 3 9= 5675 31 9% 3 G B, A5
S A2 o0 (K 4D), fE &4 FH Fa % 9
G 0,35 A W 1 A7 0 0 R S 8 28 A 42 41 T T
F, 124 S U B (0 RS 4 vT DA % R Ak
PHE TCAN MY, (H & BB 204 B e (1) A X JIE A 46 7T
i g — .

3 i it

KA TR T BB A R, %R
K AR AR R B R e . Rk GS.
vimintin. EGFR. CRALBP; i /"\#iA GFAP, X5
N RIS )y 4 i DS 3 TR SREAEAH AL (Limb et al, 2002),
M5 K& (Birnbach et al, 1994)F1%(Lewis et al,
1988) A ANl o T34k, R84t i 55 40 9 JisE o 1) 22
T T A0 W A 4/ 0 R 5 DR 2 08 5 T 8 AR ARARL, 1
L FRATT IR 40 M 43 15 J V2 A 45 5 TR 1K 41 M A ] e TR
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Fig.4 Immunofluorescence test for gene expression after induction and redifferentiation
D: Tuj . L&fIJT: 20 um (Scale bar: 20 um).

Yo% 586 e 4 (immunofluorescent staining), A: pax6: B: nestin; C: otx2;

FA RTCN AN . 2T 4 i 5 A2 8 40 i i) 3=
B 02 BB R B4l i K & GFAP H A K&
CRALBP, JATEELHI40 I R KI5 CRALB; A
15 GFAP.  [AIk, AT LIV 40 i 22 2 A2 h At A
AR TE R 4 i o

T 5 4 o AR O b e i 0 A R 4 T 2R AR
A 2N R AR 5T A0 A PR A B 4 gk N
BRSPS AR B 20 IR A2 )
1 gt 2 SR AT 2040 4 540 B bR & (Agathocleous
& Harris, 2009). 7£ % (Fischer & Reh, 2001)F1°K i [
TR A I IR 2 40 0 IS D0 T, A2 B 41 i T ke )
PR 0 55T 40 B A T o A4 B0 2 5 7 1R Wi A B )
(Das et al, 2006; Wan et al, 2007)#1 A\ (Lawrence et al,
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