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[ Abstract] Objective To investigate the differentiation process of human-induced pluripotent stem cells
(hiPSCs) into retinal organoids (ROs) in vitro and its potential application in cell transplantation,and to provide a
fundamental study for stem-cell therapy. = Methods BC1-eGFP hiPSCs were differentiated into neurospheres in
directional differentiation medium via suspension culture. On day 7, hiPSCs-induced-neurospheres were seeded onto
Geltrex-coated dishes to induce neural retinal (NR) domains. On day 28,the NR domains were manually detached
and collected. These NRs were cultured until the maturation of ROs. The quantitative real-time PCR (at week 0,week
7,week 15,week 21 and week 30 group) and immunohistochemistry (at day 8,day 15,week 15,week 21 and week 30
group) were used to characterize the differentiation process of hiPSCs. For ROs transplantation, the ROs were

digested,and the cell suspension was injected into the subretinal cavity of Gnatl-/- mice with the outer limiting
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membrane damaged in retina. Inmunohistochemistry was also used to detect the survival and integration ability of the

implanted cells 5 months after transplantation. Results  The morphology and immunofluorescence staining
illustrated that the cells induced from hiPSCs highly expressed the neural-retinal-epithelial specific markers PAX6 and
SOX1 in the early stage,then the cells expressed the retinal-progenitor-cell specific marker LHX2 and a transparent
and horseshoe-shaped NR domain was formed at the outer region of the colony. ROs was obtained by manual isolation
and suspension culture. The diameter of ROs was about 1 millimeter. The retinal-like tissue gradually became thicker,
even formed retinal pigment epithelial cells. Quantitative real-time PCR results showed that the expression of retinal-
progenitor marker VSX2 peaked at week 7 and maintained its high expression thereafter ( ' =168.30,P<0.01) ;the
expression of retinal-precursor marker RCVRN also appeared at week 7 and increased thereafter (¥ =271.60,P<
0.01) ;the expressions of RHO was detected at week 15 (F=95.02,P<0.01) ,and the expression of OPNILW/MW
was detected at week 21 (F=40.57,P<0.01). Moreover, the expression of photoreceptor protein RHO maintained in a
relatively high expression state at week 30. Three weeks after the transplantation of RO cells, cells with green
fluorescence were successfully moved into the outer nuclear layer of the host retina. Four to six months after
transplantation , the implanted cells expressed the functional light signal transduction protein GNAT1.  Conclusions

Transplantation of retinal organoids in vivo can recapitulate the development of human retina. Transplanted RO cells can

effectively move into the outer nuclear layer, differentiate into photoreceptors and survive in the recipient mice’s retina

over several months.
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R BG T 4l il ( embryonic stem cells, ESCs) flli5 5 £
e T 41 12 (induced pluripotent stem cells,iPSCs) £ R [y
AR ST 25 JEIR AT VRS SR 4R TR i A B AR T
J7G GHE T A0 SR 5 R A B I A R R R
KB, L SR A 1Y Octd Sox2 KUf4 FI c-Myc 4 4>
AR L DR AN BUBCET 4 20 i TT 45 3] iPSCs, HAE B
Aoy B AR BRI R WLEE A% 18 1 IR 2 L 4 A% 1
RS SMERE ) %5 7 46 55 ESCs f AL . iPSCs
AR R R TR ARG T 7 AU A — MR, SE B
T 20 G A O UL LR e 2 T A AR SR
AR, By 7 4 B # iR T 5 [l Bk, A1) iPSCs € D 7
LRI i X = 9 o AN T VS RG-S )
3D LAY, TE SR M T 5T L 25 49y i 0k A A B 3 450
JEBLH SRR S . BT, T4 230 iPSCs [ Ok
M. W R IR (4 2 F R (retinal pigment epithelium,
RPE) 4 Jd 412215 240 g ( ganglion cell, GC) F 3L 1 A
FeWFFE T RIS B T RS 3D WL B 41k 1
T5 i T M AER S B KT A& RN & & LAY
L) JIE 2 #5E7 (retinal organoids,ROs)'*' . ROs [{4) )2
15 00 5 A AR 0 J155 S A1, 0 2 REAS ) 0L o i 4 i S 3
W GCs TR ZE A ML KT 4t Jf B0 48 s Miiiller ¢ J5
2 e F RSO 40 M. ROs 43 4k O i AS I 15 3] 1 1.
Zhong %7 {E AR AR ELAT 2 S B 454 ) 1B 4
F, 3 5 5 240 O v A FIIE S /N R 43 SO 0 i A
TEJCIUIE o ROs 3D 5 HY i) 7 37 A R b 4 2l 1 HE 199 i

RE MBI I g, ZHAUR AR T ARG
W5 5 ROs 15 & & Al 20 Ak i B mb g 4 o T 7 i 2k I
RIR SRR IAE TN 22 52, 5 R T XL IR A
RO TR ™ o I A2 M o g B R e PR 5
RN KR , vl 3 ek A0 ) IS, 3R A P 2 A A
57 iPSCs, JE7p Ak MU & 5 1 ROs HI T 25 Wi ik,
JEOGAN M RS M 3R A T PE IR . #E A ESCs R U Y
ROs 2R FH 40 M 3% 11 B 12 20 6 SR s A 8CHEBR T BAT
Je XIS, 1 B 300 U0 i 400, 26 P 4 7 O TR REL 200 i A 4
PEAT R AH , X 26 20 )i ] LA 35 gl 38 55 28 P R 1 R 35
TERARITIS ], H o TARMEA A AL, BA ) R Y s
WA AT L A BESE B fE 4 98 A iPSCs (‘human
induced pluripotent stem cells, hiPSCs) 375 5 43 fb 1% ROs
8y LA R A B T A B X R O 3R A7 M 0 1 3
SPAERT . PRAMES hiPSCs 73 AL 74 B A B ROs, I 4
PN AS TR] P[] i RO's 19 28 J8% O 4R i 235 48 R 4 IR A G
S KdE BRIk LU T 68 32 5/ BB FE AR B ARG
97, DA I 8, 3R AR e A R A S R P S A R
ARAT R ) A AR I B 4t S 36 R Al
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1.1.1 KR  BCl-eGFP hiPSCs 40}l & 3k [ 2
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1.1.2  E A LI TeSR™-E8™  Y-27632 .,
mTeSR™1 ACCUTASE (#07920) Dispase ( #07923) ( 2%
Stem cell 23 ] ) ; (-)-Blebbistatin , it &£ . 4 g .
B2 . Bl U HT Rhodopsin £ 3¢ & — $ ( #04886,
1:1000) (£ Sigma 2 w]) 5 RIEHT PAX6 £ 5 fE —
Ht (#PRB-278P-100,1 : 400, 3£ [E Covance 2> ) ) ; 1l 2F
JEHL SOX1 £ FifE—4i (#AF3369,1:1 000, 35 [F R&D
) AFE IR BT LHX2 2 50 B — B (#sc-19344,
1:200) A st GNAT1 £ 5l —40 (#sc-389,1:400)
(£ [# Santa Cruz /¥ 7)) ;DMEM/F-12 HEPES §% 37 3& |
DMEM & 8 8 3% 3t  Ham’s F-12 3% 32 5 . DMEM/F12
A% S W B 7% 365 50 £ B27 40 i B 37 s 5 L 100 £%
N2 20 i 35 37 45 500 JE 0 5 2 ik R ¥ W L 100 % 4T -
PLE )  GlutaMAX | Geltrex" " 3 i JIi i 7] & R 48 1l
W L2EH % Alexa Flour® 568 IgG —Hr (H+L) (#A-
11036,1:1000) . I 4 Bl Alexa Flour® 568 IeG — ¥t
(H+L) (#A-10037,1:1000) . B 47 1l F Alexa Flour®
568 IgG — 4 (H + L) (#A-11057, 1:1000) , DAPI
(#D1306,1:1000) (3 [ Thermo 23 1 ) 501 %% 55 0] &
( A4 TaKaRa 23 7)) 5 520520 5 & PCR R & (€
Roche 23] ) . TCS SP8 AU 41 41 42 8 il s (1 =)
Leica 23w ) 3 S22 08 it PCR AL (& Roche 24 H]) o
1.2 ik

1.2.1 hiPSCs 203555  BC1-eGFP hiPSCs 43 fj 4%
FRAE Geltrex (91 6 FLANMLKE F7 AR I, i ] TeSR-E8
iR L BT 37 C ARG B 5% CO, WAL 4 M Bs F 4
AT R B4~ S5 RANME IS A L T8 & 70% ~
80% , i Accutase T fb i T £k )50 50 4 M AV, DA 1215 1
Fopil L A ak 22 85 37 55 1 RAE TeSR-E8 5 3% JL s M
10 wmol/L Y-27632, it J5 45 K ¥4 TeSR-E8 K557 4 .
1.2.2 0 EEAH 40 M 0935 5 or Ak 4 i 0 2 2R K
B 90% S UL b iF AT A0 BB A 20 M % 5 o ik . 56 0
KA Dispase JH f 44 hiPSCs 5 J5 B fif 230 4 il
DMEM $5 32305k 3 o i A 25 em® (11K W 08 7%
0, A S 10 wmol/L (-) -Blebbistatin ) mTeSR1 1% 3%
o B ERZ A KA A0 R T S B R T LI AR
HEF AR IR, BT 37 °C 5% CO, B4, LA
U5 S S BRTE 1R D) A 20 B Y R A . PR S b
2 %t (neural induction medium , NIM) £ 35 DMEM/F12 |
JT 43R 1% N2 4G SR i 3R] 1 £ NEAA 2 pg JiF
RMBESN2IIE-PLEE N . MEERMNE 1K
mTeSR1/NIM [ 3:1 .45 2 K 1: 153 R 3 KM
955 K 100%NIM #5555 55 7 R4 ph 2 Bk 35F0 3)

Geltrex AL AY 35 mm K5 FF ML [, 0 A NIM £ 57 3, %
BEZY Ry 10 A>/em” B 3~4 K NIM B FR 3L 55 16
K IT 4 5 FH A0 99 I 43 Ak 55 37 & (retinal differentiation
medium , RDM ) , 2, & {& F143 %L 70% DMEM ,30% Ham's
F-12 5 70 %0 2% B27 40 55 5 i 7] L1 4% NEAA
M A%PU R - P . 5 3~4 KHE 4 RDM HEFr ik,

1.2.3 ROs Wikl #2465 28 R I FE =
PEIE 22 A I i (neural retina, NR) 454, 8] & AH 22
WA T, JC T R B B 2R R A A, R T
RDM #5555k p B 3 9%, 155 ROs JE L. & 42 KA
ROs )\ RDM K % L e 4 2= 40 1% 1 wmol/L i % |
60%DMEM ,25%Ham"s F-12 10% FBS 100 wmol/L 4=
AR . 2% B27 40 Mo K5 3% B AL 1 fF NEAA (1 %
GlutaMAX F1 1% T T — 5T FL 1 77 14 00 g 5 ol 28 i 7 ik
(retinal maturation medium, RMM) tf |, & 3 ~4 K #i
RMM £ 5% 4k . 55 90 K5l 4% 0.5 pwmol/T #H 3
12 . 90% DMEM/F12-GlutaMAX | 10% FBS | 100 pmol/L
A R L 1% N2 4f i 35 55 5 A1 f% NEAA (1 A%
GlutaMAX Fl 1% 40 18 -5t E #5119 RC1 B 55 5, 45
il 2 o

1.2.4  Gnatl-/-/NEBITEMR AN NI RO BB R 1 13 5
100 g/l # & B i 5 % DL-a-Z 50 1R (AAA) 4%
5% 4 Miller 21 fid. {f /¥ 51 5° -AAGATAGTTTG
GCAGCAAGAG-3’ pe = [ B % i % A 1 ( zonula
occludens-1,70-1) K H 1) siRNA, 28 90 B I T i 1 5
MG Z0-1 FEPR 3Rk, LUREIR /) SRR 199 JiE b 5L I, 35 B
FEAE Y 200 I 0 AR ) A AZ 2 N o AR KR 1 Bl 37 C
WAL E /L HE 241 K19 ROs, F 20 0 i it 30 i 4 40
EBSS & VY40 M 5 i A inhibitor solution Fl 2% & fig & 4
fitg OMT £ 11 7F 1k, 300x g B0 2 min J5, 25 B 3 H
PBS ik ¥ il Bl P 40 i ok 8.0x 10/l
W Avertin (2,2, 2-=1R L) JBR I BRI /0N B, Bl
FE it T IR AR, e AL B2 T Bl 1 5 4 RO 41
i B 2 A DL 2 T8 5 ) Gnae-/-7) BRI I JIEE T S
T HIR A 1S pl 0B . ARG 1A% P-S XU fk
FRIR BRITAE , IF7E 5 2218 7R K K R B 200 mg/ 1L 2R
% A 10 mg/L Mg SE

1.2.5 SOt G 0 58 1 AL R0 5 40 i o3 1 br i W
FIRRIE SR e 9t e (o s A A 5 2k I8 1) 2 1
HKEARA, BEAT A0 M 5 5 o RO BEZS R R B FR 4 8 K
FER 15 KA, W 25 B 3% M A B 9% Bk, A 5 4t 23 B
49 Z 5 W Ul R 18 7€ 15 min; ROs JE 8 55 15 .21
130 Ji e, Z2 B W EE ] o 30 min S5 UUAE, LK, 41
U TR, 10 wm JE] Jr o PBS EEVE 3 W, A
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JFR AT B 10% 11 2 135 L 10% 4F 1L 35 11 & F Y 0.5%
Triton F5 P, 8 T BF A 1 b F O 365 P73 807 R 1Y
— UL I BL WA A, T 4 CUKAR I F 2L % PBS I
PE 3 UK, PBS Fi B AH L 4 B ks 52 4 1Y Alexa Fluor-488
Alexa Fluor-546 F1 Alexa Fluor-647 {H Bt — 3 #1 DAPI,
iR LL #2 1:1000, DAPT J T 40 MI A% Y 5, % IR T
JE 1 h,PBS YL 3 W, H PVG R BB L4k
U T LS AL I A G A8 R B 2R R R 5
1.2.6  SZEFZEOGE 5 PCR ORI AL ) B8 41 it 70 45 i
WA Rk RS 9t 7 PCR ERINES 0
71521 F1 30 Jl ARG L 1 2k K22 4L Trizol 22
fiff 2H R T SR BUEL RNA |, NanoDrop 1000 435 5% J& i1
PG RNA & RIS, AR Takara 59 e s iaUR) G0RFH:
Wik 53Ry cDNA L FI R VeS| W AT 9718 o B-actin 1E
m 5|4 & 5° -CATGTACGTTGCTATCCAGGC-3’ | Jx [n]
51¥°k 5’ -CTCCTTAATGTCACGCACGAT-3’ ; VSX2 IE
M5l ¥R 5’ -GGCGACACAGGACAATCTTTA-3’ | J [n]
5% & 5’ -TTCCGGCAGCTCCGTTTTC-3" ; RCVRN IE
M54k 5’ -CCTCTACGACGTGGACGGTAA-3’ | [ [n]
51%8 5 -GTGTTTTCATCGTCTGGAAGGA-3" ;RHO 1F
Mg 5 -ACAGGATGCAATTTGGAGGGC-3" , [ [n]
51¥8 5° -GCTCATGGGCTTACACACCA-3’ ;OPNILM/
WM IEm 5% 8 5° -GAAGTTCAAGAAGCTGCGCC-3" |
JZIa 51 ¥k 5’ -TCTCACATTGCCAAAGGGCT-3" . 4R
P POt g it PCR U5 & Ul B B IAe , &7 19 4515 :95 C
i AS 4 30 5395 CARPE 55,62 C B k K HE{# 30 s, 4L 40
ANPEER o SR SEI 9 5E it PCR OIS AR S2 56 25 21 L 18
% 0.7.15 F1 21 JE A VSX2 1 RCVRN mRNA Af X}
EikEE 7EE5 015 .21 A1 30 JA £ RHO Fl OPNILW/
MW mRNA FX) ik & DR 3 DE AL, BCF
K, B B-actin RIS RS2 kBT H 038 6 A
X R,
1.3 Stk

KA g1 % Graph Pad Prism 7. 00 47
Gt oo ASWEIE b 25 0 R AR ) I BT ORL WA
ISFSE R IEARDT, UL mean+SD Ei/R, 5 0.7.15.21
130 J& ROs 1y VSX2, RCVRN, RHO FI OPNILW/
MW mRNA A Xf % 35 5 SR 22 5 LU R JH B R R Oy 22
3, AL P R T LSD-¢ £ 85 . P<0. 05 O 25 5%
EEN S-S

2 #R

2.1 BC1-eGFP 2 it it U B 1 55 Ko [ 2H 2%
BC1-eGFP 4l ffl 52 £ #1 ¥ s AR JE , 41 MY o 10 36 , 4

JHO IS 35 B AT DL O £ E 2R Ik & 8 98 O 8 1 ((green
fluorescent protein, GFP ) , 4l }fg #% 2 i & ¥ , Z i T 40
Mo g, BEFRJE 5~7 d, W RE B 5% 0 5 2 A LA )
ZLP7H B SR HES DR R B SR L. 2 40 i Rl
G 29 90% I, I Ak S IR A i AT B RN ETE RS, I %
Bl B 5, HARZ 450 pm NH BRI IT IR A 4128
SRR ZEER . B T R IR AR N (220£50) pum , A #F
BB HR G, AN B HBCOEE(E 1),

500 pm

E1 BRHETUEGINEFRAN BCl-eGFP MM Ek QAR
(FRR =500 pm) A HZIEBER: 57 () BC1-eGFP 2/l 12 2 A1 JE sk
JE , 40 STV, AR 0G hE AT WL B 3O B RUBE T AT L A N R
FigR 1t BC1-eGFP 4 i I 4% (4 9¢ 5t (GFP)  C. B J# 1 37 ) BCL-
eGFP AN, HARZ 0y 450 pm DB P H IR 7 KRR A
YL BE AR O (220+50) wm [ 22 5K, AR 52 R, AL 8L AR, A
JABFE HE S GFP. SOk

Figure 1 In vitro differentiation of BC1-eGFP cells into neurospheres
(bar =500 pm)
showed polygon or spindle shape

A . BC1-eGFP cells in monolayer adherent culture
B:BC1-eGFP cells expressed green
C:BC1-eGFP cell
clusters in suspension culture after enzymatic lysed and scraped was
D. BC1-eGFP cells were
self-assembled into (220+50) wm neurospheres at day 7,showing a gray-
GFP: green

fluoresence ( GFP) in monolayer adherent culture
irregular, which were about 450 pm in size

black loose interior, and a bright and tight outer layer

fluorescent protein

2.2 hiPSCs H &JEWUIR X I3k NR

Xof G B A K ) B P HEAT S Ot Y 8, S5 R R
W8 RETE 5 PAX6 FI SOXT [ #h 45 & 5 Rif (4 20 Jfd
55 15 R 40 M- 30 I 0] 00 55 HE R A IR DX 45 A 48, HR
X P 40 M 2 2 08 o RS AEL 200 Jif A 5 4 b 75 4 PAXG T
SOX1;%5 28 K, % 7% 4N B % Wi 1% 3 B o 5 4R 1) 25
H, 5N NRIESZH T4 KUK 2) .
2.3 iFERAMZA ROs

BUBE 3 B3 1 NROE AR 7 B 4 i, 25 0 S 8k, X 3
HEAT LA O 25 FIC e i — B B B R 5 5 ROs K4
B, B0 0 i B NR 21 41308 i 184 )5 A2 RPE 41 g
B CE3) .
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50 pm ; L 50 wm
2 ! |

50"jm *
]

B2 MEKNBEFFSRRXMEAMBREN A 8 KA BRI BE B J5 7 4 1 [ 4
# (PR =500 wm) B [HTEAE % A A0 PAX6 Z (o FHE, 52 4% (4 925 (45 R =50 pm)
C: BB A J% S0 41 A SOXT brid Bk , S 4T (9L (SOXT Sy 4 b B 4 40 i 4 57t e 75
P (FFR =50 pm) D55 15 KAIR K40 LHX2 ARic B (BR R =50 wm)  E:5% 15 K1
IR X400 PAX6 #5ic BH M H 5 LHX2 252 {7 (PAX6 F LHX2 g #0 RA 5 AE 200 o 45 S 1 b i
P) (B R =50 wm) - F 50 28 K1 4R & S 8 3& W7 8 781 JE 38 W1 15 IR 10 45 449, 25 8L T NR
(b R =500 pm)

Figure 2 Morphology and confocal images of eye field and retina-like structure

A Cell
colony induced by adherent culture of neurospheres at day 8 (bar=500 pm) B:Internal cells in
colony were PAX6 positive with green fluorescence (bar=50 um)  C:Peripheral cells in colony
were SOX1 positive with red fluorescence ( SOXI : neuroepithelial precursor cell specific marker)
(bar=50 wm) D:Eye field cells were LHX2 positive (red) at day 15 (bar=50 pm) E:Eye

field cells were PAX6 positive ( green) and co-located with LHX2 ( PAX6&LHX2: retinal

B3 0.7.15,.21 J& ROs 1y
VSX2 mRNA ) A XF 3 ik & 4 5k
0.00+0.78 13.95+1.37 .14.17+0. 91
F1 14.49+0.54, RCVRN mRNA #f %}
Tk BB N 0.00£0.92,10.79 +
0.75.14.5+0.95 F1 18.44+0.69, K
(7] Fsf ] o ) A PE 3 22 S B e i) 2
B X (F= 168.30, P < 0.01; F =
271.60,P<0.01) , H H VSX2 mRNA
TEES 7 Ji 223k 5 B 35 3 W (8 JF R 22 &
Feak, MM HT IR 4O AR AR AR A
RCVRN 7£%5 7 LI 4f i B3 32 i 5
Tk, HEREORMUKERYAES
TP E X (¥ P<0.05), K345 0,
15.21.30 J& ROs iy RHO mRNA #H %}
Tk B MK 0.00£1.20,6.74 +
1.71.14.80+0.97 1 19.78 +2.08,
OPNILW/MW mRNA A%} % i & 43 7
J70.00+1.82.3.86+1.01,11.75=
2.26 f1 13. 74+ 1. 74, A [6] B[] 445, J&)
SR EESHARITEE XL (F=
95.02,P<0.01;F=40.57,P<0.01),

progenitor cell specific marker) (bar=50 um) F:The periphery of colony gradually formed a

o BOEE AE RHO 255 15 JH IF

GRS T e e 0 s~ O
OPNILW/MW f{) 5357645 21 B IF W BI85, i
B 21 30 SRS O FiRERF A RIT¥E X
(¥ P<0.05) (& 4).

G D G Y R I 45 L B R, RHO 7255 21 J& JF
A, AR 30 JRGR B m R A WRES . B
ROs A1 & B A B 29 1 8Ot 40 i 4h B, {8 5 i 2% 1 28
AR AT A O 4 R B M (BT S) .

2.4 Gnarl-/-/N AL ) JEE AE R % A 4R 45 8T A 8O
241

¥ hiPSCs 4058 241 KA ROs 2 A N E 1 B
b, DA IS 2% 7 5 B Gnadl -/-/N BRI T i, &
B AIEZ /N B R I G Gnatl 223k, K W14 35 )5 i
1148 /N B0 B D) R 1 G e 4 Ak 24 g £, L
Z W SR K B, A A 1Y 40 A Bk 32 1A A I ) A B
BHLBR7ESh o BEIR AN A5, RO 4 #2426 3 JA, Ay
A A6 B A R T R A /DN BRI R AR R
SIAESNEZ . B MG 5 A A, i LR 41 i R
FE A 200 35 T 265 45 #4 5 %, A8 A 40 i e A7 3 T 4
)2 —M, R kA — 2% 4, H GNATL 5 GFP 3%

SHENM(EG6),

transparent horseshoe-shaped retina-like structure at day 28 (bar=500 pwm)

500 pm

500 pm

500 jum

3 tFEMETSFEHRL 3D ROs B (Fr R =500 um)
AHUBEAT 25 10 NR BUARIE B iy, 250 80 BB IE IR 7 JA 19 ROs
SIRIE SELEW], AR KR COETEERSR 15 A9 ROs, B W] NR
HEUEHIEE, B RPE DB RE5R 30 JH 19 ROs R E RLERAR
Figure 3 Morphology of 3D retinal organoids in suspension culture
(bar=500 pm)

and curly with compact structure

A : The mechanically isolated optic cups were transparent
B:3D ROs were spherical at week 7,
and the outer part was transparent and the inner part was gray-black
C:3D ROs at week 15,NR-like tissue gradually became thicker and RPE
appeared D :3D ROs presented irregular spherical shape at week 30
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Figure 4 Comparison of relative expression levels of photoreceptor
molecular markers in ROs at different culture time ( one-way
ANOVA ,LSD-t test,n = 3) A Relative expression levels of VSX2
mRNA at week 0,week 7,week 15 and week 21 (F=168.30,P<0.01)
Compared with the value of week 0,°P<0.05 B: Relative expression
levels of RCVRN mRNA at week 0,week 7,week 15 and week 21 (F =
271.60,P<0.01) Compared with the value of week 0,"P<0.05;
compared with the value of week 21 ,"P<0.05 C:Relative expression
levels of RHO mRNA at week 0, week 15, week 21 and week 30 ( F =
95.02,P<0.01) Compared with the value of week 0,"P <0.05;
compared with the value of week 21,"P<0.05 D Relative expression
levels of OPNILW/MW mRNA at week 0, week 15, week 21 and week 30
(F=40.57,P<0.01) Compared with the value of week 0,"P<0. 05

75 um
I

50 pm 50 pm

50 pm

5 AEEFEE ROs ) RHO R KKFBLER A MKW 1S
Jil ROs 19 40 ffs RHO #7ic & B M (AR R =50 pm) B Bi 3255 21 J4
ROs 1y N FBAI ML RHO #ric EFHME (AR R =50 pm)  C: 555755 30 JH
ROs fY4h L 41 i RHO Frid 2 B (B R =50 um)  D:C K H L
HE A XA Y R TG, 15 55255 30 J8] ROs 14 41 2% 40 Jfd /&5 2% 35 RHO &
e E (FF R =25 pm)

Figure 5 Representative immunofluorescence staining for RHO in
ROs at different culture time A :No expression of RHO was observed
in ROs at week 15 (bar=50 um) B:The expression of RHO was
observed in inner ROs at week 21 (bar=50 pm) C:The expression of
RHO was observed in outer ROs at week 30 ( bar = 50 pm)
D:Enlarged image of the dashed box area in Figure C. Peripheral cells
had a high expression of RHO (bar=25 pm)

75 pm

M|

B 6 Gnatl-/-NEH RO MEBHEELWER A WT /NEAMMBEY] A 19 GNATL g5 (4R =75 pm)  B:Gnatl-/-/NEAR M ) A 19 GNATIL
PR (AR =75 pm)  C:RO UMM 7E AR B A SR R R I8 D4 3/ R B AMZ 25 A A GFP dRic, B Am 40 M 7 15 3 0019 58 v 77
AR =25 pm) B 75 35/ U RS A2 3840 40 04T GNATT FHE, RO 20 g 38— 2 20 b SO BOE 4 M (AR =25 pm)  F: 22 RO 20 9 #6 i
JG 1 Gnatl-/-/N AR WY A e s o b e 25 51 4 LIRS 23 4r 4L A GFP Al GNATIL FRic (AR =25 wm) G D [ g ZRAE Y X 3sk 11
KRB (AR R =10 pm) 7 ONL: AMZ 2 INL: N2 s GCL M & 4 i J2 s ROs . UM I 28 B GFP. @38 B 1

Figure 6 Transplantation of retinal organoids cells in Gnatl-/- mice

A : Immunofluorescence staining result for GNAT1 in WT mouse retina ( bar =

75 pm)  B:Immunofluorescence staining result for GNATI in Gnatl-/- mouse retina(bar=75 ym) C:Diagram of the subretinal transplantation. Scheme of

time points for ROs cells injection and histology analysis D :GFP™ cells were observed in the host retina’s ONL, and transplanted cells were survived in the

host retina (bar=25 pm) E:GNAT" cells were observed in the host retina’s ONL ( bar= 25um)  F:Immunofluorescence staining result for GNATI in

Gnatl-/- mouse retina after transplantation. Some GFP* and GNAT" cells were found in the host retina’s ONL (bar=25 um) G Enlarged image of the
dashed box area in Figure D (bar=10 um) Note: ONL: outer nuclear layer; INL: inner nuclear layer; GCL: ganglion cell layer; ROs: retinal organoids

GFP ; green fluorescent protein
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Figure 7 Analysis of the source of GNAT1 positive cells in Gratl-/-
mouse retina after RO cells transplantation GFP: green fluorescent

protein
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