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[ Abstract] Objective To compare the tropism of different adeno-associated virus ( AAV) serotypes in
retinal cells.  Methods The plasmids pFastBacDual-inCap and pFastBacDual-ITR-CMV-EGFP were constructed
for AAV packaging with the baculovirus expression system. Recombinant adeno-associated virus type 2(rAAV2) ,6,8
and 9 serotypes were packaged, and the infectivity of rAAV was evaluated by infecting HEK293T cells at multiplicity
of infection( MOT) 2000. Twenty-five C57BL/6 mice were divided into five groups, with five mice per group. In the
three experimental groups, both eyes of each mouse were injected 1 pl rAAV intravitreally, and 1 pl phosphate
buffered saline (PBS) for the eyes of the control group. Two weeks after injection, the retinal tissues were collected for
preparing flat mounts and cryosections. Enhanced green fluorescent protein (EGFP) gene expression was observed via
fluorescence microscopy and laser scanning confocal microscopy. The study protocol was approved by the Ethics
Committee of Suzhou Institute of Biomedical Engineering and Technology. Results The infection efficiency of the
recombinant virus to HEK293T cells was rAAV2>rAAV6 >rAAV8 >rAAV9, and the transduction efficiency was
39.5%,18.4% , 8.7% and 4.6% , respectively. In mouse retinal transduction, rAAV2 and rAAV6 were highly
expressed in the ganglion cells, and rAAV8 and rAAV9 were highly expressed in the retinal pigment epithelium
(RPE) and photoreceptor cells. rAAV2-mediated EGFP expression in retinas was stable within three months after
injection. Conclusions Different rAAV serotypes have varying tropism and transduction efficiencies in retinal cells
through intravitreal injection,rAAV2 has a high transduction efficiency and it can be stably expressed in retinas within
three months after injection.
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7% (inherited retinal degenerations,IRD) 1 -4 X i it 22
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T RANPE TS R o A L B
BEA Leber 55 KM R P00 R 8 3% A8 M e Rk
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Fa i e R MR H R R D AR B PR YT R Tz .
R A 269 25 (adeno-associated virus, AAV) & 4\ 5 A W
(ERYSEPRNRTT I 5 Rk 2 — , BA 2w AR I i
1% 8BS S AR R, AAY Bk
FEARAT BRI S T . H
AU K b % 5 9 W 8 R b ¢ (retinal  pigment
epithelium , RPE) FIGIERSZ 245 (19 T BOZ AL I BT 145, 4
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T BCIEIR BEE 5 , AH A0 5 7T RE 23 51 480, JF B AR
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AL I v A A B HU A S S TR A R N T BT
FRE R R R R AR AAV R A
SR JH AR L Oy B LA 38 R G FEAR ST P A
G AL TSI & T F A, R B AR A OGO B
(recombinant adeno-associated virus,rAAV)2 6.8 .9 Il
RUHEAT /IS R B8 A J 3 03, LU v AAV S 6] IfiL 7 7R 5 5
PR 58 1) B g B el 1

1 HREHE®
L1 g

L1 s, 2l X & pAAV J5i KL,
pFastBacDual-inCap2 Jii $i. pFastBacDual-Rep J&i #i .
pFastBacDual-ITR-CMV i ki . K i #F & SURE 2 ¥ iy
e [ B 27 B 2 M A 5 2 AR R AIE S A0 A A
BT O O SR AE s 51l b AR TR ) TR
PR R A & e BRI E N DI B T4 DNA %
W (£ E NEB /A 7)) ; KOD DNA 24 .DNA marker
( HA TAKARA 24 ) ; Bokz 4 O ) & | B e el it
& (S Axygen 23\ ) 5 £5 2 WA R PR AR W 52 5
FEAL R 2 IR ( H A2 KAl 25 pk X 24t ) s AR T 2
TR (YL 30 DS 2 0l AT R 2 w1 ) 5 3 38 2 4k e TR R
CBRUFIE I 1 25 1By A PR 2wl rh i 23 22 6D o Bl i
GF a% (3E1E Hamilton 24 7)) .
1.1.2 255804 25 H SPF 2 4 JE % C57BL/6 MEPE
/NBR A b9 3T 3 e S B S WA BR S m R it S5 3h
AR A 5 Sl 00 A R A8 BIEE SR, Sl ) 52 36 28 vh [ R 2
Bt 95 M A ) B~ TR BOR WIS BT SE 56 Sh M 18 B2 DL 2%
A AL (305 :2018-B19)
1.2 /¥
1.2.1 pFastBacDual-inCap i $i #1 pFastBacDual-ITR-
CMV-EGFP [5i # ff #4) i #{K B 42 pFastBacDual ]
BamH [ 1 Xho [ BURGH), AAV6-Cap J¥ 51 A pAAVG i
K B3Rk, BamH T Al Xho T 34k, i mIi S T4
DNA 45 % #2 , ¥ k SURE 2 J&EZ2 3, Bk e e i T
100 weg/ml Z WY LB Figpdbh 78 37 CHEIR#E K |
200 r/min 555 16 h, fil] #£45 5| i ki pFastBacDual-Cap6;
M pFastBacDual-inCap2 H 4" 3§13 2 4 & 1~ FF 51, 4 AL
STE Cap £ 4] 25 F11 26 w9 3% Z [A], i ki pFastBacDual-
Cap6 fi] Sph I #1 EcoN I ], 1328 &4, W& 75
PCR 4" 3 /=¥ H Sph T fl EcoN T {4k, ¥ k)5
PCR 938 7= W) A5 2 4, IS MRS T4 DNA J4 45 il 4
2, %64k SURE 2 8235 PR sw B TR T & 100 pg/ml 2
NE LB KR L 7R 37 CHEIR R IR I 200 v/min B 57
16 h, 14275 3| Jfi b pFastBacDual-inCap6, 25 il 1] % &
J& L HY b AR T AR ) TR R R W E R
pFastBacDual-inCap8 Fll pFastBacDual-inCap9 [f]¥: 7] 15 .
AR B 22 pFastBacDual-ITR-CMV | BamH T il
Xho I Mg U, 4 1§ th 19 58 B4 4 (5,9 5 25 11 (enhanced
green fluorescent protein, EGFP) i Bt F§ BamH [ F1 Xho
L AL, B B fs T4 DNA 3% £ il 3% #% , ¥ /6 SURE 2
Z S PR SO BE R T & 100 wg/ml 20N Y LB B 57
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H,7E 37 CHE R K F 200 v/min K5 5% 16 b, fift §2 1%
2| J§i ki pFastBacDual-ITR-CMV-EGFP, £ [l V] X &
J& , H1 B AR AR TR A R W LR
1.2.2 rAAV IEF % ¥ pFastBacDual-inCap J&i i
%% A\ DH10bac 832 5 240 M o, 1 4 th AR B 1) Bacmid
Bacmid % A Sf9 40 Jfg f 40 %< 7 A2 B AU A AR i R
Baculovirus-inCap , ¥ FF % 59784 = P3 X, 2606 &E
i PCR N & AF AR5 75 0 B2 DL IR AR 89 5 05 ) o
Baculovirus-Rep A & Baculovirus-ITR-EGFP, 3 F 1k
o 7 L [ SR e B A SP9, 0 2 AR 15 58 A2 K0 7, 42
i CsCl %5 2 B FZ B 0 19 5 056 2l Ak ViR 4 1 v VR JEE 1Y
rAAV ;5 6 &= PCR # rAAV 19 7% &, SDS-PAGE
Kol rAAV Y2l
1.2.3  rAAV A[A) I35 B 5 & HEK293T 21 Jig £ I g
TR Y RE S HEK293T 4HJf LA 1x10° /4L 41 Jifl %
JEFERNT 24 fLAR,37 CHi R B 5¢ 2N BE . rAAV DL
YL 52 B ( multiplicity of infection, MOT) 2000 1) H. 51 ¥4
Wit BE F) HEK293T 40 i , 24 h J5 76 8] & 5O6 B8 F
I 25 S 2R 1 38, T x4 R {SURS ) e SR 0%
L.2.4  /NRBCHE TR N B AL R 2R R 52
B /NE 43 rAAV2 rAAV6  rAAV8 tAAV9 4 il X IR
M, S H o B BUHR 35 58 4B 1 56 rAAV2 rAAV6
rAAV8 rAAVO FI 8 R 45 2% #h W ( phosphate buffered
saline ,PBS) 4% 1 plo A B 4% K & A 0. 01 ml/g
IR PR SRR /0N B, 2 T b IR T TR IR T SR 4
M, 507 ] 3 3 R 3 MR 98 R 455 IR 20 8 97, 4 b 2 T TR
YRR BRAY R B IR AR T TR o 9 N B Sk o A
MR ER PR A A IR 2K 020 il 316G 1 Sk 72 M I % J5
1 mm Kb 220 ,33G T3 5F a4 76 28 0 4 VE S 5 1 pl, 0
BHCRH 13107, R HE A, B S 0 R}, 2218 Hf i
AT LUS B AR 1 min, B B (K1) o
1.2.5 OG- A 03008 A D0 7 72 A0 0 JE Al
WL BTS2 J8 , SUMEB 5 AR 58/ B,
JBCHR 3R B #5  A J5 K 4% 2 B 4 °C [ E
2ho [EEJGRIRBERCA PBS i, B TR SR ILA,
BT R AL TT I R A BT R . W T AR T
DUIBEFN Bk 2% 1552 5 1, 83 HE PR G5 B AL IR 2, 25 B IR
AT B B BB A o N P T I B BT 1Y PBS
XIPRBTIT 4 H o WX PBS, FIARWL . 1 f 40 1o it
TR e R A I 22 2 3 1, 3 B s 3, THOLH
A W T WS .
1.2.6 2GR HUEE T AT vAAV 72 R RN 1 2% 0K
PERS AR TE ST T 2 JA), SUME G 1 2 A 5 /0N B, 358 i IR
BRORA A% ZEHW R 4 CHEE 2 h, AT H, H

— %

W IRIEST A S
AL

RPE

Bl rAAVIREERESTER HREMEEKEL | mm 4hIE
HLEET B R, HE A SRS OR P R TE BN R 4 I min 3
RPE : H o I 4 % B

Figure 1  Schematic diagram of rAAV vitreous injection The
needle tip was inserted vertically about I mm behind the limbus, and then
tilted into the center of the vitreous. After the virus was injected , it stayed

for 1 minute Note:RPE:retinal pigment epithelium

HRAA%Z R MBS 4CHER. BRRZETE, R
BB 20% REBE 4 °C i 7k 12 h, 30% pE B 4 °C i K
24 h UM IR EK, Je £ A AR 43, B A B SR AR,
UM T 5% A RS W, OCT {3, 14 pm JEE Y] f7,
0.01 mol/L PBS 2y # I i, ZBRIRA OCT, i AL i
o FUIR B 0. 01 mol/L PBS W R &N, #
T HL S H LUk 2 A Bl A, 0. 01 mol /L PBS 5k .
A 47, 6-— J)k F&-2-7 L w5 BE (47, 6-diamidino-2-
phenylindole , DAPT) (1: 1000 PBS) ## & 20 min, 0. 01
mol/L PBS {5k 3 K. HLuc e KM & b, I Fe 00 Jv
M 8 B OL WM T MR R

1.2.7  rAAV2 JEge L 5 3% 3k 1 AR E 1 A
rAAV2 BRI E TSNS 2 LA 3 A A Bk
I FA 2 A BE /0N B A IR 3K, 4% 22 5 R L S A, R
BEIBE K, 14 pm JEEUKERDI R, DAPT 3 (0, 55 6 4 K
B R, T E SO0 A T WL rAAV2 JFGL I R I
KR ETE

2 FR

2.1 rAAV JFORL A

pFastBacDual-inCap6 £t Sph | Fll EcoN [ [ 1] %
R, BEICHLIK AT inCap6 2 440 bp 257 (18] 2) o SV
B A3AT—B0, 45 6 W Lo 6 45 R AT UL AL E A [
F15 3| %5 5 1F 4 Y pFastBacDual-inCap8 , pFastBacDual-
inCap9 JFi 7 ,

pFastBacDual-ITR-CMV-EGFP %4 BamH [ FI Hind Il
ity U] % 5 , BB UK 15 3 EGFP + HGHPA +1TR J1 B¢
1462 bp, 55 B UIAL 730 — 20, 255 00 5 e X &5 2R )
WA AR (K 3) o
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SV40 p:N7R g Hind I :7129}? f1(+)origin
3 kb HGHPA f.\ 2 kb 1462 b
. o
2 kb _| 2440 bp Xho I (6361 \:\ Ampicillin L kb

.

in-cap pFBD-in-Cap =— EGFP
S pfastbacdual-ITR-CMV
ITR-CMV 7633 bp
intron 4 & Bam H I (5633)
PH promoteT "" TN7F beta-globin-intron

10 pre T
P20 promotex CMV-Promoter
HSV tk pA @ @ CMV-Enhancer @ @
ITR-F

[# 2 pFastBacDual-inCap #]8 A.fifitJ &K B:pFastBacDual-inCap [Fiki Sph I 1 EcoN [ E¥J %% 1:DNA Marker;2: fiff ¥] 551 ;2 440 bp 4b
4y inCap 5% [E 3 pFastBacDual-ITR-CMV-EGFP #98 A. ity & B:pFastBacDual-ITR-CMV-EGFP [k BamH I F1 Hind Il i 1] % 52
1:DNA Marker;2 ;i 1] 5577 ;1 462 bp 4t & EGFP+HGHPA+ITR 4%iliy

Figure 2 The construction of recombinant plasmid pFastBacDual-inCap A: The flow diagram of pFastBacDual-inCap  B: The enzyme digestion

identification of recombinant plasmid pFastBacDual-inCap 1:DNA Marker;2; Digestion band;inCap band at 2440 bp Figure 3 The construction of
recombinant plasmid pFastBacDual-ITR-CMV-EGFP A :The flow diagram of pFastBacDual-ITR-CMV-EGFP  B:The enzyme digestion identification of
recombinant plasmid pFastBacDual-ITR-CMV-EGFP  1:DNA Marker;2:Digestion band; EGFP+HGHPA+ITR band at 1462 bp

rAAV %7585 5 & PCR Kl Bl 4% 107 ~ 10 2.2 rAAV AN[E] LT BYHE ) B R AN [8) B 42 EGFP 1y
10" ve/ml, 4l i % 5 4 K. rAAV2 rAAV6, rAAVS, K&
rAAV9 3 B HEK293T 201,24 h )5 18] 8 ¢ 6 12 i WG It £ 8 BUEE 22 0 IR 45 2R R, rAAV2
B 8E, rAAV2 e HEK-293T 40 S () 3 % 16 T A J2SEHE ] N P L A 2 A R, X T A 2 PR g
AAV i35 % b 25 Hovk  rAAV6, rAAVS Fl rAAVO () B BRI s AAVE A PN )2 F AR 2 40 1) 15 35 4 B
e HEK-293T 210k 2 M % 4 6 (1] 4) , iy aRIE 00T AJZ BL IR IR A 2 8 A0 LU AN 2 B0 IR IR 5
{508 245 52 % , % HEK293T %% AR N i PAAVS rAAVO TSR [ SRS 9L 1Y R, Xi 34 22 15 2
Yk rAAV2 rAAV6 rAAVS Fl rAAVO EE Sk p ) ENZIM R (B S) .
N 39.5% 18. 4% 8. 7% 4. 6%

rAAV R [ 1 7 8 & HEK293T 40 B 35 & W 22 ( EGFP
><100) EGFP %ﬁ%& D ‘t rAAV2 Juk;K HEK-293T 4 Jifl 5% Y o BF 78 @ @
- : ; ; AHEEREMER KKK (EGFP x200) EGFP 2 %t 4,5 )t
C:rAAV8 D:rAAV9 rAAV2 Fl rAAV6 34 [ F 4 J2 00 R 5, rAAVS il rAAVO 3 4]
Figure 4 Fluorescent images of HEK293T cells transfected with TAHMNZMMEEL  A:rAAV2 B:rAAV6 C.rAAVS D.rAAV9
rAAV ( EGFP x 100) EGFP expressed green fluorescence. The Figure 5 Fluorescence imaging of mice retinal stretched

preparation by laser scanning confocal microscopy at 2 weeks after
vitreous cavity injection ( EGFP x 100) EGFP expressed green
fluorescence. rAAV2 and rAAV6 mainly infected the inner retina, while
fluorescence intensity of rAAV8 and rAAVO infection of HEK-293T cells rAAVS and rAAV9 mainly infected the outer retina  A: rAAV?2

was relatively low A:rAAV2 B:rAAV6 C.:rAAVS D:rAAV9 B:rAAV6 C.rAAV8 D:rAAV9

fluorescence intensity of rAAV2 infection of HEK-293T cells was the
highest among all AAV serotypes, followed by rAAV6, and the
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2.3 rAAV R LS
#ik

{35 B 2¢Ot 0 BB W ER R, rAAV AN [ I 3 7Y
TERL I BEAS [F] 358 46 R ik ANl o rAAV2 Fl rAAVE = %2
B[] B2 A, RPE 2 RO 2 25 ek B /b s rAA VS
M rAAVO M ) RPE R A7 2%, 76 #2715 40 g
Rk o rAAVO EZAE RPE £k, rAAVS [}
fE RPE A7 3 KK Ah, 6 R Z 38 )2 R K L rAAVO
58 (1 6) o

T 1) AL 0 AN [] R 62 EGFP 1

EGFPFOLAUE

DAPI (4 e A JRTREs I

rAAV8 rAAV6 rAAV2

rAAV9

6 rAAV REMFEREHEERESE 2 B/NRAMNEKRED R
WM G (EGFP,DAPI x100)  rAAV2 Fl rAAV6 = B4 [in) fif 22745 41
fd, rAAVS Fll rAAVY T 2L RPE RDGRSZ 4% - rAAV: T4 R
AT B s EGFP - 4 5 U 4 (0,5 S 2R 11 ; DAPIL: 47, 6- o B2
W51 s RPE : L R0 6 ¢4 3% | B2 s ONL: SR % JZ 5 INL: % JZ s RGC: L MY
R 2274 200 L

Figure 6 Fluorescence imaging of frozen section of mice retina
after 2 weeks vitreous cavity injection of rAAVs rAAV2 and rAAV6
mainly targeted ganglion cells, and rAAV8 and rAAV9 mainly targeted
RPE and photoreceptors Note: TAAV: recombinant adeno-associated
virus ; EGFP ; enhanced green fluorescent protein; DAPI: 4’ | 6-diamidino-
2-phenylindole ; RPE ; retinal pigment epithelium; ONL: outer nuclear

layer; INL:inner nuclear layer; RGC ;retinal ganglion cell

2.4 rAAV2 SRR IR0 R 3k 1 RRE R 43 BT

rAAV2 R A ) 5 A1 35 8 1 RS E P O3 B 45 R
R, EGFP 75 HL b s 2295 g0 i e e ik, H 1 A
H3MAEREHEEATEI(E 7),rAAV2 A+ &
EGFP A 7E 4 ) 5 240 it v — i B 8] Y A2 3R 36

3 tie
e DRR T o A 28004 22 O o 7 O, A0 45 I 75

18T R SR TE AAV JE L AAV 1 2 AR TE
B YR YT A A H A 7 A I 7 B BT A R

EGFPZE AR

El7 rAAV2 WEEEESER RN ER/NRANEXRED R R
EGFP Fi£ 355 B (EGFP ,DAPI x100)  rAAV2 J= S50 i) 4 [ i
MM, HiEH)E 1A 3 DA ROLIMER 3.
EGFP -3 5 AU A% (4, 9 6 4K 1715 DAPL: 47, 6~ Jok B -2- 28 3 03] e

Figure 7 EGFP expression fluorescence imaging of retinal frozen

DAPI A,

HAHE 2 A

EHIE 1A

EHIE3AH

sections at different time after vitreous injection of rAAV2 rAAV2
mainly targeted retinal ganglion cells, and the fluorescence intensity
increases after 1 month and 3 months vitreous injection Note; EGFP;

enhanced green fluorescent protein; DAPI. 4 ’, 6-diamidino-2-

phenylindole

PEa: (1) AAV RGLRATMEE NG 5 (2) AAV B 2 >3
BRI, BV 1 (R rep 1 45 B 4K 7 B 1 B9 SE TR cap, 5 T
T A, AT AT A 4 88 B I R 48 9 R Y A I
(3)AAV A 55 B fs BB, H W5 EOF 5
AAV AT LR Z Fop A o 5 A4 G, B 455 't Rk Az % 40 i
RPE 4fi ffd . Miiller 2 fifd 40 Do JEE it 22 15 248 B 70 7 52 PN B2
ATf 0, 2017 4F 12 A, 3¢ [H FDA HEofE 3 3 HA
Y7259 Luxturna b7, B IR 97 184 P00 X8 97 A
K, R H AAV E N384 5 RPE6S LK, AAV H A
Gk R IR AR R AR S, HAE O 3
PR GIT 4R R BRI 5 R PRIV T H 25 i 2210

AAV A Z2 T Il Y, A [A) I3 YA R 5 1 R 1 32
P, Nt A AR 81 H bR . Vandenberghe 2% BF 58
EH 0190 5 U 5 AAV2 FI AAVS B REF ik ik RPE
J2,H AAVS X K 3 2% 0 M 1] 1 e AAV2 B B
58 PE Ak 5L AT AR ST Leber 45 1k B HEE > 2k
W BAA T Leber 8t £ 14 40 28 95 48 # 5% i AAV2PT
AAV6 T2 ) o0 R AT AL AL, X TR AR B OO £
Klimezak % 76 AAV6 FE Gl 1 44 £ 19 %8 728 10 K L
Miiller 2 il — & 09 #8 o] 4 1o 3 4Rk, XF AAVS %
AR R B B 9 W S &, OF A 5 W v R



- 386 - B S IR B AR

2020 4F 5 H55 38 355 5] Chin J Exp Ophthalmol ,May 2020, Vol. 38,No. 5

AAVO BT 3@ ik 5 s AL 2 2 il — g B B, DA RIS 2 R
FH kT 6 0 5 AT, A6 A I B e g R 3
B

Bifi 5 B PRTE 7 0 I R 5 1) 2 ik P 0 R, P B
AR B SRR A AL D T S B S A R R AT . ST
HEBT X AAV K5 HEFT 00 AT 48 = AAV [5G 508,
Petrs-Silva 227728 AAV2 AAV8  AAVO [f) cap K75
ik 22 R PR 58 A8 DA Je AAV2 AR 56 i B TR 22 v 1 8 A8 F e
AR S AR (AR BB 58 4 B 1) RPE JZ L&
JZ;Chen' " 75 B HUAH L 6 1K K R B AAV2 cap £
FENE T, B T AAV 5 FACE,

FLRTIC T AAV Xf 40 o 158 5 S A0 3 L BB F 58 22
KLY R LR, 5 Klimezak 257 1 5 55 45
A, AR 5T 45 5 7R rAAV2 F rAAV6 X 4 22745 41
i B B % 5, rAAV8 [ rAAV9 FE A #| RPE J2 1ok %
Zow, TR S B AU M A R R AL ARSI N T
F 9, {8 4 5 2 20 B0 A L 81 i Bl A G, {HL )
B T ifF— 25 LB UE 52
FIZERIE  (F#7 W R A7 10 A (7 25 nh %

S % Uk
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Figure 4

Comparison of pB-catenin expression among various groups ( bar = 100 pm)

A ; B-Catenin protein was only distributed in the cytoplasm in control group,showing a green fluorescense

(Alexa Flour488) , and cell nucleus showed the blue fluorescense ( DAPI)

B: B-Catenin protein

accumulated in the cytoplasm and nucleus in the Wnt3a overexpression group C:B-Catenin protein was

mostly distributed in the cytoplasm and a small amount in the nucleus in the DKK1 group
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