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Abstract

Fragile X syndrome (FXS) is a genetic disease with mental retardation and autism spectrum,
caused by the silence of Fmr1 gene on chromosome xq27.3 and the expressing loss of FMRP, which
largely functions as an mRNA translational repressor. Silencing of Fmr1 gene leads to developmental
disorders of the nervous system in FXS patients. In this study, adeno-associated virus 9-mediated
FMRP vector (AAV9-FMRP) was obtained by transfecting 293T cells with plasmids. AAV9-FMRP was
injected into the lateral ventricle of adult Fmr1 KO mice stereotactically. Inmunohistochemistry as-
say showed that AAV9-FMRP was able to be expressed in hippocampus and parietal cortex in Fmr1
KO mice, and immunofluorescence assay showed that FMRP expression localized in the cytoplasm
of hippocampal neurons. The results indicate that it is feasible to acquire FMRP expression me-
diated by adeno-associated virus in brain tissues of adult Fmr1 KO mice.

Keywords

Fragile X Syndrome, Fragile X Mental Retardation Protein, Adeno-Associated Virus

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

et X 5G4k (Fragile X syndrome , FXS) & —Fh % Ty BB Rl B FAE IS 2R 0 B L R A5 [ 1]« FXS &
BAER IR E T THACAEGRIG, 155 2B JTEES, ABRACHUT B8 B, AR AEA A B hG Al |32 1 £
o FXS BFHHA5IEE AAFEMESFE, AR TR, B0, 1B o8m. WREE.
KA AN SMEREIR[2]. A KEVIFIRM, FXS 22— M BEpsEim, AT Xq27.3 44
a4 Fmrl (Fragile X mental retardation 1)J& R 7F 5’3 f) CGG =A% R EHE R 49 BiEd 200 #£ 01, &
a3 7 X IR s e R A F RIS [3], YRR (R AW [4], BUE Fmrl ZEEDUER. ZEE A
#midH 8 4 FMRP (Fragile X mental retardation protein) & —7#f mRNA £5& & A, '© AT K mRNA 245
FHAT Z WA E M. FMRP [ IhREF 22305 mRNA #11%, 810 1A FMRP (E3HIIHEAE G K 7
FHE I mRNA BIPER#E[5]. 4, FMRP BT RNA £54 %155 pre-mRNA B V][6].

Fmrl Z [ @ik (Knockout, KO)/N R FXS MR, A 2B E6S . 5 KR 2315517 R
AR AE Fmrl BRI E, BT FMRP B, k2% FMRP I 1EH ) mRNA $EEK-F T E, G
PR TOER A RA R FERE N, RAR A HCE: LIRSS HOBE G N, fSkh 22 W 2545 5 A% 3 tH IR # 7] [8].

JRAH ST 2 (AAV) e — MBI NR 8, R BERIDRL BT 2 20~26 nm, T/ 3 B R AT T4 32
EEAReRE. SHERMEREERMAALL, AAV BAGRARK G 5k, 7518 FA A4 rhn] LA i
[ FAMREERRIE, B, AAV /SRR AT DLEEIE S AR50 AE N R KRS AL I H 2 h KR4 k08
15 4E[9], TEMHE AR A RRaRIA 5 4E[10]. Rk, AAV 1% 4w 1 B 4 A v B T ik
RGFIRIFE AT Z 2 2 . Pt ARG, 2T AAV M FMRP Rz H A& A BEE Fmrl
KO /NRIHE DX LTD [11], FHESEELE Fmrl KO /NEURAE 5 1S 2 24T AR S Bt AT N [12] -
AW TR A Fmrl KO /N, W82 AAVO-FMRP 7E 4FE Fmrl KO /N B8 X 1 o0 A ik i i, N4
Je ik L R R T VR VR T R S 1R FXS R B RIS KR
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AV 55

2. M5 %
2.1. SCIRTH4D

WA 1 Fmrd KO /N 5 H 3 [ 25 80R M 37K 2% Wang H.B. 380 508 . 20 55 1R i {E 21°C
~23°C. {BERARAE 50% /A, FRIGIEIE] 12 he /NEE BIREDOK. [F5 B AR i B AR 7 (Wildtype,
WT)/NRAE ST RRAL, BT A s 36 /N BRI N AR (>3 H ) HENE /N B o

2.2. AAVO SR FtEE s 203T 4HpE

{8 F 2 A 95 2% I IORL S AR SR AT ORISR AL, A IR1F I BURL—20°C R A7 . P Ca-DNA 5 QL :
HUFRL DNA 3t 75 pg, G354 AAVO 4 B 5 kL (p-Rac, p-Helper)F1 H )3 5 KL (pAAV-SYN1-Fmrl)
%% 25 ug, M 500 uL 0.25 M ] CaCl, %, F ddH,0 %k & CaCl, A E 2.5 mL, FEIIA 2.5 mL 2
x BES V&, AAMREIIS. 4 293T i FR L (1 IHE5 R B, B4 G925k ACK & 10% FBS
f) DMEM #%#&F1 1000: 1 Ji A 25 mM [F& % )15 mL, & 15 min, [R&5FR&EF 575 0 Ca-DNA
PP S mL. WIS, KR FRILE T 37°C. 5% CO, #5374 ¥ E 3~4 h. BRRFTA KRR, &
A~ 15 em ML AREEZAZ NN 2~3 mL PBS Ml — K. 3T PBS, HIARGFREE B (#%4KF1 100:1 £ 5
10% FBS f{] DMEM H i\ 500 mM f T BRENF ) 25 mL, 1537 72 h JGUREEN . WSCE A e 5 e &2 4
Rl 3 UK, ECHIAS R RS (T v VAR, B B0 UUEE . BTSSRI ALY AAVO-FMRP 5% 75
BWARVER, TRAFT-80C,

2.3. SEREE PCR MEEFE B NH

# 5 uL £ AAVI-FMRP B i 56T I8 5 R (DAAV-SYN1-Fmrl, 5 x 10" GC/uL)MIA 15 uL DNase |
THAR S, 37°CHEE 30 min, X DNase I ZRiGALEE 545 A 95°C, WA 10min, HUHBHEKEH . XF
AAV-FMRP £ ity B I8 R 31T #5Fk . SERT 58 /& PCR MWAA &R 20 pL, .45 2 x SYBR Mix 10 pL. ploy
A forward primer 1 uL. ploy A reverse primer 1 uL. A5 2 pL. TEAZIREG/K 6 uL, BFMERS 3 AN E
2. WELITEFIET PCR: T8 95°C 10 min; #8J5 95°C 30s, 60°C 20s, 72°C 20s, 35 MiEH;
VEfREiZ: 95°C 55, 65°C 1 min, 40°C 10 min. Q-PCRIZITAW G, FIFHHLE R %M AAV JE K4 ¥ 5%
PER T AAVO-FMRP (A JE K20 4% D140 GC #5 T 4UmL = PCR iZ4T15 BI-F3#5 T4 +5 ul x 2 x Hi
P54 (DNase #iBE 4 i x5 2EH%E 10,000 1%) x 1000.

2.4, M{KERLESH

3 1%)5 EL LG 224K /) SRR P AR (100 mg/kg), 158 SR 74X, A5 FH AR R R S LR R SRR /) Bl
N 37 £ 1°C o B3 B4 A T0 v v U0 0] i 22 (AT (X1 5% 7F+0.8 mm,  Fi (XI5 0.3 mm, fii K1 15 N iR
B 2.2 mm). {EHMEERESS, ¥ 1 ul AAVI-FMRP B¢ PBS DL 0.1 pL/min (38 285 N SO0 =, Va5
TERE B E R E 10min. 1% MR RN E SIS AT /AN R A 4 4, el WT + PBS 4. WT +
AAVO-FMRP 4. KO +PBS #H. LK KO + AAVI-FMRP 41. FARJ5 & 2H /N R [8] 28 th il 55 4 & .
2.5. REALKEN

AN SRR B BRI S 34T O JUE E VR U, B0%REHE I /K, OTC &, vK¥ Y] v (15 um). PBST (0.3%
Triton X-100)3Z %) /i 10 min, 5% BSA =i/ 1 h, FMRP (Cell Signaling Technology, USA)—#t 4°C §i?

Hid# . —H1 HRP (Millipore, USA) =0 H 1 h, DAB &0, SMEWE. . KM Imagel #rE, %t
ML) 1 34T DAB et 5 5 R BH PR B 25 20 4T
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2.6. BIEFSEAR

i 3 & 1K EDTA-FF R IR SIS S, ZERE b e A FR A K, D0 24T 20 min Bt 5485 . PBST
(0.3% Triton X-100)i2 ¥ A 3 ¥, 4K 10 min. 5% BSA =iE ¥ E 1 h, FMRP. Neun —31 4CHiF & L%,
1 x PBS =¥V 3 ¥k, 4% 10 min. DAPI =7 & 10 min, 1 x PBSR¥EVIF 10 min. 76 —Hi=iR
BEE Lh, XU REHTE A SOLRMBWE . k.

3. &R
3.1. AAV9-FMRP KB {55 &

N T AIE AT B e 4T it 5 ik R SR, BRATT LA p-EGFP RIS 4t 293T 41, 75 /S [F] fA R 1] 15,24 h.
48 h F1 72 h)H RGBS, KINAE p-EGFP Jiukidt 4L 48 h M1 72 h J5, 293T 4l &R ta e £ I
BRI AT 1(A). Bk, FRATRAHSEE LM TE, K5 FUR (p-Rac, p-Helper)#1 H
(1) AL J5ORL (PAAV-SY N1-Fmrl) 3t [A] % L 293T 4t , 15 36,5 H I EE K 1) AAVI-FMRP 5 25 4044 (4] 1(B)) -
FERE Y% 293T 4 72 h J5, 2% 293T 4HMIREUNE BEAR, BEATIEE 804 S SRR alifh, 28 5L DR e iE B
BRI . Q-PCR ill5E 45 B E 7~ AAVI-FMRP Jji 3 #i A+ 1%k 1.5 x 10™ GC/mL (/4 1(C)).

A

24h 48h ] 72h

B
attB4 attB1
ITR SYNI1 ‘ Fmrl PolyA ITR
C
30 & :
25 1 }
3 20 :
15 & ;
10 § :
: ; | : é | ! ;
g -6 & -4 3 2 o1 0
Log Starting Quantity
O  Standard
> Unknown
—— SYBR E=79.3% R"2=0.918 Slope=-3.945 y-int=5.285

(A) p-EGFP Ji ki 4t 293T 4. (B) AAVI-FMRP Z5tm & &, (C) Q-PCR 45 40 #r.

Figure 1. Acquired AAV9-FMRP viral vector through 293T cell transfection
B 1. #3 293T HAEIREN AAVI-FMRP fe a2k {4
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M %

3.2. AAVO-FMRP 'S FMRP £ & RXERIES

G A R I, FMRP TERFAERUNRAAT B2 Tk B2 2 WLy, B R J2 AN i 45 i [X 45
FRik. EMMEETS AAVI-FMRP A SG, B AR/ R4k, Foe & X 1) FMRP ik /K-
BHHEM. SR, Fmrl KO /NSRBTAE X 1) FMRP ik Bk, EESHREEAG, A2, Tk
JEFIHEE i X B T 3RK FMRP IBH I, 369 AAVI-FMRP JREEE A Fmrl KO /N R 13 S8 [X.
13T FMRP ik (4 2).

Hippocampus Cerebellum

Sdd+1LM

6AVV+LM

Sdd+0

6AVV+0M

FC: Frontal cortex; PC: Parietal cortex; OC: Occipital cortex. 100x.

Figure 2. AAV9-FMRP vector-mediated FMRP expression in various brain regions
2. AAV9-FMRP H A7+ F FMRP £ & X B FRiA

3.3. AAV9-FMRP '8/ FMRP iz 583 #Z T E AL

God% R R 45 T 7R, FMRP R IE & 67 T B A R/ T CA3 XA e Mo 7800 i =5 32 59
BERRAA S Frd JE DR R 2% /N BRHE D5 CAS X A AS I 2] FMRP BH A4 4048 76, 2% 1 AAVO i 2238 /K4 S FMRP
TEMG B4 TTAETE IR R IA (] 3).

4. WHig

HZ M AAVs 55 AAV2,AAV5.AAVS., AAVY %] F T H R4 R G5 3L R A T, Hoh AAVO
A DAFE KA B R iz ik, RIeas G & o M A AR 13]. ASBIF 70k F S 6 4 293T 40 )77
e T AAVO-FMRP Ji 88, 2R S8R & & o m B 301 SYNL, A B T#2F+ FMRP E4
TGRS RIE . B M = 5 AAVO-FMRP, 1] U Fmrd J2 [R5k 2% (14 B4 /N B8O 2208 3879 FMRP
MERIE, HFRIAVEE F B PIERI 2 T E AN X . 76 FmrlkKO /s BRI 2500 i 2 4007 i
X, Qi/NFRLT R, KRR AAVO /S FMRP Rk sl RIAE D, H R K W] §E & B8 B kA e o
fI 5 FMRP AR IE i X 2 (AP FERR Az F3 7k, wr ANHRIE &I AAVI-FMRP 7E4)4F FmrlKO /s Bl
i 2 R A 56 K JE, FMRP LEIE Dy 28 70 1K 91k 7K P18 B B A U/ BB 7K P 1 50% [12], BAlG, 4SBT
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FMRP Neun DAPI Merge

Sdd+03 6AVV+LM Sdd+1M

6AVV+0O

ZRE N FMRP, 2085868 Neun, # t%5¢)% 8 DAPL, 200x,

Figure 3. FMRP expression in hippocampal CA3 neurons of four groups of mice
[E 3. FMRP ZE &4/ FRIE S CA3 #HIZ THYRIEFE R

7 AAVO-FMRP JEN 4 FJERFERI, A 7R B 8 A48 DIEE MR A BIIE(E, MIMEZN FMRP £
FmriKO /)5 B & i X [l 21k K-

ATABF R R, MIER/KFE T AAVO 3K/ 5 FMRP 78 FXS 8N Ui R 3R e IA, T Lk
AR TR /N B ZIRRAT AR A A S AT ON[12], PR AR IE A A FE S A [11], AT LASEDN FMRP
PRBMERIEZ G, FXS BN RIELL i X P2 T 45 M R BEREE 1S 2 — E 2B E . AAVS T3
PRFR 125 2 R0 B B LA AR M S SR, AT DA S AN T 1 32 S R 4 1) E ) 22 DR A T KB T 17
FaERIA[14], Rt AAVS 2 A5 H I EEFIFE R N RIB B IE R . G A KL, AAVS-GFP 7£ CMV Ji
HFHEHIT, dEREN GFP X B £ LR & oA e — E R EEEE I [15]. 28T, A 7L R H
) AAVO-FMRP J&iliid SYNL JAzh 1%, ZBah7 BAA &k mrE[16], HATHAIHA R, SYNL i
I AAVO Bk B WA S EIRIE. 5T AAVO JFREETRT FXS DU HE FFHk 4 & Goa (WA 4 #x
TR)EEFETT F B, MR, X TRIT A REU5m B A R R H R [17].

E&UH

AT 9T 52 B [E 55 [ SRR FE 400 H (31660273) 1l = B 4 0 7 3 41 72 4 701 H (2018Y045) % Bl

S5k
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