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Establishment of neural stem cells line with PIN1 gene knockout by CRISPR/Cas9

HU Tingdong, WANG Meng, LIU Xiaorui, YANG Haiyuan, DAI Yifan", WANG Ying’

Jiangsu Key Laboratory of Xenotransplantation, Department of Medical Genetics, Nanjing Medical University,
Nanjing 211166, China

[Abstract] Objective: CRISPR/Cas9 gene editing technology was employed to knockout the PINT gene of adult neural stem cells
(NSCs)and finally established a PIN1 gene knockout adult neural stem cell line. Methods : The tissue from the subventricular zone of 8
-week-old C57BL/6 mice was dissected and cultured in vitro; single guide RNA (sgRNA ) targeting PIN1 gene in mice was designed,
and the PX330 plasmid was used as the skeleton to construct PIN1 Cas9 target vector. PIN-knockout monoclonal cells were obtained
after transfection and puro screening. The expression level of PINT protein was verified by immunofluorescence and Western blot. The
expression of nestin was used to identify the neural stem cell characteristics. The differentiation ability to neuronal lineage was
determined by beta Il tubulin immunofluorescence. Results: Cas9/sgRNA expression vector of PIN1 gene was successfully
constructed , and nine PIN1 knockout neural stem cells were cloned after transfection. Immunofluorescence and Western blot showed
no expression of PIN1 protein, immunofluorescence showed positive expression of nestin in PIN1 knockout neural stem cells, and
neural stem cells could differentiate into beta Ill tubulin positive neurons in differentiation culture. Conclusion: CRISPR/Cas9 gene
editing technology can realize the editing of PIN1 gene in mouse adult neural stem cells. After knock-out of PIN1 gene, PIN1 protein is
not expressed , but neural stem cells still partially express the specific marker nestin and have the ability to differentiate toward neurons.
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JORHE T R MY S5 S KA g NIMA ELAEZE 1T 1 (pep-
tidyl - prolyl cis/trans isomerases, NIMA - interacting] ,
PINT) R4 S RO B R Ak 1) 22 W2/ 75 = IR - T 2
W2 (pSer/Thr-Pro ) 37 I 5 H 455 | i i AL BE R 1L
R0 19 NG J52 S A A 814 T 18 146 2 8 1 B PR R 1P
s H PR E A E A7 . PINT AR5 572 3™ k%
IR R R TRV 2 BIURAS T R 454G
MIVEHT, JUHRIRAAE S Z2 TP IR AT e . 7ER
ZRURAE T PINT 5 3 BE SR ORI e #E 7oAk )
R AEZ RO 2R ATHEYR T, PINT RSB 518 T
o Bl PINT G i 50 FoRihi (5 5m s,
U I 20 PR A A R A AR AR
PR TeHr, PINT ] S i 22 2T AR QR 25 70 B - Ve M e 2
1 BRI B, DA BHL LR BT 7R 2% 1 BRI 1 & AR
TERIZ T ML & & 3, PINT 3@ 2 4101 1 B-catenin
AR , P AR 22 T 4 M (neural stem cell ,NSC)
L™ TTERA R A AR>S a et 4
il PINT A2 28 AT 1 bt R 4L AR A7 ) i B2t AL
R PINTTE S FALI AR DGR 2 R Gepimh & 45
FHHZIWE,

NSC HA & B A R RE Sy 2 17 701k hE
HUITRERE Sy, Ml RG22 BN, anph 2238 474
PR BB L BRI, NSC AT LSS TR bl
B dn iy, LAUESS AT e, P AE
NSC PRI EEFR AT XA F- IR ML A
LRGP KA 2 H A TR B S
ME"'. CRISPR/Cas9 & [ it S5 A H T 204 by £
{7 BB ] o7 R R R AR A, BT T A
28 1) F6 K G 8, 38 5 CRISPR/Cas9 2 A % NSC 4§
E SRR AT S, T AE AR S 7= A DGR R X NSC 1)
SO NI RE , I R B DA A A e A E kA . H
H FTET X8 BAA NSC. ) S o) ok PR i e A 1

ARS8 357 CRISPR/Cas9 J PR 4 8 15 A 6T 44
NSC (1% PINT 5&PRUHEAT 55 , 0 o PR R R 8036 B 2
FIIAZKF-, I3 PINT @R NSC R IR P AR ) ik
1 (Nestin) Y15 JHERE S AT TR, R fm sk
FIFH AR )/ N BB AU 5T PIN T 3 PR 7 B A i
RHFIMZ RGP A R P VR RIFT T Al

1 #EIAEE

1.1 ##

8 JE 1Y C5TBL/6 /INER., FH P 3 PR R A 5 2 S
Syrho Rt SCgn 2 E st RN S5 S AR A
FEZE G2t . DMEM/F12 385 35 35 6 2R 1 i .

PBS(Gibco A R, 2 ) s A4 M 0P T 24 240 i A
K B (bFGF) | 3 J¢ 4= K Bl - (EGF) | Accutase
HEPES Buffer. Progesterone , Putrescine . Heparin, —
HHEE AR | 22 R 1 24 IR (Sigma A, SE ) 5 B-27
Growth Supplement i & 2 ZR A 1% 126 25 71 (ITSS) | i
fiti (Invitrogen 23 ) , & [ ) ; 2 Hi% 45 1 (Roche A H]
) ; PX330(Addgene A Hl , 3£ ) ; DHSBAZ A |
Jokn b 4 R & (Jb st RARAE LR 22 7)) s DNA
Marker DI.2000, pMD18 - T % {& (TaKaRa 2% 7] , H
) 5 g AT & (Qiagen 28 A, 75 ) s Bbs 1 Bl
P N Yl (New England Biolabs A, JEE) ; Basie
Nucleofector™ kit F1 4 Jd g 754X (Lonza 2> &), f5[E ) ;
Mix Taq it ( B 50345 ME B8 /A F] ) ; Mouse anti - Nestin
(BD Biosciences 2 7l , 5 [ ) ; Chicken anti-Beta Il
Tubulin (Chemicon 2 &) , % [F ) ; Goat anti- Chicken
IgY Alexa Fluor 488(Sigma /A ], F[E ) ; Goat anti-rab-
bit IgG Alexa Fluor 594, Goat anti - mouse IgG Alexa
Fluor 488 (Abcam 2\ &) , ¥ [E ) ; Rabbit anti-PIN1 .
Mouse anti—B—actin(Proteintech N, ZEE) s DAPI(Te-
dia > 7], EE ) ; SurePAGE™ T il f¢ (R 50 4 Widimg 2
Ao
1.2 7k
1.2.1  NSCH#HRIN 2B 335

HR A 3 E T A SRS % NSC By 77T LA,
B8 JE/INERWT S AR BE , FH 75 %005 K T R I , 78 T 2%
PE NI RN . BRI & T 1 1Y PBS Hh ATl
FET R T B 2 T XAMPIIEE | 4532
HAVCE T IR IR 553728 8 ] 5870 By R
J& L B0 350 g 5 min, B B A 0.05% 6 T
37 CHFRAA I AL LA A0, I A BRI 2 1F 57 24
1ETHALIS B0 350 g 5 min, BT 3, ILANSC 2 1ML
5 15 75 3 (DMEM/F12 . 6 mg/mL ] % B% .5 mmol/L
HEPES Buffer . 2 pmol/L. Progesterone . 0.6 pwmol/L
Putrescine, 1 XB-27 Growth Supplement. 0.02 pg/mL
EGF.0.005 pwg/mL bFGF |10 pg/mL ITSS, 1.8 pg/mL
Heparin), 37 °C.5% COBEFFA B3R,
122 NSCH#9HER 5 37

JEAUNSC FIC Mg H SR rh i 2~3 d A7 0
e, 7 d ATk BRI 2K TR
DL B0 300 g 5 min, BUH E I, IITA 500 pL
Accutase, 2 Z KI5 E T 37 CHMEIHAL 3 min, &
2500 g 5 min, B A A 500 L TG i B 97
SEWCHT 2 B R AN RS T 12 LR
HATREIEIG SR . W& 2~3 diF TPl , 5 d A2
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NSC B2 I BE RS 5% AL (200 pg/mL 25
W ZR .0.25 ng/mL EREE ) AR 124Uk, T
37 CHEFFR PR 1, Wk H G A b 5B bk
T, 1% 30 min, PBS 15 78 33 o K NSC 40 Jifg 2
Ph5x10° A /mL (1) % BE 4R T g LR, 292 h
NSC WiBE . )5 RE2~3 d #7240, 295 d NSC
AR R L, X AT AR
1.2.3  sgRNA #9i%it 5 CRISPR/Cas9 # Ak # #2

4 NCBL %% 48 )% h /)y Bl PIN1 (Gene 1D:
23988) 11 K& [K ¥ 41, i FH sgRNA 7F £k % it #
(https: //zlab.bio/guide-design-resources ) , £f Xf PIN1
()55 2 A Hh T %3 sgRNA, PINT -sgRNA-F: 5' -
CACCGAGCCAGTGGGAGCGGCCCAG - 3’ , PINI -
seRNA-R: 5" -AAACCTGGGCCGCTCCCACTGGCTC-
37, HEAT S i FR AL AB M , FEAE W L 0T 5 Bbs 1
it )7 o5 RH 2 2 A 8 P AR i (P ot 4 B AR
Al

2251 1R K Bbs T 1] PX330 2 {4 (i 26 14
b, B4R ) PX330 244 55 sgRNA 3% #2441 CRIS-
PR/Cas9 #AA , SR J5 ¥4 2% Ak ik A DHSar U Al
LB [BAR FR - T84 9%, 37 Cid i . Yk H PR T
REPETE P R fE SR OUTOR A T
1.2.4  fmfe sk f R E 5 e dm Rl SRAT R

BB ARAS 1Y NSC., AR AR5l B 20 B,
ATCILAE B IR HEAE 37 °C.5% COL KGR rhak s 57
2 ho 18 Lonza e YeialiR) &5 Ul BH B BC A6 W, 5
JITA 2 g PIN1-Cas9-sgRNA M 2 g 1) PGK/puro $T
PEORL, IR 40 B 3 2x 1084, I B AZ W rh
B KN ER AL S B A Lonza #% 54 4X
PREE P, BEBE T-030 B IF A TG 4L o B Yo 25 5 s
YRR B 2 2 mL B JC LT R R 3k h e F T
S SIIE RS R o LR P TR IR . FiYk 24 h
J5 24 0.6 g /mL Puro A4 JC ML 14 £ 77 Fe B 4T 55
Fro B2 AT PRECRE , 20 S d e, AT ARAR B AN
R A A 2R BR R PR AT AE S AR Bt AL B
28k 2 96 fLAR T TR . FRECE 12 4Lk , Bk
L 3/4 A1 ML VRAE , 1/4 40 FH NP40 22 2 5L R 241,
15 TA So b S E g IR DAY . R SR R L A 7
PCR ¥ 3 | KL W 45 14 R it A8 ¥ 95 °C 5 min, A8 PE
95 °C 30 s;iE k56 °C 30 s, ZE{H 72 °C 30 s, 35 M
W BAEAR 72 °C 7 min, 4 CURATF o BIRHHEE S HL Uk
Je VI [l , JF R [ i it 391 & 4 B ml s =4 , 15
55 pMD18-T A4 7% 422 , 5 3% $2 7= W% Ak iF A DH5at

1) 500 435 SR ) A 2 R R L R AR
1.2.5 Western blot J&E S IR %R

A3 AR B PINT B4 NSC FEF A4 1 NSC & 1
IR fE S EAE ORI 120 V LR AT HLUK
et A A A 1 A SR A4 BRI o T A T UK
o SRR | 42 250 mA .90 min ¥HEERE &M
R 2 PVDF I L, 5% B W5 k3 Vs Wi 25 i 1T 1 h
J& 97 —4i Rabbit anti-PIN1(1:1 000) ,4 “CH R
U H B PBST 18 v 338 , A —Ht(1:5000) ,
FIRFLIRIFE 1 hJ5 PBSTIEUE 33 , il A ECL45 4
1 min, B Z R,
1.2.6 PIN1 M NSC PIN1 8 %92 32 b & &

H PINT B NSC IS A= 1 NSC A7 £ 2 It B
B g%, 9 NSC W BE 5E 4 )5, R BREE IR 3L, F 1 4%
22 58 H W 23 L, 81 5 30 min, PBS VW6 338 , A 0.5%
# Triton X-100 8 1% 5 min Ji& , PBS 1% ¥ 3 i , 10%
L2 I 3E Z= BT 1 h, A —3T Rabbit anti-PIN1
(1:500) ,4 CHEIRITH , PBST 1E L 33k , I A Alexa
Fluor 594 it —H1(1:200) , FIEFE AR BLHFF 1 h,
PBST ¥k 31 , 4 i e T W4 HAHE
1.2.7 PIN1 & % NSC Nestin %9 %.9% 3 b3 &

H4 PINT @R i NSC HE1 7 HLZ NG RE KR 5% , 7 NSC
W BESE 42 ), BRI IRIL , TR 1Y 4% 2 R W I =
[i4 22 30 min, PBS ¥4 33 , LA 0.5%F1 Triton X-100
% S min J5 , PBS I UE 3 38 , 10% L1 ~F 1 i 2 iR 2 A
1 h, Il A—3t Mouse anti-Nestin(1:500) ,4 °CHE R 1
., PBST 1 1 3 38 , JiT A Alexa Fluor 488 F1vict — 9t
(1:200) , ZERFE AT 1 h, PBST I3 , 7¢
SR TSR AR,
1.2.8 PINI &% NSC 5 52 @) 5L 2

H4 PINT @B 1) NSC #1722 MG RE R 37, K 45
FREANPZTCTE TR R (FETC I Ry R A5k
fili I, 45 EGF, bFGF ¥ BEREAR—2F , A T pumol/LL
PLHETR 1 19% FBS)RLEEE R, 2910 d J5 R FRREEFRIE,
JINA 0.2%F7) Triton X-100381% 5 min J57 , PBS{H{E 3 3,
10% 111 2 1L 3% 28 U BT 1 h, il A—3¢ Chicken anti-
Beta Il Tubulin(1:500),4 CHEAIER, PBS i1k 3 3,
JnA Alexa Fluor 488 Frict i (1:200) , % 1L H2 PRkt
FEIEE 1 h, PBSTIEVE 3 , 20 i flss T g i,

2 # R

2.1 NSCARIMZEFR &S
8 JE W /N B AT, 43 B A ki 251X 47 v ]
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BE BTRRHALIS TRMIE R R bR, 7d LA K
zwﬁ R AL T, NSC T ££ 15 I 3 24 LA 1
NSCER (B 1A) . TETCIMIF G TR A, NSC PR
B TE 2 R R Z R E B P A R 3 5=
NSCAE 4y 2 0 BELN A (] 1B) o
2.2 CRISPR/Cas9 31 & it e 4T de B AR M 12

fii ] sgRNA FEZ BT, BEXF PINT (%56 24>
AN F T sgRNA (B 2A) o HF sgRNA 5 PX330 2%
R RS, HEA TN , 45 R /R sgRNA 5 PX330
)% (E12B) .
2.3 PIN1 AR SR NSC L& 3kiF 5 %5 2

Puro i %€ 5 d J& , FEMLPKIE T 16 4~ 20 it v
F)*—‘ TE I H O AR S 1 B4 B v R AR A T VR AE

25 3ok R R S5 e, 9 1 2 i e B A R A R TR AR

(i% 1o
2.4 PINI#) %%
R

PINT 1 #0988 9 ' G 8, (151 3A) Sz Western blot
([# 3B) 43 #1 PIN1 28 1 ik i, 45 2% s B A= A
NSC PIN1 £ [ 1E # 235 , 11 PINT & 5% NSC ) PIN1
FEHTFIA ., W CRISPR/Cas9 5K 4w+ A Tl A
RS NSC PINT JE [ fifi 5 (L R6 .
2.5 PIN1 &% NSC Nestin & A L

J& 3¢ 4 & Fo Western blot 224 3K 4

PINT 5 NSC B 22 i B 4% 32 15 4T Nestin
A B
i E2 E3 E4
sgRNA

CACCGAGCCAGTGGGAGCGGCCCAG

A:PINT L) sgRNA BT 521F5 B: FE P S 4L 2RI P 5

AT IR BR B I RER, 77 H S i 2 Hﬂﬂ@
E1 SE&/NRE T IMEFFIE(x100)

Figure 1 Morphology of cultured adult neural stem cells

from 8-weeks old mice(x100)

PEPEYL 0, 45 50 s, PINT KL DX Bk 5 A9 NSC TS
A Nestin B (1 4) , F2 W PINT 3£ K f 55 5 1) NSC
A158Rk 3434 Nestino
2.6 PINI &% NSC oL oL

FE AR 5 58 T iR I B R v] 375 5 NSC. [ #f
250 M 1) A AR, 2 PR NG BE B 3R Y PINT @ B
NSC 7EE [n] 73 AL 35 77 3 vh G SR, w8 2 4 i
BRAWA , KL 3 A, A s gE , I8 B ™
9 RSN . TRAN RIS IR 2 A, AT e
e, 258 Bon A0S A0 R 43 2 B Beta
Il Tubulin(#f12250) FHAA (E15) , 2B PINT @R f5 1
NSCABEA L hg

\

B2 CRISPR/Cas9 & B i s ik AT iR H 2

Figure 2 CRISPR/Cas9 knockout site selection and construction of vector

1 PINI#HZRT40A0 840 Aa ve fE R F Y

Table 1 Genotypes of neural stem cell PIN17 colonies

75 PIN1(5'—3") Sy

55 Y ACGCCAGCCAGTGGGAGCGGCCCAGCGGCG WT

Tk ACGCCAGCCAGTGGGAGCGGC—————mmm 9 bp
TEk2.6.9 ACGCCAGCCAGTGGGAGCGGCC-AGCGGCG ~1bp
3.8 ACGCCAGCCAGTGGGAGCGGCCCCAGCGGCG +1 bp
a4 ACGCCAGCCAG CGGCG -14 bp
BaRES ACGCCAGCCAGTGG -16 bp
BERET ACGCCAGC GGCG -18 bp
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A DAPIL PIN1 Merge B PINT KO

PIN1 18 kDa

WT NSC

PIN1 KO NSC

A RPETO YA IIEE WT B PINT Rk A28 T4 PINT 2 (43235 (x200) 5 B: Western blot A6l PINT i b 197 A5 18 i 22 411 it Hh PINT 7R
M2k,
B3 B ER Western blot 5347 WT & PIN1 BiBr#42 T 4HAE PIN1 B A RiA T
Figure 3 Immunofluorescence and Western blot analysis of PIN1 protein expression in WT and PIN1 knockout neural

stem cells

DAPIL Nestin Merge

El4 SRRtRe R RHE T Nestin fRE(x100)

Figure 4 Neural stem cells are nestin positive revealed by immunofluorescence (x100)

DAPI Beta [l Tubulin Merge

B5 SRERALEERRMETHARTSUAMEITT(%200)

Figure 5 Neural stem cells could differentiate into neurons revealed by immunofluorescence (x200)

Mo Mz T EA A 3E o RIS A 2 [ 7
RBIRETT S AN IR AT A R SR AT |

JRAF I LB W A N e USRI 2 E A A SRR TR AT B, I IR T R L i an
15, BUE T AN ISR VO # A AT BRI RERIRAT PR | Bk i s S A 2 125 ) SE A

3 it i



- 488 - [ S N

HEA1EE AW
20214F4 A

WA, ARSI A 8 JEI IS /N EUR 2= T X R ol 28
T-ANME , R TG L Ry SR L, a3 B TR B R B R
FZRESR  HEATARAR A . X 2Rk Rl
T4 53T, R B 320k W A A e e & T
YRR . PINTAE Z RSB ) A vh R 45
BLVER  FE AR B G BE  Ab B A IS SR 2 R AR )
2 R AR I, PINT MY AT R4 56, 8
A PRGBS i 8 G sl R s
T AT FE 0 8 AR TR B BE IR 1T 2 A5, X 2 AN H Y
AP R KT REDEAT IR, PRI ) B 0 5
Fa], A 2 I R AE Y . FEME R ae
PINT (23R AN 4 (9 A G AR G , iR S PP 240
ML oA A2 TT DI BEA B VIR, BLTE
B NSC S [ 5 R 2 %8 ff A5 4238, R, T
PIN 1 3 PRI il B i A ot 281 200 it 22 X AF 5% PINT 78 A
ZRGETIEREAEZEE L,

CRISPR/Cas9 J A 4 i 42 AR Ry B X g 0138 1
RRTAA () AL, il HAPRs oG 2 LA 25 5
XA S R R AT G, BT L AR G
TRIT A4S . FFH CRISPR/Cas9 45 PH 2 55 A AE i
2620 B HEA TR B 0 i TR g Ko T AR
2 P 2R A R A A Ut ) R BN
Ml&, FEARSZE 8 3 CRISPR/Cas9 % [H 4 4 7
AR 2 T 4 b PINT JE A TR o 0 P
SR TR A A 2 BN [ 2 i 2 de
I RNAE A G REALPRE FF 54T 7 1) B v A i 28
T2 i PINT S [N ¥ & A T 58748, i B CRISPR/Cas9
FEARAE P2 A0 3 R v i = et . AR A
PEDS YL A F Western blot % PIN1 25 [ I FE A AT
ME , 5 LA 7E B A R 2 T4l P PINT 22
1EH I, 1 PINT 3 @ R 5 & P 3Rk, vl
CRISPR/Cas9 & [H 4 H AR A RO R T P2 T20
fL PINT PR 3l T R A %Rk

FIFH CRISPR/Cas9 5K Ji 8 1 AR TE B4R 281
20 R S PR R R E AR T R R L e
G YL 0 K Western blot 1IF 25 T 5 5 %600 FlAA 51
P {HZ 53 CRISPR/Cas9 3 [ 4 55 7 A Rl PIN1
B G 2 T 40 S T AR R BRI v R
1P S U o N O R S el BB U S (1 ¢ X Ak 7))
Nestin X LTS REIEAT . Nestin ELA — & A 0] 2245
fE, MBEFR Il 2 b i A s [, Hoo A 7 ph 28
40 0 5 v S MR R 2 i
KT LG , Nestin 85 11360k, R H AT 1
AR T AU AR R, TR TAiin

YeEt RGBS e AR T R B o
YARRLATS IR Rk PP 22 T A AR IE AR 5 ) Nestin, #1
2T A EAT ARV RE L >4 DA 28T A R 1 T 1t v
R LB KN a  RANE R 4T 20
BTG AL, It B TRARAS AR B A K, 2
10 d 2247, AT 434k R 3 2P 2 0 i - 480t IR i
|1 R RS o 1 R A A =R SR R 0BT
PERSHR , 3 i 258, A AT L 45 , 5
R AR KRR Moo s R S bt
JEFR YA NeuN .Beta 1T Tubulin M AH 685
4% Hod Beta T Tubulin b #4128 50 K 35850 i Jeg 48 fitd
TR S, AR SR 28T R A b 22 20 S
ANk, R ERIRAE B A 2 oe il A T A
S, R AT T o 22 0 K R R S AR R
PINT @R i 28 T A0 i #2001 oAb |, B AR
AT5 ] Fe 3K M 2T I R S HE AR 5 4 Beta TT Tubulin,
{AHAM 25T )7 M L BE 1 B OE W i 2 A
A KR T B 22 SR B UE , L[] B T
200 it 2 5 T o 40 M 1) £ 3k e Tt A R —
ARG, ARSI % NSC PINT LA 1) i s S
5 MERR R Nestin SRS RERI I 2 , MR ATT)E
S A5 A A8 1) /N BRUB RO AF 5% PINT 356 R A it A
PR e A A A S 2 5 B R 2% 6 3R 1) K A
R IRIALHIBEFEAT T il

CRISPR/Cas9 4 A 7E 28 40 it 3 A 4 i LA
ELORIE 1, A9 R WY, #IH] CRISPR/Cas9 £ AR
AT DAAE P 28 T 2R P 2R AT B 00 RS f EL  s5
FEDK Gt o 38 ) PR B v A, T PR E A e P
R B R , RIS 7 T AR S M ST SRR 4T
(1) T H, CRISPR/Cas9 H7 ARTEM 2814 L DX i 7
T AT AR H R AT A A R AR AT 5
(5330t ]
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