R E#ARE E R

Journal of Tianjin Medical University

%528 4 51
202249 H

Vol. 28, No. 5
Sep. 2022 491

XEHRS 1006-8147(2022)05-0491-06

BEIUEMM PAXT EFH B EAR CRISPR &E 1 1%
ARG E

SO, e S, BRIE, BHES, EF
(LRFERIR R AR50 Be , 300203 K ; 2. K LR R 7 Reih B2~ Be i i) 20k 22, 300070 KHE)

&
i
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S PP i (Western blotting) 2 #)# 0] LK 20 i 2 49 mRNA B & & Ak, KRG, JE PAXI 3 WAL S HJE 40 o3k 25 4 soRNA
(single guide RNA)f» dCas9-Tetl /i 45, X JA £# 8 M 5 (Pyrosequencing ) #2 RT-PCR % A 4 2 3L B ¥ A Fo & ik K09 7%
& %G, A A A5 B TR A= RT-PCR #F4% % CRISPR Z %tg hlyes i, £55 . 5 HEK293T 29 J 40k, & 30 5 48 Ly PAX ]
EARFHFEIZHWHA, AL mRNA(CaSki:1=9.13;SiHa:1=12.31;P<0.05)Fo % & & ik 7K F (CaSki:1=16.72;SiHa:1=11.81;P<
0.05)¥ Btk £ CaSki & SiHa 280 % F , & ¥ E A sgRNA3(act—sgRNA3 )AL R 23, 3 PAXT A H 69 F AAKTF /£ CaSki
Fo SiHa 28 i0 % F 25 FH T 22.21%(1=6.65,P<0.05).19.62%(1=17.00,P<0.05) , = mRNA & & KP4 B F L (P<0.05), AiZ
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Construction of CRISPR-mediated targeted regulation system for PAX1 methylation in cervical cancer cell
ZHANG Wen—fan', YANG Jin-hao', CHEN—-Shuang', SHI Shu-juan?, WANG Rong'

(1.Department of Laboratory Medicine,Tianjin Medical University, Tianjin 300203, China;2.Department of Human Anatomy and
Histology, Tianjin Medical University, Tianjin 300070, China )

Abstract O bjective: To establish a CRISPR -mediated targeted regulation system for PAXI methylation. Methods: Firstly,
methylation—specific PCR(MSP ) was performed to examinate the DNA methylation level of PAX1 promoter in cervical cancer cells
(CaSki, SiHa) and normal cells( human embryonic kidney cell , HEK293T ). The mRNA and protein expression of these cell lines was
detected by real time quantitative PCR(RT-PCR ) and Western blotting. Secondly ,single guide RNA (sgRNA ) and dCas9-Tet1 plasmid
were co—transfected into PA X1 hypermethylated cells,and the changes in methylation and expression were detected via Pyrosequencing
and RT-PCR, respectively. Finally,the off-target effect of the CRISPR system was evaluated by bioinformatics prediction and RT-PCR.
Results: Compared with HEK293T cells, the methylation level of PAX1 promoter was hypermethylated in cervical cancer cells,and the
expression levels of mRNA (CaSki: 1=9.13,SiHa: t=12.31,P<0.05) and protein(CaSki: 1=16.72,SiHa: t=11.81,P<0.05) was decreased. In
CaSki and SiHa cell lines, demethylated sgRNA3(act sgRNA3) group had the most significant regulation. The methylation level of PAX ]
promoter in the seRNA3 group (act—sgRNA3) was decreased by 22.21% (1=6.65,P<0.05) and 19.62% (1=17.00,P<0.05) in CaSki
and SiHa cell lines, respectively,and the mRNA expression levels were significantly up-regulates (P<0.05). The difference of off—target
effect on gene expression was less than 2—fold. Conclusion: Our study successfully establishes CRISPR —mediated targeted regulation
system for PA X1 methylation, which effectively downregulats the methylation level by increasing the endogenous expression level.
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55, 1M CRISPR(Clustered regularly interspaced short

palindromic repeats ) ¥ A {3 A= | Ay fif ok L[ i 46
WM SR TG, ISk, CRISPR R0 HLEAT“5Y
JI”IIRERY Cas9 £ FH T #EAGE Y, dCas9(dead Cas9),
REOR A T SHEALE S S RIZHRE , 18 nT AR nises .
A R AR 2 B BRSO -, AR IR
A VPR R IR DR T X 0 ] FH A B [
I DIRERIESE M 250 T L TERE | a8 B, PRI, ASF5E
B 76 K IR B 9 CRISPR £ AR ¥4 £ 40 1) ‘2 291 958
PAX 1 BRI W BAL AR 2R 58, 0 e S r AL iRy 7 Al
BT REAIAIT ST BE5E BLA .

1 #RFFGE

L1 fmjessdc  NEHUEAN CaSki(HPVIS+) [
SiHa (HPV16+) 4fi Jil & , 1E 240 g (AR 5 40 i
HEK293T) (Mg H HF BRI, 13, 7E 5 10% )k 7
IML3% (BI, 35 ) .100 U/mL 75 % 2% F1 100 mg/mL 5%
R (RIS, Jent) /Y RPMI 1640 MEM . DMEM
(HyClone , &[5 ) 5 g B 73l AT 55 55 o

12 %2%w% RNA (single guide RNA,sgRNA )%+t
S RBEHEES 242 CRISPR-EAR FEZ M vl (http :
/lcrispr—era.stanford.edu/ )W 1B /] PAX 1 FEPH
Bl XY sgRNA, SEHBOE 48 m 1Y 4 AT
P IR sgRNA (act-sgRNA) (£ 1), 383 Q5 ##
RE R A HE(NEB, 3¢ H) BTSN P PCR A&
W, SRR AF T -20°C, UKL Fuw—dCas9-Tet1CD
(dCas9 —Tetl , #84475 ) , Fuw —dCas9 - Tet1CD_IM
(dCas9 —Tetl™, Tetl 545 {4, #84479 ) ¥k H T
Addgene!™, KGEEFL 5x10° AL 2] 6 FLAR,
24 hJR7E 6 fLA PG dCas9-Tetl1 CD (5G4 )
o dCas9—Tet1™ (Xf B2 ) F1 Pk 5k 24 A (1Y act—
sgRNA ,48 h JG A A zeocin(Invitrogen, 3 [E ) )
BEFRIEVEATIRE . 3 d SRR, 23 BEHR DNAFI
RNA,

*1 FAT®EMGE PAXI EERIAR sgRNA F 51

Tab 1 The sgRNA sequences for targeted activation of PAX1 ex—

pression

sgRNA £k JFF(5—3") TSS +-
act-sgRNA1 GTCAATCTCGGCAGTCACGC -34 +
act-sgRNA2 GATCCCGATCTGCTGCTAAG ~780 +
act-sgRNA3 GGTGCGAGATTCCACCGCCA -900 -
act-sgRNA4 GGTGGGATCAGTACCCCAGC -493 +

HEPAX : i X 2 R 5 TSS : ME 2 s SRS o 5 + 2 1 U 5 -
2 XAk

1.3 RNA RIRE % X% & PCR(Real time PCR,RT-
PCR) H Trizol {37 (Inviterogen, 3 [&] ) & B 41l iy
i) 5 RNA, 78 ] Nano Drop2000c #:1] RNA Ft) ¥
FERIF R, HU1 800 ng RNA HR¥E FastQuant RT i
g ML, T ED B 531730 5% , L cDNA SR
M, >KRH SYBR green i 5fll & K ll mRNA A9 5% ik
(GADPH N NZ), 5 IWF 5 L3 2,

%2 RT-PCR3|¥
Tab 2 The primers for RT-PCR

ElkZ] JPo(5'—3")
PAX1-mRNA-F GCTCGCTATGGAGCAGACG
PAX1-mRNA-R AGCTGCCGACTGATGTCAC
GAPDH-mRNA-F GAAATCCCATCACCATCTTCCAGG
GAPDH-mRNA-R GAGCCCCAGCCTTCTCCATG
[k A RIIE
FNTA-mRNA-F TGGACGACGGGTTTGTGAG
FNTA-mRNA-R ACCGGATCTATATCAGCCCATT
ARAPI-mRNA-F AGGATGACCACGCCTATGAG
ARAPI-mRNA-R CCTGCGGTGGGTTCTTGTC

NEDD4-mRNA-F
NEDD4-mRNA-R
ILDR2-mRNA-F
ILDR2-mRNA-R
KHK-mRNA-F
KHK-mRNA-R

TCCAATGATCTAGGGCCTTTACC
TCCAACCGAGGATCTTCCCAT
AGTGCCCGACAAGAAGAAGG
CGATCCTGGCAGTAGGACT
CTAAGGAGGACTCGGAGATAAGG
CATTGAGCCCATGAAGGCAC

1.4 DNA &4 T #i B 4 32 (BS ) A= P AALAF 12 PCR
(MSP)  DNA 42 I [a) Bif Ik 5% FH S8 L0 Kyt
f) DNA i3 Nano Drop2000c HEATHe B 1546 )
Ja, fERRELPER 40 DNA FE R BT I (Leu),
@R ME T A0M DNA HEAT ARSI Y 5L J5 4 Sy B
XHHE(IV) . 2 # EZ DNA Methylation Kit( Zymo
Research )il G UL B T H MR S Eh b8 . I
AR BS J5HY DNA A4 , 8 F Methyl primer express
BATHATHIYE B FPHI L3R 3. R ] Amplitaggold
i (ABI, 3¢ [&) ) #EAT PCR K2R, S B 2% 44 H £ 95°C T
AP, 5 min;94°C 30 5,60°C 30 s,72°C 40 s, 3L 40 4>
EER, 72°CHEMH 10 mine SO 2% BBl HsE
JEEHLPK , Bio—Rad BRI ACMEEEE R .

1.5 £ &8 0 5 (Pyrosequencing)  F PyroMark
Assay Design 2.0 FAFHAT5 1B (56 3), X R
519 5 m Pt T ERARIC, UL BS JA 9 DNA AR
PUALZEAFFFRELT PCR 973 $218 PyroMark Q24 £k
R A b HEAR S 2R PCR P12 7
1.6 pL¥est mAxwl @ fEZ T H COSMID
(https: //crispr.bme.gatech.edu/ )" % PAX I -act-sgR—-
NA3 { JIi $E B PR T 0000, 3 BBCR AT B #E ml BERY
Top5 I A, il i RT-PCR K 5 />3 R 78 S 56 4H
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Tab 3 The primers for MSP and Pyro sequences

i EIR B J¥5(5'—3")

MSP PAX1-M-F TATTTTGGGTTTGGGGTCGE
PAX1-M-R CCCGAAAACCGAAAACCG
PAX1-U-F GTTTATTTTGGGTTTCGGGTTGT
PAX1-U-R CACCCAAAAACCAAAAACCAC

FEWEIRINF  sgRNA3pyro-F  AGGTTAGGTTATTTGGGATAGAGT
seRNA3pyro-R  ACCCAACCACCAAAACTCA
seRNA3pyro—S  GGTTATTTGGGATAGAGTG

x4 BREBYETLSRBHESANER

Tab 4 The top 5 genes with high off-target effect score

BB )75 (act-sgRNA3) SEKH 44 4
GCTGGAGACTCCACCGCCAGGG FNTA 1.33

GGTGGAGAGGCCACCGCCAGGG ARAP1 1.90
TGTGCAGATTCCACAGCCAAGG NEDD4 3.14
GCTGCCAGATTCCACCCCCAAGG ILDR2 3.34
GGTGGTAGATTCCACCCCAAGG KHK 391

1.7 %9297 % (Western blotting)  Zi/fdZ: RIPA %4
TR R i A B DT AR G 1, AL BCA VA2 s Al
EHSRE, BCERE N 10%8 SDS-PAGE BEIE, 4F
AL I A SE BT I B 1, FEL VKR e B 2R A R
AR L I E T 5%09 B As A 05N B 1.5 h, 53
SN AKR B —4T : GAPDH(Bioss ) , PAX1( Abcam)
RWEE 5 2 KIMAXT R Fh g M — bt , vk
A ECL &£, & T Bio-Rad &K RS AT
1%, 3138 Tmage J HEATIKEE(E T -

1.8 %t az® R Graphpad Prism8.0 Gl
X BRI TS . THE SRS IE SR,
TP IEASD A xes P78, WAL FRIA 225 i
K H ¢ Ka B, AR A IS A R Mann-W hitney
U KB 3- 454307, P<0.05 2% A Giit2¢ i L,

2 R

2.1 PAXI AR B30T F AR Kk KFIE
MSP 45 B FR U PAXT 3R 5 3 77 B 0 40 i
CaSki I SiHa ™ 52 35 B AL T IF W 240 A
HEK293T 41t 2 30 3R (& 1A) . FERG SRk
V-, PAXT 75 S0 40 M ) 2658 10 R T HEK293T
4 i1 (CaSki:1=9.13,SiHa:1=12.31,P<0.05) (¥ 1B), [d]
FE L PAXT 7B 30098 240 Jfd 1 2 (1 3R 38 7K F ORIk
HEK293T #fifffi( CaSki:t=16.72,SiHa:1=11.81,P<0.05)
(K 10),

22 ¥ewpgE PAXI AR A KL BF T F
HEALKT B dCas9-Tetl 5 4 4~ act—sgRNA HLJl

SCUG2H act—sgRNA2 sgRNA3 sgRNA4 JZ sgRNAT+
243+4 HEEYL A () PAXT 223553 B8N T 3.49,
35.95.33.63 M 6.50 1% (1=5.84.11.16.9.79 .8.72, 1
P<0.05), o act-sgRNA3 44 FiE4E & w2 (&
2A). Pyrosequencing 45 3 HIAHXT TXF B4, S50
Y P LA K2 R B T 22.219% (1=6.65, P<
0.05)([# 2B.2C).
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A I MSP RN e SR AN A &R CaSki & SiHa 4l il &
PAXT JE=PHJE 315 i H 34k HEK293T 41 52 B oK H 34k s M.
LA 5 U A FH A ; Leu s fEERRE 2 MY 120 L DNA 1 B X I
IV AR M AN DNA SEF TR 35 VR BRI B B2 RT-
PCR Al AT HEK293T 20 A, = 20 4A i v PAX T FEHI ) mR—
NA ik I % FFE(1=9.13.12.31, 34 P<0.05);C: Western E[l 5 4%
FEE SN PPA X 1 BRI FEAIC T HEK293T 0/ (=1672.,
11.81, P<0.05)

B 1 EEES PAXI BEFEFENA RRIZKFREIE
Fig 1 Validation the methylation and expression level of PAXI in

cells

7t SiHa 40 it act—sgRNA2 .sgRNA3 .sgRNA4
K sgRNA H:FE YL (sgRNA1+2+3+4 )41 PAX T ik
FEXT T XF B ZH 43 B G T 13.35.19.62.3.43 J
5.29 £ (1=3.76..6.34 .4.53.14.96, 1] P<0.05) (%] 2D),
Hirt act—sgRNA3 41 0 o kil PAX T
H ALK I, R ALK R RE T 19.62%
(1=17.00,P<0.05) (& 2E .2F ).
23 BL¥eszim e AL TH COSMID Fil
VAR B B R 1Y act—sgRNA3 SE5G 20 A7 7E 19 ik
HEIEI IR Top 5 3L . FNTA (ARAPI .NEDD4,
ILDR2 F1 KHK , H: RT-PCR 25520, AHXT T HALH
CaSki Zfififi T FNTA JERFRIA FIH T 1.38 £%5(1=8.68,
P<0.05),SiHa 4B MS s APARI .NEDD4 F£ 4 43 5 2
X R4 1Y 0.79.0.85 5 (1=5.00.9.41,P<0.05) , H:Ath
R NS I
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Fig2 Targeted downregulated of the promter of PAXI methylation based on dCas9-Tet1
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1 :RT-PCR #: CaSki(A)Jz SiHa(B) 20 it #5286 20 (dCas9—Tet1 +act—sgRNA3 ) J %iF B8 ZH (dCas9-Tet] ) 1) 5 /4> id #L 1 [ (FNTA ARAPI

NEDD4 ILDR2 1 KHK)[) mRNA k225
3t dCas9-Tetl+act-sgRNA3 2 & RIBE SRR R A& )
Fig 3 Detection of off-target effect of dCas9-Tetl and act-sgRNA3
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A2 APV 220, PR 7 Y 550

AN AE I W A AR 22 57, 7 R 5 s S0
AT R IR T A — RE I R AE o L )

PAX 1 KPR PR AR KPRy I 300 B S8 RS HETR Y T 42
(T S FL T, S 0 525 5 M R (FDA)
CHEAE T DNA FEEARAM 57 20 5-Aza—2—deoxycy—
tidine (5'—Aza ) 55 241 10~ UL AL AR 4K L2980 A8 2
R AEZZE G W AFAE By AT 25, TE SR h
JTRE %, HEh 2 Fr e S5E 2 8B, Zhang 252
IR % BRLE B SRR AN T B A DNA TS A5 75 il
DNMT1, £ AT FEAR PAX T PR B ALK SF- , B8
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HFGR (AR 22, M I PR IR %

Pk, AW 2R F CRISPR-dCas9-Tet1/DN—
MT3a T HA4E S PR Tau  TRIMSS J X i B K4k
IR, DT A BT IR 22 15 SR 55 35 ) 4 g 2 4595
I BB TR] YA T T B M T A SR . SR, A S A
WOAAR DLARGE , RIIL, A9 UCR T CRISPR $0R
PR T PAX T YR 2308 A 0 1) 6 R B 3
TR R G, RS B9 T e FISC IR LA

DNA H B4k 3228 % AR A S M e 5 5 37 Bk
b BROh 5 H R i 95 E (5 —methyleytosine , 5—
mC)P WFFE & B, DNA H AR il H A2 s A28 ik
(), FZH DNA H AL B i (DNMTs ) Filf H
AL (Tets )N ASTHA5,  DNMT1 A1 DNMT3A/3B 43
BT DNA IR A 7 FNZEHF, 1] Tet 25 1L
B E AN 5-mC F A0 5% TP i e g Sk 7T
5—FP BRI A MR e P S—FRILMIMENE , SR 5 1 Ml i v
e DNA W53 AL B (TDG ) 3 I 7 Ak, DA T 52 31
DNA L H AL, Zhang S5k BULEF 2090 40 il 22
HeLa [ SiHa #fi il i FL 4% 5% DNMT1 Ji5 PAXT 1Y
FEPR FRk o3 X HE A Y 4.98 . 2.88 fif . AT
508 B AL TEYERY Tetl Bl E] dCas9 -, 7E45 5
P sgRNA 85 R, §E 11 PAX T L[R5 87 X sl dk A7
FH AR . G5 7F CaSki & SiHa 4,
Hi— act-sgRNA3 LA SRR T PAX T FEH G H
FAbKOE 78 CaSki M SiHa 2 fifd H B 3£ AL S 44 7K S
BIREAR . BT I, ARS8 A Y CRISPR RS 5E
PRI o] AR AR AT 3 A R ARE

B4, T CRISPR AMGAERLN — 2 AT G
(1) [R) A0, HE 3650 7 R T Bl T ke o A g 35 PR s
SEMA A7 AN AT U ) H 2R . BRI oY R 2
15 sgRNA RSP 0] A 2K CRISPR 114 i $E4L
PR, L AFP0% B, B8 ) JE Bl TR T
) sgRNA FFI8/0 dCas9-Tetl (IMEAERIILSS S, K
I, A 5T 3 CRISPR-ERA 7548 T H. , Yeeie [m)
F PAXT R A 8 7 X H R S B s
sgRNA , e KFEFE S/ CRISPR R SERMEHESLN . H
FIRSE I CRISPR JBE ¥R, 95 12k 26 BAT #5481 3 10
DRI 5 5296 7 IR8Y . AHIFFE 255138 S
FSZEGEGAIE , 38 COMSID T Bl T act—sgRNA3
OISR LR, TR act—sgRNA3 A4 ISR 54T T
SEOGIIE . 45 SR AR B, SRR A He, SE g g P
LR A 22 F /N T 2 4%, W B AR T 2R A
PAXT FIRRAREC I T A5 I R GE R i K
IV

CRISPR 1AL A5 R GE A4 S 1k i B I 2 A

Ja 805 F A AT 5 [T, 7T 380 A PR A A 1Y
ik, BEAEWTIE AR B, W IRPE LR 25k BAT SlvRe Y
SR RN R R KR, AR 4E UCSC (https s //
genome.ucsc.edu/), PAX 1 FEH EA 3 Fh A A2
Pl A% T iR 2 A5 E (SNPs ) o ANTFJHY) SNPs 7E41 2206
R R A AR S A O o b R S TR Y A
FHS, PRI, S0 VR PAX T &3R50 1 I 4t Y
R ECSAE U LB o il CRISPR K [N 2R 17

AR PIRPE PP L D] AR08, ZERE B 167 07 A AR

RETETT

25 L TIR X E SR PAX T D Y A

FrVR Al A A U HER KK o ABIEFE T A

6] PAX 1 &R P BEAR 42 A T4 Je B S0 )

Ay A B0 SCRINE . AT T

R IAR S RGN PAX T FEDR AL 4k s

FRSLIIST, MG Lk PAXT WAL E SR IG T

1B IR I B JE A
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