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B ZE: AR PGRN 5 Rev-erbp A8 ZAE R T 46 G £ 69 o THIE R A & 3L, EATHA#E 69 Rev-erbp A F &k
Mk HEK293 C3-6 #nJitL % ¢ sk £, ] A] CRISPR/Cas9 # K43 PGRN #= Rev-erbp UK I & ik 69 HEK293 fm e % .
H, AHAF PGRN A E X3 T 4 ANRE 4 sgRNA, 2 i ik 457 148 549 PGRN sgRNA 2 F= sgRNA 3 # 8k, #H&
3% 7 3 PGRN sgRNA #= Cas9 #9125 & 373284k pLenti/CMV-Loxp-Cas9-sgRNA2-U6-sgRNA3-U6-Loxp-EF1a-Puro.
B QR 0435 % Cas9 F2 2L PGRN sgRNA #91% 78 74 & % HEK293 (Rev-erbp™) @i, @it imik. LIEALENF 5
AT IRAF IR B SR 49 HEK293 C3-6/23 (Rev-erbp™; PGRN™) # % & mfte %, A qRT-PCR #= Western blotting
M HEK293 (C3-6/23) #mjiz ¥ PGRN mRNA Fe & @ i 6 & ik . &/Ja, XA E % HEK293 (C3-6/23) e % F ,
@i E A E 5 XA PGRN /-5 Rev-erbf st ¥e A B B ) T4 R ZF M FI= 5% . £ PGRN F= Rev-erbg Sk F &k
P #4 HEK293 (C3-6/23) #af %+, PGRN FFH &9 % 4 DNA 4839 A8 K R E A, PGRN mRNA #=%& & i ¢4 & ik 3
AZX B MM KF . Fl oA HEK293 (C3-6/23) @l % ¥ 150 X I, PGRN 5 Rev-erbf 48 ZAE A, =T vA34 3% Rev-erbf
st¥e B B3 T4k 694, FIA CRISPR/Cas) £ %, m#HME T WA B 3k HEK293 (Rev-erbp”; PGRN™)
C3-6/23 % nlemie % . #) R iZ ek mig Z A5 LI PGRN T vA®57% Rev-erbf *t ¥ KB &3 Fixkeifis, 12
PGRN % 5 /~% Rev-erbp 4% A4z a9 b iL A fF it —F A .
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Construction and application of PGRN and Rev-erbg double
genes knockout HEK?293 cell lines

Fang Chen'?, Peiyan Yang?, and Jiuling Zhu?

1 School of Modern Agriculture and Biotechnology, Ankang University, Ankang 725000, Shaanxi, China
2 Gene Therapy Laboratory, College of Life Sciences, Shaanxi Normal University, Xi’an 710062, Shaanxi, China

Abstract: In order to study the molecular mechanism and physiological significance of the interaction between PGRN and
Rev-erbp, the PGRN gene in HEK293 (Rev-erbp”") marked as C3-6 cell lines was knocked out by CRISPR/Cas9 system to
generate the Rev-erbg and PGRN double genes knockout HEK293 cell lines. First, four sRNAs were designed for PGRN
gene, and PGRN sgRNA2 and sgRNA3 with the higher activity were used to construct the Lentiviral vector,
pLenti/CMV-Loxp-Cas9-sgRNA2-U6-sgRNA3-U6-Loxp-EFla-Puro. Then, the lentivirus vector carrying Cas9 and double
PGRN sgRNA were used to infect HEK293 C3-6 cells. Through drug screening, cloning and sequencing, we obtained the
monoclonal HEK293 (Rev-erbp”; PGRN™) marked as C3-6/23 cell lines. Using qRT-PCR and Western blotting, we detected
PGRN mRNA and protein expression in C3-6/23 cell lines. Finally, genetic complementation was used to study the effect of
PGRN-mediated Rev-erbf on the regulation of the target gene promoter transcriptional activity in the C3-6/23 cell lines. In
HEK?293 C3-6/23 cell lines, the two DNA chains of PGRN gene were both deletion mutagenesis, and the expression mRNA
and protein of PGRN did not reach the detection level. At the same time, the interaction between PGRN and Rev-erbp
enhanced the regulation of Rev-erbp on the transcription of target gene promoter in the cell lines. Using CRISPR/Cas9 system,
we successfully constructed the double knockout HEK293 (Rev-erbp”; PGRN™") monoclonal cell lines. The study found that
PGRN could affect Rev-erbp on the regulation of target gene promoter transcription in the C3-6/23 cell lines; however, the
mechanism of PGRN involvement in mediating Rev-erbf in transcriptional regulation remains to be further studied.

Keywords: PGRN, Rev-erbp, CRISPR/Cas9, double knockout, lentivirus targeting vector
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F 20 fit4D 80 AR MMM, RETHRRET
DNA [R]J 840 (Homologous recombination, HR)
J5 2Cn] LUK BE R 3047 0 S g B (PR B A) 1Y
EH, HTEARRETREEHAGSCEMI. K
ARFARGZ—, FIHARKFERE R T i
RPN A 21 2200k, B2 S M gk &
T 2T A% R iR A S i) e PR 2 2 1 AR 1) v K
IBAT o A LN FH A R 2 4 R A TR W A R A
BREE (Zinc finger nuclease, ZFN) i ARF14%5 5%
GRS I = S G VAR /B
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activator-like effector nucleases, TALEN) %A 21,
AR P 35K T P % R Tl 5 DR 4 o B A i R A TR S
PEUIHI S EBOUEE DNA WL, HFm2s 51 & 4 i
A4 ) Y5 B 2H 8 0 [R) V5K S % 3% (Non-homologous
end joining, NHEJ)M 5B ZH DNA, k5%
PRE PR AR R (REBR) A (R DA S
B IESFE 2P, MR =y 1 ) I (8] 2 4 4
PR, JF00 R 40 g AR5 3 1 Uk e
2013 4E),  HE IR B 1R) i et [l SC R A2 Y 41
Cas %2 (Clustered regularly interspaced short
palindromic repeats/associated nuclease9, CRISPR/
Cas9) RAG:, /&— P T Fok T AXRRRE I
DRIZE e B AR T 0 AR R o ot T R 0 A R 4
B E & P41 (CRISPR/Cas) #7151 fuss R4t
KRR E ), 2 RLBFA B S IS B CRISPR/
Cas9 R4t {7k Cas9 FIHEE5]'S RNA (single
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guide RNA, sgRNA) i i 535 A 2L 3l 4 41 i
o AT AT 2 RS B g e, DA SR R
SR B AR B . CRISPR/Cas9
BARAAWEE Y . AR AR R 5 By
PEFA, VB — Tl A 250 ) 5 DR 4 G L RS
ULAE AT 2 KT CRISPR-Cas9 £ A7 Z Fh 41 iy
A Ak e D ST RN A o R A ),
FHT, CRISPR/Cas9 H1 [ 5 [K 20 gt 48 £ R AL
TR (g . BERE. Rbg. S
o NEL KRB RERIRAE) B9 EE e b, T
H Al 1 FH 1 22 W L 3l 4 2 H R0 s 4 i R A 2
K gE b, HARBIEGE N 250 S 20 R 5 5l W) A 3 1)
P JERDIREAIGY . SEDR G SR L R YT
RS, TR oY . TR A
A g e

Wik FIRTA (Progranulin, & FK PGRN),
MR H N R AR (Granulin-epithelin
precursor, GEP). PC 4fi i1 il i) 4= K K+ (PC cell
derived growth factor, PCDGF) N Kz & Hij{&
(Proepithelin)&5 , & 1 593 ™2 JE IR 7R I 41 il Y 22
eI PRI E 12> 712221, PGRN 1E N —Fh %
e AERKE T, TS S50URZ R AR R
PR, MAERKKLKE . HABGERE . RIE
JORE . WERE A R i i) A S AP ok
WG REW, PGRN A{UE—1ZIIEER
EPT T, RN S 5T 2GS
e 2 4 AR A B S AE BV FH Y, PGRN i 2 —
FhEE L RE T AL N+, ZERR T4 & 5Ty
HA A2 6 (IL6) HETT A= R s 5/ B 4R
2 55 BT, FEAR BB IR | IR S5 e o B
18k, PGRN & J&— g 45 A -, FEVF 2 )M
A BERGR, S 5 Mg A g A . =T
DA it 8 A i A A . AR Z BT PGRN 2 5#L
P B B 5 DI RE A AL B T A g 3
I, R TWRAWFGE PGRN W2t IhfE, Al
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FHEEEE 22 248 (Yeast two-hybrid systems) fifi
BESZH 5T & B PGRN 1] fE 5 4% 52 14 Rev-erbp 43
FAETEMEAET . Rev-erbp j&1% 32 1A Rev-erbs %
R Z—, EAE MR E SR sk W7 U E
B A EH LN G 31 F RORE (puG/AGGTCA)
P b, PR R R ST AR . A pEE AR,
BEWFFCiHE S H 1 Srebp-1c FI#RIEE 11 ApoClll
SR NLZ R Rev-erbp HOHEIE B gy
PGRN 5 Rev-erbp #H 1E Al BEAF 76 M A= FE
X, ASZEGFI ] CRISPR/Cas9 Ht [K T #1147 A 243
¥ 5 PGRN Fll Rev-erbp XU K mif i i) HEK 293 4
Ml &, JFAE M R ) 22 65 PGRN Al
Rev-erbp #H H.1E F /& % 521 Rev-erb X 5 K §%
SERATE . Bz, HE) PGRN il Rev-erbg AU
PRI R R HEK293 41 if 5 it — L IR ABFSE PGRN
Y5 Rev-erbf #H H. /5 A0 A= BREE SCHR AL T 00 22 A A
T H,

1 MRE7E

1.1 ##l
111 BS54k

KW FF#i Escherichia coli 1-T1 8437 25 4 Jfd i
B G U 0 A 27 B DRA 7 T 3 I A IR IR A Sk
# /& pGEM-T Easy IlJ [{ Promega 2\ i) ; Cas9 ik
AR TR A Addgene 23 7 . 189% 5% pLenti/CMV-
Loxp-Linker-Loxp-EFla-Puro . pLenti/CMV-Cre-
Hygromycin /48 42 J5o ks 2 44 B A< 52156 2 14 g I
ff. HEK 293 AV 4 i bk ) B 56 = ML B 15 57 )
4% % 7 0> (American type culture collection,
ATCC).Rev-erbp & [N #i B i) HEK293(Rev-erbp™)
C3-6 2t ifd 7 i A 52 30 % 4 IR IR A7
112 BS54

Bk DNA /N rh i S BORGR & L i /40 i/
20 2 35 TN 0 4 BG4 B R AR A AR 2
Al; DNA [N & (AXYPrep DNA Gel
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Extraction Kit) 1§ H Corning 7w ; X-treme GENE
HP DNA Transfection %% 44571y H Roche 23] ;

Prime Script™ RT Reagent Kit (Perfect Real Time)
Rk €. SYBR® Premix EX Taq'™ 1l
RT-PCR 25 & LA L S 56 21 i IR dhl 1 42 15 A )
. T7EL f#. LATaq DNA R4HI [ TaKaRa
A ) 5 TN PGRN B 5 BEHT A (mAD) I H Abcam
oHl s NPT GAPDH BT BEHUIKIE A
Proteintech A ] ; SZi fr HBIAS 16 0. #%
PR Py 57000 Py 247 ph B M 48 PR 28 W] 52 s Master
cycler PCR . TR iii#s . 5415D f 7Y iy &5
OHLIA H Eppendorf A vl . ERHLIK RS
785 BRI TIAFE AL H Bio-Rad A ] ; AL
-80 Cvk#fi. COKiFiff . 1285 M4 Y& 2 4E I
H Thermo 24wl E-25 RIANE 5 548 K H 26
NBS A w); Ak FRAH I B EIR R LA 2
Al BERSEAE A BEE HAE S A
RIGCHBE RGN H FgEREEA A &R KA
H H A SANYO 23 i) ; Thermo Scientific Varioskan

Flash 2 WK Z el hs {4 A £ E Thermo
NG
12 F%
1.21 MRFIPEITEEK

fk#is PGRN & M M &5/ Dy pe s, H
(http://crispr.mit.edu) Mui7E PGRN LRSS 5. 6 4>
AR F RIS R T 4 A E B ER X PGRN 3
N sgRNA, Bl PGRN sgRNA1-4, Jf7E4f 4%
PGRN sgRNA J¥ 4l v i 1E S 4% 5" % Us hn b
ACCG, & XHER) 5mdsin b AAAC, L4535
fit 54 Bsa [ V) pUB-sgRNA back bone ik
AR (SgRNA FIBHAK) T B A MR i o
JITEET ) PGRN sgRNA ZEA% 1R 7 41 45 R 3% 1.
iX 4 1~ PGRN sgRNA 241X} F PGRN %A G
F.BIBEIR . FEHLHE PGRN Y 4T #E % 41 F Bt (Target
sequence fragment, TSF)% i1 T 4 4c4THLSE 5|
Y], PCR SMELAGING4) splisp2 N SAG 5|9
sp3/sp4, HRBIYIFHIE 1.

F 1 PGRN sgRNA E#ZHE & F T+T840N PCR 314551
Tablel The oligonucleotide sequences of PGRN sgRNA and PCR amplification primers for knock-out PGRN

detection
Primer name Primer sequence (5'-3') Size (bp)
PGRN sgRNAL for ACCGTCCACAGGTAACAACTCCG 23
PGRN sgRNALI reverse AAACCGGAGTTGTTACCTGTGGA 23
PGRN sgRNA2 for ACCGCGTGCTGTGTTATGGTCGA 23
PGRN sgRNAZ2 reverse AAACTCGACCATAACACAGCACG 23
PGRN sgRNAS3 for ACCGCACGGTGCCTTCTGCGACC 23
PGRN sgRNAS3 reverse AAACGGTCGCAGAAGGCACCGTG 23
PGRN sgRNAA4 for ACCGGGTCATGTGTCCGGACGCA 23
PGRN sgRNAA4 reverse AAACTGCGTCCGGACACATGACC 23
Detection nest for/spl TTGCTGAGGGAGGGACTGGATTGT 24
Detection nest reverse/sp2 TGTGCTACTGAGCCTGGAAG 20
Detection for/sp3 TGTGTGATGGGGGAGTCACCTT 22
Detection reverse/sp4 TGAGTGAGGGGCTGGAGCCAGC 22
PGRN RT-for/sp5 ACCGCCAGGGCGTCTGTTGT 22
PGRNRT-reverse/sp6 GGCCTC CCTGCGCAAACACT 20

Note: the black bases refer to Bsa I sticky complementary ends.

http://journals.im.ac.cn/cjbcn
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1.2.2 pUB-PGRN sgRNA1-4 #k & ) # & K&
PGRN sgRNA & M i

1) pU6-PGRN sgRNA1-4 # {44

W4 oo B A E A R KR ¢ W PGRN
SQRNAL-4 FEZATRRITH), #5815 pL J§ i B XT
RAT, FHEE 1-2 h AEHER k. BGR k5 i
¥ 45 pL 5% Bsa [ fi§YIAY pUB-sgRNA - 427%
KAME, 345 pUB-PGRN sgRNA1-4 Fik#ifAk,
AR Y B R A6 G MR 2 Wl . TR
5, AT 5% PGRN sgRNA FTH#E 4 iy 46

2) pU6-PGRN sgRNA1-4 I 46

B FIRFHE RN 4.0 pg 1 PGRN sgRNA %
IRFARFXS BRERAA , 535115 6.0 pg /Y Cas9 FKikzk
T FH R oA A e vk LA e 51 HEK293 4Hiffd, 72 h
JE W AN, RN R A . PR I S
K4 AR, LA Taq B#i#1T PCR 474 PGRN
() TSF X3, (PCR #h &4 34514 spl/sp2, &L
W59 sp3ispd, PCR ¥ ¥4 H )y Fl &2 %
BR[34]), PCR ¥ W48 R k. B ik
315 PGRN FT4EIX DNA A B, HU 500 ng bk [H]
i) DNA F B, 05l By T7EL i (295U 1%
JIEAL), 37 CHEYI 20 min, EEYI~4H 1.5%35
EWHBE RS LUK 70 BT sgRNA T4
1.2.3 #% Cas9 il PGRN R sgRNA 18555
FTERE R A

HeHi FIR PGRN sgRNA T PER I A 45 51, 2
HESCHR[L5]K: 2 /A TG 1Y sgRNA B 1] — 2 ]
DU E RS TR HISCER[AS]M ik, 48 2 4>
HAAB TG 1 PGRN sgRNA, #y#t i
# 4 PGRN XU sgRNA 1 pU6-PGRN-double

SgRNA [y Rik#k 1A . H Spe I #1 Not I 1] PGRN
W sgRNA ik #ifK (pU6-PGRN-double sgRNA),
3k1% PGRN-double sgRNA i) /- Bt, f Cla 1 fil
Spe I fiY] Cas9 Fik#H ATk fk1S Cas9 H:[H
Bt K ERFBEES Nhe I A1 Not I VI LK
Sfu I #1 Xba [ il )12 %% & pLenti/CMV-Loxp-
Linker-Loxp-Puro B Z2 4k (A #H %, K15 S EH
hCas9 FI PGRN double sgRNA {18 95 75 #k 4 (EL 1A
AR B FEZE T A plenti/CMV-Loxp-Cas9-
sgRNA2-U6-sgRNA3-U6-Loxp-EFla-Puro, Kl 1)
1.2.4 MG B

HEK293 41 Jifi . HEK293 C3-6 4i it ¥ /i
DMEM R SR IL AT 9%, 53 AN 10%H Jif 4 1fi.
. 10 g/L L-5F &2 . INEREREM . 100 pg/mL 5545
Z M1 100 IU/mML HH K. 37 C. 5.0% CO, HIE; 5
b E RS ¥ HEK293 4 i 5 HEK293 C3-6
Y FE AN 2 24 FLANMISE SRR b s SR, 1 A M
ikF| 70%-80%M), ] X-treme GENE HP DNA
Transfection % 4y il 5% 4« H (1 Bk DNA 2 41 fifg
th, L BR R A ik S B R S
1.2.5 PGRN & :E Mif& Y HEK293 ZH il R ST

TE3CHK[34] Rev-erbf JEH BRI HEK293
(Rev-erbp™)C3-6 4iiifl Z ¥ 5Lfili -, A 445 Cas9
A1 PGRN double sgRNA it 18 % 7 X} PGRN JE [X] 1
THATHE R RR . 2%, Wt g o i B4 Cas9 Al
PGRN double sgRNA ({185 &2 {& (pLenti/
CMV-Loxp-Cas9-sgRNA2-U6-sgRNA3-U6-
Loxp-EFla-Puro) (¥ 1), #% 44 3| HEK293T 4iifid
AT RE AL . MRS 48 h Hydiiuss o
W, &Y Rev-erbp FEREERRAY HEK293

PGRN

CMV |Loxp lXho I| Cas9 |Kpnl

SgRNA2

U6 PGRN U6

sgRNA3 Loxp| EFla

Puro

1 PGRN EFSITHE KGR TEED

Fig. 1 Schematic illustration of the targeting vector for knock-out of human PGRNE®.

&: 010-64807509
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(Rev-erbp™ )4, s 48 h 5, JH 1.2 ug/mL 12
SRR L, Friftie)s (7-14 d), Wt
Rl AT FTHEAS I . 4% )5, FH pLenti/CMV-Cre-Hyg

T A TR ROR A A (LABR 24885 34T

AN M KL [ 4H P Loxp-Cas9-sgRNA2-U6-sgRNA3-

U6-Loxp). T/ (0.2 pg/mL #id5 % B) ik, £

A e E fT , W THE A M A S 4 . R

PCR ¥ B4 H 41 2| JE R 41 v 1) Cas9 JE[A, 46 I 4T 41

Y ffLrh Cas9 JE A MG BRAEOL , IE XTI BR 58 4 14T

FOZ0 MR T v PR AL R . BREICBH P B e R A

FERAL, A NS PCR K 5|49 P1/P2 F1 P3/P4,

PCR ¥ 1#4 TSF X HE[A v Bt , B 3RA5 914 H i Bt

SHFAER TS XPAIAH RS, AT HE4ii

PGRN JE[K 222 268 K¢ PCR 93 197 1) & A1 %2

AL (PGRN TSF) FR ol AT Iy, iy 45

1 2 PV T A 00 B 7 2 B TR B (B AL R

LTI (PGRN™T) 4l k.

1.2.6 PGRN Zt H iR i HEK293 41 fifd 5 i % 52
1) PCR X} PGRN JE [ i B 24 i 3 9 %5
IO B HEK 293 C3-6 4fiJifd 71 PGRN i [H] i B

) HEK293 Zfiffd, FH 3k PR 4l $ B 5 2 Sl B i

IR A LR 2H o LASR B BRI 4 PCR 474

REAR AR S8 . NELT ) PLIP2. P3/P4 4T HE

YER PCR 514, KA 2L PCR X} PGRN & [H

FTHEIX (TSF [X) 5 BLf 793, PCR S

LA 4 5542 WCHR[B4]ms AT ksl . /b i PCR

P37, 1 1.5%Br AR Bk I i Dk ) A0 A 43 By

FTHE G BR J5 PGRN JE A TSF X J [ 28 AR UK AT

FEFF PGRN FE[H f % (1) HEK293 4ilig A W] i) PCR

P3G 7 W 53 A TR [E | 24k, 4% pGEM-T

A, FREEE M v B TR U . PR PGRN TSF

FE 4 F B Py 25 1 5 6 B AR ifE PGRN TSF )74

AT HEXT, SkXt PGRN [ wf bR 40 il 2 ) PGRN

BB R AR LR AT E AT . P

PGRN S [H] i b . v A FHPE 1 i 2 PGRN &[5 1)
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RARHTY
2) qRT-PCR #:lll PGRN mRNA 7K F-
B — 5 B B PGRN BE IR B4 19 HEK 293
Y, F TRIzol AbFRA5IHEHUAN AT E RNA,
Bt 500 ng 4t it 5 RNA 1R , H] TaKaRa 23 w] 1Y
S SR R £ B St s cDNA. FJHl SYBR®
Premix Ex Taq 17| #1455 #Y PGRN RT-PCR 5|4
sp5/sp6 P AR AN ifL A PGRN JE A, DA H i % -3-
BRI Z % (GAPDH) RNZ, B 31K
FA ., Ml qRT-PCR K25, 38 4 bb A I R
B3 20 it 5 %5 BR 41 9 PGRN mRNA 2k 7K 19 28
1k, #iE PGRN Al @i bR 41 il 5 1) PGRN mRNA
E Y & Y

3) Western blotting 5 illl PGRN & 1 Fi 7K -

OGS B PGRN A [ i B HEK293 4l 60 mm
M4 —#%, 200 pl RIPA (& 4 A i il #0)
%) 24 L 2R Ao R B A ML R 1 B . T R P TR
(Bicinchonininc acid, BCA) & i i & il <& 41 i
MEA W, /25I1H 50 pg SR A IR
PGRN i [ 4 i & 11 B4 Uik A, & 10%
SDS-PAGE 731 . R TR fL Ik 73 B 1 R
M4 % %) PVDF i I, PVDF JEEH 5% BSA
(W/V) 1) PBST % % A 1.0-1.5 h; H%edt
AV PGRN HgfEdifk (1: 1 000) FAU/NERPLA
I GAPDH Hfii (1 : 500) Jp5il-5 B ik it 2 3 4
W¥H 1-1.5h; 1xPBST Y& & )51 PVDF i 3 X
(5 min/IK); 28 J5 F HRP ARic iy L SE4T 4 19G (1 :
10 000 #i &) A4/ 19G (1 : 10 000 i F¥)
M P B WY PVDF EEEIFE 1 h; 4351
1xPBST Fl 1xPBS I VEAENIEAE 3 YK (5 min/ik);
I S AR 2% R A H %) 8 5T Y BRI 2
1 PGRN SE K f bR 4t il 22 PGRN 2 1 it i %
iBIKF

%
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1.2.7 PGRN A% Rev-erbp XT#BERE 2 5175
SRTE R AR

7t PGRN F1 Rev-erbp M HE:[H &R HEK293
C3-6/C23 4fififs &, i [l 4 PGRN F1 Rev-erbp
WF5E PGRN 4% Rev-erbp X488 3E K 3 s 1
ApoClII F1 Srebp-1c ¥4 5% 16 M A4 i HARVE A
BAET AT B SRR S A Y Rev-erbp $E
B R 3 FUOCR M 5L 24 pGL3-hApoClll
promoter-Luci F1 pGL3-hSrebp-1c promoter-Luci
150 ng 43515 100 ng pAd5 E1-CMV-hPGRN Jf
K (NJR PGRN FLA%RIAHAAK)EL/F 100 ng pAd5
E1-CMV-hRev-erbf ki (AU Rev-erbp %Kik
#1&) LA K 20 ng pRL-CMV-Renilla Luci ik (4
ZHR) Lt YL3] 24 £l PGRN FI Rev-erbf XUAE
R R A ML & v, 28 30K pAd5-E1 BURCRb 72 fif
TR S RHE YL 1 FURL L N 370 ng, H5YL)E 48 h
WAL EEE . 3 ARG G [FIFE LAY pAdS-EL %5
BARVE R XT B2 . HIAEEHR B (Dual-luciferase)
TG 04 38 K 22 T BB B SRS I 2% 552 38 4H 1) 9
FEFAXE M, St PGRN 5 Rev-erbf AH 1.1
FHA5 Rev-erbp X hApoClII A1 hSrebp-1c i3 51
S B9 R T SR I A B 15 OO

2 BREMM

2.1 PGRN sgRNA j& 460 5 fif ik

# pUB-PGRN sgRNAL,pU6-PGRN sgRNA2
pUB-PGRN sgRNA3 #il pU6-PGRN sgRNA4 [
IRER ARG B A, 4R F 4] hCas9 Rk #k
I YL 2] HEK293 A, 72 h J5 AR T L 2 i
PSR4 . F PCR #7314 PGRN fT#EIX. TSF
RBL, Bile e stk . FF IR H % DNA R EL,
LA T7EL EEVI RN A DNA FBE, 4 1.5%35
W 15 H Uk 2 7 25 PGRN 4 > sgRNA A 4T #B 15
e (K 2). 5 x5 BBk AH %%, pUB-PGRN
sgRNA2 Fl pU6-PGRN sgRNA3 77 B i (1Y) FF 4%
5, A /NS T G 45 SR AH— 3, 28 pUB-PGRN
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sgRNA2 F1 pU6- PGRN sgRNA3 A #¢ & (1 T4 1
PE A TG E R PGRN sgRNA 2 1 sgRNA 3 5k
My HE#EH7 X PGRN sgRNA Fi1 Cas9 fY pLenti/CMV-
Loxp-Cas9-sgRNA2-U6-sgRNA3-U6-Loxp-EFla-
Puro 185 #E81A, X HEK293 C3-6 4Jfiikfy
PGRN L[ T #IHE1E

2.2 PGRN & A &b Y HEK?293 4 Bt & B 12 532
5%%E

FHALBEAT AT Cas9 F11PGRN sgRNA2+ sgRNA3
(1S #EI Yy HEK293 (Rev-erbp™) Zijifi%t PGRN
SRR T THERRR . IR BRI S 48 h, [ dgR A
WD 1.2 pg/ml BERSEE A TIRE , IR 10 d 4
FoE e, WA ML R AL R T THERS I, ASr 25 SR D
K3, M 3 A, SxRE4NfAI i, PGRN 3%
K BRANIEATHE X TSF B9 PCR ¥ 3 7= ¥Ibk T4
660 bp 5HFAE R R /N—HUET AR B SRAF LIS, I8
A — 2B 470 bp 224 1) PGRN JE IR R 4%
oo bR g5 R UL B 4P Cas9 Al PGRN
SgRNA2+sgRNA3 125 & £\ %7 HEK293 C3-6 4l
Jitl PGRN J5 [R5 414 4 Y JE DR 4T 48 Ao o

2 PGRN sgRNA 1-4 B4 #5E 44l

Fig. 2 Detection the activity of PGRN sgRNA1-4.
Lane 1: DNA marker; lane 2: negative control (the
product of T7E1 cut the TSF fragment from HEK293
transfected with control vector); lane 3-6: the product of
T7E1 cut the TSF fragment from HEK293 transfected
with PGRN TSF fragment from HEK293 transfected.
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3 PGRN £ [& & bR T #E 46

Fig. 3 Detection the knockout of targeting PGRN gene.
Lane M: DNA marker; lane 1: the PCR product of PGRN
gene knockout TSF in HEK293 C3-6 cell; lane 2: the
PCR product of TSF in control cell.

¥ i PGRN LK 4THEAN TSF X PCR 4”
47747 660 bp F1 470 bp DNA H- B, HER Ik 5
M5, P 2 SR % B A Y 660 bp A% AL
HiBR 470 bp 5471 DNA Fr BOXSTAE BN, X
HF 38 1o 125 5 4 T # R B 5 PGRN 2[R TSF X DNA
JP OV AEAEA Z Rl L R (T B8 @ BR S O 1
HEK293 C3-6 4 i A 4li), [H ik Xf % A 4 (1)
HEK?293 C3-6 4 i #k 47 se Ak ik . i ad vefE Ak
AhFR, TEEEE] T 35 BRPHMESRCREAN L . $REL
35 PRPAMEREREAN ML R4, FAh . PELET
MUK S ¥ P1/P2. P3/P4, PCR 44 B BA v [k
Yl PGRN TSF X ALK B, H¥PAH TSF J¥¢
SIMLEL, KB 35 Hk P v [ 40 i X A 4T 50

B IR P o B A L P RS B Y 13 BRI
AIHT RN, 31X 13 Wk PR o e 4 i B A A e A R
TSF X K/IN—%( 660 bp 1 DNA 4547, X AFAE 400 bp
A RS R DNA & (& 4). 9K 13 7k
P AL B 20t ) PGRN J [ 4TH0L [X. TSF PCR 47 4

http://journals.im.ac.cn/cjbcn

774 660 bp DNA J Bt 1 400 bp 4247 ) DNA H B
B I, 14 pGEM-T A, SR ECBH M ks 1%
DY o WPt B & B, HEK293 C3-6/C23 5
BHE A PR To A 2R, FLIZANAE Y PGRN
N —455E7E PGRN JER{THEIX TSF 1/ PGRN
SgRNA2 5 sgRNA3 Z [i]#lt 2k 187 bp; J)—4k%E
7t PGRN K:[H4TH#E X TSF H1f%) PGRN sgRNA2 /b
B 7 bp (FLAAULIE 5) . HiAth 12 B P B 5 e 20
X5 R — 25BN B AR A 5 — RBETE PGRN J:A
sgRNA2 4b 5 sgRNA2 F1 sgRNA3 4b 2 8—190 bp
i AN 55 ) B A L DR Bl O 9 A AR (LA 43 By
). RS 25 AT H, £ Cas9 fil PGRN
sgRNA2+sgRNA3 1 1% W5 8 & 4§+ HEK293
C3-6(Rev-erbf™ )4 iL 47 PGRN JE R 4T # 3 %
28 v B AL 0 358 B M) 3145 — & PGRN F1 Rev-erbp
PR A 35 TR 58 4 i B 1) HEK293 C3-6/C23 4l
MiZ

C0 M Cl C2

Co MCl14 C17 C19 C20

4 PCR %7 PGRN £ RF 3T R iF L8 PHE T 2

Fig. 4 PCR identification genotype of positive clone
with PGRN gene knockout. Lane CO: PCR amplification
the TSF of control HEK293 C3-6 cells; lane M: DNA

marker; lane C1-C27: PCR amplification the TSF of the
positive clones of the HEK293 C3-6/C1, C2, C5, C8, C11,
C12, C13, C14, C17, C19, C20, C23, C27 cell lines with
PGRN gene knockout.
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A
Wild-type: PGRN sgRNA2 PAM

CGTGCTGTGTTATGG@ CGATGGIK TCCTGGGGGTGCTGCCCCATG
CCCCAG GTACAAATCTGGGGGAGATGGGGGTATGTGGAGGGA
AGTGGGGGCAGAGTTGGGGGCCAGGGGCAGGGGGTGAAGAC
GGAGTCAGGACCATTTTTTCTCAGGCTTCCTGCTGTGAAGACA
GGGTGCACTGCTGTCCGCACGGIGCCTTCTGCGACCTGG

B . PGRN sgPNA3 PAM
Deletion mutant:

One chain lacks 187 bp locating between PGRN sgRNA2 and sgRNA3
gene targeting area

550 560 570 580 590
CCACGTGCTGTGTTATGGTACCTGGTTCACACCCGCTGCATCA

The other chain lacks of 7 bp in PGRN sgRNA?2 gene targeting area

CGTGCTGTGTTATGGT--ACCTGGTTCACACCGCTGC
170 180 190 200 210

TCCACGTGCTGTGTTATG TCCTGGGGGTGCTGCCCCATGCC

ACGTGCTGTGTTATGG--CTCCTGGGGGTGCTGCCCCATG

5 HEK293 C3-6/C23 £ERIRMAAR PGRN EERER S

Fig. 5 Analysis of knockout PGRN gene mutants of HEK293 C3-6/C23. (A) The PGRN target sequence fragment
(from PGRN sgRNA2 to sgRNA3) of wild-type. (B) The deletion mutant of PGRN target sequence fragment. One
deletion mutant chain lacks of 187 bp locating between sgRNA2 and sgRNA3 gene targeting area (the 187 bp specific
deletion base sequences are highlighted on the underlines of wild-type). And the other deletion mutation chain lacks of
7 bp in PGRN sgRNAZ2 gene targeting area (the 7 bp specific deletion base sequence are showed in green rectangle of

wild-type).

23 PGRN mRNA #1 & B R # HEK293
C3-6/C23 MR % By Fik KT

1 il PGRN AR [H] fB J5 /2 A5 % HEK293
C3-6/C23 41fift = ) PGRN mRNA ., & [ Jfi ik /K
SEAT 4, SR QRT-PCR F1 Western blotting ¥ 43
K M 78 HEK293 C3-6/C23 41 il & 1 Xf B
HEK293 C3-6 4ilJffi &= "' ) PGRN mRNA, & 15
iR/, qRT-PCR Kl 2t LB, 55 %) HE 41 it
FAHLL, PGRN R4 H ) PGRN mRNA £k

&: 010-64807509

K R I REL (K 6A); [AFE Western
blotting A6 45 5 8 /%, X HE 40 & b A7 B 2 A
PGRN #5 [ BT Eilk 4547, i 7E PGRN R [ 41 fd 5
HEK293 C3-6/C23 Hr k£ Il %] PGRN 25 151 1) E[}
& (Kl 6B). bk g R —2 K PGRN mRNA
I ik K E-7E PGRN Fl s 41 i) 2 v 52 4% 1
FNRES Rt — P Ess, i I 3R
4 PGRN #1 Rev-erbg UK K B ) HEK293
C3-6/C23 4l % .
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>

Normalized mRNA expression

o Anti-PGRN
e \0ti-GAPDH
12

6 RT-gPCR #1 Western blotting 2l R E 48 % PGRN mRNA. &HBRAFIEKTF

Fig. 6 RT-gPCR and Western blotting detection the PGRN mRNA and protein expression in different HEK293 cell
lines. (A) The PGRN mRNA expression in PGRN knockout cell lines and control cells. 1: HEK293 C3-6 control cell
lines; 2: the PGRN knockout cell lines of HEK293 C3-6/C23, °P<0.01vs control. (B) The PGRN protein expression level
in PGRN knockout cell lines and control cells. 1: the cells lysate of HEK293 C3-6 control cell lines; 2: the cells lysate of
HEK293 C3-6/C23 cell lines. The anti-PGRN antibody (1:1 000) was used to detect PGRN protein expression in

different cell lines, and the anti-GAPDH is internal control.

24 PGRN I'5 Rev-erbp XJ#RE F 3 5h 75
SEEAY=0b- A

¥ Rev-erbp $E 5L K J5 2l 28 2= Fl A L R
k7K pGL3-hApoClIl promoter-Luci 1 pGL3-
hSrebp-1c promoter-Luci 43 %! [f] PGRN. Rev-erbp
FEIR BRI YL 2] PGRN H Rev- erbf B A i
Bk HEK293 C3-6/C23 il &, 55Ut 48 h 14
ML T, A K 22 D) R W s 4SS I 45 52 36y 40
DGO A XIS P UL 7. PRI A T
1£ HEK293 C3-6/C23 4l ifd H [u] £ PGRN AL AT A
H45% Rev-erbp XF#KL K ApoClHI i sl F &% sk
HIFER (B 7A), A LI Rev-erbf X #E 3L A
Srebp-1c Ji 3 4 sk BBEEEH (8] 7B). X 245
WAGHH, 7F HEK293 C3-6/C23 4iififi 1, PGRN 5
Rev-erbB #H 5 1E FH v] LAFE Rev-erbf X 5L K5
B SR PR o

3 Wi
1 DR 20 S R T U A A TR
SR W AT | B AR R DL 1

PSR BRI T IFFE b o N AL TR Y Hh B R
PR TR AR A RCR, BRSO Tz AR
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B ERAR , Horp CRISPR/Cas9 i [K 2H 4 i 4 A
BRI . BB T . RO BRI S Al e —
BEAEAR DA A AT B B R B R o

Bk H i, AR 258 A CRISPR/Cas
R G0 R T 240 B 8 3l 1y DR G R B R 3 97 A
XWFsE . mARYE ZFN Ml TALEN HARMIH,
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Wi T, R BRI DOk —EA T AW
S HEFN s R RO, g 2013 4RI, Ak
65— H B T A CRISPR/Cas9 £ 4 T J@  [H
AR TAE (NIESE R BRI R . /N
TR R g e 25 1034400 i R R AT T A R
fi5 % Cho i H 3 5 sgRNA 5 Cas9 R Zi4E
S R B B AN, (Y SR, ok i O A e
TR IR (RS MAIEER sgRNA FIE A
Cas9) FMLIARERMA (L F | g )
1 B 240 L PR A T R R I ok A A e A T 4
Vo T8 b kR L TR A O 0, — 5 T R
5K 1w S F SOAMEAR ISR AN eGFP A
B 240 L 3 A T TR 2 T s 3 R DR B A R
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Fig. 7 Effect of PGRN mediating Rev-erbf on the target gene promoter activity. (A) Effect of PGRN mediating
Rev-erbp on the hApoClIIl promoter activity in HEK293 C3-6/C23 cells. B: Effect of PGRN mediating Rev-erbp on the
hSrebp-1c promoter activity in HEK293 C3-6/C23 cells. pAD5-E1 as control (150 ng pGL3-hApoClli/hSrebp-1c
promoter-Luci plasmid, 200 ng pAD5-E1 plasmid and 20 ng pRL-CMV-Renilla-Luci plasmid); pAD5-E1+
pAD5-E1-PGRN (150 ng pGL3-hApoClli/hSrebp-1c promoter-Luci plasmid, 100 ng pAD5-E1 plasmid, 100 ng
pAD5-E1-PGRN plasmid and 20 ng pRL-CMV-Renilla-Luci plasmid); pAD5-E1+pAD5-E1-Rev-erbf (150 ng
pGL3-hApoClli/hSrebp-1c promoter-Luci plasmid, 100 ng pAD5-E1 plasmid, 100 ng pAD5-E1-Rev-erbf plasmid and
20 ng pRL-CMV-Renilla-Luci plasmid); pAD5-E1-PGRN+pADS5-E1-Rev-erbp (150 ng pGL3-hApoClll/hSrebp-1c

promoter-Luci plasmid,

100 ng pAD5-PGRN plasmid,

100 ng pAD5-El1-Rev-erbp plasmid and 20 ng

pRL-CMV-Renilla-Luci plasmid). ** P<0.01, *** P<0.005, ****P<0.001 vs control.

J—J7 1, 24 sgRNA 5| 5 Cas9 X1 #I3L K DNA
e dImy, S AMFE DNA BB 2 KK
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