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o R KR AR e ik L R A R, RF LK@y 355 XA PCR ¥ 3% Smad3 A& F
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EERBRAR., £ RNA K-FFo k@ K-F LR @45 - R EBa4% R (reverse transcription-polymerase
chain reacting, RT-PCR)#= Western blotting. #mAe % J& 5 XA M 447 Smad3 kR TGF-B1 #5349
MPC5 4% 2169 % 7%, 4% CRISPR/Cas9 X+t /&3, sgRNA &%t £ Smad3 % 5 N2 F.
R M pX458-Smad3 ke, HFF st MPCS 4a/it 24 h /&, #R3%E EGFP £ X &Gtk A H A
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KO ik B A Lk &R AATEIE R A M, BF LB ER, RETUFE 21 A
mie K. *F Smad3 A F 4Lk £ sgRNA ¥.& WA 7] PCR ¥ 3 M AF 54T, KINT 2 ALK R
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Abstract: This study established the mouse podocyte clone-5 (MPC5) with Smad3 knockout
and studied the effect of transforming growth factor-beta 1 (TGF-B1) on the dedifferentiation of
the MPC5 cells with Smad3 knockout, aiming to provide a cell tool for studying the role of
Smad3 in mouse podocytes. The single-guide RNA (sgRNA) sequence targeting Smad3 was
designed according to the principles of CRISPR/Cas9 design. The pX458-Smad3 vector was
constructed and introduced into competent cells, and then the vector was extracted and used to
transfect MPCS5 cells. The successfully transfected cells were sorted by a flow cytometer. After
single-cell clone expansion, PCR amplification of sequences adjacent to the edition site of
Smad3 and sequencing were performed to identify potential cells with gene knockout. Western
blotting was employed to verify the knockout efficiency of Smad3. Finally, the effect of Smad3
knockout on TGF-B1-induced dedifferentiation of MPCS5 cells was analyzed by reverse
transcription-polymerase  chain  reacting (RT-PCR), Western blotting, and the
immunofluorescence method. The sgRNA was designed to target the fifth exon of Smad3. EGFP
expression was observed 24 h after transfection of the pX458-Smad3 plasmid into MPCS5 cells,
with the transfection efficiency of 0.1% as determined by flow cytometry. From the transfected
cells, 21 cell clones were obtained through flow cytometric sorting and single-cell clone
expansion. PCR amplification and sequencing of the region around the sgRNA target site in
Smad3 identified two cell clones with biallelic frameshift mutations. Western blotting results
confirmed the absence of Smad3 expression in these clones, indicating successful establishment
of the MPC5 cell line with Smad3 knockout. In normal MPC5 cells, TGF-f1 stimulation
promoted the expression of fibrosis-related genes fibronectin and Collal (collagen I) and
inhibited the expression of the podocyte marker proteins synaptopodin and podocin, which
suggested epithelial-mesenchymal transition and podocyte injury. However, in the two MPC5
cell lines with Smad3 knockout, TGF-Bl-induced expression of epithelial-mesenchymal
transition markers was significantly suppressed. The MPCS5 cell lines with Smad3 knockout that
were constructed by CRISPR/Cas9 provide a valuable cell model for functional studies of
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Smad3 protein and highlight the critical role of Smad3 in cell dedifferentiation.
Keywords: CRISPR/Cas9; Smad3; gene knockout; MPCS5 cells
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(epithelial-mesenchymal transition, EMT), L
R IA) PR AE SR R A A i AL SRR R 2, R 4H
Mbr s BE I Rk AR Bib A KEF-B
(transforming growth factor-B, TGF-B)fi 5745
i b B2 A EMT S 2 b & 45 1 SRR 15 /R Y,
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e b Bz AR o B 1 R AR B DGR R R 2 B /N BRI
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Blvh, Smad3 YK BERS M £ 4EfL, X —
RIUESE T Smad3 LELF AL Rt i s 2R AL
R, #85m) Smad3 s R R, Al Rl X
B T s B A4 — OB BR T SR g U

AN R A ) B A B SC EE & (clustered
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fETE ] T RNA B35 5] T X HEE 19 DNA J¥ 41k
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DNA Ml , ¥ Smad3 5 5k 5 4 2/ Bl
MPC5 & 21 il , 5 26 5 2 37 Smad3 # Bk 1) MPC5
M F, LIIBFSE Smad3 milExt TGF-B1 #l#
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P BEZE SO PO sgRNA SERE 5
PCR FI RT-PCR 5|¥)Z40LE TAEY) THE( L)
JB A A BR 2 W) 5 85 A ME BE PR 2H DNA $2 B
LN TR BOR 52 BORR & 0 B R AR A
FHEAL)ABR A R AR E 2R 50R pX458 1
H Addgene A w]; 41 . Opti-MEM }:53
5L RPMI-1640 ¥i 7 hk, BbsT R ¥ I |
T4 DNA %48 . PNK /% . lipofectamine 3000
B & . Ml PCR W SHAF &1 A
ThermoFisher Scientific A F; PCR A Taq
DNA R4 #l RT-PCR fitH SYBR Green Hiii
FI X B FE R v MERE AR A PR F] L, Western
blotting il f&& T H1350 B4 0 T- b st R Se £ FH%
AR E . AW HPTAEHE : Smad3 (Cell
SignalingTechnology /A F]) . B-actin (ThermoFisher
Scientific /A F]) . fibronectin (Abways 72\ F]) .
collagen I (Bioss Z3H]). synaptopodin (Abcam 7
7]). podocin (ThermoFisher Scientific /A A]).

1.2 75
1.2.1 sgRNA B9t

TE CRISPR 7EZR 1511 M3 (https://zlab.bio/
guide-design-resources )il A FRUE Smad3 Zwfish 5t
KF51, #4&4F 4 CRISPR/Cas9 il 5
sgRNA #U S P41, K2 3 A0 A i a] g 7 51
48 T A ¥ (protospacer adjacent motif, PAM)JF
¥ .38 33 NCBI 1 BLAST %k (https://basic.ncbi.
nlm.nih.gov/Blast.cgi), ¥J T i sgRNA ! 55 FE K
FEAN A TR S A4, B A HE sgRNA BN
J¥%1 : 5'-GTCCCCAGCACACAATAACTTGG-3'
(K TGG B3N PAM J¥51)). 7£ sgRNA J¥5
PR i S O 2Rt R e 5 AR TR R R (R M R
B SR T Sl 2 bm T2 ) AT A B el g o e e e
BIHE AL, PE A BT B B A AT IR 7 4
(FE DERAETAEY TR B A BR A\l A .
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&1 [EF RNA (sgRNA)FFI

Table I Small guide RNA (sgRNA) sequences
sgRNA Sequences (5'—3)

Smad3-sgRNA-F CACCGTCCCCAGCACACAATAACT

Smad3-sgRNA-R AAACAGTTATTGTGTGCTGGGGAC
Underline: The sticky end bases.

1.2.2 pX458-Smad3 BfFRFRRIAIE

1 PCR {UF T4 DNA 34216522 vhil P 1
X sgRNA ZE EAZ H R 95 °C'F 221 5 min,
P38 30 s, FtJFIE K, DL S °C/min fYEE R A [
IR, BLRFAE R 25°C, M SE P B2 5
WA AT IR IR o HEAT DR SE I E A AT IR 5
KmWEIRAL B, T 37 °ChnA £ A% R I it
(polynucleotide kinase, PNK), %% 30 min, #f
B Ao 0 WU S M AR T Rl ok T4 DNA 35
fii vl 2 Bbs 1 N UIEGZE AL A pX458 ZifAk,
b5 A A K AT # DHSo S S 4E P, 18
TCH A TR O R S WL T 5
AN FEIZNBUREIARE R, #F 37 °C
TR IR T, PRGBS B
B D VR HEA TR G R I 3 3R, Bl S T RO
PRI, FEAT BN MBE B L UK % RO, K
PR I R E A AR R E Y G S R, B
Je B4 SR T i R ) e
1.2.3 MPCS5 #HfatE 57 5 pX458-Smad3 &R
Tl i

¥ MPCS 4IIERFFRTE 1640 B3R5 (10%
521 I3 A 10 TU/mL S 41 IFN-y), 7 A= b4
MB35 40 33 °C. 5% CO.%Y, TEZ4MIL &
JIZ 80%—90% LA T4 4% , B 5% JL 1 2
MidEh 2 6 fLk, HeFhiEHE 10 om 4 4% 5% M.
AR A R 1/6 P, FRANIRICA A
£ 50%—60% ] B4 fif K R L, I A% ik
77| Lipofectamine 3000 4% 4% 2.5 ug pX458-Smad3
JFORLF AN, Y% 24 h 5 B O SRS IR I
FEDOC BT, ARSI A AT (k)
AR BEGFP Y3RIA, RN =GR .
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1.24 R IE. BRIEMER 1E,
PCR #1830 5 Smad3 £t [ 5 B4 48 B F0 fit 20
g R ol

IR =0 33 e AR AE G G I i A i vh
i 1k A A 4 0,56 EGFP FrZ5 i MPCS5 4 iy,
Fi FR 247 0.5 AN /ALY LB 3 FR7E 3 4~ 96 FLAR
HATEEFR, FTE 57 RXTFLAR o B ve R 4 it
WV AE KB OLIE T ILEE, S BAE 15 4 B ) £ L AR
ST R IR R AR SR G 5 o BRL v E A  AE 3 A
WA MRES , 20 WITE 24 LRI T AR 3R, 15
FLAR B 40 LA B TR B 80%—90% 5 P T 6 fL
B AL RN s 5 o6 FLAR 4 M A ik F)
80%-90%J5 HAL,, —FANMAAT, —2P4nipfd
FHZER 2 $2 B0 50 & 42 DNA, i PCR 1Y
P14 Smad3 RO S T SRR R B,
Yy 368 38 3 B VR R R UK A AT Y R S D )
PR 3G T Wy R A I 5 S A A . P 4
RIFHIE sgRNA-F ZEW AR LT, 2751
RAF R AETE Smad3 #U S RF, BRI E N TE
Smad3 FFRANML . A 5 AR I W bR ofE SR A A %
AR [ Bf B AR AR 2 NSRRI B (R L A AR ER
B ) HL 2R AR B SRR 3 A SO TR
®1 FWRFAAY
Table 2 Primers used in this study

Smad3 FEIR 4N HIE DNA FF8 & 11 85 5 4
5 LA o1 BT S PR R B, B i PCR X 1
JI AL o BRI SE PR R B, 4G Wl o
WEEES UK AT i W R B s, R T
G5 HT M E 25 5 AR A I 5 1 ) -F BRI AR
AT TR LLXT, #5751 5848 & H e IR s B
BIHIE sgRNA 776 BL #5041 HE AR Smad3
JeMe, i PCR ¥ 3451 Wi 3L 7 41 I3k 2.
1.2.5 RT-PCR 1 Smad3 £ [# &gbR Xt
TGF-p1 F5 E 4 EMT 89520

B MPC5 1E 5 41 i Al Smad3 w3 [ 410 it 43 1)
FRPF R —A 6 fLik, HIEFRALE 37 °C. 5%
CO, AR IR0 - R LI B 2 70%—80%HT ,
SR (FH 0.5%MG 4R 135K 6 h, 765
A3 A TGF-B1 (5 ng/mL), H3# 24 h.
WCRE RS FT A PBS ISR VE 1 IR, LBk
BERAM ., BFLIMA 1 mL TRIzol iXF], =i
PEHCAR LS RNA, BifiJ5 K B RNA A 550wt e
Bk 5% cDNA, LI p-actin N Z#
RT-PCR £ I £F 4E fb #H ¢ 36 [ Collal #1
fibronectin 35, RT-PCR 5|4 58 5 ¢ 41 I,
%2,

Genes Primer name Sequences (5'—3") Purpose

Smad3 m.Smad3KO.iden-F TGCTAAGGTGGAAGGTGGTTA Knockout
m.Smad3KO.iden-R CGTGTGTCTGAAGCAAGCTTCT check

Smad3 m.X.cDNA-F CACATCTTGTCATCAGGCT Off-target effects
m.X.cDNA-R GTTTGTGAGACATCACTCAC check
m.11.cDNA-F CAGACGTTCTTCTCACTTCA
m.11.cDNA-R GCCAAGGCTGATTTCATGTG
m.1.cDNA-F CATGTATCCAGAAGAGGCTT
m.1.cDNA-F AGAAGGCCAGTTAACATCTG
m.10.cDNA-F CAGATAAGATCACTGACTGC
m.10.cDNA-F TCTGGCCTTCACAGTATCG

Collal RT.m. Collal-F ATCCAACGAGATCGAGCTCA Real-time qPCR
RT,m. Collal-R AAGGGAGCCACATCGATGAT

fibronectin RT.m.fibronectin-F ATGTGGACCCCTCCTGATAGT
RT.m.fibronectin-R GCCCAGTGATTTCAGCAAAGG

B-actin RT.m. B-actin-F AGAGGGAAATCGTGCGTGAC

RT.m. B-actin-R

CAATAGTGATGACCTGGCCGT
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1.2.6 Western blotting 41| Smad3 £ & &}
fRéMRsh Smad3 1 TGF-p1 i5SH) EMT
#1 Smad2 BHEHEXEBARIE

HRAE 1.2.5 o B IR SE 1T 240 M ICRE T AL B
A 200 wL 75 A 2 1 0 5 2R H R 7 9
(phenylmethylsulfonyl fluoride, PMSF) ] 2
(radio-immunoprecipitation assay, RIPA)ZL K
UK 24 fR SR B i B B 1, AU BCA D7kl e
B . 25 pg EAMFARIKT 10%A%R
P TR B e v o3 15, SR B B 2 B TR R g
T I B (polyvinylidene fluoride, PVDF) I,
PVDF R H S%MEAE W5k (TBST G FR) N
HHREIRFERE A 1 h, —FARETUAR B
BB PR R, 4 CCIFE LR, TBST L
M5 Yk, BIK 6 min, fiIIA HRP Fric —Hr(H 4
PUAT B LG B AR R, SIRBKEE
1 h, TBST W PERL 5 ¥k, BIK 6 min, {H
e ECL fb2= &6, BRJGIF4A R34 (0
b2z RIEMIL R
1.2.7 ABEGRERNEN Smad3 £ FH &R
X TGF-p1 FESH E 05 EMT #9520

K FHZRREIC 5 e A 4t , ARl 1.2.5
(7 R A T 20 RSO T A 3 . 2 B f ) 4% 2 2R
FH A EEFL 500 pL Z IR E 10 min, PBS
PR 2 R, BER 5 min, EEFFLINA L mL &
2% Triton X-100 % E BB 10 min, PBS %K
PR 2 UK, BFIK 5 min, Pl FH4EFL 1 mL 2.5% BSA
(1xPBS B RE) B AT VR 28 Tk BT AT 1 he BP0
EOFEE T 15 om FEFRILY, S i —Pr R P ik
M BEULH B PATROM BR) T- s O, K e
A —BUA R b, BAICH 20 uL, 4 °CHiE
HH IKH, PBS # W BER 2 K, BIK 5 min,
TR E A bR, 2Ot i
(ffE FH 35 PR B 8 AT 13 000 r/min 2.0
2 min, &FEH 40 pL, FiEMPFE 1 h, PBS HK
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YEdk 2 K, BHK Smin. )5 {# ] DAPL =
IRYH 10 min, J2iBi% (reverses osmosis, RO)
KPR 3 Wk, BRI 10 pL 20% HyhE F-,
PG AR B EETF A0 IR 437
1.2.8 SZIHFES

{i F GraphPad Prism 9.4.1 B {417 88 58
Tt &, B HEE R L meantSD IR,
i t-test AN ZE 25 (one-way ANOVA)Y £
YRS, DL P<0.05 FoRzERA G L,

2 HZR50M

2.1 FRINAEEERE Smad3 B ERL R B

TE/N R Smad3 FERI 415 5 AR E e
sgRNA J¥5I (& 1A), 4 spCas9 G(N19)NGG
B FE BN, P8R 5'-GTCCCCAGCACA
CAATAACTTGG-3', i1 NCBI BLAST 4}
FEAN AT EEXT 400, 450 s 7 /N BRI R 41 5
T PN AN A A At P 7 0 T 4 57 o A R 11 2%
K (pX458-Smad3) 2 Ml J¥ 43 AT A L, sgRNA Ji§,
iR U6 JH 3l i Bbs Ira (&, BIsiTh
FIEE T L pX458 AN sgRNA ‘B 28)75(E 1B).
2.2 Smad3 B MPC5 #HRa R
FEE

W 4 8 U  pX458-Smad3 T kL FE Yk
MPCS5 #iiffl 24 h, FE5 Y% 2 0 4 fi v aT O
%3 EGFP 26 KRB (K 10), w4l
TEAS A3 #7235 SR 30 7 B Y 20 B ) B L B R 2 Ny
0.1% (&l 1D). i — 2L FH i =240 i A8 53k i %
Y B i) MPC5 40 ffI(EGFP FH1E), %88 0.5 4
Y B /LG LR E 96 FLAR P, HRIRAE 24 FL
Me. 6 FLARAACHAT s AR MG R0 1, &
LAFH] 21 AN O, X 4 i v R R IR 4]
Smad3 {7 S AT U1 ] PCR HRY™ 1, 4
7y 3 B RE R WL UK 3 B A B, 21 AR
S RE AT PCR 43 L M) (] 2A) . 22 )7 L Xof
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A Mouse Smad3 genomic locus
El E2 E3 E4 ES E6 E7 E8
[ 3 .
GTCCCCAGCACACAATAACTTGG
SgRNA ________ lsAM
/pCAG
- .
gRNA scaffold spCas9 P2A EGFP bGH polyA signal
& 210 22f 230 24} 250 260
BRI NN NN NN NN NS EEEE NN NN NN NN AN N EEEEEEEEEEEEEEEEEEER
AARAGGACGAAACAICCGTCCCCAGCACACAATAARLTGTTITTAGAGCTAGAAATAGCAR
" /\f\m bl 'WWW\' " / N‘ )'W{\ I ”\"\‘/”'N\ ‘
H |
l J V) i!\ \ y
C Bright field EGFP
D,
S 250} S 250
& = X458-Smad3
% 200} Blacy %200 £
< 150 + < 150
&} =]
v 2] i i
<100 |- P2 “ 100 P2
50 F 50 -
—-152 0 102 10° 104 10° =10*0 10 10° 10* 10°
FITC-A -223 FITC-A

1 #8E)/ R Smad3 B E sgRNA 1% 1+ 5 &g [ 2 4 pX458-Smad3 # MPC5 4 fads 4
1‘2;%1%! EFYF pX458-Smad3 FAAZEM) R E K ; B: pX458-Smad3 ZAAM L5 RIE; C: MPC5 ik

¢ pX458-Smad3 KL 24 h J5 B T W EIFIZOEIE ;s D: e g dil i i =X an i o e o3 Hr 18

Flgure 1 Design of sgRNA targeting mouse Smad3 gene and transfection of pX458-Smad3 into MPC5 cells
with knockout vector. A: Schematic diagram of the gene structure of mouse Smad3 locus and the structure of
pX458-Smad3 vector; B: Plot of the sequencing results of pX458-Smad3 vector; C: Microscopy images of
bright-field and EGFP fluorescence of MPCS5 cells transfected with pX458-Smad3 plasmid for 24 h; D: Flow

cytometry analysis of MPCS5 cells transfected with pX458-Smad3 plasmid.
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A Clone
bp Marker 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1000 3

750
500 K
B
Smad3 clone 12 sgRNA sequence
Genomic locus actgtgtctcaccttgeaggttctccaaacctetececgaateegatgtecccageacacaataacttgggtgagtagee
Allele 1 actgtgtctcaccttgeaggttctccaaacctcteccegaateegatgtceccageacacaata -cttgggtgagtagee
Allele 2 actgtgteteaccttgeaggttc tecttgggtgagtagee
Smad3 clone 18 sgRNA sequence
Genomic locus ttgeaggttetecaaaccteteeccgaateegatgtecceageacacaataactigggtgagtagecatecttaa
Allele 1 ttgecaggttctecaaacctelecCCgaatcega =-mmn=mnmmnsmmnmmmmmnnammnmmnmmn= tgagtagccatccttaa
Allele 2 ttgeaggttctccaaacctetecccgaateega tgagtagccatecttaa
D E ]
Mus musculus strain C57BL/6J chromoseome X, GRCm39 Mus musculus strain C57BL/6J chromoseome 11, GRCm39
Target sequence GTCCCCAGCACACAATAACT Target sequence GTCCCCAGCACACAATAACT

WA ‘:(‘.w(::n:\(‘.G(‘.(:J:l‘.(::n

GC A GL{ cCcCcAGC \ C C o A AC |]G A G T

bl

Mus musculus strain C57BL/6J chromoseome 1, GRCm39 Mus musculus strain C57BL/6J chromoseome 10, GRCm39
Target sequence GTCCCCAGCACACAATAACT Target sequence GTCCCCAGCACACAATAACT

\w\[‘-\lcwant‘\GGGGGJI‘G- ( Ch G "lGG\G G<wGGGG¢JG c

o

2 Smad3 EEE MPC5 BB R FEMTFIASIUE  A: 21 4> MPCS 4iifgf Smad3 J:[K Cas9 /£ H
{ii s 4RI DNA 741 PCR 934" Wy IR B BE IS HEL UK 1] 5 B: MPC5 41l clone 12 1l clone 18 Smad3 &[4
A58 M 7 43 AT 45 5 s C: Western blotting #3011 % MPCS 4 fd(WT)#F clone 12, clone 18 Smad3 &
FIRIBTELL; D-G: BB P45 R, BRSSP f h ES RIS, D Kb H A
FINIE S E-G K H AL R o B i) AN 51 o

Figure 2 Validation and screening of Smad3 knockout MPCS5 cell clones. A: Agarose gel electrophoresis of
PCR amplicons of DNA sequences adjacent to the Cas9-targeting site of Smad3 gene in 21 MPCS5 cell clones;
B: The sequence mutation analysis of the Smad3 gene in clone 12 and clone 18; C: Western blotting to detect
Smad3 protein in normal MPC5 cells (WT) and mutant MPCS5 cells (clone 12 and clone 18); D-G:
Sequencing results of off-target effects are plotted, the target sequences marked in red are overlapping

sequences, the target sequences in the mother of D plots are forward sequences, and the target sequences in
the E—G plots are reverse complementary sequences.
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sgRNA-F ZEN AT IR LB, YETEmE
IR BRI TEAL K HETE 21 A2 5ERE clone 12
F1 clone 18 ) Smad3 FEKI 7 4 . HH clone 12
M5 1 ASSEAERAETE 1 AN R ik 5848
M55 2 A2 L B 40 RISk L 2 4
B LA A 875 ; clone 18 4540 B K 7776 A [A] 28
A%, B 25 ASHRE R SR 28 (] 2B) . FilTHTE
2 A58 Y i e A R o BE D AR U S X 2
1AMEE 3 PR EO R R Al AR A, S8R
SLZ KT AN 2R LB PR AT 4 Ik B BRI
FE Smad3 H [T FIRERHLK . Western
blotting #E— 0 KB, MM clone 12
F1 clone 18 ) Smad3 # FH F ik Hl 2 (Kl 2C) . X
clone 12 Fil clone 18 4 Jifd v [ 35 [A] 2 J5t 2 57 553
JEAN AT PCR Y38 K=yl iy o 2800 FF L Xt
JREEARI S| P -F WA IR L L I, TR
clone 12 # clone 18 4 it Hp A 46 i 22748 ¢ 1) (]
2D-2G), ILHIE sgRNA A AEAE i SR .
Zi b, #R clone 12 fil clone 18 MPCS5 #ijig
Smad3 J ] R T, R 20 L 3 R 9.5%
(2/21)0
2.3 Smad3 ERFE R I TGF-p1 iFSHY
MPCS5 4HfE EMT IS0

J T WS RERE Smad3 & 155 TGF-B1 5
$% MPC5 41l EMT, >R RT-PCR. Western
blotting 1 4 il 55 2 6 ¥ A 1 £F 4k Ak
AR AN S35 HR A JE R Y 35 o RT-PCR 4347 2738
TGF-B1 AbHE I I3 E 5 MPCS Ziififg fibronectin
1 Collal 3:[H mRNA ik, Western blotting
S3 M RIFEIESE TGE-B1 A i fibronectin Al 1
T i (collagen D)EE KiK. AT, £ 2 Bk
Smad3 #FRY MPCS i, TGF-B1 flEH
fibronectin F1 1 Ffi¢J(Collal B collagen 1)
mRNA FlI 8 [ 7K g 2K F 155 MPCS 41 it (&
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3A). [AA, Western blotting 4347 i /8 TGF-1
il i MPCS 4 i A2 41 i 43 F A5 id B A
synaptopodin F ik /KT, 1 2 ¥k Smad3 &
K @Bk MPCS5 4 i 5ef& synaptopodin £ 115K
AN3Z TGF-B1 %M, H Smad2 i B¢ B
Fik % Smad3 FE A R BRI AN BA (8 3B). 4
G 58 6 B s TGF-B1 filB# A9 MPCS 4
it J2 404 FFRiC E 1 podocin kKR,
1M 2 #& Smad3 % [ @ Fk MPC5 4iiifd podocin &
25354 TGE-B1 $0i(& 3C).
3 it

CRISPR/Cas9 £ K H 2013 4= 15 vk i i LA
d, CBUNUIERMUEY . Y. S E AR
F14) 8255 ) o e R 46 s 651 Sl e D 190 5 181 4 G 06 ¢
A, RHARER A LR GERCR S . DR
Al HN AR, R4 sk vz v Y,
¢ N, FIH CRISPR/Cas9 H At 2 JH 5 fE
% ST /)N BROJE DR e B A 8, i L 2 % v 2
Longhurst 252 F] CRISPR/Cas9 4% A4 1] Z
 KLKBL FE A7 A% M M A PR i Sun S5
FIF CRISPR/Cas9 /5[] ECBCO2 %t [Hiifrie
Fo 1 B R I A SR B g K IR R 5
HIFEIE 2R . Feng 26 F| Fl CRISPR/Cas9 % [H 4 i
HoA, M@ T MTAL SR RAW264.7 4
MZ, MBFFEEE MTAL ShAESR AL s 7Y
AW F CRISPR/Cas9 3 PH 4 4 AR 7E /N R
AAAIMER MPCS Rk Smad3 JER, it
Western blotting % il Smad3 & FIZRIA RS, i,
T 2 BRAE 2 19 Smad3 JE DN A% B TE A MPCS
A 2 REFEFFT W] CRISPR/Cas9 413 ) i B
A BRI ZRAE 0.8%—18.7%2028), 52 A1,
A BIF 5 BRL 4 D e I U 32 R 5k A0 A A 1 3R 24 Oy
9.5% (2/21)



%% & | FIFP CRISPR/Cas9 FiAR#JE Smad3 EE &% MPCS 4 &

A B WT Clone 12 Clonel8
Fibronectin mRNA Collal mRNA p-Smad2 | 55 kDa
S 025  #xx e £ 0015  sxx e Smad2 55 kDa
-.‘3 [ r“-*‘w 2 i -
o, p-Smad3 | 55 kDa
T\i Eotor Smad3 55 kDa
-
L 1 arf] 4
?—j 0.005F F3 Fibronectin 263 kDa
E= Collagen I 180 kDa
& 0.000 & v \‘bq{\ O <& Synaptopodin | S5 - =N L] | 130kDa
() ) .
Oo’*‘oo‘\ OOQOOQ p-actin | quud qup @I GNP W WP | 1 (D
TGERl — =~ -+ # + TEPRL = + = % = %
MPC5+TGF-B1 Clone 12+TGF-p1 Clone 18+TGF-B1

Merge DAPI Podocin

Amplificatin

125 pm 125 pm 125 pm

& 3 Smad3 mk&ING] TGF-p1 FESH MPC5S MREA %W EEREMEAMES FIRICHER A
RT-PCR ;] MPC5 RiB% Smad3 4 fii+ (clone 12/18) TGF-B1 S AL 4Efb 3L fibronectin 11 Collal
mRNA £ik, ***; P<0.001. B: Western blotting £ illl MPCS5 #[% Smad3 4l il (clone 12/18) TGF-B1
HU O} 25 4 Ak 25 11 (fibronectin Fl collagen 1)FI /& 41 Y5345 7 25 11 (synaptopodin) J2 Smad?2 il i AH ¢ &5
FIZRIB I . C: i S 9 R MPCS #iBk Smad3 4 fifd H (KO-12/18) TGF-B1 Hl okt /2 2 il 43 ¥
bR 2K 1 (podocin) iKY 2 .

Figure 3 Smad3 knockout counterbalances TGF-B1-induced fibrotic gene expression and podocyte marker
impairment. A: RT-PCR to detect the expression of fibrosis-related genes fibronectin and Collal in Smad3
knockout MPC5 cell clone 12 and clone 18. ***: P<0.001. B: Western blotting to detect the expression of
fibrosis-related proteins fibronectin and collagen I and podocyte marker synaptopodin in Smad3 knockout MPC35

cell clones and proteins associated with the Smad2 pathway. C: Cell immunofluorescence to detect the expression
of podocyte marker podocin in Smad3 knockout MPCS5 cell clones.
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SMAD )44 T5 B £k 1t Sma A1 1 (mother
against decapentaplegic, MAD)ZFRIN4RE , 1E
AL sh Y & BAEFE 8 Fl' Smad B, #RIAE
AR 3 25 ZKEE R-SMAD, &N
Co-SMAD F1#J #| & 1 I-SMAD. Smad3 /&
TGF-B FKWGAE 515 550 F ik ELEM 2R E N
R-SMAD, REW8 5222 M/ 2 R W Z K455
I FOM S YIS AL, TE ALY Smad3 YEA 40
¥ 501 NI L H i 28, TGF-B 15
SR DN B A BN EES 5P, TGF-B
[ 7 (TGF-B1 . TGF-p2 Hl TGF-p3), 454 J&
TGF-B1 eI Al AR K . b . BOEAE A
AN AM AR AN L R T, O AT 4R Ak
MIBeZ P, {24k DN b Jgl'* =2 TGF-B T~ if
TS OIS R A L 2 iR O 1 5 B 22 AR 9 2
i TR RS2 VA (1 T TT B A2 () A SE LY . TGF-B
BRI BIZ RS A0, (5516 SRV R,
MG 1 RZ RS ERREGY .. TERRE
G, B2 Kk A SRR AL I TG 1 A2 4K,
I B TR 37 A 35 il U0 9 TR T R AR o AT S
Smad2 Fl Smad3 5 TGF-B1 A2 A 4: S A0 1.
YERT, FFTEQRSFIY C K SSXS ZHEMR T 41 1)
a2 MLEAR R B
7, TGF-B1 238 11 0% T i Smad &1, F#51
J& Smad3, WITHLMER | RIEML 4y
+ A2 02 PR BN Y AT 4E R 50T R
Smad3 J& "B £F 4E Ak KR ML A DB P,
MR Smad3 AT LLIE A A B AT 4E AL RN 5% E i
DN SEREZEZE . /N L DN I 40 453455 F0 /N Bk s
AT DL 3 Smad3 BE K s RS 2 R s Gl
AR DN B FE TE N G B 21 4k AL 9 0
FER , Smad3 R AT CR AP OE PR S5 4 N
THEERT, (OB DR B B A 15 LA G R 05, [l
# & %] Smad3 7E TGF-Bl 5SS R, 4
Br T Smad3 J A f R 2 A5 AT LA 4P 7E MPCS 2
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ez TGF-B 15 516 1b 5 AL 41 EMT #5145

SLEGLE R B R, TGE-Pl 155 A& AL 42 i
MPC5 4 i /2 40 i 73— Fr i 8 1 5 R I k2
AefRFER B £k, T Smad3 R 8 & W Hl T
TGF-B1 551 e 40 i 4y 745 B 8 1 1 £ R FF
WL YA R A, R Smad3 w BRI T
TGF-B1 S0 L 40 EMT $i455. L5625 %
BIZE TGF-B1 H3% Smad3 B4 40 i 5 oK B
Smad3 i, Smad2 HIRIELEHEESR.
TE TGF-B1/Smads B %, Smad2 F1 Smad3
H[EN G4k, {H Smad3 & TGF-B1 {551
WG S SN i, Smad2 Fl Smad3 BARTER
FETRAN AR b 5 B RR , (BS54 P AEfE R 225
Smad2 7F & FEMR Mad 53 1 (MH1) L
Smad3 £ T 21~k B, H7 MHI1 L ABH1E DNA
SEA A ABL, FrLAmiBE Smad3 IR 25
Smad2 % [1 /2815 Fl Smad2 /5 £ 4k Ak B A
1E W ik, 92845 R fibronectin Al Collal 3
mRNA ik B, FIREAEZEIABIE Smad Ay
S YAV FE N F 500 TGF-B1 {55 @K, [t
AWFFEEE 27, Smad3 76 DN, Rk /)
Bk ff 4k (focal segmental glomerulosclerosis,
FSGS) % & 4t il g A8 o J& — A~ 31 22 1 T fii 4
Mo Smad3 bk 2 A ZR B A S RT L k R A0
GO R ES T A ORI R IR U S
Smad3 K [HEEFR A MPC5 /) B 41 i 2 19 3
REAI 92 10 75 EETE SN ) S 3 vh ik — 2B BRI

4 ik

il iF CRISPR/Cas9 & A %4i#5 # R, &
RT-PCR ., Western blotting FlZJi fd 6% 2¢ Yt 7 ik
il 43 A, AR T 2 Pk Smad3 R
) MPCS 4l & . 7 2 PRaiBR 40 &, Smad3
R T TGE-B1 55 #9 MPC5 241l EMT
W05 . ABESE A Smad3 B 7E 2 AIIE H ) T RE



%% & | FIFP CRISPR/Cas9 FiAR#JE Smad3 EE &% MPCS 4 &

BIFGE Bt T T 52 (R AR
16 # Jak = W

W Tt SRR MRS

S ERE . CEE . SRR B
SRR AR BRR. WEES . R
e BRI BIREM. FRRT. &
A5 ESINE I EERIERER T g8

16 # A 25 ¢ RATE 7 W

VR 75 WA AT i) BE 23 R AR SCPIr 4l

TAERE AT R 2 8 AR R

REFERENCES

(1]

SUN H, SAEEDI P, KARURANGA S, PINKEPANK
M, OGURTSOVA K, DUNCAN BB, STEIN C, BASIT
A, CHAN IJCN, MBANYA JC, PAVKOV ME,
RAMACHANDARAN A, WILD SH, JAMES S,
HERMAN WH, ZHANG P, BOMMER C, KUO S,
BOYKO EJ, MAGLIANO DIJ. IDF Diabetes Atlas:
global, regional and country-level diabetes prevalence
estimates for 2021 and projections for 2045[J].
Diabetes Research and Clinical Practice, 2022, 183:
109119.

WEI Y, OUYANG Q. Adiponectin improves diabetic
nephropathy by inhibiting necrotic apoptosis[J].
Archives of Medical Science, 2019, 15(5): 1321-1328.
LU QM, HOU Q, CAO K, SUN XL, LIANG Y, GU
MR, XUE X, ZHAO AZ, DAI CS. Complement factor
B in high glucose-induced podocyte injury and diabetic
kidney disease[J]. JCI Insight, 2021, 6(19): e147716.
A%, BAEL RN, W, Rk, B, Bk
. OWE PR R A LA 15 0 BRATL ) K b 24 i T
BfER]. 2Rk, 2016, 41(13): 2416-2421.
SHI G, MAO ZM, WAN YG, SHEN SM, WU W,
YANG JJ, YAO J. Pathomechanisms of podocyte injury
in diabetic nephropathy and interventional effects of
Chinese herbal medicine[J]. China Journal of Chinese
Materia Medica, 2016, 41(13): 2416-2421 (in Chinese).
LEE JH, MASSAGUE J. TGF- in developmental and
fibrogenic EMTs[J]. Seminars in Cancer Biology,
2022, 86: 136-145.

BRINKKOETTER PT, ISING C, BENZING T. The
role of the podocyte in albumin filtration[J]. Nature
Reviews Nephrology, 2013, 9(6): 328-336.

WANG XL, GAO YB, TIAN NX, ZOU DW, SHI YM,
ZHANG N. Astragaloside IV improves renal function
and fibrosis via inhibition of miR-21-induced podocyte
dedifferentiation and mesangial cell activation in
diabetic mice[J]. Drug Design, Development and
Therapy, 2018, 12: 2431-2442.

LAN HY. The Yin and Yang role of transforming
growth factor-f in kidney disease[J]. Integrative

: 010-64807509

[10]

[11]

[12]

[13]

[16]

[17]

[18]

[19]

(20]

Medicine in Nephrology and Andrology, 2021, 8(1): 1.
KAJDANIUK D, MAREK B, BORGIEL-MAREK H,
KOS-KUDLA B. Transforming growth factor f1
(TGFB1) in  physiology and  pathology[J].
Endokrynologia Polska, 2013, 64(5): 384-396.

MENE P, PIROZZI N. Potassium channels, renal
fibrosis, and diabetes[J]. Diabetes, 2013, 62(8):
2648-2650.

PIEK E, JU WJ, HEYER J, ESCALANTE-ALCALDE
D, STEWART CL, WEINSTEIN M, DENG C,
KUCHERLAPATI R, BOTTINGER EP, ROBERTS
AB. Functional characterization of transforming
growth factor beta signaling in Smad2- and
Smad3-deficient fibroblasts[J]. Journal of Biological
Chemistry, 2001, 276(23): 19945-19953.
VERRECCHIA F, CHU ML, MAUVIEL A.
Identification of novel TGF-beta/Smad gene targets in
dermal fibroblasts using a combined c¢DNA
microarray/promoter  transactivation  approach[J].
Journal of Biological Chemistry, 2001, 276(20):
17058-17062.

FUJIMOTO M, MAEZAWA Y, YOKOTE K, JOH K,
KOBAYASHI K, KAWAMURA H, NISHIMURA M,
ROBERTS AB, SAITO Y, MORI S. Mice lacking
Smad3 are protected against streptozotocin-induced
diabetic glomerulopathy[J]. Biochemical and
Biophysical Research Communications, 2003, 305(4):
1002-1007.

WU WIJ, WANG XQ, YU XQ, LAN HY. Smad3
signatures in renal inflammation and fibrosis[J].
International Journal of Biological Sciences, 2022,
18(7): 2795-2806.

CONG L, RAN FA, COX D, LIN SL, BARRETTO R,
HABIB N, HSU PD, WU XB, JIANG WY,
MARRAFFINI LA, ZHANG F. Multiplex genome
engineering using CRISPR/Cas systems[J]. Science,
2013, 339(6121): 819-823.

WANG SW, GAO C, ZHENG YM, YI L, LU JC,
HUANG XY, CAI JB, ZHANG PF, CUI YH, KE AW.
Current applications and future perspective of
CRISPR/Cas9 gene editing in cancer[J]. Molecular
Cancer, 2022, 21(1): 57.

GUPTA D, BHATTACHARJEE O, MANDAL D, SEN
MK, DEY D, DASGUPTA A, KAZI TA, GUPTA R,
SINHAROY S, ACHARYA K, CHATTOPADHYAY D,
RAVICHANDIRAN V, ROY S, GHOSH D.
CRISPR-Cas9 system: a new-fangled dawn in gene
editing[J]. Life Sciences, 2019, 232: 116636.

ZHANG Z, ZHOU L, LIU QY, ZHENG YC, TAN X,
HUANG ZX, GUO M, WANG X, CHEN XY, LIANG
SM, LI WK, SONG K, YAN K, LTJL, LI QH, ZHANG
YZ, YANG SM, CAI Z, DAI M, XIAN QY, et al. The
lethal K18-hACE2 knock-in mouse model mimicking
the severe pneumonia of COVID-19 is practicable for
antiviral development[J]. Emerging Microbes &
Infections, 2024, 13(1): 2353302.

LV L, YANG CD, ZHANG X, CHEN TX, LUO MF,
YU G, CHEN QH. Autophagy-related protein PIATG2
regulates the vegetative growth, sporangial cleavage,

autophagosome formation, and pathogenicity of
peronophythora litchii[J]. Virulence, 2024, 15(1):
2322183.

HU QD, WANG HL, LIU J, HE T, TAN RZ, ZHANG

X: cjb@im.ac.cn



1670 ISSN 1000-3061 CN 11-1998/Q A:# T #2~44k Chin J Biotech

[23]

[24]

(28]

Q, SU HW, KANTAWONG F, LAN HY, WANG L.
Btg2 promotes focal segmental glomerulosclerosis via
Smad3-dependent podocyte-mesenchymal transition[J].
Advanced Science, 2023, 10(32): 2304360.

AKRAM F, SAHREEN S, AAMIR F, HAQ IU,
MALIK K, IMTIAZ M, NASEEM W, NASIR N,
WAHEED HM. An insight into modern targeted
genome-editing technologies with a special focus on
CRISPR/Cas9 and its applications[J]. Molecular
Biotechnology, 2023, 65(2): 227-242.
MITTERMULLER D, OTTO L, KILIAN AL,
SCHNORMEIER AK, LITTWITZ-SALOMON E,
HASENBERG A, DITTMER U, GUNZER M. PD-1
knockout on cytotoxic primary murine CD8* T cells
improves their motility in retrovirus infected mice[J].
Frontiers in Immunology, 2024, 15: 1338218.
LONGHURST HIJ, LINDSAY K, PETERSEN RS,
FIJEN LM, GURUGAMA P, MAAG D, BUTLER JS,
SHAH MY, GOLDEN A, XU YX, BOISELLE C,
VOGEL JD, ABDELHADY AM, MAITLAND ML,
McKEE MD, SEITZER J, HAN BW, SOUKAMNEUTH
S, LEONARD J, SEPP-LORENZINO L, et al
CRISPR-Cas9 in vivo gene editing of KLKB1 for
hereditary angioedema[J]. New England Journal of
Medicine, 2024, 390(5): 432-441.

SUN YY, LIU MF, YAN CC, YANG H, WU ZX, LIU
YJ, SU NK, HOU JL, ZHANG JH, YANG FS, ZHANG
JQ. CRISPR/Cas9-mediated deletion of f,B-carotene
9',10"-oxygenase gene (EcBCO2) from Exopalaemon
carinicauda[J]. International Journal of Biological
Macromolecules, 2020, 151: 168-177.

FENG MZ, LIU L, QU ZC, ZHANG B, WANG Y],
YAN L, KONG LB. CRISPR/Cas9 knockout of MTA1
enhanced RANKL-induced osteoclastogenesis in
RAW264.7 cells partly via increasing ROS activities[J].
Journal of Cellular and Molecular Medicine, 2023,
27(5): 701-713.

SRILA W, BAUMANN M, RIEDL M, RANGNOI K,
BORTH N, YAMABHAI M. Glutamine synthetase
(GS) knockout (KO) using CRISPR/Cpfl diversely
enhances selection efficiency of CHO cells expressing
therapeutic antibodies[J]. Scientific Reports, 2023,
13(1): 10473.

GROCHOWSKA MM, BONIFATI v,
MANDEMAKERS W. CRISPR/Cas9-mediated LRP10
knockout in HuTu-80 and HEK 293T cell lines[J].
Bio-protocol, 2022, 12(19): e4521.

ZHANG X, ZHAO LH, JIN RB, LI M, LI MS, LI RF,
LIANG XB. CRISPR/Cas9-mediated a-ENaC
knockout in a murine pancreatic f-cell line[J].
Frontiers in Genetics, 2021, 12: 664799.

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

(29]

[30]

[31]

[32]

[33]

[34]

[36]

[39]

XU FY, LIU CW, ZHOU DD, ZHANG L.
TGF-B/SMAD pathway and its regulation in hepatic
fibrosis[J]. Journal of  Histochemistry  and
Cytochemistry, 2016, 64(3): 157-167.

PENG DD, FU MY, WANG MN, WEI YQ, WEI XW.
Targeting TGF-P signal transduction for fibrosis and
cancer therapy[J]. Molecular Cancer, 2022, 21(1): 104.
LICHTMAN MK, OTERO-VINAS M, FALANGA V.
Transforming growth factor beta (TGF-f) isoforms in
wound healing and fibrosis[J]. Wound Repair and
Regeneration, 2016, 24(2): 215-222.

GOVINDEN R, BHOOLA KD. Genealogy, expression,
and cellular function of transforming growth
factor-B[J]. Pharmacology & Therapeutics, 2003,
98(2): 257-265.

WRANA JL. TGF-beta receptors and signalling
mechanisms[J]. Mineral and Electrolyte Metabolism,
1998, 24(2/3): 120-130.

FLANDERS KC. Smad3 as a mediator of the fibrotic
response[J]. International Journal of Experimental
Pathology, 2004, 85(2): 47-64.

LI H, CHANG HM, SHI ZD, LEUNG PCK. ID3
mediates the TGF-Bl-induced suppression of matrix
metalloproteinase-1 in human granulosa cells[J]. The
FEBS Journal, 2019, 286(21): 4310-4327.

WANG A, ZIYADEH FN, LEE EY, PYAGAY PE,
SUNG SH, SHEARDOWN SA, LAPING NJ, CHEN S.
Interference with TGF-beta signaling by
Smad3-knockout in mice limits diabetic
glomerulosclerosis without affecting albuminuria[J].
American Journal of Physiology Renal Physiology,
2007, 293(5): F1657-F1665.

XU BH, SHENG JY, YOU YK, HUANG XR, MA
RCW, WANG QW, LAN HY. Deletion of Smad3
prevents renal fibrosis and inflammation in type 2
diabetic nephropathy[J]. Metabolism, 2020, 103:
154013.

ZHOU Q, GUO HH, YU CL, HUANG XR, LIANG LY,
ZHANG PH, YU JW, ZHANG JZ, CHAN TF, MA
RCW, LAN HY. Identification of Smad3-related
transcriptomes in type-2 diabetic nephropathy by
whole transcriptome RNA sequencing[J]. Journal of
Cellular and Molecular Medicine, 2021, 25(4):
2052-2068.

WANG HL, WEI B, HE HJ, HUANG XR, SHENG JY,
CHEN XC, WANG L, TAN RZ, LI JC, LIU J, YANG
SJ, MA RC, LAN HY. Smad3 deficiency improves
islet-based therapy for diabetes and diabetic kidney
injury by promoting B cell proliferation via the
E2F3-dependent mechanism[J]. Theranostics, 2022,
12(1): 379-395.



