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Transcription factor Six1 regulates expression of nephrogenic molecules to promote
repair of kidney injury
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[ Abstract | Objective To investigate the role and mechanism of sine oculis homeobox 1 (Six1),
a nephrogenic transcription factor, in regulating injury repair after acute kidney injury ( AKI). Methods
C57BL/6J mice were inflicted with renal ischemia reperfusion (IR) injury to establish AKI model, and then
the serum samples and kidney tissues were collected at days 1, 2, and 3 after modeling. Serum creatinine
(Cr) and blood urea nitrogen ( BUN) levels were measured and renal morphology was observed with HE
staining. The expression and distribution of nephrogenic molecules ( Six] and Pax2, etc.) and cell

proliferation/migration genes ( Cyclin A1, MMP9, eic. ) were detected with RT-PCR, Western blotting, and
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immunofluorescence assay and immunohistochemical assay. The expression of apoptosis pathway ( Bel2,
Caspase3, etc. ) and cell proliferation related molecules were evaluated in Six1 overexpression/knockout
human epithelial cells ( HK2) with CoCl,-induced injury. Additionally, after the adeno-associated viruses
carrying Six1 overexpression vector were used to overexpress the molecule in the mice, the expression of Sixl
and other related molecules were detected after IR injury modeling. Results After renal IR injury, Sixl was
significantly activated in epithelial cells, the expression of nephrogenic and cell proliferation/migration
molecules (Pax2, Cyclin A1, MMP9, eic. ) was obviously up-regulated ( P<0.05), which was positively
correlated with Sixl expression, while the proliferation/migration molecules ( Ki67, MMP9) were also
localized within the tubular epithelial cells. In cellular models of Six1 overexpression, the expression levels of
nephrogenic and cell proliferation/migration molecules (Pax2, Cyclin A1, MMP9, etc. ) were also notably
up-regulated (P<0.05). In the mice with renal overexpression of Six1, the nephrogenic molecules as well as
anti-apoptotic ones (Six2, Pax2, Bcl2, etc. ) were up-regulated, while the expression of kidney injury-related
molecule (Kiml) in kidneys was reduced in the renal tissues. While, in 2 d after IR injury, the anti-
apoptotic gene ( Bel2, Stat3) was significantly up-regulated ( P <0. 05), and the apoptotic and injury
molecules (Kiml, Caspase3) showed remarkable down-regulation (P<0.05) in the mice with renal Sixl
overexpression. Furthermore, CoCl,-inducion significantly decreased the cell proliferation rate in the Sixl
knockout group ( TCMK1-Six1”") (P <0. 05) but increased the rate in the Sixl overexpression group
(TCMK1-Six1) when compared to the control cells (P<0.05). And, the expression of nephrogenic, anti-
apoptotic pathways and cell proliferation/migration molecules ( Pax2, Bel2, Cyclin A1, MMP9, etc. ) were
reduced in TCMK1-Six1”~ group, and apoptosis and kidney injury molecules ( Caspase3, Kiml) were
significantly down-regulated in TCMK1-Six1 group ( P<0.05). Conclusion Activation of Six1 after AKI can
promote the proliferation/migration of renal tubular epithelial cells by up-regulating nephrogenic molecules and
inducing anti-apoptotic pathway molecules, and then, participate in IR-induced renal injury repair.

[ Key words | acute kidney injury; nephrogenic molecule; transcription factor Six1; cell proliferation

and migration
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FEAERT IO S KLl Lom Ay IR /N R | Six] i
PRS- A A TR K 240 L 458 £ A R, WL A
TAE IR P51 AKL H 30, #R9T Sixl X F IR
TARIXBRPENE R, ALk B BER O S A L] , ik
IRBTiH AKT SR AHE AL

1 #M#ERE

1.1 ZmshHhhmie

C57BL/6] HEPE/NE, 8~ 10 J& , (&G 18~25 g,
H130T DUAR (b)) AW R AT BRZA ] (P HIE S : SCXK
5 2019-0010) $248k, Fr Ay gh W) 52 e 2800 N 58 BERER
B PR G os i (YKD202201187) 5 A HK2 (/)h
FL TCMK 1 4 fifd . Six1 J5& PR it B4 40 it ( TCMK1-Six1™77)
PR i Feik a4k pCAGDNA3 T-ZfA 4 (4 56 1 4%
1K pEGFP-C1 fy N5, B A XX A L 5 f g
SWTE R g E SR T/ BUAR Y 3k Sixd (19 iR
FH & 7% ( adeno-associated virus, AAV) (AAV-Six1) &
Xf B B ( AAV-Control ) py ¥ 75 BILBE A 24 m] it
1.2 &M E5HE

DMEM | FBS % 4ff fif 33 772 145514 H 52 E GIBCO 24
] s Hi Seript II Q RT Super Mix 12055 &1 [ H [ v
B W) 7] g R Lipofectamine 3000, i % %5 &R
G418 1ty § 55 [5 Thermo 723 ] ; RNA $2 sl ) &1 H 56
Promega /3] ; Ki67 (S ST/ ) Pax2 (IR HT/)
B Wil (SRR BT /D L) . Goat Anti-Mouse IgG H&L
(HRP) (SN LRI B 22 [E Abcam 23 H] ; Six1
(BUEHU) BTk B 22 [E SANTA 24w ; Six1 (Hi$t
AN BUiR g A SEE CST 23w Six2 (FRIEHTA)
Agpl (BIEHTA ) \MMPO (G 84T N ) | Gapdh ( B IR 47t
N) Prik g g o [E Proteintech 4\ 7] ; Goat anti-Rabbit
IeG (H+L), Alexa Fluor™ 488/546 (£ 5+H1%) . Goat
anti-Mouse IgG (H+L) , Alexa Fluor™ 488/546 ( 5
Pibt) \Goat anti-Rabbit IeG (H+L), HRP ( - Hi )
ik, WA % E Thermo 23w, PCR XY H 3% [H
Applied Biosystems 2\ w] , B Uk Al S B8 e L&A I B 26
BIO-RAD A+l , 2GR & 0 5 B H 748 Nikon /23
A, PG E R PCR AU B 362 AT,
1.3 Fik
1301 R P T 5 1 5 0 /D BRUASE AR g )

{fiF 8~10 JE I8 MEE C57BL/6 /NER,, B 57 B0 B 1

IR P iy, SRR ZH 5B T A% B2 (Sham
M, HBREE AN &, AT, BA/R S Ho /D
SRR f , 20N 7010 11 I 2% i 2 0 B U, AR P st
B ICPA ' A5 45 min , 5 B IR (0 by ff 21 5% A2 SIS 2145,
ISP B o & P I ] 58 J80 e, B2 30T i ot A8 it

bifGFARGES . BHRETFARGHH 1 R(IRL1 d4) 56
2 R(IRL2 d 41) #0155 3 R (IRT 3 d 21) JE47 L5 R b
55 A 2R O o R T 0 2 I VLR ( serum
creatinine , SCr) M Ifl. JX & & ( blood urea nitrogen, BUN)
AR RE , FL A 5 i A7) & 6 B (R ot A W
A)) o /NERBEHRY B R B 8 (HE ) 545459 70 = IR
GIEIEY. 23105 G

1.3.2  AKI 5B IEM0 7 Bt fe 2 5L By 258734
1.3.2.1  Sixl FAHR TS0 B e b R85 E
i Six1 4§+ mRNA K I : B JUE 5] 2% 5F £ BB
RNA, | Hi Script T Q RT Super Mix, 3845 ¢cDNA ; A
Gene Bank & R 18 19 B U5 1 ( Six1  Pax2 ,Six2  Sox9 &
Vimentin ) 54145316 & ( Cyclin Al Cyclin D1,C-myc &
MMP9) , 5081 (Bel2 F1 Stat3) , A K445 T ( Kiml |
Bax Caspase3 ,Caspase9) 45431741 , Bt AH N (195 [ 9
DL 1, AT SE R PCR, RGN LA 36 AR X F IS
L (B-Actin) YK T

®1 BWERSIWF

E P 51975 (5'—3") BRI bp
AAGGAGGGAACCTGGAAC
Sixl 174
GGTGATTGTGAGGCGAGAAG
TACGAGACTGGCAGCATCAA
Pax2 105
CGGGTTCTGTCGCTTGTATT
TGTGGGAGGGCGATAGATTC
Six2 119
CCAAAGGATACCGAGCAGACC
CCAGGTGCTGAAGGGCTAC
Sox9 238
CTCCTCCACGAAGGGTCTC
CCCAGATTCAGGAACAGCA
Vimentin 259

AGGGCATCCACTTCACAGG

CCACCACCCATGCCCAGTCAGA
Cyclin A1 199
CCAACCTCCACCAGCCAGTCCA

TGTGAGGAGCAGAAGTGCGAAGA
Cyclin D1 199
GCCGGATAGAGTTGTCAGTGTAGATG

e GAGATGATGACCGAGTTACTTGGAGG 191
-myc
Y CTCAGGCTGGTGCTGTCTTTGC
CACGGCAACGGAGAAGGCAAAC
MMP9 166
CGTCCACTCGGGTAGGGCAGAA
GTGGTGGAGGAACTCTTCAGGG

Bel2 154
GCCGGTTCAGGTACTCAGTCAT
ACTTCAGACCCGCCAACAAA

Stat3 151
CTCCACCACGAAGGCACTCT
ATGCCCATCTTCTGCTTGTC

Kim 1 184
CCATCCAGGAATCTCCACTC
CAGGATGCGTCCACCAAGAA

Bax 196
CAAAGTAGAAGAGGGCAACCAC
GGGACTGATGAGGAGATGGC

Caspase3 127
GGGACTGGATGAACCACGAC
TGCGGTGGTGAGCAGAAAGA

Caspase9 190

CTGGGAAGGTGGAGTAGGACA
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Six1 45 I A - 25 AR S A AR AR
AT SR A T g a5 P, DK, i 30 st 2 P Do H i
RS 2 R R IR C IR T R Wik B A S, #4740
BEE (Sixl, 1:2000) ,4 Cil i ; L Pk, = ik tT
—¥i[ Goat Anti-Mouse IgG H&L (HRP) ,1:4 000 ] % &
1.5 hy YRR S, R Rk 2 o6 s i 2R v 9 & 0 B, 7
BE L BA b AT AT IR

Bk Six1 5 Aqpl/ MMP9 G2 5563 gL (4 . vk i
YIR 2 10% 9 11 2 13 3 7 )5, i A — 4t (Sixl,
1:100;AQP1,1:100) B¢ (Six1,1:100; MMP9,1:100) ,
4 Cid# . #EEM —$T [ Goat anti-Rabbit/ Mouse IgG
(H+L), Alexa Fluor™ 488: 1:500; Goat anti-Mouse/
Rabbit IgG (H+L) , Alexa Fluor™ 546 1:500] , 5%
BEE 1 h J5, R P, IAE R4S O, 9Ok
BB T WS,

B Ki67 fupe Uk e ARy 46—
RIS | SRk FPBEIRR MR = bt e &2 i
AL S AL B R L A i B S, A — Pt (Ki67,
1:100) ,4 Cid#% . H—#t[ Goat anti-Rabbit IgG(H+L),
HRP: 1:500], % R#CHEE 1 h J5. mY) A
TG E AR, G AT T WS Al
1.3.2.2  Sixl Fi8 5B PS5+ 358 B AH AR5
Bro T AKT G AT BB/ BUE IR P Sixd J2 IR
PE 518 & 4> F mRNA KR 45, F ] GraphPad
Prism 6. 0 GEit 434, X Sixl KA [F] B ) mRNA
IR HATHSCAE 3T
1.3.3 By Six1 i IR g Ak b K 4 M0 g 7
1.3.3.1 Six1 iEFEIRZRAR A4 3 NER Six1 B [H
SOk FRIBCE JIE B RNA, Jf% 53145 ¢DNA F| ] PCR
5|%. FiE 5'-GCGAGCTCCCCAGCTCTGCTCACTG-3',
T 5'-GCAAGCTTCCCACTTAGGAACCCAA-3 479"
e, o0k WUk B BRI BT, 3R A Six1 eDNA 5 #%% ¢cDNA
5 T-BUARERE T X

b 3R AR A A BRI 8 V)G BamH 1 i 1)
Six1-T-#844& K pCAGDNA3 {4, 2 5 i vy UKk I [ 4k
DNA H B ;¥ Sixl ¢DNA Bt 5 pCAGDNA3 384K /B
4 W A ORL B D) % E, R4S O B 0% Y
pCAGDNA3-mSix1 Z{ 14,
1.3.3.2  Sixl ik IR0 0y 1 57 SAH OG5+ B %
B B RO A s R kR
Six1 A AN 5/0N R _E K 48 ( HK2-Six1 2H , TCMK1-
Six1 41) , % Ye 23 AR 1% 4H g ( Control 41 ) #4754 RNA
FOSEE BRI, A B2 E  PCR A U] TCMK1-Six1
A Six1 . Six2 , Pax2, Sox9 , Cyclin Al, C-myc [ MMP9
mRNA K5 B P (Sixl, Six2, Pax2, Wil ) fREEE]
TR HK2-Six1 H Six1 Six2 \Pax2 J Wtl 23k,

1.3.4 EREREFRIA Sixl NEUBE RN N IRAE G
5 T S B I DL SCHR ™ o o R B 2
Jo , A4 F (Six1 \Six2 \Pax2 . Sox9  Bcl2  Stat3 &
Kim1)mRNA FiA#0, Six1 i F&ik /M (AAV- Sixl
41) 5 %4 B /NEL (AAV-Control 41) , 7€ IRI 2 d #E47 I
55 BRSSO, JEARL I SCr 5 BUN 7K, [R] i A6
M Bel2, Stat3, Kiml , Bax, Caspase3 ., Caspase9 43 T
mRNA Fik/KF-,
1.3.5  SAALHN S S 40 M 400 45 46 3 8 S S SAH O 1
Tk K E 2 L 15 5 A A I . % BB 4H ( TCMIK-
Control £ ) | 4 Pl # % ( TCMK1-Six1 ™~ 4 ) i % ik
(TCMK1-Six1 4H) 4 fits, L 5. 0x10° 4>/FL20 M4 Fh T
96 fLEEFRIL P (FE2H 5 A AL) , DMEM/F12 ;3¢
24 h )5, WA AL Bl (LW E D 100 ng/mL) , Ak B
24 h, Fifif A A CCK -8 27 0 6 I 40 fif 1 4 %< . [)
I A 2 A0 i L RNA I i SE I %€ B PCR G I AH
F43 T (Six2, Sox9 , Pax2 , Bel2 | Caspase3 , Kim1 , Cyclin
Al .Cyclin D1 J MMP9) g8 3%ik .
1.4 %t

WFREBAE L) vs om0 2 A 2 LHEE I, 1 1]
MSTAEAR ¢ B IEA TS b . 2 MR 3 A 2 4L
PNy, FEATHN R J7 2270 M, $36 JEAT Dunnett 4655 5
Bonferroni #¢1F . {8 SPSS 10. 0 B4 52 R% ., P<0.05
WA R EHA 5% L, KA GraphPad Prism 6. 0
BAT L HIAEAR L ROIR I

2 R

2.1 IRI &R BE IR 235

FIA IR i S g5 /N B AKT SRS, 8] 1A Sy sy
BRI A mE . S s, B SHRFAR
(Sham £) B WEHE 2505 be, IRT 1 d 41 B i A 4 56 i 3
EIEELT A TRT 2 d 4 BRI K, ifi IRT 3 d 25 7 1
Mcdeh B2 (B 1B) o B HE Qa3 H] . IRT 1 d 205
LB AN = S i )00 TGN B VN 3 B GO =
AR B, S8 40 MR, B /R B 25 45 5 7 IRI
2 d 2, /NG b R 20 B T W I, RS I TR UK &
(AR R, G A R B B, B /N ER B R 25 45, B
Y0 1M IR 5 T AE IRT 3 d 4 Hp 8 A 45 7™ B BHL 2 /N
B R AR B NER A R A (18 1C) 5 B
P4 425, IRT 2 d IRT 3 d 25145 B & & F IRI
1d41(P<0.05) (& 1F), IRI1d.IRI2d.IRI3 d 41,
SCr 7K 3% 51 Sham 2 (P<0.05) , MiAE# 4 2 (A1
A BFEERBUN KPAEIRI 2 d, IRT 3 d Hp @51
Sham 4, H7£ IRI 3 d 415 (P<0.05) (& 1D E) .
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A. AKI /) RAE A My nk ;B R B B o) 5 3% 420 (IRT 1 d IR 2 d.IRI 3 d) 548 F A28 (Sham) B & L. £
A B RE R AW B RE;C R B 288 B IR HE JR 2 42 &, D . e IUBF Bk & BT F. B IEB 45 2R ik o

1 sRfEEENNREIEFRERINGERM (n=5,x5)

2.2 AKI & Six1 &£ 58 & mpe o &k iR

SEiE fE PCR X045 B IE mRNA 3385047, &
B Six1 7E AKI 580 , HFRIATEB 55 1 K (IRI
1d)EBEM(2.4£%5,P<0.05) ,fF25 2 R(IRI 2 d)
IHAFNEE (5.9 £i%) ,BE/E7E4E 3 K (IR 3 d) BFA
FREC4.3 45 A S5RF AR (Sham) A L, Six] )5
KB T ( P<0.05) (& 2A) , Sixl KA
5 mRNA FH[F (& 2B) , SMiEsE Sixl Rik4r1i,
XF IRI 2 d 215 Sham 4 B JEARAS , FEAT S ie 50
KB Six 1 BRI E A7 T B /NS B R AR, I 3 /N
Abric Agqpl ERL(E 20)
2.3 BMEAEH AW R ALY G/ A T AR B IR A

J6 kik LRt 5 Sixl & ik EARK

S E R PCR RGN A B - B IR 5% S R Pax2
5 Six2 76 IRT 2 d.3 d BJF i %33k (P<0.05) , 5
Sham ZHAHEL, 7350 T 1. 8 4.2, 3 155 2. 4 % 1.5 4%
[E)RE S E VR E 4> T Sox9 5 Vimentin, 7E IRT 1 d.2 d,

3 d e R IK R E FIH(P<0.05), 5 Sham A
e, 3 m Tt 4.2 45 .6. 2 /5 3. 5 /5 5 2. 2 4% 1. 8 i,
3.3 M5 (EI3A) . BEREERIFLEG Sixl RKiklaH, giit
Ay PR Sixl Fik 5 Pax2(r=0.512 7;P=0.158 1) |
Sox9(r=0.663 1;P=0.051 6) .Six2(r=0.832 0;P=
0.005 4) FHEWIEAH & (K 3C) , Hop Sixl 5 Six2
KR FEMK(P<0.05) .

IAh, 5 Sham ZHAH F, 40 A 5 A 43 5 Cyclin AL
Cyclin D1 } C-myc 3K, [RFEAEIRI2 d.3 d EAEAH B
F B (P<0.05) ;M 4LER 71 MMPO 7E IRI 1 d,
2d.3 d BRIk B E EE(P<0.05) (& 3B),
FMRGE At B s B EF Cyclin A1(r=0.745 8;
P=0.021 0) ,C-myc(r=0.806 4; P=0.008 6) )
MMP9(r=0.846 2;P=0.004 0) ik 5 Sixl FikE
BFEIEAK(P<0.05) , Horp 456 731 C-myc 540
JIIEF% 73 1 MMP9 R385 Sixl 2% 35 A0 5K P 8 4
(E3D),
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