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Mizagliflozin inhibits proliferation and fibrosis of autosomal dominant polycystic kidney cells by inhibiting
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[ Abstract ]| Objective To investigate the role of sodium-glucose cotransporter 1 (SGLT1) inhibitor mizagliflozin
(MIZA) in autosomal dominant polycystic kidney disease (ADPKD). Methods Western blotting, quantitative polymerase
chain reaction (qPCR), and immunofluorescence staining were used to determine the expression and distribution of SGLT1
in kidney tissues of PKDI~'~ and PKDI """ mice, human renal cancer adjacent tissue and ADPKD tissue. Renal cyst lining

epithelial cells OX161 and renal tubular epithelial cells UCL93 were treated with MIZA, incubated at 37 C for 24, 48, and 72 h,
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and then were subjected to methyl thiazolyl tetrazolium and colony formation assay to observe cell proliferation. The
qPCR method was used to determine the mRNA levels of collagen lal, collagen 3al, and fibronectin 1 in OX161
cells treated with 100 umol/L MIZA for 48 h. The Madin-Darby canine kidney (MDCK) cell 3D cyst formation assay
verified the effect of MIZA on cyst formation. The mRNA-seq technology was used to detect differentially expressed
genes between UCL93 cells and OX161 cells, and between OX161 cells and OX161 cells treated with 100 umol/L
MIZA for 48 h, and then the differentially expressed genes were analyzed with Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis. Results The expression level of SGLT1 was significantly increased in
the tissues of ADPKD patients and PKDI '~ mice compared to those in normal kidney tissues (P<<0.05, P<<0.01).
Immunofluorescence staining revealed that SGLT1 was mainly expressed in the cystic lining epithelial cells. Additionally,
MIZA inhibited the proliferation and fibrosis of polycystic kidney cells in a concentration- and time-dependent manner,
and also inhibited cyst formation in 3D formation assay in vitro. The mRNA-seq analysis and KEGG enrichment analysis
showed that differentially expressed genes between OX161 cells and OX161 cells cultured in 100 pmol/L MIZA for 48 h
were mainly enriched in the phosphatidylinositol 3-kinase (PI3K)-protein kinase B (Akt) and mitogen-activated protein kinase
(MAPK) signaling pathways, which were the same as those between OX161 cells and UCL93 cells. Conclusion The SGLT1
inhibitor MIZA may inhibit the proliferation and fibrosis of polycystic kidney cells through signaling pathways such as PI3K-Akt
and MAPK, delaying the growth of polycystic kidney, and it is a potential therapeutic target for ADPKD.

[ Key words | autosomal dominant polycystic kidney disease; sodium-glucose cotransporter 1; cell proliferation;
fibrosis; phosphatidylinositol 3-kinase; protein kinase B; mitogen-activated protein kinase; signaling pathway
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qPCRIXH & . % i & W B H A TaKaRa 2
Al PR RS R S H R A R
£ BR 72y Fl; ITS Media Supplement, Edu-594 2 fif]
HETE A I S R AN M AL A I s
FAWHARA BT ; PAGE e e 401470 &
(10%) . HBREAbE RGN & . 5 AR
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FARSUR N R AT IR CST /R [ B AR A
(PKDIT /N 1R PKD 1™ Cre " /NE( PKD1 ™'~
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77 40 min, TBST &1L 3 K, BEK 10 min, PEAHSE
BiE B . F Imagel #4155 4577 IR FEE(EL
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Tab1 Primer sequences (5-3")

Gene Forward primer

Reverse primer

CollAl
Col341

SGLTI
GAPDH

GAGGGCCAAGACGAAGACATC
TGGTCTGCAAGGAATGCCTGGA
FNI ACAACACCGAGGTGACTGAGAC
CCAGCAACTGTCCCACGATTAT
TGTTGACGGCTTACCTGGAGAC

CAGATCACGTCATCGCACAAC
TCTTTCCCTGGGACACCATCAG
GGACACAACGATGCTTCCTGAG
GGTGATGAAAGAAATGGCGAAG
TGTTGACGGCTTACCTGGAGAC

Col: Collagen; FN1: Fibronectin 1; SGLT1: Sodium-glucose cotransporter 1; GAPDH: Glyceraldehyde-3-phosphate

dehydrogenase.
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1.9 MDCK #a e % it 7% s A2 A MDCK 21 it
b5, % 4X10* 4> /mL (R85 RN T 3D K793 (
2 mL 7 DMEM/F12 300 uL. HEPES 20 L. 60 mg/mL
f NaHCO, 80 uL. Col I 1.7 mL) , ¥HEcHIFAY 3D
BEFR IR T 48 FLAL, BCAREFRA #E 30 min, fF
3D K5 3R FLEE [ 5 N A 400 uL 2 0. 25, 50, 100,
200 pmol/L MIZA WAHAERE IR, kEektas 1 4.,
1.10 mRNA-seq #4547 i H] TRIzol {7 $E 1L
UCL93 4iiifd . OX161 4iEAI MIZA (100 pmol/L )
Hig® 48 h 1Y OX161 4HAEAY B RNA, KA 4% )5 H
WEER & 5 mRNA, [ %5155 cDNA, 4ifk. B&%

J5 #E4T PCR & 159 5] cDNA SCJ%E ., %t cDNA SCFE
PEAT s K 5 A Tllumina NovaSeq 6000 il J7~F- &
AT . R 4.2.10 AT B o B, B 2=
S =2 HARR K IE<0.01 VF R v brifEfS 3
25 RINEEA, T R 4.2.1 BAFH Y clusterProfiler
FiI 0] 22 S Rk ik AR AT U A PR 5 e R A R4
45 (Kyoto Encyclopedia of Genes and Genomes,
KEGG ) il % & 55341, R Fisher B VI k50
Frgeit i, VEREbRiE o s e i i rh 22 S e ik ik
P& =2 4~ H P<<0.05,

1.11 %t &2 N H GraphPad Prism 8.3.0 #k{f
PTG AT, TR BRI S RS, LUxEs
LR, PHALE] Y LR TS AEAS K 5, 2241 1]
FeBCR BRI R 7 22000 . KRk e () 2 0.05,

2 &% B

2.1 SGLT1 /£ ADPKD & # #= PKDI™"~ /) &84 B I
MR E S G EABEE SRR, 5
NIEH B HEH 2 5, ADPKD f34 (1 B iE2H 20
SGLT1 #EH#AKFFHm (1.234037vs0.5140.15,
P<005; K 1A) ; 5PKDI™ /NEL#E, PKDI™™
/NEUEFIEZHZH SGLT IR /K AR THE( 0.77£0.11
vs 0.25+0.09, P<<0.01; X 1B) ., qPCR A4k 5 i
7%, ADPKD (B #1 PKDI™'~ /NGB W4 4 v SGLTT
mRNA BRI T AL # 414U PKDL
INEUBEZH S (2.0540.50 vs 1.00+0.28, P<<0.01;
2.861125vs 1.00£021, P<<0.01) .

NI N2 N3 Al A2 A3 A4 A5M:(X10)

s laEaas & I BTl 75
GAPDH s e Gup o &% &% S0 ¥ 3,

N1 N2 N3 Al A2 A3 My (X10%)
SGLT1 - TR =5
Tubulinﬁ i -—— — -|'55

B 1 ZFEAREEEEDN SGLT1 ZEEEBHARPHIRIE
Fig1 Expression of SGLT1 protein in kidney tissue
detected by Western blotting

A: SGLT1 protein expression in human normal renal tissues
(N1-N3) and renal tissues of ADPKD patients (A1-AS5); B:
SGLT1 protein expression in the kidney tissues of PKDI™"™"
mice (N1-N3) and PKDI '~ mice (A1-A3). SGLT1:
Sodium-glucose cotransporter 1; ADPKD: Autosomal
dominant polycystic kidney disease; PKD1: Polycystin 1,
transient receptor potential channel interacting; GAPDH:

Glyceraldehyde-3-phosphate dehydrogenase.
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Yl A Ae e s L E R A, Xt PKDITT
i PKDI™"/NEUB IEAH 200 4T SGLT 1 A #8 B 4
% (lotus tetragonolobus lectin, LTL ) A9 5% %¢ )G
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IMi7E PKDI™" /N 248 ' 41 20 SGLT 1 £k T
PERDAT B T R AN b, R R EE RIS e, S5
LTL #6433t 4, 278 SGLT1 7 £ 38 1 e 4 3%
FIRTREM AT B I f a0, H S5 Mh ek L iz 4 it
e A R NE SR IR TE G

50 pm 50 pm

20 pm
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50 pm

100,um

A

200 gm

B2 HmEwELEatill SGLT1 £ SRR PN

Fig 2 Distribution of SGLT1 in kidney tissue detected by immunofluorescence staining

A, B: Kidney tissues of ADPKD patients; C, D: Human normal renal tissues; E: Kidney tissues of PKDI ™" mice; F: Kidney tissues

of PKDI~'~ mice. “A” indicates renal medullary region. SGLT1: Sodium-glucose cotransporter 1 (red fluorescence); DAPI:

4’,6-diamidino-2-phenylindole (blue fluorescence); LTL: Lotus tetragonolobus lectin (green fluorescence); ADPKD: Autosomal

dominant polycystic kidney disease; PKD1: Polycystin 1, transient receptor potential channel interacting.
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0.6

#ok
0.4+ o

02+

0¢ T

< 021 < 0.4
g o1} g 03
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B3 MTT LK MIZA 3t 0X161 1 UCL93 4 A58 A # N
Fig3 Effect of MIZA on proliferation of OX161 and UCL93 cells detected by MTT assay
A-C: Inhibition rate of MIZA on the proliferation of OX161 cells at 24, 48 and 72 h; D-F: Inhibition rate of MIZA on the proliferation
of UCL93 cells at 24, 48 and 72 h. "P<<0.05, "P<<0.01 vs 0 umol/L MIZA group. n=5, X+s. MIZA: Mizagliflozin; MTT: Methyl

thiazolyl tetrazolium.

®2 EHEEAEZRER

Tab 2 Results of colony formation assay

n=4,xxs
Hem MIZA/(umolL™")
0 25 50 75 100
0X161 cell
Formation rate/% 0.78+0.08 0.70£0.06 0.554+0.08" 0.48+0.08" 0.354+0.08"
Average area/im’ 626.6160.8 625.2463.6 239.8449.5" 289.2461.6" 169.0+40.6™
UCL93 cell
Formation rate/% 0.86+0.05 0.82+0.07 0.604+0.06" 0.60+0.06" 0.48+0.08"
Average area/m’ 576.6435.9 493.7449.7 481.1+36.9° 416.3+67.0" 358.34+43.7"

'P<C0.05, "P<<0.01 vs 0 umol/L MIZA group. MIZA: Mizagliflozin.

2.4 MIZA ¥4 & b 75 s F= £ K MDCK 4 ffd 1)
3D B WS S AEAR AL T RN B R (1K1 4)

SR MIZA X240 B 2 b 04 72 RN A HAT F ]
VEF, TEARMERE (0. 25, 50, 100, 200 pumol/L )
MIZA /£ F T, MDCK 40 Jits % b & 42 5 5l o~
(1383+46.2) . (131.0£519) . (113.8429.6) .

(1042+34.7) 1 (484+12.0) um, 7 MIZA 50~
200 pmol/L ¥ FETEHI PN, MDCK 4l il 42 i E1 45 14 i

45/ (P<0.05 8 P<<0.01) .

2.5 MIZA B4 % & Famfaeg e 446 qPCR kil
g1 R, 0X161 4 fig th Colidl, Col341, FNI
mRNA (AR T UCLI3 4 (14 P<<0.01) ;
JimA 100 umol/L MIZA %% 55 48 h J5, OX161 41 fits
t CollAl . Col3A1. Fnl mRNA FFEAREC (1
P<0.01) . W& 3,
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MIZA/(umol * L")

20 um

50

100 200

20 pm

B 4 3D ERPFESSIE MIZA XF MDCK 4 if1 52 B2 B A A5 < B 22T

Fig4 Effect of MIZA on cyst formation and development in MDCK cells detected by 3D cyst formation assay
MIZA: Mizagliflozin; MDCK: Madin-Darby canine kidney.

F£3 MIZA XTI XEERIZRZ M
Tab 3 Effect of MIZA on expression of cell fibrosis-related genes
n=3,x%s
Cell CollAl Col341 FNI
UCL93 1.0040.39" 1.0040.18" 1.0040.18"
0X161 26.45+3.79 19.02+2.48 2.134+0.42
0X1614100 pmol/L MIZA 11.76+£2.02" 8.67+1.43" 0.9940.25"

"P<0.01 vs 0X161 cells. MIZA: Mizagliflozin; Col: Collagen; FN1: Fibronectin 1.

2.6 MIZA T #& i@ it PI3K-Akt., MAPK i@ 3% 47
W % &R e i 44 38 i mRNA-seq i 1
UCL93 41 fill Fi1OX161 40 ffd, OX161 41 il F1 100
umol/L MIZA ¥ 5% 48 h ) OX161 2 119 2% 57 ik
FE, 455 W8 OX161 4i il f1 UCLI3 41 i 4
4994 NEEFFGRIEH, Horh 2 361 ARk 1,

2633 A~ FE K 38R 1E, OX161 41 Jifg £ 100 pmol/L
MIZA }57# 48 h ) OX161 i diAT 153 PERFRAFE
(A, Horf 123 AN BT L 30 R IE (1 5A)
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Fig5 Analysis of mRNA-seq data to predict the mechanism of MIZA
A: Heatmap of differentially expressed genes between OX161 cells and OX161 cells treated with 100 pmol/L MIZA for 48 h (OX161-M);
B: KEGG enrichment analysis of differentially expressed genes between OX161 cells and UCL93 cells; C: KEGG enrichment analysis
of differentially expressed genes between OX161 cells and OX161 cells treated with 100 pmol/L MIZA for 48 h. MIZA: Mizagliflozin;
KEGG: Kyoto Encyclopedia of Genes and Genomes; PI3K: Phosphatidylinositol 3-kinase; Akt: Protein kinase B; MAPK: Mitogen-
activated protein kinase; NOD: Nucleotide-binding oligomerization domain; TNF: Tumor necrosis factor; NF-kB: Nuclear factor k B;
ECM: Extracellular matrix; AGE: Advanced glycation end product; RAGE: Receptor of advanced glycation end product; IL-17:
Interleukin 17; Th: T helper cell; ErbB: Epidermal growth factor receptor; RIG: Retinoic acid-induced gene.
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