saRNA #i& ABCG2 3RiA & 58 & F0 Bz 20 Be HE it BR B8 B0 A 3%

RV, BASY, ', REER, KER', KT (L H oA R EEAEE S AT YRR TS
266071 ; 2. F SRR B A B g 2r &, IR 5 266011 5 3. LA B BOE B AR 4Bt , 35 Rg 250103)

WE.BM 55k AL isE RNA (small activating RNA | saRNA) 3¢ 3% ABCG2 4 B & 1% 53§ W 2 foL e ik 8% (uric acid, UA)
EORA) %MM&V UA 3 tg 23— KB A NA M, FiE Rt d ) A A ABCG2 3 B 45 saRNA, 2 4s B8 b &
2 B, ( TCMK-1) Ao A b & 2m i (HK-2) 4w gL, 3% 5 -5 6B 4% K5 (RT-qPCR) #» Western Blot % it 2% i 7% 3t 3 44 saR-
NA ; #6332 3% 7 saRNA 3% 3% TCMK-1 f= HK-2 2mfe ki UA 69 VE R, 7% 2 49 saRNA i@ i3 Bk 124 & Sk 8% f2 9% (hyperurice-
mia, HUA) AR ]S &, , 4] fo & B2 (serum uric acid, SUA) | f B B2 (urine uric acid, UUA) i UA | f2 fxZ & (blood urea nitro-
gen, BUN) #o f2 7 JUEF (serum creatinine, SCr) A~ , vA B AT IE # "% % &AL B4 ( xanthine oxidase, XOD) #& M, 363E BF i saRNA {2
it UA B9 1E R, AN - g €0k (H&E) & LR EA DR L, RT-qPCR, Western blot #= %, J& 2810 547
BpiFe N ABCG2 AR Ak KT, R 743 A A ABCG2 saRNA & 2 4, 454 4 % saRNA-1/2 #= hsaRNA-1/2 , 4%
4542 % TCMK-1 #= HK-2 %m e, ABCG2 H B #5 &35 (P <0.05) 423 i 1) UA e (P <0.05) , saRNA-1/2 4645 4% % HUA A A
)& UUA #fpif UA 48 (P <0.05) , B4% SUA, BUN #= SCr 44543 (P <0.05) , % & HUA st Bl I ed 55 . saRNA-1/2
ﬂg? O RUEMEFe 5 ABCG2 B R 64 Fk e s s RAFIE P XOD 6 A 2% a(P>0.05), it Fiifided saR-
A #9538 & ABCG2 3 B 84 F ik, SR sk fm i W A s SR 9 UA 89 HE | 4K SUA K,
%ﬁiiﬂ s B AR BR S 5 BRBR ;)N igE RNAABCG2 A B K ik
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Enhanced Expression of ABCG2 by saRNA increases Uric Acid Excretion of Renal and Intestinal Cells in
Mice

JIA Shaoping' , GE Keli’, YANG Liu', ZHANG Zhixia'® , ZHANG Jinyu', GE Yinlin'* (1. Department of Biochemistry
and Molecular Biology, School of Basic Medicine, Qingdao University, Qingdao 266071, China; 2. Department of Immunology, School
of Basic Medicine, Qingdao University, Qingdao 266011, China; 3. Shandong Institute of Commerce and Technology, Jinan 250103,
China)

ABSTRACT :OBJECTIVE To screen and study the effects of small activating RNA (saRNA) enhancing the expression of ABCG2
gene on renal and intestinal cell excretion of uric acid (UA) to explore a new type of therapeutic mechanism drugs to promote UA
excretion. METHODS saRNAs targeting mice and human ABCG2 genes were designed and screened by real-time quantitative reverse
transcription PCR(RT-qgPCR) and Western blot in mice TCMK-1 and human HK-2 cells. The effect of the selected saRNA on the ex-
cretion of UA was examined in TCMK-1 and HK-2 cells. The mice saRNA was injected into the tail vein of hyperuricemia ( HUA)
model mice. The levels of serum uric acid (SUA) , urinary uric acid (UUA) , intestinal uric acid, blood urea nitrogen (BUN) and ser-
um creatinine (SCr) , and the activity of liver xanthine oxidase (XOD) in the mice were detected to verify the ability of selected saRNA
to promote UA excretion. The pathological changes of kidney and small intestine were analyzed through H&E. The expression of ABCG2
in kidney and small intestine was analyzed by RT-qPCR, Western blot and immunohistochemistry. RESULTS  Four saRNAs targeting
ABCG2 were selected, 2 for mice and 2 for human, named saRNA-1/2 and hsaRNA-1/2 respectively, which increased the expression of
ABCG2 in TCMK-1 and HK-2 cells (P <0.05), and promoted the extracellular excretion of UA (P <0.05). In HUA model mice, saR-
NA-1/2 increased the levels of UUA and intestinal UA (P <0.05) , reduced the levels of SUA, BUN, and SCr (P <0.05), decreased
the damage of HUA to kidney and small intestine, and enhanced the expression of ABCG2 in kidney and small intestine, but did not show
significant effect on the activity of liver XOD (P >0.05). CONCLUSION The selected saRNAs could enhance the expression of
ABCG2 and promote the excretion of UA in cells and mice, reducing SUA level.

KEY WORDS:: hyperuricemia; uric acid; saRNA; ABCG2; gene expression
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PRIZ (uric acid, UA) i BEW A2 7 1, i
JH I o ) 2 122 & 45 1L i ( xanthine oxidase, XOD) 4
A= A, 2 LL R PR IR R 1 I8 2 i i 5 b Y
MLTE HPATER . YPLA UA P e
UA R BEATIN , 25 5 20 IR IfLAE ( hyperuricemia,
HUA) i) k4, ML /R BR (serum uric acid, SUA ) ¥
JE R AR AR B, 25 LSRN R IR 3k i B TR
ST RIS JH B AR 4, R KU (gout) B i
W (allopurinol ) | JEAfi #] th ( febuxostat) | %R By [
( benzbromarone ) 21l & _F FH TR SUA B AP
258 X283 Tk 25 W) B 1) XOD | B4 fm)
BN & IR BR ¥% 18 ¥E H-1 (urate transporter 1,
URATL) #5445 A i 2 mFE T o ik F-3k BA
MR =Yg Wi NG e N TR ) 8

B AN UA HE ) 2288 5, AR 2f
2/3 i) UA VB EHEME, 29 1/3 11 UA Ml ek o
UA HEEA B2 5 30 HUA (9 EEEFE . = mi
FLEEHaE A G BFJFE N 2 (ATP-binding cas-
sette superfamily G member 2, ABCG2) 2—FhE &
fIREE e E &, EEAE B IR NG ks
X PRERER AR G 2 . e RS ABCG2 KA
HYZIR , AT LAREAR SUA (HZ AT 4 2 ABCG2 [ 11
TR A AR INE

FIFH/ NG XU% RNA $2 55 B 95 0 5%, A
T R 0f LA i 2R08 o iX R IR Pk RNA i
75 (RNAa) ™ 5 Ff 7 RNA 35 FR A small activating
RNA (saRNA)

TEABETE R,y TR YT HUA B2 K
FCALH AT 5T 1 48 )/ BTN ABCG2 Sk
S 381 ) saRNA, 6 e/ BUE /N B R 20 i
(TCMK-1) M /NE b B 4 (HK-2) , 35 AB-
CG2 BEPR R, Kl TCMK-1 1 HK-2 41 g i
UA YVERT, AR X HUA BB/ INE, UA &5 5 A2,
3BT/ BB R SR 212 ) s B2 AR A, DL
WE ABCG2 JERAE IR 7R WU #E s Al 74, S JF
TR A2 1) B4R S5 At

1 # #

SPF 2% KM /NG, MR 4 JE i (R RE 18 ~20 ¢
[ 10 52 9 sh W) B F A BR 2\l 5 TR S
SYXK (£8) 20200009 ] ; /] Bl TCMK-1 4 fifd (#5176 =F
A R AT LA 1) 5 L HK-2 200 0 (75 5 A2
JEm BB E AR T ) o

JiG 4 L3 ( Gibico, 38 ) ; B 25 (1 i-EDTA 74
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AT NGRS IR T 1 Vi DR AN { W T g =
Yt Marker k2% % G254 MonSeript™ RT TIT Super
Mix with dsDNase (Two-Step) MonAmp" Fast SYBR ®
Green qPCR Mix( SN EYIRHA RA ) s UA KR
A (BUN) JJLAF(SCr) XOD #5350 & (g st i
P TAREWTFEIAT BRZA 7] ) 5 Trizol (b 5T U3 AE Wy Rl
A BN 6] ; Entranster " -R4000 . Entranster™ -in vivo
(Aemrsets BAEMFHA R AR ) s 2 anti-BCRP/
ABCG2 #i & (abcam, ¥ [H ) ; 7K W I & ( Excella
GmbH, B ILJeXT il ] 2547 BR A W) ) 5 AR IR 5 R
BT AER N ( B2 se KA AR TR A D) o

2 /7 &
2.1 saRNA %1t

T [ A W15 5 0 (NCBI) A 45/ BRI
JCABCG2 JLH B DNA 91, 16/ L ABCG2 3L 1
3l EJi 200 ~800 bp P, &t 9 4> saRNA 7471, fii
%4 saRNA (1 ~9) ;75 N ABCG2 B [H )3 3l ¥ b 1iF
200 ~1 000 bp Wil 3 4> saRNA £ %, v &4 K
hsaRNA(1 ~3) , Z4EA TAEY TR ( BiF) B A
FRZA A G AL saRNA 371 K B XS BRF 31 . 9 945
B#EL~2,

®1 DE/NHIE RNA(saRNA) 771
Tab.1 Mice saRNA sequence

Number Sequence
saRNA-1 5'-UGUCUGUGUGUUCACAGCACATdT-3’
5'-GUGCUGUGAACACACAGACAJTAT-3’
saRNA-2 5'-CCACAGAAACUUGGUUAAGGATAT-3’
5'-CCUUAACCAAGUUUCUGUGGATAT-3’
saRNA-3 5'-AGCCAGGAAGACAUUUCAGCATAT-3’
5"-GCUGAAAUGUCUUCCUGGCUATAT-3"
saRNA-4 5'-GGCCTCCTCTTCTGCACATATAT-3"
5'-AUGUGCAGAAGAGGAGGCCATdT-3"
saRNA-5 5"-ACTAGTGTTTGAGACCCAAdTAT-3’
5'-UUGGGUCUCAAACACUAGUATT-3’
saRNA-6 5'-TCACCAACCTCAAATCCAAATAT-3’
5'-UUGGAUUUGAGGUUGGUGATAT-3"
saRNA-7 5'-GACUCUGAUUCUCUGUAGAAAJTAT-3’
5'-UUUCUACAGAGAAUCAGAGUCATAT-3’
saRNA-8 5'-UUAUACCCACCAAGUCCACAAATAT-3’
5'-UUGUGGACUUGGUGGGUAUAAATAT-3’
saRNA-9 5'-GGCAGGAAGAGGAUACUUUAAATAT-3’
5'-UUAAAGUAUCCUCUUCCUGCCATT-3"
ncRNA 5'-UUCUCCGAACGUGUCACGUATAT-3’
5'-ACGUGACACGUUCGGAGAATAT-3’

2.2 iR R AL
# TCMK-1 1 HK-2 i LLAEAL 1 x 10° 4>, $57h
F 6 fLMh . HANIL A R E] 40% ~60% B, $ 1
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&2 A saRNA 77|
Tab.2 Human saRNA sequence

Number Sequence

hsaRNA-1 5'-CAAGCAUCCACUUUCUCAGATAT-3’
5'-CUGAGAAAGUGGAUGCUUGATT-3"

hsaRNA-2 5'-AGACGAGGUACUGAUCAGCATdT-3’
5'-GCUGAUCAGUACCUCGUCUdTAT-3"

hsaRNA-3 5'-CAGGACACGUGUGCGCUUUATAT-3"
5'-AAAGCGCACACGUGUCCUGATAT-3’

ncRNA 5'-UUCUCCGAACGUGUCACGUATAT-3’
5'-ACGUGACACGUUCGGAGAAJTT-3’

RNA #J4%| Entranster " -R4000 1B 45, #4 ¢ saR-
NA J751) e B3 5 18 5] (289 B 100 nmol = L71)
AEATAT AE 3 25 LR B

2.3 RT-qPCR # | ABCG2 mRNA # 4%

JH 1 mL Trizol 7 M\ 6 LAk 5 2H 24 r £ B
RNA, #% 88 MonScript™ RT I Super Mix with dsD-
Nase (Two-Step) UtBH 45,8 1 ng & RNA Wikk 5% h
cDNA, F% I MonAmp™ Fast SYBR ® Green qPCR
Mix 1250 I 5, 38 1k RT-qPCR A6z 24 Jfd 2l 2H 21
H ABCG2 mRNA y£iE+ . UL GAPDH fE NN,
FIF SRR 3,

%3 RT-qPCR 3| % 5 7).
Tab.3 RT-qPCR primer sequence.

Number Sequence

Hum ABCG2 Forward: 5'-GAAACCTGGTCTCAACGCCA-3’
Reverse: 5'-GGTCGCGGTGCTCCATTTAT-3’

Hum GAPDH Forward: 5'-GGTTGTCTCCTGCGACTTCA-3’
Reverse: 5'-TGGTCCAGGGTTTCTTACTCC-3'

Mus ABCG2 Forward: 5'-ACTGAAGAAGACGGTGGATGCT-3’
Reverse: 5'-GTTGTCCGTTACATTGAATCCTGG-3’

Mus GAPDH Forward: 5'-CCTCGTCCCGTAGACAAAATG-3’
Reverse: 5'-TGAGGTCAATGAAGGGGTCGT-3’

2.4 Western blot # I ABCG2 & &1 1y %k 35

T 200 WL & A 2 F BE i 57 A9 RIPA 40 it
S, AN M B2 2R b 4R IRV L, BCA IE |
TR . F TR 23550 10% P 4 T fi 356 J
i##4T Western blot 3254, L FA£20 ~30 wg il Mo
L B-actin N Z, JHranifisil4ih ABCG2 EH
M ZRIBTEI
2.5 #pACFHE UA L5

K fe T 6 LB, TCMK-1 40 i 43 4 25 1
ZH(BCG) ., UA 4 (UA) . UA + saRNA-1 4H (UA +
saRNA-1) ,UA + saRNA-2 4 (UA + saRNA-2) ;&

FIE 22k 2024 4 4 H 5 59 45 8 M)

UA +saRNABES W FH2H (UA + saRNA-1 +2,saRNA-
1 Fi1 saRNA-2 £ 50 nmol - L") ;HK-2 40 a4 R 2s
FH4H(BCG) \UA 4H(UA) .UA + hsaRNA-1 4{ ( UA +
hsaRNA-1) .UA + hsaRNA-2 2§ (UA + hsaRNA-2)
UA + hsaRNA B¢ & N F 41 (UA + hsaRNA-1 + 2,
hsaRNA-1 #1 hsaRNA-2 & 50 nmol - L7'). 4fififg
B9 saRNA 96 h Ji5, K 6 fLAk iy 58 42 B 77 Bk 2
Bl & A 400 pumol - L' UA (Y58 85 553, i 48
HALAS A & UA 1Y 58 42 85 5% Bk, 7 48 22 85 5%
24 h, I T e Ak Wi 4R A i, PBS K 40 i
B OTRVE 3 UG, THEOR [R]85 1Y 4n i (29 20
TA) B IITVE, A 30 wL ik, PR 5 vk i
FE4IME . 12 000 1+ min ™' B0 15 min B L. F
FH UA Fil 750 &, /D B3 o UA 19 & &, R
R B SRRk rp UA 56
2.6 mRBAME/NRAERNESLRET

4 Ja iy KM /) B I PER IR 1 RS, 8 25
SPF 2% KM /N FEHL 732 5 4l 20 5l s B 4l
(BCG) FRAIZ (MG ) ,saRNA-2 4] (saRNA-2) ,saR-
NA 5 I HIZH (saRNA-1 +2) GRS [E2H (BEN) ,
S Ho ASHA/DEOEF AR E, R HEE
5 AL SRR 0. 5% R H LT e R A il 152
T4 .saRNA-2 4] .saRNA-1 +2 4] BEN 4] ¥ #468)
RE (CEA 10% BERE +10% ol +80% SEafifalkL) ,
FHAEH L 250 mg - kg™ SRR B W M o BEN
A HWEE R G, i 6.5 mg - kg™’
saRNAZT K saRNA 35f 4% 2 4 4 5% 4 i 5] ( Entran-
ster ™ -in vivo) 5, LA 2 mg - kg ™' 4R 3@ o BB R K
TR 2R 2 8 3 RTESE 1, JLvEat 6 . i
10T 32230 do BAIRDILER /N B AR ROIRES, IF g 5%
LNy
2.7 HAMXE

TERAEEE A ,/INRAE K AR 10 h, SR 5t iR
HEE JB I MAT4 10L 77 5 368 3k SR/ DS BRUBS G DR, SR /N B
PR /NRALFE S, 57 R BN BN O 48
= BgER sy ) A 48 EuiE A 1 mL A 3R
K IR B R S S /N N A o B0 BV JIE A1
B, — o BT 4% 2 R W R, &R EE i
) s — A8 E T - 80 CIRAF. BUNRFIE, &
T - 80 T4
2.8 A fuFEArE RN

BUS B MK 4 C#E 2 h 5,2 000 r + min ™' &
O 10 min, DIAF BTG o /N NP A/ U W LA
5000 r + min "' B0 15 min, Y8 FiE. K SUA .
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JRIRFR (UUA) \Ji& UA \BUN SCr %4847
2.9 NEBE BTN A E LA
/NERARFE NS, BOIN BB TR 1 g, ] 4% 22 5
T 8 o, AT A5 wm JEZEY) H L A ) A 4
SN INCRI Wi N S NS AN EA RS N T )
AR R, DL AT SR AR K- (H&E) e 5,
Caseviewer 2. 3 B 22704k,
2.10 REERNGHR ex AR fFRE
RS B ek B 3 PR P R AR
fil Bos e &2 5, R I £ . ) ABCG2 —#it
(1:4000) #iEMFE | hJ5,4 CHR, TKHEF
TP, EEBCOR M PO ER R (DAB) 1 A5 A TR
AKGE G, 2K o FIH] Image-Pro Plus 6.0
HEAT Sy LA IR BE 3 A
2,11 AFpE R S B VE A
HERIPRIBUN BT IEHZ 1 g, ITA 9 mL A= B Eh
KR FHHLWHEAAE 4 C AT, se 593K, il &
B 10% 1513 W o 3 000 ¢+ min ™ B5.0 15 min, Y 4E

2N

U e AL 2 XOD {5k
2,12 GitFa

FIFH SPSS 26. 0 Ge it B A4 #4780 ds 43 A , 45
FIRA (x x5) o R R I 2250 Hrib A7 240 L
B, R LSD-1 K S - AT A 7 L. P <0. 05K
2R BEA GRS
3 & R
3.1 A2 E ABCG2 3L H 5 35 By saRNA i it

FI| ] RT-qPCR F1 Western blot X Fffi5& 11 (14 1]
/NI ABCG2 FER ) saRNA #1471 i , 45 R
W 1, B 1A ~ C FF7R R/ saRNA §ifi 6 2%
saRNA-1 4], saRNA-2 4| ABCG2 mRNA (P <0.01,
P<0.01)FfIZEE (P <0.05,P <0.01) [ ik B
T, saRNA-1 +2 §2 5 ABCG2 2 1Rk 1 fE
B (P <0.01), & 1D ~F A hsaRNA i ¥k 4%
£ hsaRNA-1 20 F1 hsaRNA-2 2 ABCG2 mRNA #lI
FEHFRB R RS (P <0.01),

A B s 4 C
< 4 o k=
Z B 2) ¥ v’\x g 2
E _ & _
& 2) o O & & F e 2
Sy F & E ¢ Sy
o 2 o5 2 1)
28 28
E o B-actin | e— — --—‘ 42x10° E‘j "
GO >V D XH bAND D () () hx > v
FEFIF IFF FIFF Y § & ¥ 5 X
. SUEEESSSSSS S5
&) FIFFFF FSF F B £ &
<
5
= 4 D =) - 2.0 2) 2) F
< 5 2 ST
g 3 o o @Y’ @Y’ @Y‘ £ 15
g (9 C &P &P S o
IS R N 5 ¥ O S
g’ | e
3 ABCG2 75%10 2%
& practin [ S W W | 2<100 S 05
= R IR A B © (& D> DB
R P P APl g
PO RN & & &

A ~C = /NE ABCG2 3P saRNA US4 55D ~ F — A ABCG2 $E[H saRNA [Fifi 45 BCG - 23 I RRZH sNCG - BHIEATREZH ., 5 NCG A EL; P <0.05,2P <0.01,

A - C - screening results of mouse ABCG2 gene saRNA; D — F — screening results of human ABCG2 gene saRNA ; BCG - blank control group; NCG - negative control group.

P <0.05,2P <0.01 s NCG.

1 ABCG2 #HF /R

N b R 4 B (TCMK-1) o A /N4 b B 2 (HK2) P R A WL, n=3,% =5

Fig.1 Expression of ABCG2 gene in TCMK-1 cells and HK-2 cells. n=3,x +s

3.2 saRNA ¥ | B3 N\ 40 iz W
B A 2R % 1) saRNA §% 4 TCMK-1
dif. 25 R 2, 45 R BoR, ARG A
saRNAH T4, IF HRB i e 7 T4 b, 40 i
B G BE LA o P S 5, BB saRNA 224512
FIRAHMIAZ N
3.3 saRNA fR3t§ /N8 b & a4 UA

FIH UA £l 128 77) & %) TCMK-1 1 HK-2 41 fif]
N IS 5 i UA 3047 20 8, 45 SR LI 3,
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A~

Kl 3A.C WA B N UA & H. /b Bl saRNA
(saRNA-1, saRNA-2 ) F1 A\ hsaRNA ( hsaRNA-1,
hsaRNA-2) 73531 i {35 %1% TCMK-1 F1 HK-2 41 Jif2
N UA &8 (T P<0.05), saRNA Bt 5 W i
(saRNA-1 + 2, hsaRNA-1 +2), H &K TCMK-1 FiI
HK-2 P UA EHRE R (g P <0.01) . &
3B.D R4 sh (B FRH) UA & . BRas B AN
A TR UA DR N AMARR 22 5 B, B R 0k
o UA & S 3CA R 2 22 57

T 25 e
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White light photo

Fluorescence photo

A =FE saRNA-T FELRMLH HYSE A 5 B - FE saRNA-2 AR AYREN ; C - 5 saRNA-1 Al saRNA2 AEANAE H 9IS A7 o

A —location of fluorescent saRNA-1; B —location of fluorescent saRNA-2; C —locations of fluorescent saRNA-1 and saRNA-2 with co-transfection of saRNA-1/2.
B2 7%t saRNA-1/2 # % TCMK-1 5 £ 2 L, 10 o % fir

Fig.2 Location of fluorescent saRNA-1/2 in TCMK-1 cell

¢ (UA) TCMK-1/pmol L™

¢ (UA) in HK-2/umol-L"!

A - R[4 2 TCMK-1 4iffa ) UA 24k B - R [a] 4b B2 TCMK-1 a4 Frdk UA ks C - RIRIAL A HK-2 4Affup UA 34k D — AR[RI4E B2 HK-2 404k

30+

20+

40+

20+

&

N\

¢ (UA) in medium/pmol-L"!

¢ (UA) in medium/pmol.L"!

50 pm

600
400
200+
- -
-G
%&,
N\
600
400 —
200
0 - mE_
-G
@L

Bigadtrh UA 8t 528 FOu BG4 LEE, D P <0. 0155 UA + BIPExT IRZLAH L, 2 P <0.05,3) P <0. 01,

A - intracellular UA content of different treated TCMK-1 cells; B — UA content in extracellular medium of different treated TCMK-1 cells; C - intracellular UA content of dif-

ferent treated HK-2 cells; D — UA content in extracellular medium of different treated HK-2 cells; P <0.01, »s BCG; 2) <0.05,3 P <0.01, vs UA + NCG.

B3 TCMK-1 2 HK-2 4@l WAnsm A sr St p W R (UA) 2 8. n=3,x £s

Fig. 3 Intracellular and extracellular uric acid contents in TCMK-1 cells and HK-2 cells. n =3 ,x s
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3.4 saRNA 3 7% HUA # & N HE UA

FIF UA GG T /N B SUA (UUA DL
Jai& UA, 2503k 4 K4, 525 4IAH L, BRI
SUA(P <0.01) .UUA(P <0.01) filjif i UA(P <
0.05) & & W] & F+ &, 156 W] HUA /)N BRU 2 B B )
saRNA #H (saRNA-2 4 . saRNA-1 +2 2, T [a]) SUA
(P<0.05,P <0.01) B @ F%i, UUA(P <0.05,P <
0.01) i3l UA(P <0.05,P <0.01) I BT+, 5
saRNA-2 20 #H [t , saRNA-1 +2 2 SUA & & H A,

UUA FifiziE UA &9 5. U] saRNA %3 5
BRI 7B Y UA HEHE, DT R AIG SUA it 25 1
W34,

800

150 600 1)

100+

¢ (UUA) /umol-L"!

¢ (SUA) level/umol L'
@
(=]
L

o
I

X
&
B

A - 4N SUA 555 B - 441 UUA £ 8 C - 24U NERUBIE A UA & i 528 DG IRAL L, D P <0.01

A - SUA content of each group mice; B — UUA content of each group mice; C — UA content in intestinal contents of each group mice;

3P <0.01, vs MG.

B4 &4/ E R B R A UA &

g

=

x4 AHNBME RBAKGE NG T UA & &,
n=5,x+s
Tab.4 UA content in serum, urine, and intestinal content of

each group mice. n=5,% s

c¢(SUA) c(UUA) ¢( Intestinal UA)
Group
/;14r1'1()l-L'l /;14r1'1()l-L'l /;14r1'1()l-L'l
BCG 92. 14 £21.70 392.52 +23.96 405.2 £30.98
MG 156.94 £22.54 1) 550,07 +27.74 1) 459.12 £27.4 1)
saRNA-2 125.98 £17.02 2 590.93 £20.66 2 503.53 +29.63 2)
saRNA-1 +2 109.66 £17.77 3)  600.96 +21.87 3)  521.82+23.53)
BEN 127.84 +16.68 2 591.39 £23.05 2)  468.90 +25.36

T 5 AR, D P <0.01; SHURAIMIH, 2 P <0.05,%) P<0.01,
Note:!) P <0.01, vs BCG; P <0.05,3) P <0.01, vs MG.

B G
600
) 3y 2 -, 2 3
3 500 D
=]
2
S 4004
=
£
$ 300
E
200
A a A
VP @‘5 Q}Co R Q)Q'%
¥ & &

SRR, 2P <0.05,)P <0.01,
NP <0.01, vs BCG; PP <0.05,

.n=5,x%s

Fig.4 UA content in serum, urine, and intestinal content of each group mice. n=5,x £

3.5 saRNA %1% HUA /) § BUN #r SCr

A BUN F1 SCR i & A I 1 4% 25 /1 BRI 775
o BUN ., SCr [ & &, 25 52 132 5, K 5. saRNA 4
BUN(P <0.05, P <0.01)#1SCr(P <0.05, P <0.01)
TR TR, 5 saRNA-2 414 E, saRNA-
1 +2 ZHBUN 1 SCr FH 3k, UiH] saRNA FRfE L
BUN #1 SCr iyt . SHIAIZHAH LK, BEN 41 BUN Al

SCr & HEIA TR, MIEEER RS,
RS AH/PEMFEBUNFSCriN4E. n=5,x+s
Tab.5  The content of BUN and SCr of each group mice.
n=5,x%s
Group ¢(BUN)/mmol + L.~} ¢(SCr)/pmol - L =1
BCG 6.72 +0.35 30. 14 +2. 64
MG 8.36+0.35 1) 40.62 £2.22 D
saRNA-2 7.76 £0.28 2) 37.57+1.83 2)
saRNA-1 +2 7.42 £0.40 3) 35.41 +2.00 3
BEN 8.30 £0.42 41.26 £1.41
G AR IR R, D P <001 R4, 2 P <0.05,P <0.01,

Note: P <0.01, »s BCG;2)P <0.05, 3P <0.01, vs MG.
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3.6 saRNA &R NE AR A

S50 3 AR e S A5 A /N BRUR MR B R AR K
ARES, DAWFST saRNA Xt /N BRI RE i, 25 5L 0L 3% 6
5K 6, SLigs e AN BUR R B KA T
HibdH, HHHE &S TFESA4 /MR (P <0.05),
BEN 21 /)N BRU7E S 30 45 AT, /1N BR300 1 22 g
BARIAR | B o RURE S IR, IR 0T R T R, IR
HE R T4 (P <0.05) F1f &4
(P<0.01)/Nilo saRNA 24/ FUR G & 55 A
ZH AR ZH A L 22 S RS 24 X, FURSE #iR A

R, B 003t 5=, IR E . & g R
ke,
3.7 saRNA B¢ 34 AN B 6y B B o /D i 40 48 0% 2

Hits

R T kM HUA X708 BUB I AN G
Wi, 25 4l /N BB IE A NI A A b0 R it AT T
H&E Jett , 525 LA A0 e, SRV BUE /NS
B2 B HE 5 ZE AL, BN R R R AR A B
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A —the BUN content of each group of mice; B —the SCr content of each group of mice; DP<0.01, vs BCG;2)P <0.05, 3P <0.01, vs MG.

BS %4/ i BUN # SCr ty 4 .
Fig.5 The content of BUN and SCr of each group mice. n=5,x +s

n=5,x+s

x6 HYNBHABRPIELADRNETELN. n=5x%s

Tab.6 Body weight changes of mice in each group during treatment. n=5,% +s
t/d m(BCG) /g m(MG)/g m(saRNA-2)/g m(saRNA-1 +2)/g m(BEN)/g
0 34.84 +2.49 34.30+1.75 34.04 +1.01 34.36 +1.74 34.02 +1.09
10 40.36 +2. 11 40.46 +1. 65 40.26 £1. 19 40.20 +1. 67 40.34 £1.43
20 43.04 +1.52 44,84 +1.52 44.46 £1.36 43.86 +1.78 42.42 +1.59 2)
30 45.04 1. 64 47.86+1.18 D 46.32 +1.67 45.88 +1.69 43.74 £1.10 3

A AR, VP <0. 055 SR AT 1,2 P <0.05,%) P <0.01,
Note: )P <0.05, vs BCG;2 P <0.05, 3P <0.01, vs MG.

BCG
- MG
~¥- saRNA-2
—@- saRNA-1+2
-e-BEN

50

45|

3)
40 —

mlg

354

30 T T T T

t/d

578 X IRAUATEL, 1P <0. 05 SHUBALMIEL, D P <0.05,%) P <0.01,
DP<0.05, vs BCG;2P <0.05, 3P <0.01, vs MG.

Be6 ZHARLBRFEANANETELN. n=5,2+s
Fig. 6 Body weight changes of mice in each group during treat-

ment. n=5,x x5

BENERIPAK, B /NVE KIS L, WL TA. SR A
FALE , BRI/ INMB AR b B AL HRSZE AL, /N
HEMK B, WK TB; SGER A L, saRNA 41
N IR/ NI 4 3 58 475745 2 ) 2 2403 s BEN 4 45
BRERUZE /N BRURH EL 5 JEE AR/ 2 2 ) 453 B A ™

3.8 saRNA # & /BB I 5 /N ABCG2 3
&k

F|FH RT-qPCR ,Western blot 14052 2H AL K5 4%

FIE 22k 2024 4 4 H 5 59 45 8 M)

/NG AN ABCG2 mRNA 1R [ 3235 7K
VL a5 WL 8, 5B A A L, 7E /D BB E
(B 8A ~C)FI/Nig (& 8D ~ F) 1, saRNA-2 2H fl
saRNA-1 +2 2 ABCG2 mRNA F1%& 132357k -0
TheE . FEEIEH, ABCG2 HE [ 240K Tl o /1y
B ER MR B (& 8G) o TE/NMizH, ABCG2
B FEFRIN TN b B 20 00 T a8 B ek 2% (1A
8H) . EfHr& U] (& 81.J) ,saRNA B g Jg o |
B HEFI /NG o ABCG2 3Rk, X5 Western
blot fZ5 R —54
3.9 saRNA £ %/ EAFE XOD ¥ 1

BT UA E2 6 e XOD fifb = A=, 1l
XOD 2t 5 45 I 4% 2 /s BRUFIE H XOD iy 3% 1, LA
Kl saRNA X XOD & PE 52 m . 45 1 3% 7, A
9, Sas M, BRI (P <0.05) /) B HE
XOD & VEI] o, ix SRR SUA & A —
. saRNA 2 SR AH L, /N BURFIE XOD {22
SEGIFE L. UL saRNA F1 BEN X /)N iR JIE
XOD JHHEA R . ML R R T,

4 7 i
KA HUA & S8 2 Flogc i & AE, LRI 2
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A - F AR ENEHS HEE Je @R RAHTL - B/ LNk - B/ME B - K4S HIE Qe@EER AN % - /NMagiE; 2005k - /Mot L%

Eiji U

A — H&E staining results of kidney tissue in each group of mice; the black arrow — the glomerulus; the red arrow — the renal tubules; B — H&E staining results of small intes-

tine tissues in each group of mice; the black arrow — the small intestine villi; the red arrow — the small intestinal villous epithelial cells.

B7 H&E Je&E G A/ 4 2w B U R

Fig.7 H&E staining observation of pathological changes in kidney and small intestine tissues

SEOER L HRETE UA YAT7R X 258
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Wy, 5 AT AT BT AR P D SO S e
DRI, RO T 6 AR R R UA 38570 KU 397 7 i
ORI, Mk, 14T T HUA B208—280877
ML 25 R R o

s Ak | AR %R e R
R T A HARGIN, LIFKI% L HIX R 7
HEFRERIRT, B DNA ZRIARM 5 AN , 3 8
T SRR ek T AR K H
SR mRNA G A H b5 40 0 L2 2 3% 4 X % 3158
PR AR S B mRNA £ B SRR 2%, HL
mRNA B F W i . ) 4§00 1) 5 R RS 20 - 9 /D WUk
RNA, 11 7] 38 3 3 PR ) 235 , Bk A /NG RNA ( saR-
NA) . LA IR B, 2 HRR, 5 T, saRNA
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TERKEFWI A RARSF I . SR ARG 5 238
(R Bl T P AE B 25 5 TE W 4 2 sh iy v ke 1 1
1) saRNA A BEAE A CAMM PTG R o X 53R4T
AR BIESCILSE AL . B T A ABCG2 ff) saRNA
8 FH /N TCMK-1 20 (EL 5 A R 1 /0y
B ABCG2 A4S . DI T H T T /N
ABCG2 H£N saRNA . ASHIFFE 13107 106 S 4 7 /)N LA
N ABCG2 £ saRNA JF 51 4% 2 4%, AERS 1A P
o TCMK-1 1 HK-2 4 Jifi 7 ABCG2 F:[H By 155 1E
HUA BN AP, /N saRNA BB 35 5 B MRk A /)N
7 ABCG2 J:PH 33k . LA saRNA U4 iR

5 ABCG2 SN FIK e 1T
HUA &R tLi B DF T UE W], UA 76 5 WE AL/
RO S T SUA B3 . B A/ i J2 9
SUA fy 35 32 88 B, HoALH L th 2 Fh 4% 03 2 Al o
IR 2527 Ak 2024 4F 4 155 59 555 8 ]
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A~ C - KA4UNRENEH ABCG2 mRNA R [IRIAKT-5 D ~F - 5 4/NR/M P ABCG2 mRNA MR 948K F 56 - #4VMNRB R ABCG2 2 ik K
SPARE (L H = 24/ T ABCG2 2 IR KT-FIE 7 5 1 - 4521/ N ) DL R W 2140 ABCG2 2R 1 ) P K % B2 5 0 — 45 41/ BUME R ER B 1 /N i 2 41
ABCG2 Z& FIIH P 5 5% PO TRALMIEL, D P <0. 055 S L, P <0. 01,

A — C —the ABCG2 mRNA and protein levels of renal tissues in each group mice; D —F —the ABCG2 mRNA and protein levels of small intestine tissues in each group mice;
G —the expression level and localization of ABCG2 protein in the kidney of mice in each group; H — the expression level and localization of ABCG2 protein in the small intes-
tine of mice in each group; I — the mean optical density of ABCG2 protein in kidney tissue of mice in each group under the same field; J — the mean optical density of ABCG2

protein in small intestine tissue of mice in each group under the same field; P <0.05, vs BCG; 2P <0.01, vs MG.

8 RT-qPCR Western blot ., % 7% 41 kA6 M /N 5 G JE 40 48 Fm /N i 40 48 o 19 ABCG2 #:Hl mRNA falE Gty kA B. n=5,k s
Fig. 8 RT-qPCR, Western blot, and immunohistochemical detection of ABCG2 gene mRNA and protein expression in mouse kidney
and small intestine tissues. n=5,x *s
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RT A U/NENIE P EES A (XOD) 7 EAe 4 R
n=5,x%s
Tab. 7

XOD activity analysis results of liver in each group

mice. n=5,x s

Group XOD/U - g~ ! prot
BCG 26.77 £1.53
MG 31.26 +2.30 1
saRNA-2 28.33 £1.97
saRNA-1 +2 29.15 £3.38
BEN 30. 81 +2.01

T 52 Eod AU, D P <0. 05
Note: P <0.05, »s BCG

354

30

25

XOD/U-g'prot

20—

T T
RS @g @,m I\x’b Q&e
& &
&

525 F LA L, D P <0. 05,
P <0.05, vs BCG.

B9 AU/NEAAET XOD EREBMER. n=5xzxs
Fig.9 XOD activity analysis results of liver in each group

mice. n=5,x +s

A I AP SOk SEBR Y, Hoh ABCG2 B H &
525 5 % 4F . 2008 4F Dehghan 45" 1 ¥k % Bl
ABCG2 JEPR 5 SUA ¥R % #%6 KA ¢, ABCG2 Z5 1
IRe S0 ] T UK IR R ¥ 32 B 9] 4 JFL PR A 1T R
ZAME(SNP) Z —Hy Q141K A 5 UA #5i8 FEAI%
ik 53% , NAKTZA 2/3 1 UA DI HEME, 29 1/
3 () UA MJisHEt, M ABCG2 2 (176 1 k4 41
/N A F ik, I, BE IR ABCG2
F1 223k Al A2 JE B IR AN ) UA e, FEAS BT
o, R saRNA #2155 ABCG2 R85, i
UA 7 55 B i B AIG HUA BN R P SUA B I
Ik, UUA Fiifizpie UA BB TR . X egs R Ui . w3k
K ABCG2 2 1 RE W% 2 E 41 i PN A/ B Py UA
HHEM . 7E/NERAAR P, saRNA £ 55 17 '8 EF1 /Mg 9
UA HEt, AT FEAIG SUA, HW A~ saRNA [ I
fE ik UA iR HE 7 5 .

HUA 512/ B ERL N g 4L 238650405 , 111 RE
BUN #1 SCr {9 7+, PRt , BUN Al SCr 9K P-4 )%
WL T B EB G R . ABFITEE R B R SRR
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/NERAH L, saRNA- 41/ U AL/ i 461 45 45 21 B (2
2%, BUN I SCr & f L AL, BB saRNA REf2 18
i AEIE UA HEMH, 22060 B IEA N OR3P PR,
saRNA 21/ BUAE ROIRZS R 4

TERE UA RYH HIZGvh 0l RN I A A ) Al 4 2
WAL H XOD /Y35 P, W UA & e, DT R AR
SUA 7K 11 BEN Wi it # i) 1 /N URATL, #0 il
B /NVE UA S0 o {2 UA HEME, FEAIR SUA K
T FRATBEIT Y saRNA A iE ABCG2 ik, 2
ik SUA #%iz 2 R BEAIL SUA ZKF, Ll 5 BEN
Hflo mAR BEN BARE UA (7ER, (B4 5 1 &l
VER , G AR Zbn A Rt A W i) SR 43 S 4
R A AR IS . R, BEN /R 259 2 B2
I ERE

H&E YL ta 4 R ], BEN 418U BRI/ Mz 2
21 H&E Ju o245 5L SRR 2H /N UM L A k3 , BUN
1 SCr & S A B B TE, SR T R R, SR
BEN “NREFEAK LY BUN F1 SCr (1) 5 i, S fi 23 %)
/N BRI /)N Jg 20 2 RSB 473, 2 Wi /0N B 2R I
AR KT saRNA T F A X LB L, LR
EIHIE T BEN HA #ERI/EH], - UESE T saRNA A7 2%
HIEFERITEH .

Wang % I J11 3 £ 42 /) BUV 38 v ABCG2
HE MRS, /TSN U IE T UA HRE, A
SUA. Sun % ¥4 B9/ BL ABCG2 mRNA i i
R KR ST E AN BUA N, 263k ABCG2 [, Al LU
B E UA A9 HEE, Lu %" F1) A Empagliflozin
(—FhHTME BRI 259)) , W AT Ak HUA /R SUA,
AL &l o AMP {& 8 35 (13 [ [ adenosine mono-
phosphate  ( AMP ) -dependent
AMPK |/ % H % B (protein kinase B, Akt) /3 iR
F TG4 45 425 1 (cAMP-response element bind-
ing protein, CREB){F5i# i, L CREB % ABCG2
FEPR 7, T4 s B AN [l i 40 i i) ABCG2 25
FIIR, fe it UA R, AT H FTHY saRNA 45
AL H saRNA il 85 77 18, A, 57 B itk
A B2 AR S A TES IR N N

BZ, HRZR HUA 128 — 2RIy oLkl 259,
ARWFFEBIT L T ABCG2 FEPH ) saRNA Rf H
gLk NS , 720 KA1 S P K SE B T 8
58 ABCG2 JEPH %35, IEW] 1 T it 1% saRNAs fig
PEHEAN AL AN HUA 8L/ B 1) ST UA, B3 1
HUA £8/IN BRUAE EA N i 2 ie, HB0AH BEN 1)
BIVEFT, X XOD s 0 . A58 45
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