E-F miR-20b-5p/TXNIP &R TR EESWWEAE R
HHEFR M 1w A R S AR S B A zh 1 RV M
AR, EEAK2 EFHE

T 25 R R 2B 25 5 0%, HEZZ 223003; 2 RAbMOl KA ARl 2505, W/RIE 150040

=

# E. 5T miR-20b-5p/FRAEE A HEAEE A (thioredoxin interacting protein, TXNIP) i 41+ #23E 1 v
BIEBi 48 (hydroxycamptothecin liposomes, HCPTL) X BE 1t B 975 K BB NF £ b A4 5 ) 24 I i o By
PR #5 41 Cunilateral ureteral ligation, UUO) % A T #4 € A BE M B 5 K SRBE AL /5 43 i) P 9% ik o At
(hydroxycamptothecin, HCPT) . HCPTL. HCPTL+miR-20b-5p antagomir (miR-Ant) T, il iiE +
M ULEF (serum creatinine, SCR) . IfilJRE% (blood urea nitrogen, BUN) 7K>F; MELE H AULF 4efb K B4R
154k (superoxide dismutase, SOD) . 7§ % (malondialdehyde, MDA) /K FA8{k; PEAl'EHL
LRRIARGERY . LRI AL . ZRRIRRE 4 2 (mitochondrial fusion protein 2, MFN2) . Zh/JMISCE A 1
(dynamic related protein 1, DRP1) P35 {E . miR-20b-5p ik M TXNIP. MFN2. DRP1 &AL
iR o8, HCPT. HCPTL TG, UUO KRR SEIER ML A X oD, Zohifhdb ik, kR4 m 4
BHTEAR, MG+ SCR. BUN F#K, 'F4 414 SOD /KF . LhifAkEH A . MFN2 45762 248 . miR-20b-5p
FikJ MFN2 EEARIETH . BHZH MDA /KF. DRP1 “F#E%E{E. TXNIP. DRP1 & HFRIERK,
H HCPTL T-HUs KIS M AL FAAE I E (P<<0.05) ; miR-Ant J& 55 T HCPTL 4 B 1505 K BB 2k s
PRBH S E - LR 45 SRR B HCPTL ] Rl it 1% miR-20b-5p/TXNIP J& % i3t B I 2e ki dk sh 772%,
SESRPTE NI 77, T 400 A OEL A 5 K B 45495
S PRI BTG TR FEPHYEER: miR-20b-5ps LRRiARE) S BiAUEE H EAEE
HE3HKS: R2855 XERIRIRES: A

Effect of hydroxycamptothecin liposomes on renal
mitochondrial dynamics in obstructive nephropathy rats

based on the miR-20b-5p/TXNIP pathway
LI Si-yang'?*, LI Geng-dong?, YAN Yu-hui!
1School of Pharmacy, Jiangsu Food and Pharmaceutical Science College, Huaian 223003, China, 2School of Life
Sciences, Northeast Forestry University, Harbin 150040, China
Abstract: To investigate the effect of hydroxycamptothecin liposomes (HCPTL) on renal mitochondrial dynamics

in obstructive nephropathy rats based on the miR-20b-5p/thioredoxin interacting protein (TXNIP) pathway. After



successfully constructing a rat model of obstructive nephropathy by unilateral ureteral ligation (UUO) method, the
rat model was intervened with hydroxycamptothecin (HCPT), HCPTL, and HCPTL+miR-20b-5p antagomir
(miR-Ant) , respectively, and the serum creatinine (SCR) and blood urea nitrogen (BUN) levels were detected. The
changes of renal fibrosis and the levels of superoxide dismutase (SOD) and malondialdehyde (MDA) were
observed. Mitochondrial structure, mitochondrial membrane potential, mitochondrial fusion protein 2 (MFN2),
dynamic related protein 1 (DRP1) average optical density, expression of miR-20b-5p and changes of TXNIP,
MFN2 and DRP1 proteins were evaluated in renal tissue. The results showed that after HCPT and HCPTL
intervention, UUO rats showed a reduction in blue stained fibrotic areas, the swelling of mitochondrial matrix and
rupture of cristaec were alleviated, the SCR and BUN in serum decreased, the SOD level, mitochondrial membrane
potential, average optical density of MFN2, expression of miR-20b-5p, and expression of MFN2 protein in renal
tissue increased, the MDA level, average optical density of DRP1, expression of TXNIP, and DRP1 proteins in
renal tissue decreased, and the corresponding change trend was more obvious after HCPTL intervention (P<0.05);
miR-Ant weakened the improvement effect of HCPTL on renal mitochondrial dynamics in obstructive
nephropathy rats. The above results show that HCPTL may improve renal mitochondrial dynamics, enhance
antioxidant stress capacity, and inhibit renal injury in obstructive nephropathy rats by regulating the
miR-20b-5p/TXNIP pathway.
Key words: hydroxycamptothecin liposomes; obstructive nephropathy; miR-20b-5p; mitochondrial dynamics;
thioredoxin interacting protein

RERELAE B ] b JRAERERHL SRS, o2 W 2R Al PR B /INVE 5105 10 DL R 0. H HiRE BEL T
B ROIG T T A S AR I B KR B R L IS R BK R I R AR T
SR, XEEIRTT NERCRATIRE, 18 V) E AR G . ORI (R TR W], S LR
RLARZS) 27 5 I BELAE o PR R LA OG0T [RIL, I (¥ 240~ i e R A 51y g 2 T4
BELE B i va 7 B A . AR SRR BT /& (hydroxycamptothecin liposomes,
HCPTL) ¥ B 23 Z M08 (hydroxycamptothecin, HCPT) il g Jii A4k 245 93831 R 4t
FEC T HCPT, HCPTL wJ4E[IBE NN FR AL, F870 RIFEE IR 2 25 A3, ol 2590
HRW. CARTTURIE, VEST HCPT RIeksg FEF4idl, 2 moxt B K SRR % R a1 ),
HCPTL fE452)5 8 h PN AT AR JE b DR R W L1 HCPTI®). {H HCPTL X A5 FH 1 ' 9 1) 2
M ARIE . AHSRHTFTR R, miR-20b 3 RIK B 1B 450 KB E I S RS TORR) e
Bt miR-20b-5p ik Al 3 LRI DI, I R B Co UL SR I A v AR 05 80 Atk R 1
fEEE A (thioredoxin interacting protein, TXNIP) [ R o3 1 4 BE 1 B 995 /N B 10 5 JIE 48 R



ML 44 H miR-20b-5p 5 TXNIP {7 £E 48 7] 45 & 5k &2 9. {H HCPTL f 5 1 i 4%
miR-20b-5p/TXNIP B0 B 15 95 K SR IR AL Bl ) s AN T e Ttk AT 9T il i
Fe) R ATE BEL P4 P K BB, E BEER T HCPTL XS A K B I 4 Wi A4k 3 7 % (1) s il DA S AE
B o

1 MR57EZE

1.1 =4

72 A SD K§ (6 JA#%, SPF 2%, AFi& 200~210 g, M) LT B4 sL s
O, AEFEYFRHES N SCXK () 2022—0001, & FAES N 20220315071206. BT S i6 2
P38 ARAF L5 B 24 i PO BOR 2 B8 SE AR B W40 B 25 5 23tk ifE (2022034)

1.2 FER LR

HCPT (ZEf£>98%, fit'5: 119577-28-5, Mtk BAMFHEAIRAFD s HCPTL (4f
[E>98%, #t5: 20221203, FR{ERZNLARARD ; miR-20b-5p Hi77 (miR-20b-5p
antagomir, miR-Ant) & HFAVEGHE (antagomir NC, Ant) (Ht5: 20221001, 20220809,
£ [E MCE A #]); KRB E Y AL B (superoxide dismutase, SOD) . 5§ — % (malondialdehyde,
MDA) A& (5. RI2025. RI3068, LS AEMRHARAR) » fii—Ht TXNIP.
LR RR 4 25 1 2 (mitochondrial fusion protein 2, MFN2) . GAPDH. 5 /J#15% & 4 1 (dynamic
related protein 1, DRP1) K Efi—dt (H5: ab188865. ab124773. ab8245. ab184247,
ab6721, JE[E Abcam AF]) .

AUS800 4= FH B AA S HT A CUL3E 2 PEOR R AR A IR A F]D + BXS3 6% BAs: (H
KEAREH AT 5 HT7800 iEH T BB (HIAL R AR AR 5 Synergy H1 %84
TR (EEARATR]D 5 Q5 k& PCR X (E[EH ABI A7) ; DYCZ-24DN H [ H
VAL (AEIEAN T .

13 7%
1.3.1 ARFELMH R K RAE R 6942

i BN PR A 4541 (unilateral ureteral ligation, UUOQ) 2 A8 BE 12 B 05 K RRREARY,
BV s 5 2% 0 B LG AN BRI K B, DI AL T 22 O v AL AR R, 1O 8 2 Il R,
Lo L% Ay BIRH A BRAE () 1 13 R 1/3 Jbib AT 4530, DIl 1/3 AR , 5 e R k0,
132 AR AHE

KEFENLS AR (control, Con) #1. UUO #41. HCPT 4. HCPTL 41. HCPTL+Ant



1. HCPTL+miR-Ant 41, #4112 . B Con 4K BN 25 % bR 1 AS 45 FL AN D) Wit bR 2
Ak, HAt K R UUO VAR BB BE A W K B . IR SR AT 25 e B, 251
Kb FR 7 B 2 2% SCHR SR TR SE B0 45 SR B, HCPT 41, HCPTL ZHU2K R 43 il B A v 4 1.5
mg/kg HCPT. 1.5 mg/kg HCPTL, H5 75 Rk i 4R i A B 7K s HCPTL+Ant 44K
B RS ST 1.5 mg/kg HCPTL Hib 75 R ##ikiF 4T 1.4 pg/100 g Ant; HCPTL+miR-Ant 431K
BRUIE ST 1.5 mg/kg HCPTL HIE 7 R #fkiE S 1.4 ng/100 g miR-Ant; UUO 41, Con 41K
Y40 B S LR P S S A AR ) A R K o MR TS (K 25 (BB SR /KD A28
VIRIR, RFIKES 25 (BB KD B2y 1 U, ShRp8isa 23 .

133 fRARE

RIRKCTE 24 1 Ja, WEREVE S 2% 80 5 LU 22 AR 4= AR SR, WACHR K BRI E Bl ik i 222 2
515 FHF M UEF (serum creatinine, SCR) . IR ZE % (blood urea nitrogen, BUN) {4
M AFER R, BCEERENIEELUN &4 6 ROCR M RERE M HZLH T Masson. G 2H AL G4t
BT BB S, HCER AR AR 6 N AIREFE M 4L 2V T ELISA (SOD. MDA
BRI« JC-1 Yeft. qRT-PCR LA K. Western blot A8l .

1.3.4 KRB e AEARe94m

Mfi# A SCR BUN 7K-F it 4 H 2 A A6/ A U .
1.3.5 KR H44t49 Masson & 46 )

He1.3. 37 BRI AR, [EE T 4% 2 RS, HEAsas, Yk, F
FI Masson 4657 fil 5 - 4 AL 1 1L o
13.6 '§#8£2F SOD. MDA K-F#54

HX<1.3.37 e R BELON B 2L 41, K L 50 25 i ) W RS U 2 2159 9 h SOD MDA
Ko
1.3.7 HafPEEREMIR

H1.3. 37 OREREL 42, Gl BE . Bk, FRERIEEIEE, VIR 70 nm JEH
VIR, UIR Ak B RRET E)5,  HIB S i S ORI B kAR T S AR Ak
138 Hagb&EkEe ey JC-1 £ &

He1.3.37 A R LN B 2L 28, D) /Ng, SRR BA K PBS BEik =ik HRE AR 1L
Ja, AR B ST AL, KA L 600 g B0 10 min, JEKF EIHWEEL 1500 g
250> 15 min LAy BEERRLAR . T JC-1 % JedR4ET I i 2o 4 i e 2 1R A8 4k, T JC-1 2043850k
R LR SRR BN AR FRLAT o KB B 23 B I 2R iA 5 10 pg/mL JC-1 7 37 °C F## & 20 min,



i#3d Synergy H1 %6 AR (I 5 5 R o
1.3.9 KR B89 %0z i e 4hm

H1.3.57 B D), AT IS L BREE K L BB — RIERAESS, Ii—Hi MFN2

(1:1000) « DRP1 (1:1000) . —#T (1:2000) ¥E, FHH3, 3-“&HEEPEKEA,

SIARNEE e, PIER RS, W EIAN 2 AR s i3 (LRI A MFN2. DRP1 FRTERIL,
Image] BT &40, DL MFN2. DRPI [P35 06 % FE (A /E i & MFN2. DRPI1 fH R
B HIRRE .
1.3.10 #4842 % miR-20b-5p % iA 49 qQRT-PCR 4]

H1.3.67 I B HZ5) K, Trizol W7 B B Z5)H L RNA, BL 1 pg RNA Wi g%
HCf) cDNA AR AT PCR M. BLU6 AN Z, it 2-44C 35115 miR-20b-5p FAHXT &
EE . FTHSI W U6 (IE H : 5-CGCTTCGGCAGCACATATAC-3', X [ :
5-TTCACGAATTTGCGTGTCAT-3"); miR-20b-5p (IE[f]: 5'-CCTAGTAGTGCCAAAGTGCT-3',
R [A: 5-CCAGGAGTACTAGAAGTGATCA-3") .

1.3.11 |44 % TXNIP. MFN2. DRP1 & & % ik &) Western blot 4]

HUB ZHZUM 400 pL RIPA ZERZEM, I F AU BE LR A B il 50, B licde b
JEWL . 7F SDS-PAGE 73 BBt H FLIK 70 5 45 pg &5 11, Filid 6386 % 3 PVDF % E, 5%
W 2R P 1 he £E 4 °C P IS —HT TXNIP (1 : 6 000) « MFN2 (1 : 6000) . GAPDH

(1:4000) . DRP1 (1:5000) & HE, H5=H0 (1:3000) #H 2h. {H ECL ik
52, Image) VA% R H KB E .
14 GeitEah

GraphPad Prism 8.0 #HAT i i/0 4T, DASSMbrE 2 ( x+s) FoR¥dE. 40 LEH
BRI T 00T, B EL AT SNK-q #36, P<<0.05 A% RH Gt L.

2 R
2.1 HCPTL XK FR B Thae RS2

5 Con 44, UUO Ay SCR. BUN Fhi& (P<<0.01) ; 5 UUO ALk#, HCPT
41, HCPTL 4lifi#+ SCR. BUN B&fik (P<<0.01) ; 5 HCPT #4ltk#, HCPTL 4L i+
SCR. BUN [#fik (P<<0.01) ; 5 HCPTL #4i. HCPTL+Ant 41tt%, HCPTL+miR-Ant £ ifi

7Ed SCR. BUN FhiE (P<<0.01) (WE D .
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B 1 ZHEARIMES SCR. BUN BALE ( x+5,n=12)
Fig. 1 Comparison of changes in SCR and BUN in serum of rats in each group ( xts,n= 12)
¥E: 5 Con A, "P<<0.05, ""P<0.01; 5 UUO 4%, *P<0.05, #P<<0.01; 5 HCPT AL, *P<
0.05, £p<<0.01; 5 HCPTL 4 LL4:, @P<0.05, @@p<0.01; 5 HCPTL+Ant 4L EL#E, “P<<0.05, ““P<0.01;
FIAl. Note: Compared with Con, *P<0.05, *"P<0.01; Compared with UUO, #P<0.05, #P<0.01; Compared with
HCPT, &P<0.05, ¢P<0.01; Compared with HCPTL, ©P<0.05, @2P<0.01; Compared with HCPTL+Ant, “ P<0.05,
#2P<0.01; the same below.

2.2 HCPTL X KRB A4 LRI

5 Con HILEL, UUO H'EHLR L4l E, RIHHLN P A REERXE; 5 UUO
HL#, HCPT 4. HCPTL 2H RS G A 40 X 3k /b, H HCPTL 41 ' 45 4 A 75 B AR
F HCPT #4; 5 HCPTL 41, HCPTL+Ant 2005, HCPTL+miR-Ant 4% 4 2147 40 F2 5 0

W CLE2) .

B2 KB ALK Masson el (x200)

Fig. 2 Masson staining assay of rat renal tissue (x200)


mailto:与对照组比较，*P＜0.05；与UUO组比较，#P＜0.05；与HCPT组比较，&P＜0.05；与HCPTL组比较，@P＜0.05；
mailto:与对照组比较，*P＜0.05；与UUO组比较，#P＜0.05；与HCPT组比较，&P＜0.05；与HCPTL组比较，@P＜0.05；

2.3 HCPTL SRR E4A4RH SOD. MDA 7KF I

5 Con A HE, UUO A B HZH SOD /K-FFE(R, MDA /K-FJHeE (P<<0.01) ; 5 UUO
YLEL#, HCPT 41. HCPTL 4B 404 SOD /KT 71, MDA /K FREK (P<0.01) ; 5
HCPT 4HH#, HCPTL 4B 4121 SOD 7K~F7t&E, MDA /K-F[#{K (P<<0.01) ; 5 HCPTL

2H. HCPTL+Ant ZH %, HCPTL+miR-Ant 2H'BZH 214 SOD /K-F-[&{K, MDA 7KVt (P

<0.01) (WKE3) .
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B3 ZAKRREFHALH SOD. MDA KPR ( x+5,n=6)
Fig. 3 Comparison of changes in SOD and MDA levels in renal tissue of rats in each group ( x % s, n = 6)
2.4 HCPTL Xt KR SRR ER RS2
Con HAKIIREEHIER ;. UUO HEKARLE I %, RINLRLARIL UK . I8 AR
5 UUO 41H 8, HCPT 41, HCPTL HANAAFE T IK . WAl 288 I R A Fr 22 : 5 HCPTL
4. HCPTL+Ant 6%, HCPTL+miR-Ant 2200 AL BT K . 5% 245 5™ 8 (LK 4D,

1515(€] HEPT ’P’
0 TR
:

Con

Bl 4 KRR EHRLRRRZH B FEMBENE (<43 000)
Fig. 4 Transmission electron microscopy observation of mitochondria in rat renal tissue (x43 000)

VE: AAFTRIRRERRRSTE R MK SEaai kBRI . Note: Red arrow indicates mitochondrial stroma



swelling; Green arrow indicates ridge rupture.
2.5 HCPTL %K 5R 1B A 4R 4k {4 IR EB AL A 521
5 Con 4LHL#R, UUO HEKMEHBAI K (P<0.01) ; 5 UUO AL, HCPT 41,
HCPTL HERARE AT+ (P<0.05) ; 5 HCPT AHLb#, HCPTL 4 Zep A i s Ar - i
(P<0.01) ; 5 HCPTL 41 HCPTL+Ant £ tb%%, HCPTL+miR-Ant 41257 45 HL A7 FAAIK (P

<0.01) (WKE5) .
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B 5 FEKXREHAABRAEBAALE ( x£s5,n=6)
Fig. 5 Comparison of renal mitochondrial membrane potential in each group ( x £ s, n = 6)
2.6 HCPTL %t KR 540485 MFN2, DRP1 R EZEERSEMN
5 Con 4L, UUO 45 441% MEN2 P46 % FE M P4, DRP1 P36 EE T
(P<0.01) ; 5 UUO 4tt#, HCPT 4. HCPTL 4115404tk MFN2 V3456 % A8 T
DRP1 ‘P ML (P<0.01) ; 5 HCPT 41H#¢, HCPTL 454141 MFN2 V¥
HEME T, DRP1 FEPEHEMEBEIK (P<0.01) ; 5 HCPTL 41. HCPTL+Ant 4 Lb#%,
HCPTL+miR-Ant 21§ 20 21 MFN2 ~F- 005 B AR I, DRP1 2065 EE T s (P<0.01)

(LK 6) .
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Fig.6 Results of immunohistochemical staining of renal tissue in each group ( xEs,n= 6)
2.7 HCPTL 3 KR B4R miR-20b-5p FiX K& TXNIP, MFN2, DRP1 EHFIXHIF
5 Con 41Eb#E, UUO 4154 4 miR-20b-5p ik 2 MFN2 %5 [ & A B#%, TXNIP.
DRP1 & AFKE T & (P<0.01) ; 5 UUO A Lk#:, HCPT 4. HCPTL 4 ¥4 41+ miR-20b-5p
Fik K MFN2 2 [ #iATHE, TXNIP. DRP1 & HRIEMEK (P<0.01) ; 5 HCPT 4tb#g,
HCPTL #4144 miR-20b-5p #iE % MFN2 £ (%€ T+, TXNIP. DRP1 & [ Rik &K
(P<0.01) ; 5 HCPTL 4H. HCPTL+Ant ZH L4, HCPTL+miR-Ant 454 2{H miR-20b-5p

ik & MEN2 B H#IAPEK, TXNIP. DRP1 EHFEET A (P<0.01) (WE7 .
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Fig. 7 Comparison of miR-20b-5p expression and changes in protein expression of TXNIP, MFN2, and DRP1 in
renal tissue of rats in each group ( x s, 7 = 6)

3 Wit 54iL

UUO FE RS H H T RERE AL B0, /2B UUO KRB, B Ihae i H'E 44tk
FeE I, A TS UUO VAR T REREE B K BB, S50, UUO A A A4t 4k
er=eE, H'¥EIifedEds SCR. BUN & T Con 4, FF&HEMHYEE i IRHE. UUO Ja il
PR ARG A] BE TR A I, XA S A RO A ELE 1 B AR AL A SR 3 TR ES); A,
LA RS S, AW DR MBS RSP . 2RO A R GTP B 5 2ok
K3 /1%, MEN2 4 3l e, 1 DRP1 JE T 5548 SR A S K SR B 2 AR IS, 78 B IE
AT A MRS T RE S A 40 M S 288, (bt ™), ZRAJE 7 &I, HCPT. HCPTL
] it LR S R, IR UUO BARK BB 2 SOD JK-F ERRAAR B HLAZ . MFN2
SEEDGE R R HRIE, N MDA JKF-. DRP1 PG FEE R %18, H HCPTL
HORALT HCPT, IX W] fE 5 HCPTL IR BATIARAT %, HCPT 4 fiR AR {21 J5 sy HCPTL,
HCPTL FFE PR, B M A B R, b 1 259 il RE v RVH 6, SR m 25k
A B EPURTT BRI H 1. $28 HCPTL 1T B8 AN 1R Y7 BE BHAE B 1A 3 iz — .

HCPT " id i miR-23b-3p A5 N AT AEA M A 12, 32 1A Rkds i) S8 Al i o



LR AEARUS), X AEHEFCE S HCPTL #f UUO BRI B SR A R fe e W IE i AR 3 7 22 1

miR-20b-5p I~ ¥ AT AR ik /I B 21 4E AL (132 R U0, 1 9C T miR-20b-5p o A FELAE B i 1 52

Wi e A 4R . AT B HCPTL ] _E i UUO H 51 K B 4143 miR-20b-5p ik, HE

HCPTL # #il UUO 45 A4 K BRS040 R B o 35 B I 42 R0 4 3l ) 2 [ BL 1) o] fe 5 8 4%

miR-20b-5p 755 . N T IEWIX A AR 15 5 SEFR IS UAHTT, AAEFERt UUO ALK B[R I 2647

J5 e E S HCPTL 4b B DL K B % Bk 5 miR-Ant 463, 45 B 5EIR, miR-Ant %% 7 HCPTL

X UUO BEHY KBRS 2330 0 40 it 4 FH AR B JIR b A 3y g 2 R e A T RS 17 00 2 6

17

miR-20b-5p A I 115 TXNIP S22 13 FE 110, TXINIP i 4H it S A0 T R A 1) E

W T, BaEIFMEHUEAGR, IS BRI N0, HEkiE, Ff TXNIP Al

B R FE 155 B OR B SR B Y PR TXINIP 34 ) & 25 40 4R 555 2 1/ BUE

A 51220 1% 2R B ) TXINIP 7] 25038 ' 473 - ASHIF 7o 45 S5 FLBE A — 30, AHF 72 R 3L, HCPTL

AT UUO BEALK BB A2 TXNIP S R IA, H miR-Ant J&55 7 HCPTL % UUO #&4!

KEVEALZd TXNIP 2 (AR IAFAMHIEH, AEB 7 HCPTL X UUO A K B A6 S 41

VR F DA K B G AR 50y ) 2 1) e A FH 2 i i 1 4% miR-20b-5p/TXNIP SEILT .

zi BTk, HCPTL ] fg 3B L 4% miR-20b-5p/TXNIP i #4 35 B IE LR Rk 5 Jy 2%, H5s

PUAALNLIRRE /7, BE TR B 0 DR B 492497 . HCPTL 0158 BEL 12 5 O B 402 47 7

MU T A%, A e sl — BRI .
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