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[(HZE] BH HHeERFBENRALAH/RFFHANLRE DNE L L@ (HK2 @8 R4 6% »
BTHAE , FiE ARk HK2 e, 5 A3 Bu g F e H/R A4 RF # £ (5,10,20,50,100
pmol/L) & 3 # B +H/R 4, # % anti-miR-NC,anti-miR-204-3p # %8 j.% 4 10 umol/L & 3 £ B4 H/R
M0 £ RIS, 9 AT A 10 pmol/L & 3 # B + H/R+anti-miR-NC 2842 10 pmol/L & % # 8 + H/R+
anti-miR-204-3p 48, CCK-8 i #& M HK2 @ 7% 7, % X 28 jo R4 m HK2 0 je A o F= % B A& (ROS) K F,
Western blot 4 HK2 28 A Bax #7 Bel-2 & & & ik, M 298 %2 A 40 HK2 M R4 F 28R 6 R
A R BB G K R B (caspase)-3 Ao 4B Il &% (cyto O) & & & ik ,iX F) &k n HK2 49 033 7 ik b LR B &
B (LDH) &K -F & HK2 %886 A & =8 (MDA) | # 8L 4 B AL B (SOD) Fo 4 H K (GSH) K, 5 8 % 8 & &
PCR(qRT-PCR)# # HK2 %8 & ¥ miR-204-3p £ K-F, R LHarmarks, H/R 4% 6% Bel-2,
SOD.GSH.miR-204-3p % ik /K F 80 B A%, 28 0 B = %, caspase-3.cyto C.Bax.ROS.MDA.,LDH 7 -F 8 2 7+
FH(P<<0.05), 5 H/R A%, H/R+10 pmol/L @& # ¥ 8 48 49 JiL % 1 . Bel-2,SOD, GSH . miR-204-3p & i&
KPR R I Z, A A = &  caspase-3.cyto C,Bax ., ROS.MDA .LDH 7K -F 8] 2 %K (P<C0.05), 5 10 pmol/L
G # F B+ H/R+ anti-miR-NC 286 %, 10 pmol/L & % # B + H/R + anti-miR-204-3p 41 49 f& 7% 4 . Bel-2.,
SOD.GSH . miR-204-3p & & KT ¥ B K1KLK, 28 8 B = & | caspase-3,cyto C,Bax \ROS,MDA,LDH K -F®# 2
&5 (P<<0.05), £&it @HEFHEiAL LA miR-204-3p &k k% M H/R 4 F9 HK2 @ a4,
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Resveratrol upregulates miR-204-3p and alleviates H/R-induced

renal tubular epithelial cell injury”
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[Abstract] Objective To investigate the effect of Resveratrol (Res) on the injury of Hypoxia reoxygenation
(H/R)-induced human proximal tubular epithelial cells (HK2 cells) and its possible mechanism. Methods HK2
cells were cultured in vitro and divided into the control group.,the resveratrol group,the H/R group.different
doses (5,10,20,50,100 pmol/L) of the resveratrol+H/R group. The cells transfected with anti-miR-NC and
anti-miR-204-3p were co-cultured with 10 pmol/L resveratrol and H/R,respectively,and were recorded as 10
pmol/L resveratrol+H/R+ anti-miR-NC group and 10 pmol/L resveratrol+ H/R -+ anti-mir-204 group. The
viability of HK2 cells was detected by CCK-8 method, the apoptosis and reactive oxygen species (ROS) level
of HK2 cells were detected by flow cytometry, the expression levels of Bcl-2 and Bax proteins in HK2 cells
were detected by Western blot,the expressions of cysteinyl aspartate specific proteinase (caspase)-3 and cyto-

chrome C (cyto C) proteins in HK2 cells were detected by immunofluorescence double staining. The level of
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lactate dehydrogenase (LDH) in the supernatant of HK2 cells and malondialdehyde (MDA) , superoxide dis-
mutase (SOD) and glutathione (GSH) in HK2 cells were detected by kit; quantitative real-time PCR (qRT-
PCR) was used to detect the expression level of miR-204-3p in the HK2 cells. Results Compared with the
control group,the expression levels of cells activity,Bcl-2,SOD,GSH and miR-204-3p in the H/R group were
significantly decreased,while the apoptosis rate,caspase-3,cyto C and Bax protein increased significantly (P <<
0. 05) ,the ROS, the protein expression of Bax,and the content of MDA and LLDH significantly increased (P <<
0. 05). Compared with the H/R group, the cell activity, the expression levels of Bel-2,SOD, GSH, and miR-
204-3p in H/R group were significantly increased (P <C0. 05),while the apoptosis rate, caspase-3,cyto C and
Bax,ROS,MDA ,and LDH levels significantly decreased (P <C0. 05). Compared with the H/R group, the cell
activity,the expression levels of Bel-2,SOD,GSH,and miR-204-3p in the H/R+10 pmol/L resveratrol group
were significantly increased, while the apoptosis rate, caspase-3,cyto C,Bax,ROS,MDA ,and LDH levels were
significantly decreased (P <C0. 05). Compared with the 10 pmol/L resveratrol + H/R -+ anti-miR-NC group,
the levels of cell activity,Bcl-2,SOD,GSH and miR-204-3p in the 10 pmol/L resveratrol +H/R+ anti-miR-

204-3p group were significantly decreased, whiel the levels of apoptosis rate, caspase-3, cyto C, Bax, ROS,

MDA and LDH were significantly increased (P <C0. 05). Conclusion

Resveratrol can alleviate H/R-induced

injury of HK2 cells by upregulating the expression of miR-204-3p.

[ Key words]
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it RNA (microRNA,miRNA), &K 21 o2&, 2 A
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YU 4" £ miR-204-3p FE % 3 i 410 B IR 95 /DN Bl
O WUER B F I, AT 942 IR 4R 52 4R Chypoxda reoxy-
genation, H/R)E MO LA 7. 3T Lk A%
P P 40 B A BV AT miR-204-3p £ 40 i 45 45 v
A O AR BEFE A H/R 5 0 i B /NS B
209 Chuman proximal tubular epithelial cells, HK2 4
HED 477 . B3 miR-204-3p XF HK2 41 fifd % 1 17 3 e 200
JELE T Y S0 WLEE I RE P IE XS HK2 20 458 15 1Y 52
KRB 7538 5 A # miR-204-3p RIK KR . BN
AKT 1 B 6 $ it — & 19 52 Bk 4l BRaE anr
1 MRE5FE
L1 ##

HK2 4o {52 1 & A O 4 22 b0 (Ameri-
can type culture collection, ATCC), i 4~ Ifil ¥ (fetal
bovine serum, FBS) lJ H 32 E Hyclone /A A, RPMI
1640 1537 56 F 40 i 3 B0 5 £2-8 (cell counting kit-
8, CCK-8) g { b 5t R E R A Rl L BRI 8 H
V(Annexin V)-53 i R 7€ Y& & (fluorescein isothio-
cyanate isomer, FITC) /M {£ 5 IE (propidium iodide,
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PD 4 a8 77 3k 57 & F1 — s ik B i2 (bicinchoninic
acid, BCA) 8 G I 1255 65 1) F1 b e I T A0 A8 0 R4
£ RS 7, Trizol i) #1 Lipofectamine™ 2000 iz 7
& H 2 [F Invitrogen 23 ,PCR 5| #) 0y A L 5L & B}
A B A PR 7, miR-204-3p ) il 7 Canti-miR-
204-3p) K AW il 35 B £ )5 81 (anti-miR-NC) 7 18 T L
A TAEY TR A R A, 05 550 & 1 PCR i
G E R s MR A W R B A R R West-
ern blot Frfg ik [ R =& =W HE ARG R A,
FL 2 B &L B (lactate dehydrogenase, LDH) | 1% P 0 6
MR & N 8 (malondialdehyde, MDA) | #8 % 1k
Y b i (superoxide dismutase, SOD) Fl & Bt H ik
(glutathione, GSH) it Jit {150 & 0 A i3 = K4
W HARAG R A A AR R 3 & [ Selleck 24 A,
1.2 7%
1.2.1 @ f3E iAo bt e

MR ZHE T 5 95 HK2 4. 44 T & A 10 FBS
f RPMI 1640 35 3R EEH 35 T 37 °C 504 CO, Higf
FIh T o B T o0 B KRB HK2 48 LL 1< 10°
A/ FLEER T 6 FLART, K JH Lipofectamine™ 2000 g
SRR YL anti-miR-204-3p.anti-miR-NC, #%
e 6~8 h, BB EEE IR AL QRS EE IR 24 h WA A0
T T 258,
1.2.2 o

R Ge ) HK2 410 73 o9 X BE2H | 22 2
H/R 441 5.10,20,50,100 pmol/L 4%E 5 f+ H/R
20, Hohoxh B ZH HK2 4 M 78 1 % 2R 45 B 1 9% H/R
4 HK2 4 Ml 75 H/R 4 8 (500 Jif 48 i i + 1% 4
12 h+425 24 W FHiFr, FEEM I +H/R A5 %
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T 5.10,20,50,100 pmol/L FAZE S BETRALBE 2 h )5,
B H/R &M T 3%, ¥4 anti-miR-NC,anti-miR-
204-3p WA ML, T & 10 pmol/L FIZE M EEF H/R 4%
PR 3 [ 55 3%, 9F 40 3iE S 10 pwmol /L 1 22 4 B+
H/R+anti-miR-NC 411 10 pmol/L 1% [ + H/
R-+anti-miR-204-3p 4H .

1.2.3 CCK-8 &4 m e &%

Koy 4l HK2 40 LL 1< 104 /FLEFh T 96 4L
b R R 24 hE L 10 pL CCK-8 ¥l
B 2 h 5, MR 450 nm ZEIWESEREE CA(E . 20 T
PECYD) = (Apsy — Ausp)/ (Agemzs — Ay ) X100%,
1.2.4 AKX AU 40 e 8 o & 4 i & A

W o4 HK2 Z0M LA 5 X 10" A /FL R T 24 fL
Marb 0 & B3R 24 h S5 WOSE AN ML R R 52 b
(phosphate buffered saline, PBS) & ¥t 3 K. RG5>
MZ MR Annexin V-FITC/PI iR 7] & Ui BH 45 5 1% Pk &
A6 X500 o SR FH At =X 0 A 00 200 9 o R A i
PEAE . A0 T (Do) = LI T A0 i (00D + I
AT
1.2.5 Western blot # ] Bcl-2 #2 Bax & & £ A K -F

B or 4 HK2 0L 8 X 10" A~/ LM F 6 fL
Marp, B 5 5% 24 h )5 . PBS ¥ Uk 3 Uk, WS 40 L
RIPA i®7 (f cocktail i i 7)) $2 B HK2 40 g 1)
H L BCA H a0 & % 8 71k B2 i L 4%
25 2H AR A R Y B R AT b e A R 3R N U
Jik B, Pk (sodiumdodecylsulfate-polyacrylamide gel e-
lectrophoresis, SDS-PAGE) , MLk i, % 40 B & H %%
# 2 BRI & K (polyvinylidene fluoride, PVDF) i,
T 5B II w h EA 1 h, R E TS
A Bel-2(1 : 1 000) il Bax(1 : 1 000) —Hih 4 CFH
. K H Bk TBST Hii 82 IR E BB 3 K, J5
FEH R =P 2 000 FH W ,37 THE 1 h,
IR I RS2 WORE' W5 L RO IR
1.2.6 @WLERA

o A HK2 40 370 T 40 i€ R I, 0 7 8
Fr 24 ho AE B IR P CC LT 40 B IE 1 PBS R % 3
W HT A0 i 22 5 W RS ] 5€ € 20 min, PBS 2 ¥k 3%
F 3 ¥K;0.5% Triton X-100 % i % 20 min,PBS &%
e 3 WL AE B BN 506 BSAL 37 CEf M 30
min; BS B UEBL A 3 WL IA 1+ 200 i B 2 2 B &R
B K 4 & R 7R 1 K fi# B (cysteinyl aspartate specific
proteinase,caspase-3) Fl 4 }fd £ & (cytochrome C,cy-
to O)—$i,4 CHEOCIEH K, PBS Wik 3 I, &6
DyLight488 % Jthric i L - Htfe —HT L 1 ¢ 100 Hi
B.37 CHEEFFE 30 min, DAPI & 4% 10 min, 4 [ 3
W IUBE AT WS A R
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1.2.7 #&KA&#4&0 LDH MDA ,SOD #= GSH K -F

B gl ) HK2 40 LA 5 <X 10" AS/FLAE R T 24
LA I BE AR 24 h e, WSS 40 M B 3R LV R A Al
i, KA s #E EWE LA 3 000 r/min B0 20 min,
8 FWE WSR2 8 LDH 57 & ud il 45 460
W LDH 7KF. 78 4R /9 4a i b om A RIPA i
5, RS .3 000 r/min B L 20 min, £ 8 L
WS ULVE 20 92 8 MDA, SOD #1 GSH a7 & i 1
K 25 AR R KCOF
1.2.8 % 8f % & &£ ¥ PCR (quantitative real-time
PCR,qRT-PCR) # M miR-204-3p & ik

#1.2.2 BRIy Ry HK2 400 L4 510" 4/ 4L
BT 24 FLAGWEE SR 24 h )R IREEANME ., Trizol
DA ECAE A B RNAL IR E RNA W B, 5 3 5% 5%
9 cDNAL BT —20 COKFEIRAE . 545 LK DI AR
A#EFT PCR 3%, $ 34 % 144:.95 °C 5 min, 95 C
10 5,60 °C 30 5,72 °C 30 s,3L 35 NMEHR, 514751 .
W2 EiE.5'-GTC CAA GGC GCT AGA GCG CAG
CT-3". Fiff.5'-CGA ATG CTA AGG CTC TCG AC-
3"s miR-204-3p | %, 5'-GTT TGC TGG GAA GGC
AAA G-3', Fif 5-TGT TTT GCT GGG AAG GCA
AA-3', 2 I miR-204-3p AR FR KK,
1.3 %itsgam

K GrapfPad Prism8. 0. 1 &4 347 5045 0 4
THEBORIL o 45 R, AL He B R A ST AR AR ¢ K
5, Z2 ) LR T B PR 38 7 22 40 B s i — 20 T LL A
K SNK-q ¥:56, L P<<0. 05 N 2E A G5 X,
2 % ES
2.1 G#EFES H/RHSF HK2 0 E o Hh

4 HK2 G i, 23R A S ¥ 8 X
(F=56.734,P<C0.05), 20,50,100 pmol/L FHZ
BE-+H/R 4 HK2 4 Jfl 3% P K T 10 pmol/L 2L
FE+H/R 41 (P <C0.05), WLE 1. Ak, ¥ 10
pmol/L FA%E M B+ HR 41 HK2 40 T )5 225256 .

150 =
a
a I a I
I I a a
& 100+ I 1
a

& —
=
§ 50

0—

1 2 3 4 5 6 7
T: X M52 H/R 4;53:5 pmol/L % i + H/R 4H;4: 10
pmol/L 13 EE + H/R 4135520 pmol/L (12 B+ H/R 41;6.50
pmol/L R B2+ H/R #4;7: 100 pmol/L A2 B+ H/R 4%
P<0.05,
1 HEAEX H/RIFSH HK2 @EFEENZNE
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2.2 G#FES H/RFEF HK2 @fe B =6 Ha 5 H/RALWHE, 10 pmol/L FIZE B+ H/R 4 Bel-

S5X 4 A 10 pmol/L HEE L+ H/R 4tk 2 A FRAF S, QM T %, caspase-3.cyto C K
BLoH/R 41 Bel-2 3 (R B R, 4107 - %, Bax HHARIKBEMK P <0.05, LA 2,
caspase-3.cyto C M Bax 4 H F 15 TF 5 (P <<0. 05),

1.0m
1.0m
umol/L B 1 a a Ne
MERE ARAEA H/Rﬂ F§+H/Riﬁ o8- ! ] L 1 1 ! 2
: 4 0.8 I ] ] 1
B X103 X2, X< <
ax| - B 2110 % 061 goé-
B ® -
Bo -2 | " — s =
C 26 X10 %0_4 %0-4_
@ 4 !
o —Q e
B-actin - - “ 43X 10° 0.2+ @ 0. 24
A 0= 0
mol/L % mol/L HE
MERE BRAEE H/Rj F'§+H/R 7 ERE BRAERE H/Rﬂ pa;m/u
[ boet:| i SEY H/R¢E 10 umol/L FAEEAES+H/RA
10
jriosy] WHR0.4N 020073 | 02-RA57| o059 | 203720 qaui@ o | a2k 9w
106«! 100 10a;
10°4 108 s : s
1 o ) 10 105 | peis®®
104 10¢ ' ] ; w ! % Aad
z| = _ £
10 2 45 10°
104 i): 10? ;
0jo2-LL (94 55%)  02-R0.46%)|  OJaz-lL(96.23%) G2-LRQ.47%)|  0dop-Li (78 88%)|  a2-LR(6.89%)|  Olaa-titee 91|  a2-LR(0. 81%)
0 104 10° 100 107 0 100 105 106 107 0 104 10° 106 107 0 100 105 106 107
B Annexin V-FITC
POt BEA H/R¢E 10 umol/L EEEAEE HRLE

caspase—3

cyto C

Merged

C . .
A:Western blot %% 20 HK2 #H i 98 T-# 19 Bax 5 Bel-2 35 ;B Wi sS40 M ARAG I 45 20 HK2 40 i 3 = e CR T T H e 91 1) 5 C 4 g

B PG Y T 45 2H HK2 48 caspase-3 55 cyto C MK H AL (20X) 3% P<C0. 05; . P>>0. 05,
B 2 BEAEN H/RIFSH HK2 ARATHZN
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2.3 aFFEN H/R#FF HK2 250 &40 2% 6
EAC)

ExF B4 F 2 EE A L B, H/R 41 ROS,
LDH.MDA /K 7} & . SOD., GSH 7k F & ik (P <
0.05), 5 H/R 4 HAE .10 pmol/L HEEEE+H/R
41 ROS.LDH MDA /K F[&{% , SOD.GSH /K ¥ Ft &
(P<<0.05), WK 3. % 1,

2.4 v FBEN H/R#HF HK2 @i+ miR-204-3p
FE XA

SRR (1. 0720, 22) AP R4 (1. 04 +
0.38) L, H/R %41 miR-204-3p % ik /K F (0. 21+
0. 02)FEAR (P <<0.05), 5 H/R A %10 pmol/L
2% B2+ H/R 41 miR-204-3p 32 ik 7K °F (0. 81 +
0.0 FE (P<C0.05),

2.5 T miR-204-3p ¢4 & # & B xF H/R # %
HK2 %0 it 8 = 89 %
510 umol/L HE M EE+ H/R 4151 10 pmol/L
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HZE P2 + H/R + anti-miR-NC 41 L8, 10 pmol/L
P12 B2+ H/R -+ anti-miR-204-3p 4 Bel-2 & 13
TR A, 40 08 7= R & caspase-3.cyto C M Bax # H
FIRTHE (P<C0. 05) 1M 10 pmol/L FAZE B+ H/R
45 10 pmol/L HZE M BE + H/R+ anti-miR-NC 41
DL EFEAR L. Z R LG i E L (P >0.05), L
Kl 4,
2.6 T miR-204-3p dp#l & L F B H/R #F 5 4
HK2 2m e B AL 5 3% 8

510 pmol/L HE M+ H/R 5 10 pmol/L
HZE i+ H/R+ anti-miR-NC 41 %, 10 pmol/L
22 % % 4+ H/R + anti-miR-204-3p 41 ROS, LDH,
MDA K J+ 5, SOD. GSH /K F &Ik (P <<0. 05),
10 pmol/L HZ g+ H/R 415 10 pmol/L HZEFY
i+ H/R-+anti-miR-NC 4 LI F 4845 L. 2 7 L4
2R L (P>0.05), WL 5,

-a
POpiiEez] SE-g=yitie| H/RZE 10 pmol/L EEASEF+ H/REA
VAL (99. 09%) VAR (0. 91%) V1L (99. 14%) VIR (0. 87%) V1L (30. 46%) V1R (69. 55%) 1004 V1L (82. 44%) VIR(17.57%)
4 100
1004 100
S
X |
& | 501 50+ 507 %
=
R . o 0 o r B 0
010" 10 10° 10* 10° 10° 107 010" 102 10° 10* 10° 10¢ 107 010" 102 10° 10* 105 106 107 010" 10> 10° 10* 10° 10¢ 107
ROS FITC-A
B 3 RRABARRNEZH ROSFEFBR
x1 £ 48 LDH MDA .SOD.GSH K E b (7 + )
20 5 LDH(U/L) MDA (pmol/g) SOD(U/mg) GSH(U/g)
Xt B 2 15.1840. 50 8.2740.62 149.494-0. 62 693. 7547, 34
3 B 16.03+0. 83 8.04+0. 44 142.3640. 28 703.394+3.58
H/R 4 89.52+0. 78 58.29+1.38" 57.3140.95" 328.26=+3.50"
10 pmol/L HEE P +H/R 4 39.45+0.90° 20.56+1.03° 103.27+0.75¢ 595, 40+4, 83°
" P<C0. 05, 5% B A" P<C0. 05,15 FAZE R B b P<<0. 05, 5 H/R 4 L,
w2 £ 46 LDH.MDA.SOD.GSH K ELL & (= +5)
24151 LDH(U/L) MDA (pmol/g) SOD(U/mg) GSH(U/g)
10 pmol/L HAE %+ H/R 4l 40.3740. 31 15.26+1.01 127.384+0.49 589.24+2, 62
10 pmol/L ) B+ H/R+anti-miR-204-3p 41 96. 7140, 70™ 55. 7441, 23" 52.62740. 32" 221.73+3.19"
10 pmol/L F1%E % %+ H/R+anti-miR-NC 41 39.92+0. 16 15.3340.79 127.4240. 37 588.5242.29

“.P<C0.05,5 10 pmol/L [HZE M B+ H/R 4 IL% ;" P<<0. 05,5 10 pmol/L 2 [+ H/R+anti-miR-NC 4 &g,
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caspase—3

cyto C

Merged

A:Western blot #6112 41 HK2 240} # 7= 11 Bax 5 Bel-2 33k K 2 5 54387 5 B i 2 40 M AR A 0 4% 20 HK2 40 6 08 1 o 4] 5 C - 40 0 4 93 2%
XYL A I 44 41 HK2 41 caspase-3 5 cyto C YK (20X)51:0 pmol/L A EE+H/R 4;2:10 pmol/L FHZE A+ H/R -+ anti-miR-204-3p
24 53:10 pmol/L FZE ™ EE+H/R+anti-miR-NC 21 ;" P<<0. 05; ™ P>0. 05,

B 4 F# miR-204-3p #H AZEAEX H/R BS HK2 408 T K%

10_pmol/LAZEE 10 pmol/LEZEEEE+ 10 pmol/L A AR+
A FEE+H/RZE H/R+ant i —miR-204-3p%H H/R+ant i—-miR-NCZR
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VA PN 25 1 I TR AR 7 T 32 v W, T T T
IR, Bt & & A B -F5 9 1 37 45 (ischemia-reperfu-
sion injury,IRI)m o W T B E T AR AR g0 i,
B E IRT R 4525 . B IE IRT 2 S 80 AKT, 4k 1 3 i
VG e Y Ak . B R E A G T AR T
AKT (AR5 . PR, 2R3 B A %00 1t B FG 7
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