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Effect of circLRP6 on high glucose-induced renal tubular epithelial cell injury via
miR-31-5p/HMGA1 axis regulation
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Abstract Objective To analyze the effect of circLRP6 on high glucose-induced renal tubular epithelial cell injury via miR-31-5p/
high mobility group protein A1 (HMGA1) axis regulation. Methods Human renal tubular epithelial HK-2 cells were cultured in vitro
and divided into eight groups:control, high glucose, high glucose+si-NC, high glucose+si-circLRP6, high glucose+si-circLRP6+miR-NC,
high glucose+si-circLRP6+miR-31-5p inhibitor, high glucose+si-circLRP6+miR-31-5p inhibitor+si-NC, and high glucose+si-circ-LRP6+
miR-31-5p inhibitor+si-HMGA1. The circLRP6,miR-31-5p,and HMGA1 mRNA levels were determined using real-time quantitative
PCR. Cell supernatant IL-6 and tumor necrosis factor-a (TNF-a) levels , lactate dehydrogenase (LDH) activity , and malondialdehyde (MDA )
content were also determined. Furthermore, flow cytometry was used to observe cell apoptosis. HMGA1, Bax, and Bel-2 protein expression
was detected by Western blotting. Finally, dual luciferase assay was used to report the targeting relationship of miR-31-5p with circLRP6
and HMGA1. Results Compared with the high glucose group,the HK-2 cell proliferation inhibition rate ; cell superserum 11-6, TNF-at,
LDH, and MDA levels; apoptosis rate; and Bax protein expression in the high glucose+si-circLRP6 group decreased significantly , whereas
Bel-2 protein expression increased significantly (all P < 0.05) . Consequently ,miR-31-5p downregulation possibly weakened the protective

effect of si-circLRP6 on high glucose-induced renal tubular epithelial cell injury. HMGAT1 expression inhibition reversed the effect of the
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si-circLRP6+miR-31-5p inhibitor on high glucose-induced renal tubular epithelial cell injury. Finally, miR-31-5p exhibited a targeting

relationship with circLRP6 and HMGA1. Conclusion Si-circLRP6 protects high glucose-induced renal tubular epithelial cell injury via

miR-31-5p upregulation and HMGA expression inhibition.

Keywords high glucose; renal tubule; circLRP6; miR-31-5p; high mobility group protein A1l
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(circLRP6 WT) FZEASRIFTRE (cireLRP6 MUT) LA K&
HMGA1EFA: % (HMGA1 WT) FIZ&AS R fFiki (HMGA1
MUT) , 355 mimic NC .miR-31-5p mimicH:4% YL 2
HK-2411}fd , /3 & mimic NC+circLRP6 WT#] (circLRP6
WT5mimic NCH 4% 4Y) miR-31-5p mimic+circLRP6
WTA (circLRP6 WT5miR-31-5p mimictL#E L),
mimic NC+circLRP6 MUTZ (circLRP6 MUT-5mimic
NCHAEYL) miR-31-5p mimic+circLRP6 MUTZH(circ-
LRP6 MUT5miR-31-5p mimicH:A%4Y) mimic NC+
HMGAT WTZH (HMGA1 WT5mimic NCH:A %) miR-
31-5p mimic+HMGA1 WT4] (HMGA1 WT5miR-31-
5p mimic3E54 4%) mimic NC+HMGA1 MUTZH (HMGA1
MUT 5 mimic NCH: 4% 4%) miR-31-5p mimic+HMGA1
MUTZH (HMGA1 MUT5miR-31-5p mimic3£#%3Y),48 h
J R 96 6 WG o SR SE R PCRIN E I R si-cire-
LRP6/5 circLRP6 5 miR-31-5p7K - (si-NCZH \si-circ-
LRP64 ), S i 5 S PCR Al Western blottingill] %2 miR-
31-5pitt % 35 XTHMGA T mRNAFI 5 1 26 1K (9 5 i)
(mimic NCZ] .miR-31-5p mimicZ) .
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K HHSPSS 210531 7 58 11434, 1T ok
X+ 577, 220 18] LA R FHRG 36, 22 28 1] FU 3R Y 2
R R 25 M MISNK-g#i 55 . P < 0.05 MR A 5011

2 &R

2.1 circLRPOTE 7 AT HK-2 41 L (1) 1k

5555 BAZH A HE , 4 HK 240 2 H circ LRP6#E
KIKFTHE (1.01 £ 0.09111.97 £ 0.21,P < 0.05) .
2.2 A HK-22H 3G 5 400 1) 5 58P 20 e PR K
S LDHIG P FIMDA 25 B 1) s

ST B AR L, v B A HK-2 40 i 386 5 400 461 2R
40 M 7 WIL-67K S\ TNF-o/K S . LDHiE #£ . MDA
T ThE (P <0.05) ; 5 R, S B +si-cire-
LRPOATHK-24H 34 FE 41 i 28 40 b 35 MR IL-67KF- |
TNF-o/K “F- LDH{F £ MDA % f ¥ [ K (P < 0.05)
5 i BE+si-circLRPOZH A8 EL , 15 #if+si-circLRP6+miR-
31-5p inhibitorZH HK-221 ifd 3% 8 #11 il 25 . 48 i 1 %5
WIL-67K F- \TNF-aK “F \LDHIE P MDA % & 5 7t
55 (P <0.05) ;5 2 bH+si-circLRP6+miR-31-5p inhibitor
ZHAH H, 5 Al +si-circLRP6+miR-31-5p inhibitor+si-
HMGA T HK-24H it 5 5 30 ) 3 40 L F 7% WIL-6
IK A (TNF-aK - \LDHIF P4 MDA 7 8 3 B AIK (P <
0.05), WK1,
23 HHHK-240 M T

5555 BEALAA e, w3 b 4 HK-240 g 4 7 % Bax
HHRIBTHE, Bel-288 I RIB AR (P < 0.05) s 515

F1 BEHK-2MEEMFI R, LDHEME. IL-6FTNF-ouk £ AR MDAS EHILLE:
Tab.1 Inhibition rate of HK-2 cell proliferation; lactate dehydrogenase (LDH) activity; interleukin (IL) -6 and tumor necrosis factor

(TNF) -« levels; and malondialdehyde (MDA) content in each group

Proliferation inhibition

Group rate (%) IL-6 (pg/mL) TNF-« (pg/mL) LDH( x 10° U/L) MDA (p,mol/L)
ate \ 7o
Control 0.00 7133 +8.84 1325+ 1.65 2.06+2.75 1.14£0.14
High glucose 46.52+581" 22269 +27.82" 5437+6.79" 4352 +5.44" 2.97+0.37"
High glucose+si-NC 4458+597 22058 +27.57 54924686 4374.£5.46 302037
High glucose+si-circLRP6 25.97+2.74” 144.61 + 18.07” 21.69+2.71” 28.72 +3.59” 1750217
High glucose+si-circL RP6-+miR-NC 25.81+2.69 145.05 £ 18.13 2184273 2893 £3.61 1772022
High glucose+si-circLRP6+miR-31-5p inhibitor 3529+3.77" 192.97 £ 24.127 40.58 +5.07" 39.65 + 495" 264+033”
High glucosessi-cireLRP6-+miR-31-5p inhibitor+si-NC 34.68+3.01 193.05 +24.13 40.60 +5.07 39.714.96 2,65+033
High glucose+si-circLRP6+miR-31-5p inhibitor+si-HMGA1 2822 +2.89" 15324 +19.15" 29.76 +3.72" 3138 +3.92" 1.94 +0.24"

1) P < 0.05 vs. control group;2) P < 0.05 vs. high glucose group;3) P < 0.05 vs. high glucose+si-circLRP6 group;4) P < 0.05 vs. high glucose+si-circ-

LRP6+miR-31-5p inhibitor group.
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W ZH A LG, o B+si-cire LRP6ZH HK-240 itg 4 T % |
BaxZE [ 2 A5 FEME , Bel- 2R A # 5 THE (P < 0.05) ;
5 & bl +si-circLRP6ZH AH Lt , =1 li+si-circLRP6+miR-
31-5p inhibitorZH HK-241 g ] T % | BaxZE [ 2% 3k FF+
L Bel-22F 1 2 35 FEAIK (P < 0.05) 5 5 5 Hlf+si-cire-

LRP6+miR-31-5p inhibitorZH At , = B -+si-circLRP6+
miR-31-5p inhibitor+si-HMGA 12 HK-241 Jfid )8 - 3% |
BaxR A IRFEAK, Bel-28 AT+ (P < 0.05), 1L
2 A1,

2.4 miR-31-5p5 circ LRPOFKIHE ] 55 55

F2 FBEHK-24MRATER LR

Tab.2 Comparison of apoptosis of HK-2 cells in each group

Group Apoptosis rate (%) Bax Bel-2
Control 5.96 +0.74 0.28 £0.03 124 +0.15
High glucose 34.97 + 437" 1.42+0.17" 0.25 +0.03"
High glucose+si-NC 34.81+4.35 1.43+0.17 0.26 + 0.03
High glucose+si-circLRP6 12.64 + 1.58” 0.44 +0.05” 0.94+£0.11%
High glucose+si-circLRP6+miR-NC 12.58 + 1.57 0.45 £0.05 0.93+0.11
High glucose+si-circLRP6+miR-31-5p inhibitor 2491 +3.117 0.97 +0.12% 0.37 +0.04”
High glucose+si-circLRP6+miR-31-5p inhibitor+si-NC 24.76 +3.09 0.96 +0.12 0.38 +0.04
High glucose+si-circLRP6+miR-31-5p inhibitor+si-HMGA 1 15.63 = 1.95Y 0.75 = 0.09" 0.64 = 0.08"

1) P < 0.05 vs. control group;2) P < 0.05 vs. high glucose group;3) P < 0.05 vs. high glucose+si-circLRP6 group;4) P < 0.05 vs. high glucose+si-circ-

LRP6+miR-31-5p inhibitor group.

1 2 3

4 5 6 7 8

Bre = G G - — o S —

B . - - — — —

P - - e e - —

1, control group;2,high glucose group;3,high glucose+si-NC group;4,high glucose+si-circLRP6 group; 5, high glucose+si-circLRP6+miR-NC group;

6, high glucose+si-circLRP6+miR-31-5p inhibitor group;7,high glucose+si-circLRP6+miR-31-5p inhibitor+si-NC group;8, high glucose+si-cire-

LRP6+miR-31-5p inhibitor+si-HMGA1 group.
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Fig.1

Starbase[™ ¥l #1 I & 7, miR—3l—5p'§circLRP6
FEAE 4 A 7 5 (F2) o miR-31-5p mimic+circLRP6
WTZH %¢ 5 2 35 1 #mimic NC+cireLRP6 WTZH K
(0.35 + 0.02F11.02 + 0.09, P < 0.05), mimic NC+circ-
LRP6 MUTZH 5 miR-31-5p mimic+circLRP6 MUTZH Lt
B POCR IS TR 22 7 oS5 X (1.02 £0.10
H11.03 £0.10,P > 0.05) . 5si-NCAH A I, circ LRP62H
circLRP6ZE 154K (0.33 + 0.047111.01 £0.12,P < 0.05),
miR-31-5pZik THE (296 + 0.37F11.02 £0.12,P<005)
2.5 miR-31-5p 5HMGA 1 {4 7] 55 £

Bax and Bcl-2 protein expression in HK-2 cells of each group

Starbase % 35 Tl 2 7K , miR-31-5p 5 HMGA1
1718 45 4 47 45 (FE3) o miR-31-5p mimic+HMGA1
WTZH %¢ )t 2 i 15 1k Hmimic NC+HMGA T WTZH i
(0.32 +0.05F11.13 + 0.21,P < 0.05), mimic NC+HMGA1
MUTZH 5 miR-31-5p mimic+HMGA1 MUTZH %5, %
O K i IE MY 22 S o 483 2 2 L (1.10 £ 0.10F0
1.08 £0.19,P>0.05) .- 5mimic NCAHIH , miR-31-5p
mimicZHHMGA 1 mRNAZKF-(0.40 £ 0.05/11.01  0.12,
P < 0.05) FIH FFIEKF- (0.37 £ 0.04710.89 £ 0.11,
P<0.05) FFI%. ILEI4,



+ 250 -

HREERRESR H53%E

circLRP6:

miR-31-5p:

5" vuuuuunaauucUGUCUUGCCa 3'

LT

3" ucgauacggucGUAGAACGGa 5'

E2 StarbaseM iz TMImIR-31-5p5circLRP645 & i &
Fig.2 miR-31-5p and circLRP6 binding sites predicted by the Starbase website

HMGAL:

miR-31-5p:

5" guggccacageeecCUUGCCe 3

1L

3' ucgavacggucguaGAACGGa 5'

E3 StarbaseMiEFMIMIR-31-5p SHMGA1 & &L 5
Fig.3 miR-31-5p and HMGA1 binding sites predicted by the Starbase website

1 2

HMGAL g -

1, mimic NC group;2,miR-31-5p mimic group.
B4 miR-31-5pid RIXITHMGA1E B RIZM T
Fig.4 Effect of miR-31-5p overexpression on HMGA1 protein

expression
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