ERE] 2025 41 4505 % 522 ) % H A 5 T & ISSN 1671—1815 b
: " 2025, 25(22) : 09305 -07 Science Technology and Engineering CN 11—4688/T Ch-. :

DOI; 10. 12404/j. issn. 1671-1815. 2409673

B A& T AW -k R BETR AR - B AKJR. IneRNA Rpphl %4 FR 6 1505 2 40 i AMPK/Nif2 38 B% FET- 1055 [ 1], BRffoR 5 TR
2025, 25(22) : 9305-9311.
Gulixian - Turhong, Guliziba+Tayier. Effect of IncRNA Rpphl on AMPK/Nrf2 signal pathway and cytopyrosis in diabetes nephropathy[ J].
Science Technology and Engineering, 2025, 25(22) . 9305-9311.

E# . I4E

IncRNA Rpphl 37 % R & "Zf- 2 248 R
AMPK/Nrf2 1# 8§ TR 2

HTEE ek R, WAL BERR
CHRSIBERIACE 4 — MR BEBE I RE, 61 A5F 830028)

% T K4 3E% A RNA(IncRNA) Rpphl 423 4% & 9% B 9% ( diabetes nephropathy , DN) & 2 JE 43 15 , % & 5 M3 B2 3 & &
& % B ( AMP-activated protein kinase, AMPK)/# B -F E2 A8 & B F 2 (N2) 15 5 @ % A R i A= fe B A £, KIMERA
B 5 4 B ( Human glomerular podocytes, HGPC) REAL%- 4 f 40 #£ A1 40 IncRNA Rpphl i & ik 48 AR & ik A fo s B AR,
5 mmol/L# D-#) )45 % F HGPC A I 40, F4b =208 M 30 mmol/L # D-F) Z 40 5 tw ik 5 DN ARR | B8 ik k%
4% 7% IncRNA Rpphl it &8 K&k 5 = HARGAE R E LS HGPC £ F . gRT-PCR # 0 IncRNA Rpphl &£, Western blot #
M p-AMPK/AMPK #= Nif2 & & , VAR 40 it £ =48 % & & &.4& Nod # xﬁi#cﬁé: LMy IR A8 % & & 3(NLRP3) Bt X & & B-1
(caspase-1) #= GSDMD-N #) & ik & MTT 20 o fo & & AR m K A =& 5@k, A 20 IncRNA Rpphl
REFTREWM(P<0.05), HA L p-AMPK/AMPK Nif2 \NLRP3  caspase-1 f2 GSDMD-N & & %k & R &3 m (P <0.05)
MMM G EERER Y, A= ER (P <0.05), 58 A 450 % HAKMA L IncRNA Rpphl it & % 28 IncRNA Rpphl .
p-AMPK/AMPK Nrf2 . NLRP3  caspase-1 = GSDMD-N & & 45 & % 5 5 w576 % R 508 0, A= F 5 (P <0.05) ;
IncRNA Rpphl 4% & A 28 IncRNA Rpphl .p-AMPK/AMPK  Nrf2 NLRP3 ., caspase-1 #= GSDMD-N ﬁéﬁx%i%ﬂ‘é m o 7

R2REWS ATHERTM(P<0.05), DN ¥ IncRNA Rpphl & &k T MR8 R an a4 4 , T Ak i@ i AMPK/Nif2 45 5 1@ 3640 7%
mpE AR TA L,

YRl ¥E SRR B R, i, K4%3E% A RNA Rpphl; RFBME R GsE,; AT R MAET2; mbic
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Effect of IncRNA Rpphl on AMPK/Nrf2 Signal Pathway and
Cytopyrosis in Diabetes Nephropathy

GULIXIAN - Turhong, GULIZIBA - Tayier
( Nephrology Department of the Second Affiliated Hospital of Xinjiang Medical University, Urumqi 830028, China)

[ Abstract] To investigate the mechanism of IncRNA (long chain non coding RNA) Rpphl activating cytopyrosis through AMP-
AMPK ( activated protein kinase ) /Nrf2 (nuclear factor E2 related factor 2) signaling pathway, then to promote podocyte injury in DN
(diabetes nephropathy). HGPC(Human glomerular podocytes) were cultured in vitro and randomly divided into control group, model
group, IncRNA Rpphl over-expression group, low-expression group, and empty vector group. HGPC were incubated with 5 mmol/L
D-glucose as control group, while the other three groups were incubated with 30 mmol/L D-glucose to establish DN model. Liposome
transfection method was used to co-incubate stable plasmids carrying Rpphl over-expression, low-expression, and empty vector with
HGPC. qRT-PCR was used to detect IncRNA Rpphl expression, Western blot was used to detect p-AMPK/AMPK and Nrf2 proteins,
as well as the expression levels of cytopyrosis related proteins including NLRP3 ( Nod like receptor thermal domain associated protein
3), caspase-1, and GSDMD-N. MTT assay was used to detect cell survival rate. Flow cytometry was used to detecte apoptosis rate.
Compared with control group, the expression level of IncRNA Rpphl in model group significantly increased (P < 0.05). The
expression levels of p-AMPK/AMPK, Nrf2, NLRP3, caspase-1, and GSDMD-N proteins significantly increased in model group (P <
0.05). The survival rate of model group cells significantly reduced, while apoptosis rate increased in model group (P <0.05).
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Compared with model group and empty vector group, IncRNA Rpphl, p-AMPK/AMPK, Nif2, NLRP3, caspase-1, and GSDMD-N
proteins in IncRNA Rpphl over-expression group significantly increased, and cell survival rate significantly reduced, apoptosis rate
increased (P <0.05). The expression levels of IncRNA Rpphl, p-AMPK/AMPK, Nrf2, NLRP3, caspase-1, and GSDMD-N proteins

significantly decreased in IncRNA Rpphl low-expression group, and cell survival rate significantly increased, apoptosis rate reduced

(P<0.05). In all, High expression of IncRNA Rpphl in DN may activate cytopyrosis and promote podocyte injury by AMPK/Nrf2

signaling pathway.
[ Keywords |

related factor 2 ; cytopyrosis

¥E PR % 15 9% ( diabetes nephropathy , DN ) i PR 95
5 9% ( diabetic kidney disease , DKD) A48 H M IR 5|
AL R B , B B 18 T s R 8 K 1)
(=L SN S B 751 L IR & S Tl S VAN = W £
R AT R RS AN BRI
¢ 200 B B /DN R e s [ A 8 /N B ik o R
B AR B /N R UE R D RE . A A A | N U
T4 2 DKD S HLAFAE A B AR A6 ) R IR 2 40
Mud oLl 2 OCE 2, FoR R B, KAEE 4% RNA
(long non coding RNA , IncRNA ) 7£ DN 1) % 3 #I1 il
R EAE AT, AT LSS M T i 5 PR RSO B
FIZNRE &34, JE 1M N B DN i 1% M52 0 5, In-
cRNA Rpphl J&—28F [ IncRNA , BEAEWF 57 % B
HAEE M Mo ™ B PRIR S B NG b A0 A
170 g T SR Rk TTRES S TR I &4

S, A ETF IncRNA Rpphl 7£ DN H1 a1
RTINS + o0 1A . A0 A T — b 4
BT 2, © SRS AE DN &R LG o [
FERIEEEMEH" . IncRNA Rpphl 275 18 i 845
YRR AR TR RZ M DN 2 40 AR A 35347 18 A S —A
R PR RIS & 11 I ( AMP-activated protein ki-
nase , AMPK) /#% X T E2 #H2& A F 2 ( nuclear factor
E2 related factor 2, Nrf2) {55 538 [ 7E P81 20 it 1 5
PAT 9 SN A5 B Ao A v R 4 R AR
FET G A T v RN B /N BK 2 H f E S7 DN
B 555 IncRNA Rpphl f23F DN 2 41 453473 14 A
ML, A5 AMPK/Nif2 {5538 # L K 4 A 7
R TA K,
1 MREEE
1.1 #piEs

AN 35 N /NVER 28 M9 ( human glomerular
podocytes , HGPC) W H F A4 T A0S g bty H M
K955 7E DMEM-F12 3555 5 (5 10% g 4 1l i 1
1% F-4E8HE)H, T 37 C 5% CO,HFMPHFE,
i R v 22 20 AR R IR B 85% I, IR AL 24 1k
I, PBS Bk ¢ & 0 M vk 2 1 % 10°/mL, 73 %
1.

diabetes nephropathy; podocyte; long non coding RNA Rpphl; AMP-activated protein kinase; nuclear factor E2

1.2 FEKH

Lipofectamine 2000 YL A FEER R A
Fo (D) AR ) 39008 a0 & F PCR U & 1
H3EE R&D A #], BCA & A #il i & | =
Sigma 2w, BPL A p-AMPK , AMPK | Nrf2 NLRP3 |
caspase-1 1 GSDMD-N $T & —4¢ K X b —Hehe H 7T
TR KRB B R MTT 3857 &0 [ 28 % 429
B () B A RRAF
1.3 ®WxRSAE

HGPC i BEAL 7k X R4 BRI ZH | IncRNA
Rpphl i ik 4 KRk 4H A 2s AR 4,5 mmol/L
A D-H5 %5 BEF & HGPC Xt BR 2, Hifth 3 41k H
30 mmol/ LAY D-Fi 45507 & 40l 57 DN A7

BT A Je B #E7 IncRNA Rpphl i %35
REFRB 52 AN E TR 5 HGPC L5 24 h,
SEIE 5 7 PCR (qRT-PCR) K3l IncRNA Rpphl
Fikie, KB R YRR
1.4 HWNFx
1.4.1 qRT-PCR #| IncRNA Rpphl %&£

Trizol X7 42 BUAH IS RNA | 3% 5% 5% A i ¢DNA
Ji I 4l B AR B 5 997 91 IncRNA Rpphl .
I W 5-ACTGGGTGTGATGCCTCTCAAG-3’, T i
5-GGAACCTGAACCCCTGCTGTG-3"; N % B-actin:
b W 5°CTGGTATCGTGGAAGGACTC-3’, T
5-GTAGAGGCAGGGATGATGTCT-3’, 4k 7| &
B P BC R N R R L FE 10 x PCR 2% M i .
MgCl, . dNTPs | Taq fiff . cDNA Fl JZ I 7K, & & 1
30 wL, I &5l 94 °C i 25 ¥ 5 min; 94 C
45 5.60 °C 45 5,72 °C 45 s, JLHFFF 40 1K ;72 CHE
10 minZ§ oL, #EY 3G ih Ze A g th 22, 45 1 DA
9- AACt%‘:_{zT_\‘ N
1.4.2 Western blot %M & & & X &

A5 p-AMPK/AMPK il Nief2 2K [, LA 2 4H
JIAETAHSE R 14035 Nod AF 32 AR [ 45 A S A 6
fH H 3 (nod like receptor thermal domain associated
protein 3, NLRP3) Mt K £5 F -1 ( caspase-1) Fll GSD-
MD-N Ay ik, RIPA 2R3 BUE (A, X & ik
TR Bk B, % PVDF )5 25 1R H1 2 hy T
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AR PE 24 b S BIIMA MTT AL 20 pl, 4k
ZLWFE 4 h 55 LIEW, 0 DMSO &AL 200 wL, #i®
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(A, MMAEIE R = A LI 4/A X4 x
100% , B4R E 6 MEFL, 45 R BCEE,
1.4.4 mX e RKen e R %
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100 pL 1 x G iR HEE, SRE A 5 pL
Annexin V-FITC I Pl Y% 78082, E il G YL
15 min, Yt X 20 B ARSI 20 AR TR
1.5 ZitEH*E

SR SPSS 23. 0 G F A4 X 1T B R +
PR ) Z 48] FLECR FH AN 2 ANOVA 0¥, SR 5
T T 2H 5] P L SR LSD-t BR3P < 0. 05 R
ERAGIFENL,

2 #HR
2.1 IncRNA Rpphl RiZERILLER
X AR L, #8040 IncRNA Rpphl 335 &

WEHM(P <0.05), #£/8 DN H 2 4 if IncRNA
Rpphl ik L, 525 A4 M L, IncRNA
Rpphl it #1541 IncRNA Rpphl 7% 35 & i 35 54 i,
IncRNA Rpphl {83352 IncRNA Rpphl ik & g 3%
TRE(P <0.05), $ /R 5 Y sl ), i &l 1 ATl 2
JF7R o

ok

_|

LS}
T

IncRNA Rpph1 ik

pupiiceiit R

“FIR P <0.01
Bl 1 XRS5 SR 40 IncRNA Rpphl #ik#
Fig.1 qRT-PCR detection of IncRNA Rpphl expression levels in

podocytes between the control group and the model group
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Fig. 2 gqRT-PCR detection of IncRNA Rpphl expression

levels in podocytes of each group
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TRE(P <0.05) ,$&/REE W) -7l IncRNA Rpphl ik
Al LI 1] 8 45 AMPK/Ne2 15 5 3 5% 19 3% 1, 4
Kl 3~ &5 s,
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pavpk [ e D SRS S . | o0
o [ ] 0
GAPDH|- — — — _I 146 kDa

IR P <0.01
K13  Western blot f:ill %40 /£ 40y AMPK/Nif2 {55
W E A REE

Fig. 3  AMPK/Nrf2 signaling pathway protein expression
levels in podocytes of each group by Western blot
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Fig. 4 Statistical analysis results of AMPK signaling
pathway protein in each group
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Fig. 5 Statistical analysis results of Nif2 signaling

pathway protein in each group
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MIFET-Z 5 7 DN R0 . SR RZH Fl s 2%
RZAHEE , IncRNA Rpphl i #3541 NLRP3 | caspase-
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FBE T E TRE(P <0.05) , #2778 ] T 7 IncRNA
Rpph1 235 7] LS i 40 i A5 T n T 14, an &l 6 ~ 181 9
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NLRP3|— WD = — -|110kDa
caspase-1 [ e (D o WS BN 50 <Da
csoo- [T N ] >

“HKR P <0.01
[l 6 Western blot #6045 2H & A0 A i AL 1= 2 6k im

Fig. 6 Pyroptosis protein expression in podocyte

cells of each group by Western blot
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Fig. 7 Statistical analysis results of NLRP3

protein in each group
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Fig. 8 Statistical analysis results of caspase-1
protein in each group
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Fig. 9  Statistical analysis results of GSDMD-N

protein in each group
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phl 3k FIR A 1) 40 ML A7 1% 5 b, TR
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Fig. 10  The survival of podocytes in each group by MTT

¥ Mk . www. stae. com. cn



2025,25(22) A - ik R 45 IncRNA Rpph X4 B 15 s JE 4L AMPK/Nrf2 i B BTS20 9309
10°F Q1 Q2 10°£ Q1 100 Q1 Q2
0.43 1.25 2.00 1.92 17.3
10° 10° 10° e
< < <
&0 =0k 2ok
< < <
210 TS 3
2 10 2 10 2 10°k
& & &
g 10%E % 10 g 10%¢
&) Q O
10'E Q4 Q3 10! EQ4 10! Q4
96.0 kR 228 73.9 73.4 :
0 L L TP L L L 0 L L L L 0 L L L L L " L
10 10 10 10° 107 10 10 10° 107 10 10! 10 10° 107
Comp-FL1-A::FITC-A Comp-FL1-A::FITC-A Comp-FL1-A::FITC-A
(a) X R4 (b) BRG] (o) ZEAEA
10oF Q1 Q2 [ Q1 Q
2.11 32.6 2.13 17.4
ok sy :

Comp-FL2-A::PI-A
=
Comp-FL2-A::PI-A

£ Q4 "t (%]

E Q4 Q3

50.4 15.0 73.8 * 6.60
10” AL L L L L L L L L L L L L L

10! 10° 10° 107 10 10° 10° 107

Comp-FL1-A::FITC-A Comp-FL1-A:FITC-A
(d) FFREA (e) fR B4l
“FIR P <0.01
EI11 452 2 4MgA T o0
Fig. 11 Podocyte apoptosis in each group
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Fig. 12 The comparison of apoptosis rate in each group
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