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Abstract. Objective
on podocyte injury in diabetic nephropathy ( DN) by regulating the

To investigate the effects and mechanism of equol

AMP - activated protein kinase ( AMPK)/mammalian target of rapamycin
(mTOR) pathway by coiled — coil domain containing 92 ( CCDC92 ) .

Methods Mouse MPCS cells were divided into five groups: the control
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group (without any treatment ) ,the model group ( treated with 30 mmol - L ™" glucose for 48 h) , the experimental group
(treated with 1 pumol + L™" equol for 24 h on the basis of the model group), the AAV — NC group ( transfected with
AAV - NC on the basis of the experimental group) and the AAV — CCDC92 group ( transfected with AAV — CCDC92 on
the basis of the experimental group). Cell viability was detected by the methyl thiazolyl tetrazolium assay. The mRNA
level of CCDC92 was determined by real — time fluorescence quantitative polymerase chain reaction. Cell invasive
ability was assessed by the transwell assay. The protein relative expression levels of Podocin and Nephrin were detected
by immunofluorescence assay. The protein relative expression levels of microtubule — associated protein 1 light chain 3
/1 (LC31M/ 1), Beclin-1, AMPK and mTOR related proteins were measured by Western blot. Results The
cell viability rates of the control group, model group and experimental group were ( 100.00 + 2.84 )%,
(64.91 £9.57)% and (81.36 +13.19)% , respectively; the relative expression levels of CCDC92 mRNA in the
control group, model group, experimental group, AAV — NC group and AAV - CCDC92 group were 1.00 +0. 12,
2.26 +0.35, 1.42 £ 0.19, 1.48 = 0.22 and 2.05 + 0.34, respectively; the number of invasive cells were
(79.35+£11.62), (25.81 £4.06), (53.69 +7.95), (60.46 +10.58) and (41.13 £7.27) cells, respectively;
the relative expression levels of Nephrin protein were 1.00 0. 14, 0.31 £0.05, 0.65 +0.09, 0.58 +0.08 and
0.39 £0.06, respectively; the relative expression levels of Podocin protein were 1.00 = 0.17, 0.28 + 0.04,
0.61 +0. 11, 0.56 £0.09 and 0.32 +0. 06, respectively; the relative expression levels of LC3 I/ ] protein were
1.00 £0. 17, 0.26 £0.04, 0.74 +0. 12, 0. 69 £0. 11 and 0. 41 +0. 08, respectively; the relative expression levels of
Beclinl protein were 1.00 £0.15, 0.32 £0.06, 0.68 +0.10, 0.75 +£0.12 and 0.46 + 0. 07, respectively; the
relative expression levels of phosphorylated (p) — AMPK/AMPK protein were 1.00 + 0.19, 0.23 + 0.04,
0.86 £0.17, 0.89 £0. 16 and 0. 38 +0. 07, respectively; the relative expression levels of p — mTOR/mTOR protein
were 1.00 £0. 16, 3.16 +£0.53, 1.72 £0.31, 1.65 £0.29 and 2. 91 £0. 52, respectively. There were statistically
significant differences in the above indicators between the model group and the control group, between the experimental
group and the model group and between the AAV — CCDC92 group and the AAV — NC group (P <0.05,P <0.01,
P <0.001). Conclusion Equol can alleviate podocyte injury in DN through CCDC92, and the effects may be related
to regulating the AMPK/mTOR pathway and improving autophagy level.
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814 .5 - AGGAATCCTTCTGACCCATGC -3,
2.4 Transwell SC38EA&T MPCS Rk E22EEH™
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1 hy %f Podocin(1:100) EEZ LI, EiE T 5 Alexa
Fluor® 647 BB ILEP/NR —H(1:1 000) I F 5, fin
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(1:1000) 7£4 C R E 7%, B SE AL B b 12 —
Pr(1:1 000) 5 J5 AL &G 8 5, F Image J 144
FE A FRIAKT
3 GitFAE
FH SPSS 23.0 3K #E4T G it 40 A, 11 & 95 kLA
x xRN, Z A [A) PR B R R U7 22534, 2 2 (A b A
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{30 mmol - L™" 4 45 Bl AL BH 48 h, 5216 21 41 i Ik
TR, H 1 wmol - L™ equol 4t Ff 24 h, FH
MTT 5255 75 K I 45 4 MPCS 20 Ji i 77 3 232, 45 2R
AN Opi | *%%”éﬂ%nje?éﬁﬂﬁfﬁﬂﬂﬁﬁ(ﬁi/\”Uj
(100.00 +2.84)% (64.91 £9.57)% F1(81.36 +13.19)% .,
BARVZH 5% FRATA [L, S 4 S BB 2 A L, 7E 4
W EERYAS Y E XL (P <0.05,
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FERVZH 55 ) BRZHAH b, S 06 40 5 A RS 40 A L
AAV - CCDC92 %41 5 AAV - NC 4 # I,
CCDC92 mRNAFIEE [ A0 X R IK K - LA, FE e i 2%
FEREHESIT¥E X (P<0.01,P <0.001);
AAV - NCH 5L AH L, eG4 F 22 ST
BHY(P>0.05), W#E1,
3 equol 5 CCDCI2 5(1 MPC5 ZBA{2Z R0
XTHROZH | B ZH | S 5R 4H . AAV - NC 2 H
AAV - CCDC92 41 1y élﬂ Ml 2 2 A % Bl e
(79.35 £11.62) . (25.81 £4.06) . (53.69 +7.95) .
(60.46 £10.58) 1 (41.13 £7.27) 4>, BB 4 5 %} IR
AL, SEBG 4 SRR AL AH L, AAV — CCDC92 415
AAV -NC ML, fEgiit 7 E R WA SRR X
(#) P <0.001) ; AAV - NCH] 554020 AR L, 7ESE 177
EERIGIE (P >0.05)
4 equol /5 CCDC92 Xt MPC5 4 Af1 (5 Ik Y 22 i
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F 1 254 MPCS 2 b 45 R e 45
FE K A (v 5)

Table 1  Comparison of coiled — coil domain containing 92
(CCDC92 ) mRNA and protein levels in MPC5 cells among
different groups (x +s)

43, 92 (CCDCI2 ) mRNA

Group n CCDC92 mRNA CCDCI2 protein
Control 8 1.00 £0. 12 1.00 0. 15
Model 8 2.26+0.35%"* 2.81£0.49%"*
Experimental 8 1.42 0. 19442 1.59 £0.26244
AAV -NC 8 1.48 £0.22 1.67 0. 28
AAV - CCDC92 8 2.05£0.3444 2.53£0.41444

Control group: Without any treatment; Model group: Treated with

30 mmol + L' glucose for 48 h; Experimental group : Treated with
1 wmol - L™" equol for 24 h on the basis of the model group; AAV — NC
group: Transfected with AAV — NC on the basis of the experimental group;
AAV - CCDCI2 group: Transfected with AAV — CCDC92 on the basis of the
experimental group; Compared with control group, *** P <0.001; Com-
pared with model group, 242 P <0.001; Compared with the AAV - NC

group, A4 P <0.01, 444P <0.001.

Beclinl £ [ AH XJ & 35 7K 7 ¥ B 28 B AR, 7R 48 35
FERWAEGITFE X (¥ P<0.001),p62 HE
AR B KF B3 T RS i EE R A G
B (P<0.001); SR AH L, SEH 20 MPCS 4
Mo LC3 11/ 1 1 Beclinl & [ 4H % 25 3k 7K % 2 7F
EL.ESIT Y EESHMASITFE X (Y
P <0.001),p62 2 A1 XT38 K FFEAG, £ 5811
¥ ERFAGIFE L (P <0.001) ;5525 4 M
t,AAV - NC 41 MPC5 i g+ LC3 1/ 1 ,p62 FI
Beclinl Z [ AHXF RIK K LB AE S % E =R/
TGt 3 X (#HP>0.05); 5 AAV — NC 41 41
., AAV — CCDC92 #H MPC5 #f jifu v LC3 11/ 1 Fil
Beclinl 2 [ A XF 3k 7K P 2 AR, 7E G327 1 22
S A G E X (P <0.001), p62 [ AH X
RXAKPFm, EG it L ERARIT2E X
(P<0.001), L322 filE 1,

T2 AU MPCS AP RUTHIE A | #25E 3(LC3) EBR 1
(p62) FIFRGAER 1(Beclinl ) 3 FUARX K 19 FUAL (2 £ 5)

Table 2 Comparison of protein relative expression levels of micro-
tubule — associated protein 1 light chain 3 (LC3), sequestosome 1

(p62) and Beclinl in MPC5 cells among different groups(x +s)

Group n LC3/ 1 p62 Beclinl

1.00 +0. 17 1.00 £0. 18 1.00 £0. 15

Control

Model 0.26 £0.04" " " 2.64 £0.45" " 0.32+0.06" " "

0.74 0. 12222 1.39£0.224%% 0.68 0. 10424

AAV -NC 0.69 £0. 11 0.75 £0.12

8
8

Experimental 8
8 1.31 £0.23
8

AAV - CCDC92 0.41 £0. 08444 2,28 +0. 36444 (.46 +0.07444

Compared with control group, *“**P < 0.001; Compared with model
group, “22P < 0.001; Compared with the AAV — NC group,

ALAp<0.001.

LC3T [ e g S S S 10 <Da

LO3 I | Q. e S S S 14 kDa

po2 | we— D S a— | 2 D:

Becinl | WD s G SR S8 | 52 iD:

erepesem e

a-Tubulin

1 (5Bl R R I 45 40 MPCS 41 A v LC3 ., p62 FI
Beclinl £ F A X 28 K F-

Figure 1  Detection of the relative expression levels of LC3, p62
and Beclinl proteins in MPCS cells of each group by Western blot

assay
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5 equol 5 CCDCY2 3 MPC5 £BAER {5 RIS M0

TERIZH 55 X B4 A bo, S 06 4 5 A R 4 A L
AAV - CCDC92 4 5 AAV - NC ZH #H L., Nephrin
Podocin # IR X KRB KPRG9 B2 R A St
22 Y ($ P <0.001) ; AAV - NC 41 55256 41 A e,
gt E R RG-S E X (¥ P >0.05),
W3,
6 equol & CCDCY2 3t MPC5 4 ffi # AMPK/
mTOR & % i 2 i

BAL 2 5 %0 BROAH [E, S 46 20 5 8 A 40 A4 L,
AAV - CCDCO24 5 AAV - NC ZHA#H [, p — AMPK/
AMPK Hl p - mTOR/mTOR #HX} Kk KFIEGE T B
L RIE G L (4 P <0.001) ;AAV - NC 415
SCERAHAH LG, RS B E R RS R (Y
P>0.05), L34 FiE 2,

F 3 ALH MPCS 4 i v B 2 1 AR 20 0 Ak TR - B oK
T (3 5)
Table 3

Comparison of Nephrin and Podocin protein relative

expression levels in MPCS cells among different groups (x +s)

Group n Nephrin Podocin
Control 8 1.00 =0. 14 1.00 0. 17
Model 8 0.31£0.05***  0.280.04"*"*
Experimental 8 0.65 £0.09444 0.61 £0. 11444
AAV -NC 8 0.58 +0. 08 0.56 0. 09
AAV - CCDC92 8 0.39 £0.06444  0.32x0.06444

Compared with control group, ™ * * P <0. 001 ; Compared with model group,

ABAP <0.001; Compared with AAV — NC group, 444 P <0.001.

R4 K MPCS AP IR R G AL AR 1 s (AMPK) /i 5L
)T A 3R L& (mTOR) 3 % A8 5% 4 F K P 19 Fo 42
(xxs)

Table 4 Comparison of AMP - activated protein kinase
(AMPK ) /mammalian target of rapamycin ( mTOR ) signaling

pathway — related protein relative expression levels in MPCS cells

among different groups (x s)

Group n p-AMPK/AMPK  p-mTOR/mTOR
Control 8 1.00 £0. 19 1.00 £0. 16
Model 8 0.23+0.04* " * 3.16£0.53***
Experimental 8 0.86 +0. 17442 1.72 £0.31444
AAV -NC 8 0.89 0. 16 1.65 +0.29
AAV - CCDC92 8 0.38 £0.07444 2,91 +(.52444

Compared with control group,

AALP < 0.001;

group,
ALAp<0.001.

***P<0.001; Compared with treatment
Compared with AAV - NC group,

9
N & & & E

S
C/o&

- e e e | 01D

& S
PG

p-AMPK

AMPK | (N S S SR S G <D

p-mTOR | s SN SNNS SN @ (075 kDo

mTOR | Gl IS D GED e

289 kDa

wTihin (G - |

2 EEREN AN 454 MPCS 41 g ' AMPK/mTOR i
ARG EE AR Rk oK -F

Figure 2
levels of AMPK/mTOR pathway — related proteins in MPCS cells of

each group

Western blot assay to detect the relative expression

i
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T 2 40 5 A5 S 12 DN ) T B BIUAR iE = — , [ i
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JER T AR AR SR R U
PN, bk T JEL 200 v SR | ) 2 i 2 R e
1 DN BRI CHEIR T 2 " L A SCHRARGE , ITAE 5
PR R 22 T i KPR JE A 5 equol HLAT
PR TR 2 A e R B AL S, Hh T equol RES B
AU N R ) U010 TRk AR = B T oA
equol X4 FR 75 B 6 114 B 0 il AT e 36V, L LA
ST MPCS 40 22 Fz 28 1 R T+ 32 (A3 K s , 410
AL T, 3386 4 B A YT DN 40 i 58 475 412 fit
THA T ARBISGIESE T equol X bz 5 L 2
FAEE A3 THE T, 4570 JLAE 5 2 200 453 003 1) T3 97
FR BT FP A7 AT — 2 B 0 F A (L, (E EAAE 43 L
AN

CCDCO2 HE R A5 55 5 1 15 KBTS A i s i
YIRS ZUO S5 A I R AN S B BT 5T R R B,
KK EAERE O B R B R b B, LS
B /NER i TR L AR OG5 T LR CCDC92 A
A DL DN /N B R R AN B R v, G 3R ik
CCDCO2 M 233 DN /1N VB /NER v 1 1 2 R L %
BEFRAR R 4178 CCDCO2 AT RE AL N DN 2 40 J 153 475 14
WTESR . ABFSE RIREWLEEE, CCDCO2 JE PRI 7E & b
751 MPCS £ v 5 23k . BLAh, AR 988 R B,
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BRI 40 M 22 66 J0 F B WERE 0955, LC3 I/ 1
Beclinl 25 [ K35 KF-BIRAR, p62 25 11 K38 KF- T
1Ml equol TP AT LA3E 2L T 9 CCDC92 3k, 2 1E 41
HIRZ2HFN B WERE J1 , (e 1 F2 20 Y 32 45 B 4 1) 37 B 5 1%
o X5 TN TR Lo K SRS UL I Y BF 55
BRI, equol T-T0f5 AT LAIE i 38 58 41 i ) Wk, B AR p62
BAFRBAKFEF LC3 - 1/LC3 — 11 B ok i 4o i
FRi% 1 Lo 4 ii 2= 46 ) 45 R — 2L, Nephrin  Podocin
& ST A AL PR B L A SR BEAE R R, AR mRPIR S
TR R AR . AEAHESE R, equol
THA] LAjd 5f CCDCO2 /i 2 Ff 2 4 i 45 44 35 1
FEIK VR R I AN B 48 A, AR R S B
7N, B R[] 538 4% J7 $2 /5 Nephrin  Podocin ik, 4E+F
JE A IE S5 A RO D RE , W 2 A AR 4, S AR S
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