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¥ E L (P >0.05); FSGS 4 . IgAN 4 1% PLCE1.TRPC6.CD2AP.ACTN4 %3 5 MCD 4 th & K. 2 R WA 4
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Abstract:  Objective To investigate the clinical significance of peripheral blood phospholipase CE1
(PLCE1), transient receptor potential cation channel 6 (TRPC6), CD2-associated protein (CD2AP), and a-ac-
tinin-4 (ACTN4) expression in children with primary nephrotic syndrome (PNS), steroid-sensitive nephrotic

syndrome (SSNS), steroid-resistant nephrotic syndrome (SRNS), steroid-dependent nephrotic syndrome
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(SDNS) and different pathological types. Methods
phrotic syndrome were collected and the expression levels of PLCEl, TRPC6, CD2AP, and ACTN4 were
measured by double antibody sandwich enzyme-linked immunosorbent assay (ELISA). Results
sion levels of PLCE1, TRPC6, CD2AP and ACTN4 in PNS group, SSNS group, SRNS group and SDNS group

were lower than those in healthy group, the differences were statistically significant ( P <{0. 05); the expres-

Peripheral serum samples from children with primary ne-

The expres-

sion levels in SRNS group and SDNS group were lower than those in SSNS group, the differences were statisti-
cally significant ( P <Z0.05). There was no significant difference between SRNS group and SDNS group ( P >
0.05). The expression levels of serum PLCE1l, TRPC6, CD2AP and ACTN4 in FSGS group and IgAN group
were lower than those in MCD group, and the differences were statistically significant ( P <{0. 05); FSGS
group and IgAN group were lower than those in MsPGN group and MPGN group. respectively, and the differ-
ences were statistically significant ( P <C0. 05). There was no significant difference between MsPGN group and
MPGN group ( P >>0.05), and there was no significant difference between FSGS group and IgAN group ( P >
0.05). Conclusion O Serum PLCE1, TRPC6, CD2AP and ACTN4 are normally expressed as podocyte slit
diaphragm proteins, podocyte signaling proteins and cytoskeletal proteins, which are essential for maintaining
the functional integrity of glomerular filtration barrier. Abnormal reduction of their expression may lead to the
development of nephrotic syndrome and resistance or dependence to hormone therapy. @ The expression of se-
rum PLCE1l, TRPC6, CD2AP and ACTN4 is related to the pathological type of nephrotic syndrome. @ Clini-
cally measuring the serum levels of PLCE1, TRPC6, CD2AP and ACTN4 is of great significance for diagnosing

refractory nephropathy, determining pathological type, guiding medication use and predicting prognosis.
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JLE JR & P B 9% 28 & AiF (primary nephrotic syn-
drome, PNS) i B /N ER I8 i 5 it i 85 B0 & 1l 3K 2
FIR IR b 25 2 1 — 21 i PR 25 B AR, 02 /) L d DL
PR Z G0« i DR R & ML AR R 52 2% H I I oK 56 42
WYY 0 ROBE B B = (DL AR S — E 2 A
—ZIRYT PNS J5 i, MR XH IR YT R0 43 R R
S B R 275 & {E (steroid sentitive nephrotic syn-
drome, SSNS) | # & i 245 "5 9% 2% & 1 (steroid re-
sistant nephrotic syndrome, SRNS) £ 2 4K ifif £ 15
S %8 & (steroid-dependent nephrotic syndrome,
SDNS) , & FH %} iR, 77. 6% ~ 91, 0% L &
PRI T U A0 80% ~90 % L & . Hvh 25%
~ 4306 J AR R B AR MR & 3 AR 43 B OL I IR | AR
S MER VG £ G AE T T A AN A B A R 2R
5 5 (ESRD)

B A 35 A% 27 F1 K DRI P 1R B9 W & e AT E
22BN IR A BOR B2 1Y BN ER G O TR A 2
21 0 2L L B@ I 43 T (slitdiaphragm, SD) | & 20 il {5 5
O35 VB AR OR AR A FR B /N R U B Y 2 RE 58 B
AL G BREAE T ok B 2 1 5T Bl Y 25 4 L D) RE B Sy B AR 3k
SHS5THEAKK PNS R fe, 0 i — PR
PNS (1 & AL IF 536 97 25 4 B A 1 43 3 B 10 1 IR
B, HATEA 60 245 PNS $95 AH G 1Y 5 25 K 1
3 o # BE  CE1 (phospholipase, PLCED) | B
A A7 M H 57 PH 25 - 38 3B 2 1 6 (transient channel re-
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ceptor potential cation 6, TRPC6).,CD2 #H 3¢ A
(CD2 associated protein, CD2AP) . - L3I 25 H 4
(Alpha-Actinin-4, ACTN4) %75 J& 5 8 SRNS % UL &
PRI I A BBR 2 7 ol P 08 3R 8 e 40 i 7] 22
] X} 3 B8 7 7 AL 15 S SR 9 PNS BOLaEAT R
BUNRAEAEA D R, A B 584 358 i JL# PNS Ifil
7% PLCE1,TRPC6,CD2AP, ACTN4 0, 5 7 T fit
H R KR S5 PNS AH R, 3 — 20 8 7w H & AL
il FUHIR B A A L 15 S S W 0 PNS L, A5
PNS 26 $2& {1 21 10 F0 52 30 4K 9 B 4 1 2 1Y I R
1 &R *

1.1 BFSER4 WedE 2014 4E 1 A & 2021 4 12 A1E
R B N R B e A VT B I 2 e B = ik 12 11 £
JL3E 358 fil B 254 PNS 12 Wrbr ™4 (4 1M 5 A A N
PNS 4. J 250 ., % 108 #i; 4E#% 2. 51~16. 80 %,
(8. 2244.53) % . ARE XTI E IR T OB 4
SSNS,SRNS, SDNS, SSNS 235 f4i] (65. 64 %) . SRNS
91 i (25. 42%) .SDNS 32 i (8. 94 %), W £ [F] ) {4
Ko fe e L I35 AR A 250 4 J fa B X B 40, 3B 162
1], 4 88 il s AEHE 3. 14~15. 65 %, F-1 (7. 864-4. 32)
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1.2 Wbk

1.2.1 REMBARA  FrAFRHEZBERNK 2 mL
ki A EDTA 8, KBRLCHMME & T —80°C vk 4
TRAE .

1.2.2 # W PLCE1,TRPC6,CD2AP,ACTN4 i i
B SR RUHL AR g2 0 ELISA ¥4 I A PLCEL,
TRPC6 ,CD2AP ,ACTN4 [y B ([ il 16 A= 9y 2= 3
B L He ) & v R AE

1.3 SGiitsfrik R SPSS 24. 0 G it F k178
W A3 A T GORHIR M IE 2543 A5 09 (o + ) B A7 4831
TR L AL IA] L AR B IRL 3R 7 22 43 B, PR L 8RR
SNK #5. LA P <C0. 05 HZEFHE =2 L.

2 HR

2.1 SSNS,SRNS,SDNS ) PNS Ifi.7% PLCE1, TR-
PC6.CD2AP, ACTN4 ik K F- kI 45 S fd R 41
PLCE1,TRPC6, CD2AP, ACTN4 % 5 /K W] & & F
PNS 41 ,SSNS 41 .SRNS 41,SDNS 41, 22 % A G i1
B X (P <C0.05) ;5 PNS 41 b4 .SSNS 41 /) PLCE1,
TRPC6,CD2AP, ACTN4 B & 3 & (P < 0. 05),
SRNS 41 ,SDNS 41 PLCE1,TRPC6,CD2AP,ACTN4
W R AR ( P <<0. 05); 5 SSNS 41 [ %, SRNS 41,
SDNS 41 PLCE1,TRPC6,CD2AP,ACTN4 W] I [#
(P <C0. 05); SRNS 4 5 SDNS 4 [t %5, 2 % L5
e E X CP >0.05), WEI1,

X1 MWEEBFARBREE PNS IiE PLCEL, TRPC6 ,CD2AP,ACTN4 Fix# & R A7 . pg/mL
21 5 n PLCE1 TRPC6 CD2AP ACTN4
it B 41 250 436. 784245, 32 3.80+2. 14 233.324102.13 526. 754241, 39
PNS 41 358 315.064-108. 88° 2.81+1. 86 158. 8089, 75° 259, 072198, 42°
SSNS 4 235 366. 124219, 68 3.3542. 21 195. 37492, 33% 291. 224117, 34*
SRNS 4 91 218. 254156, 46 1. 7841, 14 87. 75456, 03 198. 45493, 12
SDNS 4 32 215.364178. 45 1.8241. 09" 92.28+60. 14" 205. 46+ 76. 85"
F 32,287 24. 684 59,411 101. 654
P <20. 001 <<0. 001 <20. 001 <20. 001

A OFNITEAHRHEBEU DX T Q5 E FEAL K, a: P<<0.05;5 PNS A %, b: P<{0.05;5 SSNS 4 & ,c: P <<

0.05,

2.2 R BRAG A 45 358 il PNS LA 288 fil fE 5
2 IS K L N AE (MCD) 117 ] (40. 63 %), 2 I 4
AP /NER B R (MsPGN) 68 1] (23. 61 %) , i 48 A=
B /NER B R (MPGN) 31 1] (10. 76 %), Jmy kb5 B M
INERBE AR (FSGS)60 1 (20. 83 %) , 1gA i (1gAN) 12

Fz 2 283 %l PNSARFELERE MF PLCELI,TRPC6,CD2AP ACTN4 ik # il 45 R

Bl (4. 17%) ., 5 MCD 4. MsPGN 41, MPGN 4] &
% .FSGS 41, 1gAN 41y PLCELl, TRPC6, CD2AP,
ACTN4 ¥ B FEAK C P <<0. 05) , 1] MCD 41 .MsPGN
44, MPGN 4 2z [ # PLCEl, TRPC6, CD2AP,
ACTN4 ZRIEFHIT#E L (P >0.05, L% 2 ,

PA] . pg/mL

20 5 n PLCE1 TRPC6 CD2AP ACTN4
MCD £ 117 325.434£178. 22 3.014+1.87 160. 34+101. 25 281.074194. 28
MsPGN 4] 68 290.43+181. 23 2.9841.46 141. 91473, 32 277.17+156. 40
MPGN 4 31 274.35+142.11 3.10+1.78 148. 79+85. 85 268.51+147. 07
FSGS 4l 60 150. 81£75. 46™° 1.70+1. 14 69.73+36. 29" 150. 22445, 51
IgAN 4 12 146. 28+£70. 08" 1.65+1.12" 65.07+30. 07 140.89+51. 07"
F 14. 633 9.127 15.070 9. 430
P <0. 001 <<0. 001 <<0. 001 <0. 001

FOFRNUHEREHEU DR FT; D5 MCD 4 % ,a: P<<0.05;5 MsPGN 4l b %, b: P <<0.05; 5 MPGN 4}, % ,c: P

0. 05,

3 itig
PLCE1.TRPC6.CD2AP. ACTN4 F B2 ¥ /N Bk
RN E AL S A SD i E A A Ll

SD Sz ph g B 70 A0 AH 28 79 A2 240 I 22 SR 2 AT ML AR S
A E SR TE B 2 B /N ER DB i B s ) B 22 G ) L
TR0 AR AR P 2 TR) 4k 2R A2 A M Y I 5 R R g T
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4% PLCE1, TRPC6 ,CD2AP,ACTN4 i [H f&
Ho gm0 2R e PNS AR 5T 52 80 K2 i & L A
O I i Bk B &, 2 R O 8 AE B 3 SRNSHY
PLCE1 % [H %5 48 & SRNS 5 U & % W, Jg i,
PLCE1 3 K 28 48 5 8085 1Y i o AR B C 3s . 2
ol ) 43 - I PR TR T AR 5 1% S 30 I B A B /D Bk B A
I8 R B B A A T K 7 I A G O AR O 2 A i
BT G (SD 25K e E IR TRPCE AL
B 2R 1 22— ol 931 AN SE R ALK 6 KBS IR 1T
LA 5 N5 6 UK B AR 1 ] A /N L X3 TR BT BH B
T8 iEYY, 2 5 nephrin. podocin, CD2AP ¥ i & &
I 5 ACTN4 A0 B AE T, 48 45 2 40 M 454 5 1)
AENT . HiAR &5 PNS R B /R A FSGS 4
AU CD2AP 1k /& 40 i 2R 1 22—, ARk
() SH3 &5 k4 4 L mT DL 5 2 40 i i 3 Ath 85 (1 4 7 a0
ACTN4 .Podocin. Nephrin ZF# B AE A, — 2 48 45 £
i SD M IE % B 45 AR B ) R, £ 00 S0 08 UE 52
CD2AP ik T BB G 45 05 35 23 5% i J2 40 Mg SD 19
A FRTIRE 51 R 20 ) A0 AR 2R IR L R e A
% T R B R R FSGS BE AETE
CD2AP %78, HiE it 258 () FSGS B & nl #6942
4 CD2AP 22452 | ACTNA4 7E SD (1T Bk o A A% 4
VERT s He— i 55 5 ik R AR DT 8 819 WL 3 4 | &7
52 B B L AT Y 4 VR G £F 4 o, T S — s
a3/Bl G F 53K B &, F B Bk ) i 5 2
20 B /N ER RS B Y SD & A AR R B R L 3 R 4 4R 8
o B B B SE R R ACTNA HE[H & A A8 ] S 3 A
e Yt R M BT B KR FSGS, DETSIKA M
G & R ACTNA J B /NERFCE I 50 Rk 5
FSGS &Hif K,

AWESE & B PNS 41, SSNS 41, SRNS 4, SDNS
#H PLCE1,TRPC6,CD2AP ACTN4 %3k 5 filt e 41 kb
U AR, W PNS BOLE /N ER 2 9 B .
PLCE1.TRPC6.CD2AP, ACTN4 ik %, SD iF %
Zity Z B, MR EE H K, M SSNS R B 5
SRNS.SDNS 41 b %5 W 5 3 = 76 1 R [ SSN'S Xt i
FHUR, 5 TIRYT . PG 847 . SRNS,SDNS X} i % if
Y7 24 BRI 357 BT X 45 Fh G 328 410 3 350 96 97 R
AN WG S AT SE S A, B 4 i Dy ESRD, 4R
SRNS.SDNS B /INER 2 20 558 15 8¢ SSNS T &, 7
5 B | FSGS 4. IgAN 4 Ifi % PLCEl. TRPCS,
CD2AP.ACTN4 %355 MCD 4 [t 4% i 32 FEAK , i PR
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F MCD K &8 40 X5 &R 36 7 Bk % B SSNS.
MsPGN . MPGN W X} i 22 6 97 806 Tl 25 AR T, 11
FSGS EE LI N SRNS!Y, 5 ki K &5 R w4,
2R 1L 1 PLCE1, TRPC6,CD2AP,ACTN4 1F H &
RN Y S e S K SR e N = 2 L5 e S 1 o
Fik X 4E FR OB /INERE S IR Y T BE 5 A 1 R SCHEAE
—HRBERHEEIN TRSBEIRG AR A SHER
TG IT T 245 SR it . 13 o PLCEL, TRPC6. CD2AP,
ACTN4 RiE 5 PNS g B RIAH ¢, B4R SRNS A U
T4 Fhoj 2 26 AL, {H LA FSGS, MsPGN, MPGN 2}
F0,H PLCEL. TRPC6.CD2AP. ACTN4 £ ik ¥ K
KF.

i b TR, AW & B i PLCEL, TRPC6,
CD2AP.ACTN4 1] 8/E A PNS — M B Ay E A,
Il A& b A 1fi 3% o PLCE1, TRPC6,CD2AP, ACTN4
B TR X A A S MEVA PR B i B SEAY HE S T 2
T ¥ s HAT R

SEHk:

(1] whfepEp LB A2 B, LEM R SR R &/
R 5 45 A AR 2 IR IR UE 4R 7S (2016 [ . e JLAF ik
2017,55(10) :729-734.

[2] SIJI A,KARTHIK K N,PARDESHI V C,et al. Targeted
gene panel for genetic testing of south Indian children with
steroid resistant nephrotic syndrome[ ]J]. BMC Med Gen-
et,2018,19(1):200.

[3] LEE J M,KRONBICHLER A,SHIN J I, et al. Current
understandings in treating children with steroid-resistant
nephrotic syndrome [ J ]. Pediatr Nephrol, 2021, 36 (4):
747-761.

(4] 3Kyl S AR, B I, 45, 2020 4F [ Bi JLARR B BERS 2 2 L
R T 25 B B 5 25 A AE 1912 W S B4R B S 2016 4R
[l A A LT b AR E R A K 2021, 37 (6) ¢ 522-
527.

[5] KUO M C,LIANG P I,CHANG ] M. Podocentric view of
glomerular proteinuria: focused on cytoskeletal changes
and toward promising targeted therapies and challenges
[J]. Kaohsiung J Med Sci,2021,37(7) :539-546.

[6] KARABULUT D,KAYMAK E,YALCIN B,et al. A dif-
ferent perspective on the filtration barrier after kidney
stone formation:an immunohistochemical and biochemical
study[J]. Urolithiasis,2021,49(3):201-210.

[7] FENG D,DUMONTIER C,POLLAK M R. Mechanical
challenges and cytoskeletal impairments in focal segmen-
tal glomerulo sclerosis[J]. Am ] Physiol Ren Physiol,
2018,314(5) :F921-F925.

CTFH56 471 10



2023 4F

AT R I 2 B o

il o3

[14]

[15]

[16]

[17]

cancer:a retrospective study using a Chinese multi-insti-
tutional registry with Surveillance, Epidemiology, and
End Results (SEER) data validation[J]. Ann Transl
Med,2020,8(17) :1075.

DRI BT IO S5 W 10 AR IR R OG0T R E B
gL AR B AR . 2017,20(2) : 140-143.
SANO T,COIT D G,KIM H H,et al. Proposal of a new
stage grouping of gastric cancer for TNM classification:
International Gastric Cancer Association staging project
[J]. Gastric Cancer,2017,20(2) :217-225.
TEYUED BB LER S BE2HELTEL XK
FiH (2020 O LT, H ESE SRR K, 2020,40(8) 1 869-
904.

USHIMARU Y, OMORI T,FUJIWARA Y.et al. The

(18]

[19]

[20]

feasibility and safety of preoperative fluorescence mark-
ing with indocyanine green (icg) in laparoscopic gastrec-
tomy for gastric cancer[ J]. ] Gastrointest Surg,2019,23
(3):468-476.
AR 28R R 5. BB CT 2l ik Al 55 4 22 {8
R I L A A ) PO A R LT D I B I U 2 2
#5,2021,44(4) :408-414.
PPN o e, I S8 R T T S R AR 5 AR R B0 )
FhRERWBEELT]. A IH AL 2475, 2020,40(6) : 373-379.
ZHOU C M,WANG Y,YE H T,et al. Machine learning
predicts lymph node metastasis of poorly differentiated-
type intramucosal gastric cancer[ J]. Sci Rep, 2021, 11
(1) :1300.

Wi B A :2022-12-27; f8 B B #1:2023-02-26

CEREES 466 T1)

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

KANG H G,LEE M, LEE K B,et al. Loss of podocalyxin
causes a novel syndromic type of congenital nephrotic
syndrome[ ] ]. Exp Mol Med,2017,49(12) :e414.
LI G M,CAO Q,SHEN Q,et al. Gene mutation analysis
in 12 Chinese children with congenital nephrolic syndrome
[J7. BMC Nephrol,2018,19(1) :1-8.
TASIC V,GUCEV Z,POLENAKOVIC M. Steroid re-
sistant nephrotic syndrome-genetic consideration [ ] J.
Prilozi,2015,36(3) :5-12.
SHIMIZU M, IRABU H, KANEDA H, et al. Familial
focal segmental glomerulosclerosis with PLCE1 muta-
tion in siblings[J]. Pediatr Int,2019,61(7) :726-727.
MENG L Z,CAO S,LIN N,et al. Identification of a no-
vel ACTN, gene mutation which is resistant to primary
nephrotic syndrome therapy[]]. Biomed Res Int, 2019,
2019:5949485.
AMMAR S,KANOUN H,KAMMOUN K,et al. Next-
generaton sequencing in patients with familial FSGS:
first report of collagen gene mutations in Tunisian pa-
tients[ J]. ] Hum Genet,2021,68(8):795-803.
SRAE AR, X3S . PLCEL He P 2 2350 5 ) p6 H i L 2
PNS FH G BF 58 [T, A7 V0 R B2 2% BE 2% 4l . 2020, 42
(5):533-558.
TR, R, X a5 ), S5 L B RUR M B 6 25 S E B
R CE1 B 228 pyWF 58T 1. AR sE LRI R A Ak
2020,35(23) :1807-1811.
ILATOVSKAYA D V,STARUSCHENKO A. TRPC6
channel as an emerging determinant of the podocyte in-

jury susceptibility in kidney diseases[J]. Am J of Physi-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

0l,2015,309(5) : F393-F397.
DOGRA S,KASKEL F. Steroid-resistant nephrotic syn-
drome:a persistent challenge for pediatric nephrology.
[J]. Pediatr Nephrol,2017,32(6) :965-974.
WIEDER N, GREKA A. Calcium, TRPC channels, and
regulation of the actin cytoskeleton in podocytes: to-
wards a future of targeted therapies[]]. Pediatr Neph-
rol,2016,31(7) :1047-1054.
KANG H G,LEE M, LEE K B,et al. Loss of podocalyx-
in causes a novel syndromic type of congenital nephrotic
syndrome[ ] ]. Exp Mol Med,2017,49(12) :e414.
SAURUS P, TOLVANEN T A,LINDFORS S.et al. In-
hibition of SHIP2 in CD2AP-deficient podocytes amelio-
rates reactive oxygen species generation but aggravates
apoptosis[ J]. Sci Rep,2017,7(1):10731.
AGARWAL S,SUDHINI Y R,POLAT O K.,et al. Re-
nal cell markers:lighthouses for managing renal diseases
[J]. Am ] Physiol Renal Physiol, 2021, 321 (6):F715-
F739.
PERICO L,CONTI S,BENIGNI A,et al. Podocyte-actin
dynamics in health and disease[ J]. Nat Rev Nephrol,
2016,12(11) :692-710.
DETSIKA M G, LYGIROU V, FRANTZIS V, et al.
Effect of hem eoxygenase-1 deficiency on glomerular
proteomics[ J]. Am ] Nephrol,2016,43( 6) :441-450.
BARTRAM M P, HABBIG S.PAHMEYER C, et al.
Three-layered proteomic characterization of a novel
ACTN, mutation unravels its pathogenic potential in
FSGS[J]. Hum Mol Genet,2016,25(6):1152-1164.

Yo #s B #1:2023-02-27 ;8 B H #1:2023-04-07

471



