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[Abstract] Objective To investigate the correlation between phosphatidylserine (PS) eversion and oxidative stress
levels, as well as vascular endothelial damage in patients with chronic kidney disease (CKD) at different stages.Methods Se—
lect 88 patients with CKD in stages 2-5 who were admitted to Shunyi Hospital of Beijing Traditional Chinese M edicine Hos—
pital from January 2019 to December 2021. According to the CKD staging, there were 20 cases of mild (2-3 stages), 15 cases
of moderate (4 stages), and 53 cases of severe (5 stages) in three groups. Clinical data were compared, and the expression lev—
els of blood PS, superoxide dismutase (SOD), malondialdehyde (MDA), glutathione peroxidase (GPx), endothelial nitric oxide
synthase (eNOS), and vascular endothelial growth factor (VEGF) were measured. The differences in the expression levels of

the above indicators were analyzed among the three groups of patients, and analyze the correlation among them; Another 40
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venous blood vessel specimens were selected, 30 CKDS5 patients underwent autologous arteriovenous fistula (AVF), and 10
normal patients underwent limb trauma surgery. Immunohistochemical staining was performed on vascular endothelial cells to
observe the expression of superoxide dismutase 1 (SOD-), GPx, VEGF, and vascular endothelial growth factor receptor 2
(VEGFR2) in venous endothelial cells. Results  The serum levels of SCr, BUN, and UA in three groups of CKD patients in—
creased with the worsening of the condition (F=61.316, 43.258, 5.044, P <0.001). The levels of serum MDA and eNOS in—
crease with the aggravation of the condition, while the expressions of SOD and GPx decrease with the aggravation of the con—
dition (F/P =6.984/0.030, 4.155/0.020, 14.937/<0.001, 3.172/<0.001). The expression of serum VEGF and PS increases with
the aggravation of the disease (F/P =29.871/<0.001, 10.286/<0.001). The levels of PS and VEGF in CKDS5 patients were
negatively correlated with the expression of SOD and GPx (P <0.01), and positively correlated with the expression of MDA
and eNOS (P <0.01). The exposure level of PS was positively correlated with the expression of VEGF (P <0.01). The receiv—
er operating characteristic (ROC) curve shows that the areas under the curve predicted by SOD, GPx, MDA, eNOS, and
VEGF for PS eversion are 0.819, 0.818, 0.735, 0.824, and 0.892. SODH, GPx, VEGF, and VEGFR2 are highly expressed in
venous tissues of CKD patients undergoing AVF surgery. Conclusion Oxidative stress can exacerbate vascular endothelial

injury and PS valgus in patients, thereby exacerbating the condition of CKD stage 5 patients. Vascular endothelial injury indi—
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cators have predictive value for PS valgus, and PS valgus is expected to become a new target for CKD treatment.
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Wrdsif, CKD 43-40] 2 ~ 5 W& 5 QAFIRTE 18 ~75 %
(2) AVF FRA: OFF 618 M5 85 16 K12 Wi b 1

QAFIATE 18 ~75 : BGFR <30 ml * min ™' +1.73m 2,
g ¥E# HD 38 97; @ eGFR < 15 ml * min™"



* 1280 -

BEXERR 24 AR 2023 4E 12 A58 22 %45 12 ] Chin J Diffic and Compl Cas, December 2023, Vol. 22, No. 12
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B O FERF G ShE Ik T AR

1.2.2 fRERFRE: (1) O3 s RESE M (2) M4 4%
PE2% TP O KBS U S R DR A A ™ TR 2 455 ((3)
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A (7) HAWARRERL & FARE
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B B2 , 4 B 3 A AR i TE WUEF( SCr) (RER
A BUN) K JRIR( UA) 7KF-o

1.3.2 AR PRI bR i3 , 32 P T IR i
W B ( ELISA) 00 % I 175 HH 8 2816 40 AL Tl ( supero—
xide dismutase, SOD) 7§ ¥ ( malondialdehyde , MDA)
A H K o E AL W) ( glutathione peroxidase, GPx)
(MW AL R A RAEYRHC AR A E) N A5 Ak
A5 B ( endothelial nitric oxide synthase,eNOS) 45451k,
IO AE R o 0 A0 R A 1 A THREER B 2 W BRI o
A2 (W [T abeam) VEEH 4540 BRERAE o
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Yk IS 2 B0 — i ( VEGF 1:50. VEGFR2 1:50.
SODA 1:50.GPx4/2 1:25) ,37CHEE 1 h, it —4i
37°CH%HE 20 min, DAB i 524 3 min, Jp R Z & 4y, i
KBV, P B e LA PBS AU —3t % 57 B M X
1, LI VEGF.VEGFR2.S0D- . GPx- /2 BH: K 1
B e AR S5 B SR AR TR B S BH X R
% SODH . GPx. VEGF. VEGFR2 ( Il [ Jb 5t B 4 £ 4E
W) FEEFEA TR, LA BH 14 4 e E5 A AR R A, X A
FL %) e O R AR B B 0 B A T VEAG

L4 Zeitsedrik SR SPSS 26. 0 Ge it /443 Hr 4L
Wro FFEIES BT REEIE v £ 5 TR, WM
HEREGEH M(Q,, Q) o, H 18] L BRI 2 A IEZS
I3 A R R R 7 22 53 B 8 2 FEAS HE S 80BN 53 AT
K Pearson 2341 PS #MEHZK -5 48 Ak 7 184 IR 28 R B2
2 B 45 5 22 TA) Y DG B >R A2 3 3 T4 e AiE il 46
( ROC) P¥4ili PS A1 -5 48 Ak I I8 B P e 43 4 7 ) 2%
AE, 2Rt 2 T T AR ( AUC) I H SRR R R 5 3 U
%, P<0.05 2R BAG I Lo

2 & 7R

2.1 &2 CKD f8F ARG 5 12 F1 B D R85 LL 4K
TEA TG R ZORME B, 3 2H A8 5 B AF I R 2 F0 I VS
SCr BUN.UA S5 & ™ E i i, H 22 5 HA ST
23 Y (P<0.01) , L% 1.

2.2 44 CKD B My A AL T br b 3 48
H 1 MDA eNOS JK-F-Fififs 17 /™ B 1M T = , SOD GPx 4
IR Bt HE I TR, 22 5 B Ge it (P <0.01
5% 0.05) , L3 2.

2.3 KU HHFIEE VEGF. PS AMEHL: R Ibi: 3 4k
F ML VEGEPS Bt I s i Ft ey , i W) 22 5 R A 5
(P <0.01) , L 2,

Fz1 34 CKD BH MR B Dt dabs b

Tab. 1

Comparison of general information and renal function indicators among three groups of CKD patients

moH 122 (n =20) HEEZH(n = 15) HILH(n =53) F/HA{H PE
A (% s, %) 40.45 +13.92 51.80 £21.67 59.17 +£12.928 19.025 <0.001
TP 4E) * 2(0,8.75) 3(2,12) 12(6.5,18) 22.513 <0.001
SCr( % +5, pmol /1) 81.35+ 3.53 277.00 +11.52 591.62 +36.48 61.316 <0.001
BUN( & +5,mmol /L) 7.32% 0.72 13.422 1.07 21,12+ 1.39 43.258 <0.001
UA( % 5, pmol /L) 367.80 £26. 15 435.27 £30.43 485.32 £19.33 5.044 <0.010

A" E AT, R A Kruskal Wallis £ 56: * 4 M(Q,,0Q;) o
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2.4 AVF 41 51E % X B 41 # bk 41 214 SODH . GPx.
VEGF.VEGFR2 e b Y o ik FbiE A
YA e BE A G ), 20 BEA% Gl 2 0, AR % e
R Yo (o 5 St B 0 SRR AB 0 AR N R BH
YA A B SRR B A T PP A IE X R4 v SOD-
1.GPx.VEGF.VEGFR2 #5255 23k ( WA 1) ; £ 4T
AVF FAR 1 ESRD g3 1, S0D . GPx. VEGF. VEG-
FR2 %35 05 B ZA T AN MK, 3853340 5 47 T M B ( L
€ 1) ,SOD4 .GPx.VEGF.VEGFR2 ¥ & &£k .

2.5 CKD-5 #iB & AN E 5 PS Sl A I3 Y
B AN 455 22 8] g £ v o1 9 40 M7 B I3 A AR R
CKD-5 HA T il 45 /1) PS %52 /K -5 MDA.SOD. GPx.

eNOS /K -iE47 Z 04 M 1 E 4347, 8 PS Z2 58 7K1 I
4 ADEALNLAR PR S VEGF 3Rk KP4 7 5 R 3K Wl
G3HT, G R R PS B R /KF 5 SOD. GPx Kk 2 1 AH
X(P <0.01), 5 MDA.eNOS £k EFAH K (P <
0.01) ; VEGF ik 5 MDA.eNOS ik B2 IFHM G, 5
SOD\GPx EIKFE A K (P <0.01); PS ZEEEKF-5
VEGF ik 2 IFAHXE( P <0.01) , L35 3.

2.6 FALRIIFE bR N R 4545 X PS A EE B4
Brf LA PS KA G EAE A BITEREAS, PS A1 BH 14
BEAE A BHTEREAS, 251 ROC il £k, 45 5L % W] SOD.
GPx.MDA .eNOS. VEGF il PS 4N &l i AUC 4351 A
0.819.0.818.0.735.0.824.0. 892, i, 7 4. [& 2.

B 1 AVF 415 1F 5 % BB 2H i ikl 45 20 21 SODA .GPx. VEGFR2.VEGF [ 6 s 2 fb e e 15 L ( LDP 3, % 200)
Fig.1 Immunohistochemical staining of SOD4, GPx, VEGFR2, and VEGF in venous vascular tissue of AVF group and normal control

group ( LDP method, x 200)

R2 K4 CKD BF LMLV PS SNBIAT VEGF KA TEM LA (x+5)

Tab.2 Comparison of oxidative stress, PS eversion, and VEGF expression among CKD patients in each group

5 H B (n=20) TE(n=15) HE(n=53) FE P i
MDA( U/L) 0.66 +0.05 0.83+0.22 1.13 +0.11 6.984 0.030
SOD( U/L) 3.96 £0.37 2.69 +0.63 2.06 +£0.20 14.937 <0.001
GPx( U/L) 0.48 +0.04 0.40 +0.07 0.29 +0.03 3.172 <0.001
eNOS( U/ml) 43.48 +5.36 53.42 £8.96 64.02 +4.95 4.155 0.020
VEGF( pg/L) 9.60 +0.54 10.70 +0.46 15.20 +0.48 29.871 <0.001
PS( U/ml) 32.87 £1.51 38.56 £2.83 44.56 +0.90 10.286 <0.001
K3 PSHMNEIKT-5 AACRL I N 2R A P B AR A5 13 (4 R SR S
Tab.3 Correlation analysis of PS eversion level with oxidative stress factors and vascular endothelial cell damage
Johr SOD MDA eNOS VEGF
r{E PfH i PfH r i PE i PH PH
PS -0.93 <0.001 -0.95 <0.001 0.51 <0.001 0.80 <0.001 <0.001
VEGF -0.92 <0.001 -0.94 <0.001 0.51 <0.001 0.84 <0.001
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&4 SOD.GPx.MDA.eNOS.VEGF 7l PS #MEHAH A AL AUC
[R5
Tab.4 Comparison of AUC prediction models for PS eversion re—

lated to SOD, GPx, MDA, eNOS, and VEGF
Hh LR AUC 95% CI Pk FRE
SOD 2.60 U/ 0.819 0.708 ~0.930 0.657 0.670
GPx 0.38 U/L. 0.818 0.706 ~0.929 0.643 0.684
MDA 0.70 U/L  0.735 0.596 ~0.875 0.631 0.608
eNOS 55.56 U/m 0.824 0.716 ~0.932 0.513 0.752
VEGF 9.83 pg/L 0.892 0.802 ~0.981 0.683 0. 688

B2 CKD EEIML% SOD.GPxMDA.eNOS. VEGF Tl PS #p
Fif ROC £k
Fig.2 ROC curve of serum SOD, GPx, MDA, eNOS, and VEGF
predicting PS valgus in CKD patients
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FEB IERARIA YT T, AVE Bk & i BRI A A
PRI VR 38 %, I N B2 40 8 ( vascular endothelial
cells, VECs) 5 ESRD X Z %)™ . VECs B 22
S22 A TR AR L 2 T I3 S ST L
MM Z B AR N AR, VECs B
VAT A 5K ST R RNV AE & LR 2T AR, mT Jk
JO7 ML P AR B B VIR ) B 0B R R vk R R
SR A BE (AR A i & AR AR . VECs A M 3R &R
G B R Ay, AR BT 51 VECs D) REFR AT
1 e L R 8 = AW DR d 0] e I I =2 2 rp
BOET-H BB, (2B H I TS 40% L
Fo eNOS FEAFAET N 40 b, HATF#A% VECs Zh
BR300 A5 K T B T R BRZS R, eNOS 45
FARRAR IR I 5 200 740 B AR AR O U B 7, 5k
ROS ¥4 2, i %4k 0 438 38 - 5| & N B D) B s i, —
FHAEAME" . VECF HA Rk VECs 3851 38 il
35730 35 P i SORT AR il A8 B B AR L IE N R
VEGF /K VEAR, MiAE B M A T Bl s R ik AHE
FERIEEAS ) eNOS 5 VEGF 407 [ 25 7 175 Jin = 111 384 #55
(A58 , 22 WA SR 0 B RS 2 P B A iy BB 35 6L i
Pearson FH 5G4 7 25 UF 52 G010 17 385034 56 U 5 1 kS
B B 1 AL -

PS Hy B i PO A ol 5 A G 1k 2 i a5 G AR
PRI A B S A B JHe o TS A7 7 1 A P A Sk
i P 22 R AR o PSRy 4 R T B A
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14 PS AAI T4 v 2 20 5 /N ek v T g T e )
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B o PS ANEHTE AN T b U S S A s 4 B
S R N BIE (5 5 W e R Y 36 i
250 AT LATE PS AN BRI T 0 0 R AE . BT
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(AER 2 5 T, FE A T B R Cyt ¢ R IA
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S FEREAT A0 P L A% A v T L AT 8 200
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F) PS SNBSS P B 40 A A 40 3 LA iR IE A SR 1Y
gk

L5 TR, PS A1 BRI 45475 9 B 40 1, n i 40 47
T, FFAR I AR T A 5 1 S I A5 9 BVE F . CKD iR
A7 AE T A AR OIRAS L it 2 1 ROS B AE T i 4%
M5 P B2 AL, 3458 PS AMEH, 4T ESRD H 3%, Al 521
HAVF Djg, i il AVF #8580 AVF 25, DA
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(B B P B AT E RS -F R LAR
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