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R

HE: HAEALESRBESEN REESEMENEABRKRGER RV . ik ERREERE
SefrdE MEENT R B B F 20 g R EEAMe R B EE 316, SRSHMMEKAM10 ml, £
BEoBE. B REESHTSLAEERIULEEA, 4CHRFEEH. MARFRRENEABBRRIE
MEEABBARSEA. EFMEREABBANIERH, sEEmiEAntEe. RAHCCK-8¥:XHUVEC
R R T AT RN SRV RIS HTHUVECH JRE T B8 F1; TR BAZE BN T34
72 h/ THUVECHI ETESS . EFINORFEARAMNORIE/AKF; KA rt-PCRAMIIL-8 mRNA. ET-1 mRNA
RIEE, &5: FA—KEA 3EME, RBEHAMHEPIEEP <0.05); FA—AFEKR, EEKREN
W, Rﬁf‘ 2 40 i SZ 3| I FE R B B3 N (P < 0.05); M—RERIMER QAWM. FERT R, Re
SEH YA FE R B FRE(P < 0.05). AR TXHRASIEFH, REBEHAFR B SHUVECHRFT-B
EFE, BEXERP>0.05). MBRTHRASERH, REEHANOSIBEEREIK(P < 0.05), BEEKRE
R IINO 2 ¥ B B3 /D (P < 0.05) . MR TXBASERH, REEHAIL-8 mRNARZEREEAR(P<
0.05), FEEWRERHEINIL-8 mRNARIEEEEWIN(P < 0.05). MBETXHRESERH, REBEHET-1
mRNAREB B EF B (P <0.05), FEERENHIMET-1 mRNARZE B ZEHIN(P < 0.05). MABETHE
HEE¥A, REEHeNOS mRNARZ B EZERIL(P < 0.05), FEERENENeNOS mRNARZEEE
FEE(P < 0.05). [REIEHEMPsRERE (P < 0.05). 4i: BEALSREEHRRBINGI AN EK
NOKJ4>#, $2FIL-8 mRNA. ET-1 mRNAKIRIAR, {EHgifids, a2 oM ENEERE
RHEEZ—.
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Abstract

Objective: To study the damage effect and mechanism of protein binding uremic toxin on vascular
endothelial cells in uremic patients. Methods: 42 uremic patients with maintenance hemodialysis
in the dialysis room of our hospital and 31 healthy volunteers in the health management depart-
ment were selected. 10 ml of venous whole blood was extracted from each patient. After serum
separation, dialysis, low-temperature vacuum freeze-drying and other treatments, serum protein
was extracted and stored at 4°C for standby. Different concentrations of protein solution were
added. Uremic serum protein solution was the uremic group, normal serum protein solution was
the normal group, and complete culture medium was the control group. The proliferation of
HUVEC cells was detected by CCK-8 method; The apoptotic ability of HUVEC cells was analyzed by
flow cytometry; The morphology of HUVEC cells cultured for 72 h in three groups was observed
under inverted phase contrast microscope. NO expression level was detected using NO kit; rt-PCR
was used to detect the expression of IL-8 mRNA and ET-1 mRNA. Results: At the same time point,
the proliferation rate of uremia group was significantly lower than that of the three groups (P <
0.05); At the same time point, with the increase of concentration, the degree of cell inhibition in
uremia group increased significantly (P < 0.05); In the same concentration of serum protein solu-
tion, the cell proliferation rate of uremia group decreased significantly with the increase of time (P
< 0.05). Compared with the control group and the normal group, the apoptosis of HUVEC cells in
uremia group was significantly increased at different time points, but there was no difference (P >
0.05). Compared with the control group and the normal group, the NO secretion in the uremic
group decreased significantly (P < 0.05), and the NO secretion decreased significantly with the in-
crease of the concentration (P < 0.05). Compared with the control group and the normal group, the
expression of IL-8 mRNA in the uremic group was significantly increased (P < 0.05), and the ex-
pression of IL-8 mRNA was significantly increased with the increase of the concentration (P < 0.05).
Compared with the control group and the normal group, the expression of ET-1 mRNA in uremic
group was significantly increased (P < 0.05), and the expression of ET-1 mRNA was significantly
increased with the increase of concentration (P < 0.05). Compared with the control group and the
normal group, the expression of eNOS mRNA in the uremic group decreased significantly (P < 0.05),
and the expression of eNOS mRNA decreased significantly with the increase of concentration (P <
0.05). The expression of EMPs was higher in uremia group (P < 0.05). Conclusion: Protein binding
uremic toxin can inhibit cell proliferation and NO secretion, increase the expression of IL-8 mRNA
and ET-1 mRNA, and promote cell damage, suggesting that it is one of the important inducing fac-
tors of cardiovascular and cerebrovascular complications.

Keywords
Protein Binding Uremic Toxin, Uremia, HUVEC Cells, NO, IL-8 mRNA, ET-1 mRNA, Apoptosis

DOI: 10.12677/acm.2023.131135 943 e R 2t


https://doi.org/10.12677/acm.2023.131135

EGR, P

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

214 5 IE9 (Chronic kidney disease, CKD)XF AT H Az & J A8 iy 22 4y >R ™ B (1) sz, HLBE & 5 0%
Bhnmisghn. AHOCHFE R, CKD A8 290 A 2 O MR (CVD),  HA i KBS AN AE 24K 31 i
BRS8N, /5B B IR MR DL S BRE 2 38017 [2] [3]. B TR R o6 T % 80 B e 45 B A2 T,
DRI L8 43 2 8 LR PR EERE S e DR Rt e R AE B — @ E . SEEES S IRFBRIEE T 456K ME
HEH. g0, E53RM 20 Z2MEFR, KESoFRE/DN, MATHSESRSE, Ko raEsn, X
WG R VETERINAE . IR RS, SRSEESRSIEEASSE, EA8UEN, 55455
Grab G AL, [FI IR 22 T O, 1 TR WA a3 (4] PREFIERE R 2B A 1B T RE R JRGR 1T 2 2 ¢,
bEE H AT RAE &, T SEUC RS IREEAEEIR R 2 ARG T ReFERG (5] [6]. /Lo i ML 2 AR
PR B B R I I RAE 2 —, ARG T PR BFIE 2 0 PR BERE R AE (R R 36 R 138 Bk 7
Jrml, RIS SORE R 1 45 6 PREERE 55 300 PR BAE A8 3 IS P9 B2 4l BRI 4 1 R AT Wit FRIR AN i i
M 1L A5 PAY B2 4 L ) 52 4% A FH IV FETL A o

2. HNERE
2.1. M8

BEARAAE: N Braeik N B2 40 Bt £k (Human umbilical vein endothelial cell line, HUVEC) (_ LiEA B SV
FRAT]), DMEM b aRdk, R4 M. 0.25%RE( FEEai R YR AR AR]), CD144 ik @RI
SRR IR A TR A F]), Annexin V-FITC/PI 41 iR T AR 7 & (06 o (i) AR E BR A 7)),
CCK-8 RA G AL B LA A IR A F), NO. IL-8. ET-1 i &( g BRI ARHL A R A ).

RRUMEERREE

MR Bt 15 A 2 A RF P L% AT ) PR A R 42 9 R0 R B R B G R 31 4, K 10 mL,
e BN RAI B HHTIRIE S, &
2

2. YRPRIEFF R Sr4E

7% HUVEC, #fF: 10%f4- L% DMEM =ifE, 37°C FigE, &R, KBNS, BATHEM,
fE 6 FLHR LA 2 > 10" ANem® 434, WEBERLA 5, #ediaRdt, Wedk 2 WIS A B 1 2R 1 VPR B RE 175
B ETEW0.4%, 1.0%, 2.0%, 4.0%) NPRTEAELA . 1EH MLIE & A E(0.4%, 1.0%, 2.0%, 4.0%) N 1EH 4, #
WA B2 A, B e IR AR O R )

2.3. {E¥RVIER

2.3.1. HUVEC ZHpaEs

BEBUPR FEAELH(0.4%, 1.0%, 2.0%, 4.0%)~ 1E % 2H(0.4%, 1.0%, 2.0%, 4.0%)F12% (4%} fE 4 HUVEC #H17
S, WE 3 ANEAL: Al FE 24, 48, 72 he WEE BRI A A, FE BIE, PBS BEEk 2 Ik, BCHIA I
RLH(CCKS: SEARE AL = 1:9), 100 pL/AL, EEGHFE 4 h, BEFRCT 450 nm KA I % FLOG 25 BE A
[D(450)], CATCANMZHAE A4

ik
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2.3.2. HUVEC AR AT
VREL 4%JRFFIEL . 4% 1E % A2 [0 R ZH HUVEC #7525 . 72 h 5, UEEAM, Vedk 3 Ik, %
I8 AnnexinV/PT 57 &8 AF, A% 7 24 M ASGE AT 4600

2.3.3. HUVEC HpaEss
R N RS

2.3.4.NO FTikkF

HUREE N 4% KR BERELLIE F 4R B 20 HUVEC #E47505, WE 3 B4L, Ki9% 25, 48, 72h, FH
LR IE) e, B A B, B T 1S mL & SRJE PBS PRk 2 K, & NO BRI & T B AR i A A
R, fE BT BT 540 nm 40T 55 B {E [D(540)].

2.3.5.1L-8 mRNA. ET-1 mRNA, eNOS mRNA RiZE

IERHUREE N 0.4% 1.0%. 2.0%- 4.0%JREFEZ . 1E 5 AN 4] HUVEC #E475256 . TRIzol vA$2HL
RNA, &% cDNA, rt-PCR #:ill i Bz 40 19141 % 8 (interleukin-8, IL-8). ET-1 fJ mRNA ik, W z#—
AME A H(eNOS). Real-Time PCR 5175 W35 1, H bioT-NT A & & ik

Table 1. PCR primer series
# 1. PCR 3149751

A (537 TU#(S-37)

IL-8 TCAGAGACAGCAGCACAC TTAGCACTCCTTGGCAAAAC
ET-1 ATCATTTGGGTCAACACTC CTAGCACATTGGCATCTATT
eNOS GCACTGAGATCGGCACGAG CTTGTCTTTCCACAGGGACGAG
f-actin AAGGTGACAGCAGTCGGTT TGTGTGGACTTGGGAGAGG

2.3.6. PIRZ 40 FRARTSCRL(EMPs) 4

PEEL 4% R FFFEL . 4% 15 A2 (A X RZH HUVEC #E475256 . 72 h )5, BB, 4°CE.0 5 min;
I EE, 4CEO Lhy B3, N 1 mLPBS REGCKE; HCH A1 100 uL, B 10 pL CD144 Hitfk, <4
TEEIR %% 100 r/min, 9% 7F 30 min; JIA 300 pL PBS, 8 H 7 =04 L ASCHEAT R .
2.4. GHER*E

I PRAE 78I FE A 400 3% BB 1 4% TV 78 B okl LSRN BITFENL S, T EE R4 R
FKHHEAE ] SPSS21.0 Seit i A AbFE, B AN B B A7 45 FAE F (%) (X £ 5 )R R8s b s &5
FH P TR, RABH P<0.05, BASHE .

3. 58
3.1. FRREZEBXN HUVEC i as S

TE[R—mf ], S gHAR L, PREEAE I HE 2 0 B RF(P < 0.05); [Fl—IF[A) &, FEEWREE R, IR
BEAE ZH 41 B A2 A0 O RE B B R IN(P < 0.05);  [Al—¥R B, Bl & A IR] A0 3% n PR B0 4H 36 5 2R I B FRAR(P <
0.05), 1% 2 Fims.

3.2. AEIRTE S 4.0%KREFEAX HUVEC AT RS

BT S EW A, JREFEAAFF S HUVEC 4iFE T EEF &, BEERP > 0.05). L
#3. H1.
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A: SR B: 4.0%IEH4; C: 4.0%RFTFIEM
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Figure 1. Comparison of 72-hour apoptosis of HUVEC cells between two groups

1. 74 HUVEC 2R 72 h BB R EL i
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Table 2. Effects of different concentrations of protein on proliferation of HUVEC cells (X =5 )
# 2. FREIREEAX HUVEC HRIEERZNE(X £5)

ZH 5] Mg & AR E 24h 48 h 72 h
Sof HE 2 1.32 +0.03 1.79 +0.02 245+1.16
0.4% 1.11 +£0.01%% 1.42 £0.03% 1.35+0.12%
1.0% 0.97 +0.01% 1.29 + 0.04% 1.11 +£0.05%
JREFRELL
2.0% 0.82 +0.01% 1.14 +0.07% 0.89 +0.01%°
4.0% 1.21 +£0.02%% 1.52+0.01% 1.68 + 0.02%%
0.4% 1.21+0.03 1.71 £0.02 1.92 +0.02
1.0% 1.13 £0.01 1.52 +0.02 1.68 +0.03
EH 4
2.0% 1.02 +0.03 1.34 +0.04 1.53 +0.02
4.0% 0.89 +0.02 1.18+0.01 1.38 +£0.03

VE: a FoR[E I A S IR S IER AL, P<0.05; b RoRFE—IKE . AR SRSFELANS, P<0.05; ¢ &
ISR Tl ANEVR R ERIEALLL, P <0.05,

Table 3. Effects of 4.0% concentration of protein on apoptosis of HUVEC cells at different time points (X £ s )
% 3. NEIRER 4.0%REEZERX HUVEC HAATHIRM(X £ 5)

2 5 24h 48 h 72h
o fE2H 4.13+1.33 4.15+1.15 5.16+1.11
IEH 5.46+3.11 5.66 +3.25 6.16 £2.35
JREFAEZH 7.67+2.15 7.89+2.11 8.16+£2.15

3.3.3 AMEFEAX HUVEC QTSN

&4 HUVEC i SR AREHED A 2, KA. RS . 4.0%1E % 48 HUVEC A KRS R
fE, KRG —, RMRIEEE, ERE. 4.0%RTFEHN HUVEC 4IRS E, BEESER, KASR
—, YR BRI T, REHEE, EZ, WoEROR, MR Z, w2 fios.

A: XTRA; B: 4.0%EHA; C: 4.0%RFEA

Figure 2. Cell morphology after 72 h culture in 3 groups (x100)
& 2. 3 B 5 72 h [FLEBEFEAS(x100)
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3.4.3 4HEE3E 72 h J§ HUVEC 4858 NO 433ER

FHALT AR SR 4, PREFIE NO 20 i i3 FEAIN(P < 0.05), BEAE WL HIIE N NO b & 15 3% ik
B(P<0.05), W4 KTE 3 FR.

Table 4. Comparison of NO secretion of HUVEC cells in 3 groups after 72 h culture [( X £ 5 ), umol/L]
2 4.3 4AEFE 72 h J§ HUVEC 48 NO £ 5h R FTEE[ (X £ 5 ), pmol/L]

‘ ik
Wz . =
St HE 4 EH 4 JREFRELL
13.56+0.32 - -
0.4% - 12.32 +0.45 9.54 +0.25%
1.0% - 1021 +£0.34 6.65 £ 0.22%
2.0% - 7.89 +0.44 5.45 +£0.52%
4.0% - 7.41+0.15 3.89 + 0.33%
e a S5XHBZAAHEL P<0.05; b 5IERW4AHLE P<0.05.
15-
mm SR
A = EEA
2 101 z = JRFAEA
E
=
O 59
z [
0- T T T T
0.4% 1.0% 2.0% 4.0%

Figure 3. NO secretion of HUVEC cells in 3 groups after 72 h culture
[ 3.3 YB3 5% 72 h J§ HUVEC £8Bf NO #3hiE 5

3.5.3 ¢A¥%FE 72 h i HUVEC 4Ajf IL-8 mRNA FRiEZEXfLE

AT XI5 IR 4, JREFEZ IL-8 mRNA Rk & B E T H(P <0.05), KA, IL-8 mRNA &
IBEEE (P < 0.05)W14% 5 & NE 4 Fios.

Table 5. Comparison of IL-8 mRNA expression in HUVEC cells after 72 h culture among 3 groups (x s )
%< 5.3 ¢AtEFF 72 h [ HUVEC 4B 1L-8 mRNA FRIZEX(F £5)

; 2H 53
W - =
o iR 2H IEHH JREFRELL

0.56+0.12 - -
0.4% - 0.58 +0.02 1.53 +£0.23%
1.0% - 0.68 +0.01 1.67 £0.25%
2.0% - 0.71 +0.03 1.73 £0.22%
4.0% - 0.78 +0.01 1.84 +0.23%®

e a SXTRZAAHLL P<0.05; b SIEH AL P<0.05.
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2.5+ XA
i 2.0 = EFHA
X = JREEA
t:% 1.5
% 1.0
Q0
= 0.5 ” ﬂ

0.0- T T

0.4% 1.0% 2.0% 4.0%

Figure 4. IL-8 mRNA expression of HUVEC cells in 3 groups after 72 h culture
4.3 4A¥EFE 72 h J§ HUVEC 48R IL-8 mRNA RikE

3.6. 3 4A¥Z5E 72 h [ HUVEC 40 ET-1 mRNA FiXEXTEE

AT RS IER A, JREMEL ET-1 mRNA RIEEEE &P < 0.05), KEME, ET-1 mRNA
RIEBEE(P <0.05)W% 6 L TE S5 Fis.

Table 6. Comparison of ET-1 mRNA expression in HUVEC cells after 72 h culture among 3 groups (x £ )
< 6.3 4A1EFF 72 h J§ HUVEC 4B ET-1 mRNA RIEEFEL (X £5)

ke 2H %)
7
. o 241 Rl IR # AL
0.36+0.12 - .
0.4% - 0.38 £0.02 2.53 +0.23%
1.0% - 0.48 £ 0.01 2.67 +0.25%
2.0% - 0.51+0.03 3.73 +£0.22%
4.0% - 0.58 +0.01 4.84 +£0.23%
e a 5XHBZAAHEL P<0.05; b 5IERW4MHLE P<0.05.
6_
mm SRR
) = B
ﬁ 4- = JREEH
%:
- 27 I
=
[8a]
0 n 0 O
1 1 1
0.4% 1.0% 2.0% 4.0%

Figure 5. ET1 mRNA expression of HUVEC cells in 3 groups after 72 h culture
5.3 4H¥%5F 72 h J§ HUVEC #8ffl ET-1 mRNA FRiEE

3.7.3 tA¥%3E 72 h I HUVEC 48/ eNOS mRNA FRiZExTLE

AHET XRS5 IE R4, JREIELL eNOS mRNA Fik & i 3 (P < 0.05), BEHEWKE RN eNOS
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mRNA FiA 75 3 FFIR(P < 0.05) 0% 7 Fis.

Table 7. Comparison of eNOS mRNA expression levels in HUVEC cells from 3 groups after 72 h culture (x s )
= 7.3 48355 72 h J§ HUVEC 48 eNOS mRNA FRixEXfEL (X £5)

i ER
W - =
S HE 21 IEHH JREFRELL
236+0.12

0.4% - 2.18 +£0.02 0.83 £ 0.03%
1.0% - 1.48 +0.01 0.67 + 0.05%
2.0% - 1.31 £0.03 0.43 £ 0.02%
4.0% - 1.18 £0.01 0.34 +0.03%

e a SXTRZAAHLL P<0.05; b SIEH AL P<0.05.

3.8. %t EMPs Fr=4 950

JREFREZ EMPs ik 0 Al T IEH A XHRZA(P < 0.05), 1EH 4 EMPs ik & T 1IEH 4P < 0.05)40
% 8 FiRo

Table 8. Comparison of EMPs expression among 3 groups [(X =5 ), %]
7% 8.3 tH EMPs RIATIEE[(X +5), %]

B 2H 5
fetr ™~ ~
o 2 IEHAH JREFAEA
EMPs 7.34+0.34 13.56 + 0.89 62.45 +1.34

4. WHig

1% ' I 93 (Chronic kidney disease, CKD) i 22X 14 &1, © il 10%, SUCFE, B 5 um S5 W
RiES . BEEEDRMNER, BE AT ZIFRIE. RATHE R IR, S ThaeR s,
SH o I LA 05 1) 0 2T 1 TR R N [6] [7] [8] W 2 E MUK I, JREFIEZR O 51 CDK O
M REMEERE.

PREFAEEE 2 AIBE TN 60 AR U6, 18 2 2 HEAT T AHOCHE I, ARl T HOR BRI, B R A 409,
A BRI R RN T EASWEHITHIR . CDK JET-RE 0w, AREIRIT[9], KBt
150 M8 I AR A O o (R A2 28 T I o 1 P VB U 6 1) e B DL 3R EAT T 90 R B, AN v L
A GG R, EEENREES R S PEERER[10]. BIRER, YIREESRE MIEEAS
HlF, BASHZ, B S5HMEss A A, RN IESRRTH, BRG], THEk
AT EERMBARAWIRE, EE2EHERIT EARBEMFHEGEER. X EHRTEA AN E
BER o X TIRBHER R AN, IR F 3R A BGE T FERLENT . 5 &A% G IREESRML,
NG T KIS TR A 4 TR R BRI B B BR AR [12] [13] [14] [15]0 ASCHEFE R R, [R— N [A] 5,
B R P52 (1R, R 7 2 4 i 52 0 ) o 2 A S 88 o L[] — 94 B 1) IS R (v, B TR P, R
BEAE L0 MG G AR B S T e MR R B, SRV RR Y B E A TR BEAE AN, PR IC LA PR g it e

ML A B 40 45 £ K Tl e B e I s B AR B3R T 16] [17]0 ASCHIEFEH I, % IEZH HUVEC 41
JUKAN— D THEMN, WRERN 4%0 PR BEE H AR AR KRS 2, IR KN TEASAME, [,

DOI: 10.12677/acm.2023.131135 950 I IR = =23t e


https://doi.org/10.12677/acm.2023.131135

EGR, P

RIMMRE, MG 2. ARG 5E 2 2040, 20M0 NO 7 Wh/b . NOS W& EM 2 K KPR T I
I 2 R B TR v, S N R A A 0 A, B PR RE S VR B B IR . NO & P B4 AE NOS 1
FAF B o3 i () B B EF IR R T NO b s/, £ S E7 5Kk Bef . 390 ifn 7 09 1 73 [18] [19] [20]. Y
B AR5 J5 45 KB R TR ARG B IR, B0 (4T A A R, R R SR, IO I R R A
RA[21]. EMPs f&—Ff 1 BVE 1S R OB/ TR LS 1), R BACH. 155 Bah bR 2R it &
FEEEEMEM . T8 EMPs a4 N 40 NO M2 PG5 5388, 7742 TXA® o] B T
WIZHAE, HXF NO A st B —E I RAEFI[22] [23] [24] [25]. A, JREEL EMPs £ik 705 & T
IEWA. W, EWA EMPs Rikm TIEH A, mbiil, EASSIREES R I N R4, M
T3 PR B B A O ML SR I R A

i LRTR, MO AR EHE R A M A G5 . #H] NO (19403, $2/& IL-8 mRNA. ET-1 mRNA
ML E, FHEHUVEC i, #nHET OmimE I RIEMEZFERRREL —.
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