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[(BE] e FEIRFEBREMFTHMEIEFOMENEZARNERREREL. $& 2JURBESENES £F
FHME RSN 25% ) B AR S KN EAR(HUVECY (REEMBFHMER MFLH,n=10)24 h, B F A B4, X
% B M M MTE A5 W X 40 R 4% 1 40 A9 T2 38 ; Real-Time PCR Ry WIZHHE N H A 8(1L-8) \HEE 1(ET-1) MINER—&
LA 5 F5 (eNOS) 19 mRNA Rik ;B MG LB, BB /% ELISA B0 IL8 A ET-1 WA BRE . BRETEER W —
SAAE(NOYEE., UAREHRSE(10% \15% .20% 25% ) {4 R B iE B & ML 7F b3 HUVEC 24 h, MTS Lb {5 3 il 40 B 38 78
2,42 55 BAAEYNBFALE REENFH HUVEC W ARKEVER S BESE D&k, BR%RS; REEM
HHARBTEHR(55.59+5.21)% , BER TEF MFHAMN(12.20£6.20) % MZE H X RAR (0.38 £0.31)% (P <0.05) ;5
165 IfL 35 41 Eh 3, PR B AE I 36 41 HUVEC & IL-8 .ET-1mRNA 3%3A Fi,eNOS mRNA K35 T A ; g1 fEss 5% £ ¥+ IL-8 . ET-1 B R
EWEAR . NOREFRME (P P<0.05), REEHSFIRETAE M IF L4 HUVEC B9 40 50 38 75 2 19 B 5 T 480 B IE % M iF &
FEAMNBU(P<0.05), ## RFBIELEMF TR HUVEC MBS R4S, W A EEEEEARAT . F48 18
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In vitro injury effects of sera of patients with uremia on vascular endothelial cells

LI Cong, HAQ Xu, ZHOU Qiao, LU Ying, WANG Wei-ming, CHEN Nan
( Department of Nephrology, Ruijin Hospital, Shanghai Jiaotong University School of Medicine, Shanghai 200025, China)

[ Abstract] Objective To investigate the in wvitro effects of sera of patients with uremia on vascular endothelial cells, and
explore their clinical significance. =~ Methods Human umbilical vascular endothelial cells ( HUVEC) were treated with
sera of patients with uremia ( uremic serum group, n =10) and healthy controls ( normal serum group, n = 10) ( volume
fraction of 25% for both group) for 24 h, and blank control group was established. The cell morphology was observed by
immunohistochemical staining, cell apoptotic rates were determined by flow cytometry, and Real-Time PCR was employed to
detect the expression of interleukin-8 (IL-8), endothelin-1 (ET-1) and endothelial nitric oxide synthase (eNOS) mRNA in
cells. The culture supernatant fluid was collected, the mass concentrations of IL-8 and ET-1 were measured by ELISA, and
the concentration of nitric oxide ( NO) was determined by nitrate reduction method. HUVEC were treated with sera of
patients with uremia of different volume fractions (10%, 15%, 20% and 25%), and cell proliferation rates were
determined by MTS method. Results The number of HUVEC in uremic serum group was smaller than those of blank
control group and normal serum group, and condensed or fragmented nuclei and condensed cytoplasm were observed in
uremic serum group. The cell apoptotic rate in uremic serum group [ (55.59 +£5.21) % ] was significantly higher than those
in normal serum group [(12.20 +6.20) %] and blank control group [(0.38 +0.31) %] (P <0.05). Compared with
normal serum group, the expression of IL-8 and ET-ImRNA in HUVEC increased, the expression of eNOS mRNA in
HUVEC decreased, the mass concentrations of IL-8 and ET-1 in cell supernatant fluid increased, and the concentration of
NO decreased in uremic serum group. The cell proliferation rates of HUVEC treated with uremic sera of different volume
fractions were significantly lower than corresponding ones in normal serum group and blank control group (P < 0. 05).
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Conclusion Treatment with sera of patients with uremia may change the morphology, inhibit the proliferation, promote the
apoptosis, enhance the secretion of IL-8 and ET-1 and inhibit the secretion of eNOS and NO of HUVEC, and lead to the

dysfunction of vascular endothelial cells. Patients with uremia are under chronic inflammatory state in a long term, and may

have a greater risk of developing cardiovascular diseases.

[ Key words] uremia; vascular endothelial cell; interleukin-8; endothelin-1; endothelial nitric oxide synthetase
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MEBERGZNESEM. RCiEH, BT X EHE
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REEREA,

P BZ T BE IE F B9 3h K 7E I 3 3% in i S — AL A
(NO) BB Y™ 5K , T P B2 Zh BE 7 % B9 30 BKAE 1L 31
B T et XA SORE TR B 2%, 3X R P B 40 AR Y
MLFRA 5 0 L8 &F 3K SNE T BEFR O Y B2 Sh RE R 3%
(endothelial dysfunction, ED )™ Vita 201 % 3. 5
k¥ B 4L (atherosclerosis, AS) BEAMAECH
£ ED, HA{UM AS FF 15 2] J5 7 H BRI IR 50 R 1 33
BRRHETEMAE, WA ENEE.SEONE
REABERLEREMETEFLMMEEFNERAE
BABRMEA.

Z AR M P B4R L BRI BRI B AT AR
% A F ( endothelium derived relaxing factor, EDRF)NO
BAOGIBANEKBEETFRKIEZHR, MAKE1
(endothelin-1 ,ET-1) 43138 % | {# ET-1/NO F454%
SEME R /3R, M EESHRETL, MEFR
. MENKAREMEHMEERESTHRAER
fERLED it & FRAER FREES, M/ REGE
TR REY RIS S R AS RE,

REERENMBEFRET RENER, M
BELOMEHRENRRERE. BEl, XTRELE
BB MBI 8 P B 4 M 35 1 BT T 1 20 s BB O, AR BF
FUES MR PR FEAE B3 NLVE MR SN SR I A B 88 Bk Y
F 4 B2 (human umbilical vascular endothelial cell,
HUVEC) 7rib 25 R F R BL G ¥ B FRIR M, #194
PR AE BB IMLIE X L8 Y B 4 BB B A 1R A

1 #P5FH%

1.1 #H

HUVEC 40 gk ( 3% 54 B Be &5 L SR B S B i3t
) ; Annexin V-FITC Apoptosis Detection Kit( Bender
Medsystems) ; CellTiter 96 AQueous One Solution Cell
Proliferation Assay(Promega) , JLHE W E 10 flRE
SEBEM 10 ZEREEFLMA S mL,3 000 r/min
B0 10 min B ME, -80 CRAEZ M.

1.2 #iEsEFfad

1.2.1 #fEiEFE % HUVEC ET§ 10% 4 m
&.0.1 g/L FFR 1) DMEM 3 &0, 8 A4 L3 5
F8H,T 37 C5% CO, RIGFIRERMAT HEF, MEE
EREBEMAERE,H0.25% RES B -0.53 mmol/L
EDTA 4L, B EAE KRB RFRARETER B
HUVEC IX 10°4/cm” R0 7E 6 FLARER 96 FL4R , 40 M
WiBERE 5 1% 70% ~80% B, BB #: 24 K IfL & B DMEM
BERBIEFRIR.

1.2.2 SATH WEHR,ZHMA SRR &
Ra%(10% \15% \20% \25% ) B [R5 4F B & Ml &
(FRELEMBFH) SRERAME (IEF mF4H) 564
M (Z B X4 ) i) DMEM $E5R B AR 24 h,

1.3 WEMEH

1.3.1 HRESFUE BHE2PREBEMBFEL
R R IE® M & A Z= B X R4 HUVEC #1755,
SHH BB A HA 6 FLRF , BILINA 0.2%
BlZ 2 mL,6 fLREHIIEFRBEF, T 37 CT.5% CO,
REABERGTEE 1 h, B BB B, % 6 4l
WRELHBIESGKT 2 b SMENEH J5,PBS Mhik
2 ,4% Z B B EEEZE 30 min, PBS ¥k 3 K, BIK
5 min 1% BSA #[4 , I A Monodonal Anti-human CD31
(R&D) ,4 CHELAH, DABEAKZEE, HFABE
g RO SL, CEBEBK, BEE3 K. MFEEBHE
TREHARES

1.3.2 MTS kM4 gE ®#E 10%.
15% 20% \25% PR35 AE Il % 41 J A6 b7 1E % Il 3 4 70
ZHMNE Y HUVEC #7EK, E4Lm 20 pL Cell
Titer 96® AQueous One Solution Reagent, B 41 g 15 5%
FH, T 37 C5% CO,RMBMABERETHEE 2 h,
490 nm WKW BEEHE, BERAMAE KB &
HE LB 7L F A & B CellTiter 96® AQueous One
Solution Reagentf) 4 i3k S EAE A AR, 3 ME1L,
HEIRER, HESHEAREER,

1.3.3 AAMABRARMARAT BHE52RE
AF 1L 1% 26 B AR B OF I 3% 2 F 2= 5 % B 4 HUVEC
HTER, WRAK,PBS ME2 K, A IxEEX
WA YA 1 x 10°4~/mL, B 100 L 40 HEAIA
5 pL Annexin-V,#Y6 K B 10 min, FA0A 100 pL 25
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BEWEA 1 wL PLIBSJE B340 A0 W 40 e
A, B3 K, BU5ME.

1.3.4 Real-Time PCR f&ifl] %% 25% FREIEM B
4 RARRLIE # M 75 4 HUVEC #4732% . TRIzol 3£4R
Bl RNA J5 L ¥ & i ¢DNA, Real-Time PCR # ]
A/ 8 (interleukin-8 ,TL-8) .ET-1 Py fr & —
F 4k & & B8 (endothelial nitric oxide synthase,eNOS) [
mRNA ik, Real-Time PCR 3|4 55 W.3& 1, B bioT-
NT A& & Mo PCR KB :95 CHUKSL 30 5595 C
15 5,60 °C 20 5,72 °C 30 s,40 MEF., BEE 3K,

1.3.5 ELISA WHkLHERM WK 25% RELE
I 5 25 B A B OE F LK A A= 5 X B4 HUVEC 4
3% % B, ELISA WHi e Lk d IL-8 f1 ET-1,
# M  & (RayBiotech ) BL Bl 5 #FT H1E. WA
100 pLAR¥ERFI 100 pL fn AR FHB R RLF . B
BIES 30 o, H R ,37 CHREF 90 min, HBILIMA
350 pL PERMMVER 5 WG RFMA 100 pL 1 x £ 4

E,BTHK,37 CIRE 60 min; AR 5 K, MA
100 pl 1 x G EALYEE, BIHR,37 CRE
30 min; PR 5 WK, BILIMA SO pL B A A F150 pL
B % BB ,37 CHEAERE 15 min; 1A 100 pL
LI LIRS, W 450 nm B K MROLEEFBRE AR
B%E (py/ml), EE 3 K, RPYME,

1.3.6 MWRHEFERN WE25% REEMFH
JMERLE I 4R 2 6 B4 HUVEC 4 f@i% 5 |
B, HERELEE RN NO, #% B X5 & (Beyotime)
BT RIE, EMBRRMENILFMARRHR
W FRUE SRR 60 pL AR5 A 2 mmol/L NADPH
5 uL.FAD 10 pL.Nitrate Reductase 5 pL, JB4J/E37 C
5% 15 min; A LDH buffer 10 wL.LDH 10 pL, &4
J537 CH¥HE 5 min; i A Griess Reagent | #1 Griess
Reagent I & 50 pL, B 5 ZR ¥ F 10 min; #l|
450 nm K B F BE B H 35 NO ¥ (pmol/L)
HE 3K, RME,

£1 PCRIUMFIIRTUKE
Tab1 Sequences of primers and size of products for PCR

ZH LHESIHFF(S’-37) THSIBFA(S—37) P (bp)
IL$ TCAGAGACAGCAGAGCACAG TTAGCACTCCTTGGCAAAAG 17
ET-1 ATCATTTGGGTCAACACTC CTAGCACATTGGCATCTATT 128
eNOS GCACTGAGATCGGCACGAG CTTGTCTTTCCACAGGGAGGAG 116
B-actin AAGGTGACAGCAGTCGGT T TGTGTGGACTTGGGAGAGG 195
1.4 ZIHFEmE BE.EZHT, W ERAR; AR, 4R,

BIF GraphPad prism 5 ¥ #1758 4b 3,
HEREU x+s R, WAR LLBRAMLESR ¢
B, SHM LR AARER T Z2 . Real-Time
PCREGMZERE 2" MBFR AR BB
TSN . P<0.05 ERERFALRITFE L

2 5 R

2.1 ZMEEFRE
HFEEHEUERIR . =G X B4 HUVEC A& K

"0l
;i‘i

i‘lo

Ay

iﬁyganf"iﬁzji

Hadk b 5eE A R, % M iE 4 HUVEC F i
ERHRBERS, KB ARESSEaNEA
HUVEC HEA&—, 25% RFBAEMBEL HUVEC L &
BB B AL R R (B 1) .
2.2 ZAMatETE R LB

MTS SRS R E R SHNIER 0E4H
iz G R A B, A R AR BUR S A8 M 75 H 8
HHREERAERT  AALKBRERAERITFEX
(P<0.05) , E—ERERNERBHXRR(E2),

e

AZHMEA; B.IEFMEH; C. REEMES.
1 ERARLEFEXEERENE HUVEC ESERE  x400
Fig1l Morphological changes of HUVEC observed by light microscopy with immunocytochemical staining %400
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2.3 AT RER
R L R B R 25% REAEME 4.
IE% MEH M2 B0 B4 HUVEC R4i il TR 4
B (55.59 £5.21)% , (12.20 + 6.20)% %1 (0.38 +
0.3)% A LBEERHERITFEENL(P<0.05)
(E3),
2.4 HUVEC # IL-8 .ET-1.eNOS mRNA FEik b5
Real-Time PCR eI 45 R B : 5IEH ME4A
B ,25% REIEIM EF4 HUVEC B IL-8 #1 ET-1lmRNA
RiEBZE LA ,eNOS mRNA XA E T, M4 R
HEEFHAEGITFEN(P<0.05)(E4),
2.5 4R BB P IL-8.ET-1 1 NO #REE i
ELISA #4558 7 « 1E % I 75 4100 JR 35 4E 1 3
MRS BB IL-8 RERE /78 (495.3 +
11.89) pg/mL #71 (643.6 £45.40) pg/mL, ET-1 B &
BiEDTHHN(42.11 £0. 6213 ) pg/mLF1(47.78

1.070)pg/mL AW LBRERH AL F B L (P <
0.05) . HERERIEJRER ISR E/A  IEH M iFHM
FREFAE I 1E 46 40 i 3% 5F BB WP B9 NO ¥R BE 4 Bl R
(49.30 £0.97) pmol/L F1(11.81 +4.36) pmol/L,
A RERFRITFBE (P <0.05),

1.0
- AR
087 = 3 i

%:l‘ 1A
=
=
0.4 T
10 15 20 25
MRS %

CP<0.05 5SEEPMEANLE; ®P<0.05 SERMBFALE.
2 £EHUVEC fMEEELRE
Fig2 Proliferation of HUVEC in each group

k<) o k=
- A 7 B =1 C
= 9-! 9-!
N o ] —
= = = =1 Sl B
E ' =1 el
L ", ‘IJI,;L‘ -
- o o ] Spliv
4 L mals ey o'[‘rﬂ%ﬁ—rnmrrmq
MR 3 3 4 - P e T 4 — e o1 3 30
107 10 107 107 10 100 100 107 107 10 107 100 100 107 10
Annexin-V-FITC Annexin-V-FI1C Anncxin-V-FITC
A ZHMEYS; B. EFmE4; C. REEMEH.
B3 ##EHUVEC flAT XL
Fig3 Apoptosis of HUVEC in each group
20 25 r 250
== [0} i) @ %’i
= T 2 20t o 20 F
2 1sp g = 1 =
* = o
= = 15F = 15
= 10 = <
2 g 10 F % 10 |
; 051 i E 05+ é 05 - o
=, S | 5,

IEFMAEA  FREAE T A

IEFMEE  FREFAE M4

IEFM{EH  REAL s 4

®p<0.05 SERMEL KR,
4 EFMEHSEEREMFH HUVEC § IL-8 ET-1,eNOS mRNA RikLL &
Fig 4 Expression of IL-8, ET-1 and eNOS mRNA in HUVEC of normal serum group and uremic serum group

3 i i

185 k9% ( chronic kidney disease, CKD ) &5
B0 1l B %2 %% ( cardiovascular disease, CVD) R 3ET-
RERERZ-" AHEZREZL KN B (end-
stage renal disease, ESRD) B EREKEH E A §.
CKD 5 CVD #HUI4iE , AMURF I F AR E KM

REOLE, mMEBEAER, XEK3). —FHHE,0E
mEERRMEBERERT-EEME A, M CKD & CVD
RAEMM ERER; 5 —FHE CVD 2 CKD A& &
FEMFREMFETER, BHBEFHEHE CKD
BIFRFER 2 LB AR 35 5,
DMBEREERSESEREENETRERAZ
—,F% CVD £3/#& ESRD BEFHTHWEERE",
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ESRD & ASWARARUF®R - BAES10~15
B ERERBEINEI~40F BEHZ N MEH
AS”, ESRD & AS MMERAENEHR KR EH, &
B FEINA S ESRD B #7745 ML E | & A8 i 5
EEGERREREN - EREEMRENEEERSA
XK,EECTE BRI BN B AMRERN BEEFEZ
BIRFENREBELABMER., REENESHRED
M RIES) WO ENSE WM =4 %
mal s F PR AE T LB S SR HLE f CKD BE R4
CVD, EFARMBMRETNEHELMESBILBE
AN L ES BN R R CKD #1 ESRD B
BomEEFTETHEE. CKD BERMAEER
A5 AT EE E f AR S B 7 (il 3 i 2B 4 m
KRETFHAREP-BER)F X, MXERT X
CIEIFSAZ):200 255 A
WEHABEEINNENEERNESHMIGER
f, EN—EEDRREREREDR . AT LE
AN R 3 R I IR R R T8, 18 4R 2R o
MALREEZHREF. AMRAAERSERE L
ERRIET ,HUVEC iR R E 8, & E 4, it
B A Z R ME. REEREMFERT
ff HUVEC 4B TR EFA; HARZ B R, EH
LB T f# HUVEC 40 M & A= I v X% {5 40 fa 3%
ZIME , EFEETERERF ALEFRA —BE
ZHUARE T AR SRR EN SRS, BT
FHRE T IR A S EERERNS RS,
BART -HPHARPATCNAREF, #8248k
RAETHT ;A A §8E A HUVEC 40 bk HL i 55 ,
R RS, ANIE RS ESR, MALED
BB NMEEESHERERK,
REERERKPEZEHERE, FEHNER
B, X R AS BB EERE, fERRER
FRIRFE,IL-8 B H IL-1 #1f 5 3F L H F ( tumor
necrosis factor, TNF) %5 M\ E W% 40 § . 5L &4F 45 40 fig .
BHFRARBEITERNREN R, EREMBER
R REENENIER. KR £ .18 F
BER R AL ER  RIEAER &K M4,
RET AR EE R Ca® ik, I Ca®* PRI
YRR ES Ca" WREESE N, V5 5 40 A T I Ir I 80
PR B EGAMMPREBE, , FEHETENERR
BEHEIGILI K TLEEHENBERE BZFEMX,
L8 BSR4 EBAR.SHEREFYHRELEE
PR -5 - iR AL =4 B =%, (% 1 B8 2 1 %

R EEABH ;AR ER AL, KRZR
WAE S, IL-8 REYEIL b 4n f , 3 B | B & T 70
H,O0, Bk , AT R4 K Bh. ok, IL-8 Xk E
40 f A H At e B 40 i o R b RIS /E A . Kukieika
£ LB R R, PG 3 ~4 hJF, WL
WELA B 9 F| IL-8 mRNA, H IL-8 mRNA f3 ik
S50BGREETEMERX, EATRF  REER
F B9 77 i HUVEC =4 k& IL-8, {§f HUVEC 3%
BB

WEERESFAERER . FREFZEA KNS M
BEUHEK. ABRARNAERE 3 HEBK, HF
ET-1 FEANFAMARE, B F 00583
REnERERE; IS S EE, ENEETFR
W, R TR L4 MR . FE P B B B, ET-1
AR AN, 35 HAE iR L4 A2
PGS G T M B9 TR B T I Ik 4R, R R
—FAEKE T, ET-1 3830 8 & F R L4 s 5,
Z5FRESEMENREMER. NO BHE4H
JE | eNOS =AM & KE T , A 1R 58 B &F 1L & F1 0 5t
/MR EESE KD RE BT cGMP 5§ cAMP iR 2[R 40
BAEETRENMANSE FHR, FLBI4R
k. EEFEBHRT,ET-1 5 NO REFELHERE.
AHRGERER:-EREEBENLFENET,
HUVEC ET-1 mRNA %35 F 8, ET-1 & R4 b 4
i, i HUVEC eNOS mRNA %35 F 3, N0 & R A4
WA BN BB

ZEFR REERELONEEHHESARS
REFSEEANNEREKBEHRER TR
BOBE THRARERRN, FlERNEAREE KR
RERT, MERE/ FKETLAE BELFHAK
HEEZHE X,
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