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ABSTRACT
Aim
acetate (PMA) and some patho:genic factors in Dia-
betes mellitus, such as high glucose (HG), high in-
sulin (HI), high proinsulin (HPI) and tumor necrosis
factor-a (TNF-a) on free calcium ion in human umbili-
cal vein endothelial cells (hUVEC).

Methods

fluoresent probes and confocal microscopy in this

To detect calcium ion concentration by

study.
HG,HPI and TNF-a could elevate intracel-
lular free calcium ion concentration ([Ca?* Ji) in hU-

VEC obviously while HI did not (P<<0. 01). Under a

dynamic observation of ([Ca?*Ji) and intranuclear free

Results

calcium ion concentration ([Ca’* Jn) in a single en-
dothelial cell (EC) induced by HG, HPI, TNF-a and
PMA. we found an obvious ascent of [Ca**Ji and
[Ca®* ]n especially in nucleus area. We also observed
that TNF-a and HI could induce calcium oscillation in
hUVEC, and PMA at high dose caused evacuation of
Ca’* which was most obvious in nucleus area.

Conclusion In vascular complications of diabetes
many pathogenic factors injured vascular endothelial

cells by Ca’* signaling and thus led to the damage of

To investigate the effects of phorbol myristate

normal vascular function and structure.
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e ERZFAFRHPKAXRERBRALALES
RERGLE SRLEERNETAATFARAEL
W FRRAABEHERGARBRA L WA
HARERTGHERN. AR . GRS T RANBILERT
A~3.5Mu/LOT3I B 4kmpAEE T RANRA
# (P<0.01),#% 0.2 Mu/L M &I AE THARH P
<0.05), HME XA TARL(P>0.05), AEAK
TR SR EMREEXRNELARD T BABELH
FTIR¥ANAALMBEASE TRANSS, WHEK
ARK . NAXABTAEMEETARBRE”. X
HESXGELXPRRL@EHS, RTARERALT
HAREFPHEKABTTRELE AL RBERA.
BB TFAEREHA—AFINRRAEHRTE.,
xiiE ARmE; S8F; REA

BRFEINEHRKERERKBEEHEN £
BEREZ—.TTHAEARBRGNELERTEHN
Eal. EERHFREKYA, HHEE (high glu-
cose, HG). & & & (high insulin, HD) . BB
& ¥ J& (high proinsulin, HPI) #1438 3K 3¢ B
F (tumor necrosis factor-a, TNF-a) 7] & B N
Ff 403 (endothelial cell, EC) Th&EHI 45 H B
L, EERFEHILLE, HES K ILX /R H
MR HAER. EARE SR & EET,
BRTRE-TEENGFEES T HEATHIE
LR, B ME R EEFNRE, EWA
MER, \TIEHRMZS). 40 HEML L
BEDPERELR. EALRIEH, ARANE
45 B -3k ¥ (intracellular free calcium ion con-
centration, [Ca?" JI)MAAMRZ N IR FHE FIK

B (intranuclear free calcium ion concentra-
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tion, [Ca®* In) 5 MGEMIET-F 4

R0, AL FFE A BT 8 BK P B 4188 (human
umbilical vein endothelial cells, hUVEC) X #

M. AEERE . SRG R GBS KRN
RIRSEE FERWMBERT [Ca 1i #0 [Ca™]
n BB, UHRTEETFRES5RERM
B 3R PR R AR R L .

1 HHEfAFE
1.1 ARABIEEREE
REBSBRIAEILFH,RE Jaffer 09 F %
PEAEE, HHEZ P A MI99 77%; K4 hik 20%
(Gibico); AR X @ B £ k B F 20 mg/L (4 &
Boehringer); # 4 Bt B 2 mmol/L (Sigma); Hepes 15
mmol/L (Boehringer); % ® ¥ 100 ku/L; % % ¥ 100
mg/L. KRB ECHATVMEFHAAELER . AREHA
ERARABAFELR.,
1.2 ARBIERABESE TR E
1.2.1 BEARBEABRSEFHNE
1.2.1.1 AR #E=ZKRKUVECERF S
HAEHXKP. BS54 KE 27 WA HG 30 mmol/L (4
X4 L=/ ,A.R), TNF-a 1 Mu/L(#¥ % 2 8),HI
100 nmol/L (Sigma), HPI 100 nmol/L (Sigma) ¥] # &
BRERTZh B AnE R ZTa&EA.RER O
1% MEE™MSE 0.02% EDTA BAAEHK, Kk &
M.Dhanks % (pH 7. 2)E S @, R EFHAHE
EHRARIRR AR LH EREHS1X10° 4/
L.Z@MEE 90%~95%),
1.2.1.2 Fura-2/AM fifisa®  # hUVEC A &
# & % 7 iR, fv Fura-2/AM (% 3% ¥ 2 pmol/L,
Sigma), 37C M X B ¥ 40~60min, A B2 K & £ #F
¥ 89 Fura-2/AM, A X £ 4 % % K it (8 & HITACHI
F-200 Z)M & [Ca** Ji. Mx %4 & F:EM=510 nm,
EX=340/380 nm, % & % f{ & Fura-2/AM 4 Z G @}
8B R ¥ #(Z,=22.4/340 nm, Z,=20.1/380 nm), &
M i & Fura-2/AM W 3 48§ b % 3 1 F340 # F380,
PLESEE N 0.1% 84 Triton 100 HER S E TR
B F380 A9 & /n{H Ebz, B ML & X F % 3 mmol/L &
EDTA#%A4E R TH G0t F380 Yy A Flz, RE
AEXAPAXE N UHENAEL AR ERAHRE
EHEFRE.
1.2.1.3 Fluo-3/AM fifita e A M & #HE 4R
hUVEC B # AU BB RRENEZZA L AKX

BB M199 38 3k 2 % H K, v A\ Fluo-3/AM T % (3
mg/L, Molecule Probe), 37C.95% & 4-5%CO, T
H 40~60 min, MIOO AR BX B HHA,10 min A &
BHEANMAFERE E MY (X B Meridian Acos Uiti-
ma 2QI)ERPE AL AP EAEF  REE AN,
ARHAREREEANFHIXRABRE . SR FREUL X
EEXEMUEKR, .

1.2.2 @/ ARBEARESEFREXNE

1.2.2.1 Fluo-3/AM fifitap A M BERY
EREEAA K BWICa i KE.
1.2.2.2 BAMZE BEFHEANBLEEEE

HRABRBHREHBNEAES R IHAR, &
BAREE B AEERE EXALTHRESF
i [Cl’*]im [Ca" In KEMPDAZA . EEETFHR
B BBAAK # 4 %% & % 30 mmol/L, HI 100
nmol/L, HPI 100 nmol/L, TNF-a 100 U, % & 8 &
(phorbol myristate acetate, PMA)#0 it % # T & & /»
EV AR MM ARERBRAANKANES KX
EHHEARRE (B XRRIRE . REFARXREHR
AXAEBENEA.EXTFREURREBERRA X
T .
1.3 FEite®E

FRERERIRB zEs k7. EFHEFHR
AeR(Bx e RF4F 2R,

2 %R
2.1 BHEARARIBARE Ca’ REXET

M 1 (Table 1A WL, ABF#R Bk 3 BC 4 M
% HG X HPI R )5, A ERE [Ca® Ji B3¢
REAYPH BB (P<<0.01),HIAB AR
[(Ca®* i th M. BgitEE L.

Mm% 2 (Table 2) iR, ABF bk A B 40 i
% TNF-a(0. 2 1 1, 2, 3.5 Mu/L)RIE 7]
gl&[Ca* Ji #in(P<<0. 01 8 P<<0.05), B KX
KABERTFREX. MAC ] HARERE
B TNF-a ¥ B b0 K038 o0 (r=0. 9696, Y =
84X+524,P<<0.001) ,

2.2 BEAARYIR[Ca* Ji #M[Ca® Jn X TR
ThE M 2
2.2.1 WEILEB T YA M B 1(Fig-

ure 1) A ,0.2 Mu/L B @IFIEE F-« EH
TH hUVEC RASE 7K TERAE T, &
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BRI AT SR K, SRR 3R, HIE R A,
FE 400~500 s [T Z# PR, TNF-a 1 Mu/L &
ALUEZHLEHNEIRY (sinsoidal oscillation )
F700s, ZPAMRRN[Ca )i KETRER
2. W& 2(Figure 2) 7] W40 fd%¢ 2 Mu/L TNF-
e IR EEFRR . E—R[Ca® ]i RFEKIE
BEM TR, SR R] (40~ 60 s) A B0, LA S
BB TREE -MRELBEH KT, HER
FEHAF:E_RICa i A R S8,
£ 500~700 s BF R LA FWEE, RIERRT
B, TE B — AR 1% (spike) , B TT ZE RS F R L K
It B 2 o B AF AU 4 45 4R & (transient oscilla-

tion), 3.5 Mu/L TNF-a fEf F hUVEC, 8] I, |

[Ca® Ji K218 EF,400~200 s KF|—4 &
SEUEMAE TR, FEERE- P TR TR
ZHIKP . BIRG R R NEH /MY .

Table 1. The change of the basal [Ca** Ji of hUVEC
stimulated by HG, HPI and HI (nmol/L, z+s).

Groups [Caz+]i
Control 172+16
HG 896+45°
HPI 382+42°
HI 251+61°

a:P>0. 05, b; P<C0. 01, compared with cantrol group.

Table 2. The change of the basal [Ca?* Ji of hUVECs
stimulated TNF-a(Mu/L, z=s).

TNF-a(Mu/L) Fluorescent intensity

Control 473+4
0.2 520+11%
1 650+ 34
2 669+ 30*
3.5 821144

a: P<0.01, b: P<0.05, compared with control group.

UEELBA AREXRRASETY
FUHUERSEN ARG SE T RKFHE K,
B[Ca** In KF[Ca®*]i, HoTH LFHEEHIF
ERGFHAATHRERRMBLZERE R
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FELHKT.

Fluorescent intensity

a 200 488 c@0@ @9
(Units) vs. Time (sec) .

Figure 1. Kinetic curves of [Ca?* ]i and [Ca** ]n
changes in a single HUVEC under TNF-a (1 Mu/L)

stimulation. 1:whole, 2: nuslear area, 3: cytoplasmic area.
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Figure 2. Kinetic curves of [Ca’* Ji and [Ca?* Jn

changes hUVEC under TNF-a (0. 2 Mu/L) stimula-

tion.

2.2.2 Z0HBGY-H EREE R
[B] (15~20 s) {8 P4 5z 41 B (Ca?* Ji 9§ 40, [Ca®* ]
n WINEEH[Ca™ Ji MR IBEFEK.

2.2.3 SRS EkPZHRLERG Y 1=
HEGREAT,.[Ca* )i KTFEELKKFELT
F3h, RANBRTEREIRY . HPI fEFH 5 HG 48
81, RE[Ca®™ In #INF T REEBEEHER.
2.2.4 PMA #9#%v. 1 nmol/L PMA %t
hUVEC WA A RESEFLEMW, 1.5
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nmol/L PMA %35|#& hUVEC [Ca**]i EF.,20
s NP XIS, RETREKTRAKAE
BEFERENKFE. K E PMA (3.5 nmol/L)
£ hUVEC [Ca®* ]i %K3RE L F 8 FR 8 K
F 1.5 nmol/L PMA 5 YE, BB{E {3 7E 20 s
i, Bi)E TRE,40 s & 2 JF/KF,2 min EEJFK
FH 50%, 4. 5 nmol/L # PMA ¥ hUVEC
[Ca" Ji K FMEMERE, EHEZK, LR
— I EEMEFENAS, MEREEXHEILER
£ H% . 100 mg/L JEZHEX hUVEC TR B 1F

14 HPI

> 1.5

| T T ™
0 400 800 1200 1600 0 200 400 600 800
"[Ca“}n 3}* '—[Clnli

Fluorescent intensit

PMA

T T ¥
100 200 300
Time (s)

e T T T 0
0 400 goo 1200 0

Figure 3. Kinetic curves of [Ca’* Ji and [Ca’ ]n
changes in a single hUVEC under HG, HPI, HI and
PMA stimulation.

3 1Tt

E 7 CER it , HG \HI #1 HPI {8 i B2 K 38
I &F 3K RO T RE L NO B 240, B gk
i, ERRREATT R EHNE N K
MM R MBI RSN EREY, AR
B EZ B &L 58 iF B HG .HPI, TNF-a 1
HI ¥ F EC ¥ 5|2 [Ca®* Ji f1[Ca’" Jn B47F
. Ca®* 25T 1% EC /e -AHLE.

MEABES Ca R ENMMITEREA
Ca** NEEFEERME R . AN Ca RN LS
FEEN T I Ca N RERZE S
WS A EES S E 7Bl A%, HG.HPI M

TNF< 5l B[Ca™ i AFAE S —HEH H X
%. LA TNF-a A6, E ] BIEH IS A2(phos-
phalipase A2, PLA,)fid 164 NEBRRB5IE
[Ca** Ji F &,k v] BE B 75 B% fEBE C (phosphali-
pase C, PLC) i@ &t = #% BR Al B (inositol
triphosphate, IP3) {8 40 B P9 55 FE B i Ca?*
& [Ca?* 1i"*, HG 1 HPI & W iy Ca®*
MBTIRRMAERE. ZERUETHEOHK
B C (protein kinase C, PKC)E XM i PMA
%t [Ca?*Ji W1E M, 35 HG.HPI #1 TNF-a #
YER BT . PMA S80I H W —RE, 7T H
BE# A TR A MRS PKC, 3R Ca** i
Wi, PKC Bi&JE v {E 1P3 324k 3 O BeER b ¥
T 90 6 1 A 45 K R R, R FRITER
BE PMA B0, R Ca®* K TH TR
REZEIEE, \TRARAFENRS S PKC ¥
IEBEYIM % . I HG.TNF-a # HPI X IR
#mwmE5ZHE AR KHBEA HPI F EC
(Ca’* Ji fI[Ca’* In LFHEH AN E B EIFKAKF
AR, HG #1 TNF-a W8 453 FIk BE R e 4t
RESTELH KT, HRE I PMA 5IRH
BB HIMA Ca™ HEZH S, /R HG . TNF-a fI
HPI 3t Ca®* M ¥E I AP K PKC $i% .

A L HG. TNF-a f1 HPI 3| 2 @y
[Ca** In EFH[Ca* Ji ERFE,[Ca* In By 7+
EHFE AR N Ca BN, S
EHRHIPZ A SHBEASERP C"BRE
XU TN Ca** ARSI A R4, X
MRERR(Ca® In WEEW. HATANEH
Rt [Ca** In A R BIER.

FHAME S KB TNF-« # Hl 75| EC
EmiIRG. SRGOFERBTHRA Cat K
FRR KR ERRI LRI M, EER—K
M A F R0 R H AHHE . “IEZ i
ARG HEAECS I EABREKE, &
FEEWRELCa® Ji R EET & ; T “BR A B " E5 iR
GREELKTFRENAELENREHHES,
5IP3 B RALF Ca " BRFEAE X" . &
XERGHEMEBRNARERE. FWSAN
TR AT A Ca* & A KIS L& E
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RAEER, X IEW I ER A Ca™ EiREMHK
Vo AT Ca® FHEE D), BEAREE
ERNRARNTBPERERA. B2 ,X
BHRBFEMATF EC I RMBRIE TS S
% EC Rf#PH, EE#—HHE.

& REEX LR FRIIE EC #78 Ca**
KFHHBAR.HEXT ECHRGERAR
ARSZERIEE, RARMNBREERFLE
FERIEFHFSHFREAEFARESEMLE ECHY
[Ca®*Ji M[Ca® In W B #ETT B K REME
MR BAE , (E H — B BUR B F 34 P9 K2 41 L&Y
BUiHEATHRA Ca oM. RETEERE
AR R. AR TH PR,
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