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[{#ZE] B WIS RSO 20 R B Ik P9 5 405 ( HUVECs ) RS KL D AR A9 52 0
Fik  BIEFRAAR) HUVECs 430 iias (A BRI TR 5 kA (5 R4l TR 9 YR (9 WAL ) AL #4
Ik 13 RAL(13 WAL , el & FA M R RE IR 45 R B SR LA 28 4L R IE % HUVECs , A TATA 38
HIHILE I ARG Z 05 (LPS) VE Ry S R AS BRI IR s 5 Y4 |9 WRAL AN 13 WRAH B 5647 88 5 TR AL, K 1B IR A
THE 43 °C ) FF 5 RAL 9 IRALURT 13 IRATIATL A FFELIR PN 4 min JFEUE & T AAREFHFE 1 min 53
AT E 2 IR, 3 2 Y2 X BB A IR . 5 40 HUVECSO (25 A B 2 BRI ZH 5 W EH 9 Ik
013 WA TIA LPS J5 & T 37 °C 5% CO, WTE IR A0 M55 248 th R5 3% 1 h) 35 5% FH DU FY 36 4 2l s b
(MTT) =10 5E M35 77, e 58 YEA A% K F--xB ( NF-xB) (/)2 35, BEH-EE 5 5% W2 B 500 72 ELISA 3460 5 21
HUVECs Zhft 73 ICAM-1 ,VCAM-1 7K, 58  THE BRI 5 A M 13 WA 4y 71 1) oD {8 3%
T2 {227 WA G5 X (P<0.05) ,9 YRAL4AETE 7114 OD {E W Gt i TRLAIZE S YRl 13 R4, 2%
A G L (P<0.05) . THG B4 5 A 9 IRAL AN 13 IRZA 1Y NF-kB SRk i 525 4 Ih#, 22 5+
WA SR8 X (P<0.05) . THIE,9 R4 NF-xB Fik 5B A, 22 3 H S8 L (P<0.05), T
J& ERIZH ICAM-1 Fil VCAM-1 B OD {H 338, 5 Y2H |9 WA RN 13 Y2 ICAM-1 Al VCAM-1 (9 OD {HZ) i
ETW, S AW E, Z R A G235 L (P<0.05) ;5 Y 9 R4 13 A 1 ICAM-1 F1 VCAM-1 Y OD
(H SRR A, R IA SR L (P<0.05) , THUS,9 K41 ICAM-1 5 OD {E°/(43.00£12.96) , 5 5 X
211 (205.89+10.56) F1 13 RZLA(109.87+8.86) LLHE , =R IR A G E L (P<0.05) , &5it TR IR IR
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[ Abstract] Objective To determine any effect of repeated thermal stimulation on the viability and functioning
of inflamed human umbilical vein endothelial cells (HUVECs). Methods Well-cultured HUVECs were divided into
a normal group, a model group, a thermal stimulation 5 times group (group A), a thermal stimulation 9 times group
(group B) and a thermal stimulation 13 times group ( group C) and cultured under the same conditions. The normal
group was not given any intervention. The model group was stimulated with 1pg/mL lipopolysaccharide for 1 hour.
Groups A, B and C were first subjected to 5, 9 and 13 rounds of repeated thermal stimulation, each round lasting 4
minutes at 43°C and 1 minute at room temperature. They were then incubated for one hour at 37°C under a 5% CO,
atmosphere with 1pg/mL lipopolysaccharide. Cell viability and the expression of NF-kB were evaluated using methyl

thiazolyl tetrazolium and immunofluorescence assays. The levels of intercellular adhesion molecule-1 (ICAM-1) and
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vascular cell adhesion molecule-1 (VCAM-1) were determined by enzyme-linked immunosorbent assay. Results

After the intervention, the average cell viability of the model group and of groups A and C was significantly lower than

that of the normal group, while that of group B was significantly higher. After the intervention, the average NF-kB ex-

pression in the normal group was significantly different from that in the others, with group B’s level significantly dif-

ferent from that of the model group. After the treatment, the average expression of ICAM-1 and VCAM-1 in the model

group had increased significantly, while that in groups A, B and C had decreased significantly compared with the nor-

mal group. The levels of groups A, B and C were then significantly different from that of the model group. The average

ICAM-1 level of group B was significantly different from those of groups A and C. Conclusions Repeated thermal

stimulation can protect inflamed HUVECs and reduce the expression of HUVEC adhesion molecules.
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TR T IRATIRZST P B 20 i 2y 58 52 il i) BF 5, A F 58
B 7E WL %2 5 52 I 24OR) 3BR 2 B (lipopolysaccharide,
LPS) & JH T4 &0 55 3% 19 N 8 Dk 9 B¢ 20 2 (human
umbilical vein endothelial cells, HUVECs) ¥} HUVECs
() 41 B 1% 77 A% R F--kB ( nuclear transcription factor
kappa B, NF-«kB) 7K VA5 MR, Bz HOA 48 0 o 2 v, 9
B2 0 X 200 DA I A P 3 S AL F) A0 I
kft43—F-1(intercellular cell adhesion molecule-1, ICAM-
1) A1 1L 4 40 B2 %6 B 4> F-1 ( Vascular Cell Adhesion
Molecule-1, VCAM-1) 7K~ 5200, LA BA B 55 42 3 $l)
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HUVECs i | i 1% Bk A= W) A7 BR 2 5] W &, 58 5
Q80252 %l

= FEEGH S

LWF5E 3R] : Dulbecco’s 1 B 3% 3% 5 ( Dulbecco’ s
modified eagle medium, DMEM ) | Jiz 4 Ifil 75 W B 3¢
Gibco A H] ; IO H A A R (4,5-dimethythiazoyl-zyl2 ,
5-diphenylterrajolium bromiole, MTT ), — H J& i fi}
( dimethyl sulfoxide, DMSO) #l LPS Il§ H 32 [& Sigma /A
A5 AR RS I AC st RS E R A R A4 1 iE A
#E H (bovine serum albumin, BSA) I H 2€ [E Corning 2%
A BRI A A W A L BT AR 1gG (H+L), (HRP
Goat Anti-Rabbit IgG ( H+L) Antibody ) 4 H "7 Abways

2N Hl 3 DAPL B¢ 2 % [ 2-( 4-Amidinophenyl ) -6-indole-
carbamidine dihydrochloride, DAPI dihydrochloride ] 14
H 2% K Beyotime A=Y H ARG FRA A,

2. AL A% . A AL BR B 3R A ( ROC-3000TVBB
A, JE[E REVCO A ] s A=Y TAE & (BCM-1000A
Y ITIR IR E R L RN ] s B S EELHL(CT14D
B 1R S AEA AN R TR AT PR H] ) 5 ffL #0E T 35 XL
T840 (GZX-9146MBE # | | ¥t Sl A FR A 7] B2
P .

— _HUVECs 555432l ik

¥ HUVECs #0257 2 2 R R R L,
BT &AM 37 C 5%CO, M AR R &2 d
P 1 W B I EE HUVEGs A K AEHL, 1%
R 7E AT T W A0 i K i 80% & 90% I Jr nT £
o FRIRASHE KRR, A 0.25% R 1l 17
THAL , Fr 2B BB B 5 FERE SR ML I A 58 255 37
PAZIETH AL, 1 000r/min B0 5 min, DA 12 2 /4%,

BEEE IR ) HUVECs 20 A 4 BRI 4 iR 3R
J 5 R (5 R AR 9 R (9 IRA) Fiif
PO 13 UL (13 KAL), o0 e b 22 A ) 8% 9%
FAFE SR LA

LU SRS

25 141 1IEH HUVECGs , /AR 4T-f] 300 38 ; 455 70 26 Jin
A LPS 1B RIERASHIRIN IR 5 Y] .9 IR A3 Ik
ZH ¥ AT X N U B ) EE A IR AR SRR I LPS

IR 20 e IRAG R 2 43 °C  RREIRAE
TEERAE IR 5 RAL.9 YR 13 IREL I A H b | 54
TR 4 min, WAEIRAFICH 285 8 T H AR IR BT
B 1 min, 39T X VB T AR (RIS AL AT
TR S YR, 9 WAATIR IR 9 ¥k, 13 IR AT LA
B 13 %) o 5 R4 .9 WREE A 13 YR 424 T 4 I A
FIMEE RS, I LPS(1 wg/mL) ,#& 5 min,

Ay %

25 LA AL e B 20 0E 47 4% T ARG, AR 21 S WK
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4.9 LA 13 AT I A LPS, I T 37 °C 5%
CO, W EIRANMIE SRR P R 9% 1 h R AT A A

1.LHUVECs A=K 3% J7 890 22 « R H MTT 3 H T4
M HUVECs MAEKTE S, % 5 4 HUVECs #/ F MTT
L 96 fLEF IR, B R £ 2% 4 ( phosphate buffered
saline, PBS) ¥ 71 Zx LA FL, SR 5 B T 37 °C 5%
CO, 7R 3% 72 h 5, R A bR 450 nm U % I
ifsk 5 41 HUVECs 19565 BE (optical density, OD) {H,

2 AR PESCRI L B 5 20 HUVECs HA 4% 2 %/
I [5 2 30 min, ZEFLHMA % 0.1% Triton X-100-
PBS FIR AW, IR E 10 min, FHIIA 3% BSA-
PBS,Z i T ¥ M 30 min, F 0.01 mol/L PBS (pH
7.4) Pk 3 WK, BHKR 5 min J& , TEFLARCHOIMA —BT A bt
NF-kB p65 HifK (1 : 200, Abways), & T 4 C UK+
5 12 h, H PBS ¥ 3 IR, K 5 min, FEREE A
41 HRP Goat Anti-Rabbit IgG(H+L) (1 : 1000, #57¢
)6, Abways) , B TFER L, ZIEEE 1 h, FH PBS &%
Ja BT OOCEE BB T M (A 420 nm, &
SR 520 nm) , FEFLBCFPIIA 1 mL 85 B9 DAPI
Y (10 pg/mL DAPI-PBS) , i #2 K M & 30 min
AW, PBS Va3 UK, BHK 5 min, & TG HEE I
e T WLEE (IR K 360 nm, & 5% K 460 nm) .
K Image J RS M 2R Ge 5 A5 I B 047 8 04T,
1534 NF-xB 5B 9K A&,

3. T B A 2 W oRF 5500 100 5 ( enzyme linked immunosor-
bent assay, ELISA) ;% F ELISA 46 5 40 HUVECs %h
BFH53F ICAM-1 1 VCAM-1 BY7KF-, i g b iR Wi AR
B RRA T SER, BEIFRY 450 nm N E 05 OD 5,

VAR WA K= BV

BAEYIR A SPSS 22.0 MGt itk 447430 #r , ¥ 3k
FRIEAS R 56 Ay 22 SR 6, A A & IE A 0 A,
(xxs) Frm, Z 4L A SR B R 7 25081, (least-
significant difference , LSD) fi/Ni EVE 22 R AR IR ; A A
PFEIERM B M( Py~ P.g ) Fn  RIAESBUG:
IR ERRFIRG S L P<0.05 NESASHFE X,

g &S
— AFET#4] HUVECs 2035 146 45 5 ks

TG BRI 5 A 13 YRLH 40 M35 10 oD
PR EMTEAA, Z5FWASRITEE L (P<
0.05) ,9 YRLHANMETE 110 OD H 523 4l ks, 22 %
Gt FE L (P>0.05)  {HBH g & FRIR A 5 Al A
13 R4, =R WA G5 L (P<0.05) ,FEILFE 1,

= A T4 HUVECs 1 NF-kB %3k & 45
HR

THE AR 5 R4 .9 YRALFN 13 IR41AY NF-
kB ik 55 A R L, 2R A5
BN (P<0.05), THE,5 WH .9 WHF 13 KA
NF-kB k¥4 T TR (AL 9 IR SR %, 22
SAG I E L (P<0.05) ,TERE 1 FE 1,

= AR T4l HUVECs H' ICAM-1 Fl VCAM-1
FIRLER L

TH)5 , AL ZH ICAM-1 F1 VCAM-1 A 3k i
BAHN,S UREH 9 IRAHAN 13 R4H ICAM-1 Al VCAM-1 [iY
FIRH B E T, 4 525 AL, 2R A G
B (P<0.05) ;5 41,9 W4 12 IR41AY ICAM-1 Al
VCAM-1 W RIE SRR i, 2 59 it X
(P<0.05), 9 R4 ICAM-1 K5 5 IRA1M 13 R4
8, 2 5 IR A G2 L (P<0.05) {3 9 k4
VCAM-1 R385 5 WAL 9 IR L3, = 7548
#(P>0.05)  TERLZE 1,

i

AL R | 15 R PO ] LUAR AP RE
RAET B HUVECs, W AT RS AE RS T HUVECs Ay
FiBE 31 ICAM-1 Fl VCAM-1 F3RIXA

WSR2 5 T 90 0 kA ke i
BE TEIRTD BRI BRRG | 24 B D RE R v B
SRR N R AR 2 5 S0 I 28 1Y 3 2 sl
ARz — T H2— RN A, RAE R — R
IR ARSI SN, 9 i 57 o5 ) Bl L85 PN 2 40 M ( -
crovascular endothelial cells, mECs) AJFE SRR 1 1 3
PEIR IR 2 | 57 57 Ho 28 40 ) S B8 RIS , 00 o 2 41 e
IR RN S e, 3 BOA WA S e SN, mECs T8
S YR P A7 R A 9 i AR R R R A A 4 O A S
2 B [ A G VS B ) — T 0 o mECs BT 77 2

#£1 5% HUVECs B4 /1 NF-kB ICAM-1 1 VCAM-1 %8 (x+s)

2157 4% 6% OD {8 NF-kB ik ICAM-1 4 OD {& VCAM-1 ¥ OD {&
EHHA 0.20+0.02 1.32(0.21~2.36) 402.01+12.3 362.43+22.12
HIRIZH 0.14+0.06* 2.79(1.43~4.32)" 558.89+85.7 507.00+90.54"
5 A 0.08+0.06> 2.42(1.50~4.19)* 205.89+10.56% 208.62+12.97%
9 k4l 0.19+0.04" 1.45(0.66~3.33) 43.00+12.96* 182.49+58.86%
13 4 0.11+0.06™ 2.29(1.29~2.96)" 109.87+8.86" 205.63+27.25%

T 52 AU A, P<0.05; 5RO A, Y P<0.05; 5 9 IR Eb 4, ©P<0.05
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IR R - A A R . BT E RS T AR GE
ARZSTS PN K 4 it Dy B R 1) 24 4 S R TR) 422 1, R Ot
LS ILAET PN R A0 T ) B8 1) S TR T T A
e

NEL B N B2 20 9 ( human dermal microvas-
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BRRR AR (0 A 00 S8 A iy 2o R g AR
2 AR e i 00 7 TR I i 80 R T 43 C
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