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Selection of Flavonoids Inhibiting Expression of Cell Adhesion Molecules Induced
by Tumor Necrosis Factor- ¢ in Human Vascular Endothelial Cells
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Abstract

Adhesion of leukocytes to the activated vascular endothelium and their subsequent recruitment/migration into
the artery wall are key features in the pathogenesis of atherosclerosis and inflammatory diseases. These features
have been mediated by cell adhesion molecules including vascular cell adhesion molecule-1 (VCAM-1) and in-
tracellular cell adhesion molecule-1 (ICAM-1). This study examined whether flavonoids inhibit the pro-inflam—-
matory cytokine TNF- e —induced monocyte adhesion via a modulation of the protein expression of VCAM-1
and ICAM-1 of human umbilical vein endothelial cells (HUVECs). TNF- ¢ markedly increased the adhesion of
THP-1 monocytes to endothelial cells and induced the expression of VCAM~1, ICAM-1 and E-selectin proteins
in HUVECs. Micromolar concentrations of the flavones luteolin and apigenin and the flavonol quercetin near—
completely blocked the monocyte adhesion to the activated endothelial cells and the induction of these adhesion
molecules. However, equimicromolar catechins of (-)epigallocatechin gallate and (+)catechin, the flavonol myr—
icetin and the flavanones of naringin and hesperidin had no effect on TNF- a ~activated monocyte adhesion.
(-)Epigallocatechin gallate, (+) catechin, and naringin did not attenuate the TNF- @ induction of these adhesion
molecules. Furthermore, culture with luteolin and apigenin strongly blocked the expression of TNF- a —induced
VCAM-1 mRNA and modestly attenuated ICAM-1 mRNA. Quercetin modestly decreased the TNF- a —activated
VCAM-1 and ICAM-1 mRNAs. These results demonstrate that flavonoids classified as flavones and flavonols
may inhibit monocyte adhesion to the TNF- a —activated endothelium, most likely due to a blockade of expression
of functional adhesion molecules down-regulated at the transcriptional level, indicating a definite linkage between
the chemical structure of flavonoids and the expression of cell adhesion molecules. Furthermore, the antiathero—
genic feature of flavonoids appears to be independent of their antioxidant activity.
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1(VCAM-1), intercellular cell adhesion molecule-1(ICAM -
1)3'—]- E-selectin 5-9] cell adhesion molecules(CAMs)el| 23}

whd ol e el A ¢Jch4-7). CAMs-& §-54 E4o]e]4]
interleukm—l»} tumor necrosis factor- @ (TNF- ) 52| 4%
A} cytokinesdl] &} stof vt o] Zr}b¥lv}k 1 §v}(5,8). Attt
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CAMs9] & chofslA| o] Fo] 2o growth factors, plate-
let activators ¥ chemotactic factorel] &+ #-3+3k =474
o] Ftodsh ZA o2 At CAMsS 27| 9F A& ofj A b
ohz}, Algte] FHAFsw ) FRo) o] AN s
ollA] BAE Y AAEF Y ASA A H-91e FAA7E A
Zata A BstE Ao HaEe] $rh9-12).
ol ue B3 FF, 25, vhs ¥ Sa 5o Ao
v 3hel o] Al E Al EAlstE 44 MakAR Zeadl
ol Az o e ztg 95 4 dE French Para-
doxell & vhefr} Qloh(13). R chofst ez &
A3} flavonols, flavones, isoflavones, flavonones, flavan-
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ok Akl Al 2j3le) el

3-ols, 2.8} I anthocyanidins®] A 15 22 o zlch 18
v nE el o]yl 22 AR|gA S FEdyE 2 5
Atk FelE ol B AlEv 2R A &4 i%—% Xﬂﬂ%
= Zped Aol 3FatstA o] QB3-S XUl
v} (14-16), CAMs#} matrix proteases& ‘11 Al A] 7] = ﬂ"é =
A BRAEZMAE B uEy 9ri17-19). 3, ZRrelers
proanthocyanidins3} phenolic acids 53 =F7}x] & poly-
phenolics 224 Al 87| A g9 dufolt 2 5ol 2 &4
Aol A A= 3 2 rH2021). EetR o]zl A A o)-g-Ado] &
A 5 Q07] Wi, o]l gk el Al Anr A UM
= FEA] A EA] f o, gt ofu g AHgr] At oz o]
g ) gl o] o] Fo x| = A of) thaf A o R &) B A7)
Zosirly B

CAMs #d ﬂzﬂﬁﬂrsﬂr THY et olxe] ey
388 7 sh7] 3o flavanolsdl (-epigallocatechin
gallate®} (+)catechin, flavonols¢! quercetin®} myricetin, fla
vanones Q] naringin®} hesperidin 28] 37 flavones<! luteolin
2} apigeningl R FrAor A2 g 2R Bty
rolu=E B Afo 2sledct A2 o 15 7o) v
FARCN 1*14] o] 2 Z+7}e] Ze} R o) =9] polyphenolsE-L 3
Abslge] vh2ohal o (22,23). ol2 3 A5 M3 2
AEE 2R 3, B d Tl A5 FFH bzt
TNF- @ ol 9J&te] f-=% CAMsHH o] glod thokah d e
EehH ol =r) oful 3t g 3 s A1 g vl B4 ko]
dHAsAA o] o)A g Fefrice]Te e
o) g u5AE A

o

,0

e 3

YR M E

Y s A £(human umbilical vein endothelial cells)=
collagenase & Z4(collagenase type III, Worthington Bio-
chemicals Co., Lakewood, NJ, USA)}E o] &-3ste] £ejslglz,
37°C, 95% 02+5% CO» wlFz7d ol A o 2pulks}od ch24).
A2 A9 $H2 Dil(1.1-dioctadecyl3,3,3,3
tetramethylindocarbocyanine perchlorate)®] & %22 (Mo
lecular Probes Co., Eugene, OR, USA)& X3 o}Ajg 3}l
A w2 ekl o] uptake A& F3lo] o] FolFHH25).

(Ll =t

AzpufoFoz Fulgl vl A3 WAl £ 10% fetal bo
vine serum® 2 mM glutamine, 100 U/mL penicillin, 100 ng/
mL streptomycin, 0.9 mg/ml bovine brain extract, 0.75 mg/
mL human epidermal growth factor, =8| 32 0.075 mg/mL
hydrocortisoneo] 715 ] 91+ 25 mM HEPES -M199 Hj %]
(Sigma Co., St. Louis, MO, USA)ol|4] #lek= 9t} Human
monocytic leukemic cells¢] THP-1 w3l A 5= RPMI-
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1640 wfA) o) 2] ufeF= et

E2lE 0|2
Zalp ol A8 02 BHEE 4714 €4l flavanols
¢l (-)epigallocatechin ga]lateﬂ- (+)catechin, flavonols2l quer-
cetin® myricetin, flavanones?! naringin® hesperidin ~22]
32 flavones ! luteolin® apigenin-& Z+2} Sigma Chemical 3]
Abell A FIE gl AR ZelR ol us A EujFAE S
#]8}e] vl 2] dimethy! sulfoxid(DMSO)ell ef A Ab&-3td =
Eﬂ(ZG) AH) Zufofel A4 DMSO2] #ZE5 1+ 05% o] 3}e]
T, n A S B3 47t et ol wi A H & 97

7‘3.24 FET 50 pMe] it

In vitro adhesion &

TNF - o ol 9jste] #4315 3l A 2ol o] §
2o “a}ibaﬂﬁﬂ Anlu} A A7 = 9l A& 2AFSH
CEERR o) = 50 uM7E A 7 M199 v A} ol A E Il ] A
EE 2087 1 A2] 849 10 ng/mL TNF- ¢ & 647F &3}
A}, Park 5272 on]AglelA 10 ng/mL TNF-a &
6417} vioFald CAMs HE-& 2o 248 vepfici= 7o)
e slodct. gk, RPMI 1640 vi A} ol A vl ol THP-1 &3]
T-& 5 uM calcein - AM(Molecular Probes Co. Engene, OR,
USA)L.2 3087 A7) 3 Eybli o] A 2 ob 52wl A A
A A &gk ekg, SPOT I Y AY 7hflelr} a5l §4deA
Aol A] 485 nm excitation, 538 nm emission 332 2 THP-1
o] e A 2ol FAAEE EA s Ch

l —'\1

CHHAL 2alet Western blot 244

AW A A £2] VCAM-1, ICAM-1 28] ¥ E-selectin®]
CAMs w2l 28l -8 &23517] 9138193 Western blot £41-&
Al &3}tk Western blot 418 $13te] 941 3o Al £
of 4 100% glycerol, 10% SDS, 1% B-glycerophosphate, 0.1
M NazVOy, 0.5 M NaF L8] 31 protease inhibitor cocktail®]
3% 1.0 M Tris- HCH(pH 6.8) lysis bufferE A}-g-3}od A
extracts 2 Z0)8tgdch. Ful 8 Al E extracts?] HwiAl-L 89
SDS-PAGE gel Aol 4] A71ed5-& A"k Gel Aol 9l= &
uh ] 2 pitrocellulose membrane 22 o] A7l t}& n]Eo)
Al Ag-g WA 317 98ted 5% skim milke} A vl oFate]
v}, Blot< nitrocellulose membrane} ZH2+2) CAMs whul 2 2]
< 23} A (monoclonal rabbit anti-human antibody, Santa
Cruz Biotech. Inc., Santa Cruz, CA, USA)E 1,000 2 314
sled smbabd 4] wfekgl Fof|) goat anti-rabbit horseradish
peroxidase(1:7,500, Jackson Immuno Research Lab., West
Grove, PA, USA)9] o] akat Al 2 1A 7} vl oF3}<d o}, Nitro-
cellulose membraneol 91+ CAMs A2 Supersignal
West pico chemiluminescence(Pierce Biotech. Inc., Rock-
ford, IL, USA)2 %] &3}l Konica X-ray BE°0. 2 &3}
st
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RNA Zzlet AXAL SEEL eS8 (reverse
transcriptase-polymerase chain reaction(RT-PCR))

wF AR Foll B4 22 RNAE 4314 Trizol A]of
(Gibco BRL, Gainsberg, MD, USA)-& A 23] x}&] AF-g-1 ol
we}l Alg-sted FE3gdch Fel &% RNA G ug)E Trs
buffer[50 mM Tris-HCl (pH 8.3), 75 mM KCI, 3 mM MgCls,
10 mM dithiothreitol, 1 mM dNTP]lel| 4] 10,000 units reverse
transcriptase(Promega Co., Madison, WI, USA)<} 500 ug/
mL oligo-(dT)5 primer (Bioneer Co., Korea)® 42°Cel| 4] 50
B2 G AA S A A s 2, o] I & 70°Col A 15%7F
7 stm 24 22 A7k 2 CAMs®] mRNAS 24 7]7]
2Jslel A primersE A48t =], VCAM-1 mRNA &
Z-2- 913} primer sequences+ sense nucleotides 5'- ATGCC
TGGGAAGATGGTCGTGA-3'¢} antisense nucleotides 5' -
TGGAGCTGGTAGACCCTCGCTG-3'e]d 2, ICAM-1
mRNA Z32 318} primer®) sequences= sense nucleotides
5'-GGTGACGCTGAATGGGGTTCC-3'¢} antisense nu-
cleotides 5'-GTCCTCATGGTGGGGCTATGACTC-3'¢[<d
o}, 8k ol B-actin(a housekeeping gene) mRNA &%
< 98 primer?] sequences+* sense nucleotides 5-GACTA
CCTCATGAAGATC-3"'9} antisense nucleotides 5'-GATC
CACATCTGCTGGAA-3'°]14lck. PCR A& Tris buffer
[10 mM Tris-HC1 (pH 8.3), 25 mM MgCls, 10 mM dNTP,
100 units of Tag DNA polymerase (Promega Co., WI, USA),
0.1 UM PB-actin primer % 0.1 UM VCAM-13} ICAM-1
primersE. 94°Col| 4] 1327k, 55°Coll 4] 287} 18] 31 72°Cel| A
3E7EA 309 HbE A A =gt 225 PCR AHEG ul)&
ethidium bromide(0.5 ng/mL)7F &-f% 1% agarose-formal -
dehyde gel Aol 4] 7|3 5-& A A1313] 2.9, gel 42| bands
+ UV transilluminator(Amersham Pharmacia Biotech.,
Piscataway, NJ, USA)Z 7}A13} =42, photographs&
Polaroid Type 667 positive/negative B2 &Alslglct
PrimerE #7}8}x] &< negative control samples® RT-
PCR #4& Azt 234 dE Ari-dez Aok

EAIX2|

A3 data¥s meansETSEMEE FEAstgden, SAS PC
program{SAS Institute Inc., Cary, NC, USA)2 o] 8-3}o3 L
F719] 21o](p<0.05)& ¥ 23t ch Two-way ANOVAER 7
ZeH L frofHal 2olg Mol 1Fol dal4= Tukey
correction®.2 73 =3}sich
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TNF-a 2 243t ahfuMzel cteiFo| adhe-
sionollM E2j2ol=2] oX|En}
2 A7 TNF- ¢ 2 &A43td 3o x 2} 8

F9] adhesion®ll gloiA A}8-5 50 pM FepE o] 7] o
g G 3 vl A= 25 2ARE v Choi 5(28)9] A2 3
oz} 50 pM E=tR o) =5 Al Zaekel| M-St =l o] F
Zoll M= 3£ FATHA A AESZAHE e
=] ekoket. Fig. 1-& AW o] 4| Lo calcein-AMo 2 A4 %
A8 el 72l adhesions #Hddtw A3t Aol
TNF- @ & 6A17F 2]’} g Ju] ] A 21z o] 25 el slA] o
2 P =) A o #]8ke] THP-1 531 adhesion®] -f-2] &
o2 Z71Eqlct ¥, TNF- o & A2l 3 & oAz 7+
zkel ZFelr ol =8 A dlg] S W, @3- adhesionS o Al
A7l Eefrice| =9 a3 47| g2 A el Fla-
vones<] apigenin luteolin TNF - @ o] 2138 &3+ adhe-
sion® 33 A A7, flavonoldl quercetinel| A= A}
35l o A A 3}7} ebdthFig. 1). HhE e, flavanonesl na-
ringin®} hesperidin ~28] 37 flavanol catechins<! (-)epigallo~
catechin gallate®} (+ )catechinsoll A &= o] 21 &t A A 771 A
& Bolx) ] o4& Ao 2AEAG fre] L2, flavonesT
flavanols 2] quercetin 5417 543} ol 4] A5t H
Wz 22 296 a7 adhesion-d A sl FAF7E
Aol 27| AE A = & FY At ol eS By
Fodrt.

t}2 A E2] & AlE o)) 4 = luteolin, apigenin ~18] 3 quer-
cetin®] &9 adhesiond A A 714 Zo] FA] o]&lgt &
gti rol=7} TNF- e ol 2l3te] &3ty oA o
A E5AL faste] e A Ee 33 7H47) ey
A wr&lF-29] adhesiond A A o] o] FAMSFSATH
TNF-o ZAstel] Zetrrol=e] Ax5Ad 5345 FA43t
7] $18te] FetR ol v ofF A EZAYESS AR AFs
Fig. 2l Sof=qlcl s Al £2] THP 1 adhesionol &
28k oA £S5 Bl luteolin®} apigenin “18] I quercetin-S
ob- AE A ob& dRNA A E et AENESE
I §-ol- e g ez gt ol ng, B gl AFS-E o]
2 & Fapu co] = 50 uMLS TNF- o 2 2|5 3= A
Foll MEZAE A3 el A dokehi: A& o 5 dddek
ol 24, TNF- a & 43" AW %2 2l adhe-
siont= WulstA| o] gt FEpH o) =e] A EEAo] ofd F
2ol eo] Aejghad o 2 qlale] A=k & 4 vt
433k Ao A 22 3T adhesionol gk &2t

ol=9] A aIE Fefrxelee] AT AASE
JAbsl 3= B3l o] obdrp A Rk B Ao AR
ghR o) = Az} 2A oA A AAFS AAskE A
Aol gabsbale] Qah-g AU Qloka XAt 3 QleH(16-
18). Choi 5-(28)2] #Z adFolA, & A 244 flava-
nols?! (-)epigallocatechin gallate} (+)catechin 22| 37 api-
genin® 1,1-diphenyl-2-picryl-hydrazyl(DPPH) free radical
9] Aol zAl=Elglch (-)Epigallocatechin gallate®}:
(+) catechin& DPPHE 50% A% 4 = % SCxo0l
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Fig. 1. Inhibition by flavonoids of THP-1 monocyte adhesion to the TNF- @ -activated human umbilical vein endothelial cells

(HUVECS).

HUVECs were pre-treated with and without 50 BM flavonoids for 20 min and then activated with 10 ng/mL TNEF- ¢ for 6 hrs. Endothelial
cells were washed twice with phosphate buffer saline and co-cultured with calcain-AM-labeled THP-1 monocytes for 24 hrs. Upper
panel: Images were obtained using a fluorescence microscopy. Microphotographs are representative of 3~4 microscopic fields per
chamber slide (in duplicate) of 3 independent experiments. Magnification X 200. Bottom panel: The bar graphs (means = SEM) represent
quantitative results obtained by using a Fluoroscan ELISA plate reader at A=485 nm excitation and A=538 nm emission. *p<0.05,

compared to untreated control adhesion.
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Fig. 2. Cytotoxicity of flavonoids added to M199 culture media
in the presence of TNF-a

Human umbilical vein endothelial cell viability was assessed by
MTT after 6 hr incubation of flavonoids with TNF- ¢ . Data
(means T SEM, 6 separate experiments) are expressed as percent
cell viability relative to flavonoid- and TNF- ¢ free controls
(viability =100%).

**p<0.05, compared to both untreated control and TNF ¢ -induced VCAM-1 expression.

10 1M o] 3t 2 A3t daksbsS ¥alvh 2, 3l
Axe] 23l adhesionol] =43 A EFE Bl api-
genin®] DPPH 2784 41 SCxo& 10 mM o] Ako 2 843}
& A8 Vet A] getel oe, 3 HA0,9] hydroxyl radicale]
oste] frsl A EAPE ol hsle] A EHE A 2hx] £}
SATH28). whepA], Febuico] =) vkl T adhesion o 24

& radical A& A0 2 olslo] = Ao F RolX]

TNF-e 2 E7+=l CAMs CHEHE! gislof| clist SeiE s
o|=9| X = o}

CAMs< F2 il g 22l ©hel 77} ARl sl s
ey, 2AAAE SRS 26 A Zejo
Ao e sz Aoz dulA] UcH34,6,7,29). TNF- o o <]
gk dahl A 22 FAF adhesiond] 3 Zelr o]z
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Fig. 3. Western blot data showing effects of flavonoids on VCAM-1 protein expression levels in human umbilical vein endothelial

cells (HUVECs).

HUVECs were pre-incubated with and without each flavonoid (50 uM) for 20 min and then activated by 10 ng/mL TNF-¢« for €
hrs. Cell extracts were prepared and total cell extract protein (50 Ug) was subjected to 8% SDS-PAGE, followed by Western blot
analysis with a primary antibody against VCAM-1. Blot data (upper panel) are representative of 5 independent experiments. The
bar graphs (bottom panel, means £ SEM) represent quantitative results obtained densitometrically. Values are expressed as folds of

expression for untreated controls (expression level=1). *p<0.05, compared to untreated control expression.

untreated control and TNF- @ -induced VCAM-1 expression.

AAAFA7} P A ZE2] CAMs L3 o] A5 o] 3 =
= A7F 2AE AT o] & 913t CAMs @Al of] Ho] Al
FA 5 2188l Western blot ¥44-2 A =3t} Fig. 32
TNF- e o 918 VCAM-1 wi] A wl& of] 9lo] 4] zbzbe] Z&)
Hio|=o] 35 BodFa ek A3 XelEr| ok 3k
_ﬁ]xﬂ}_ \:H}_‘_.g. VCAM_l quu;u Hl—&]o] o}Z,: U]o_]:s},x]\:}
TNF- a5 #2sldS o VCAM-1 shale] utale 100
ol4 Z7 = Ak TNF-o 2 Ml WaA xS 279 50
IM EFetH ol @ AeE3lols u, 47e Eejd o]t
VCAM-1 W&ol glefr] A& ofE A axs 2o F¢r}
(Fig. 3). Fig. 1014 233 E3h o Al £ THP-19] adhe-
siong 23] AFA17] luteolin®} apigenine TNF- ¢ o 9
sto] Z7he Ul Al 2 2] VCAM-1 28-S b1 3] o 4] 4]
Zth #at oh=} THP-1 adhesiono] ¥-EA ¢l oA 45
vehd quercetin® TNF- @ o] )3} 2715 VCAM-1 2y
£ 3] AE A= AL BFgc) vlE g3Te
adhesionoll+ ¥ 3-8 Ho]x] &2 myricetin®} hesperidin
2] 7§ = VCAM-1 42 o3 522 7H4=4
t} 23]}, 5219 polyphenolics?] (-)epigallocatechin gallate
2} (+)catechin® 9 %A cytokineol]l & VCAM-1 utalef] A
3 fre] & el A EIHRE Feb A Edlgdct o] 24, FelH e

olxof VCAM-1 A Ha o)) )7t o) =-go] THP-1 &

**p<0.05, compared to both
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Fig. 4= aijcfrsl b3 A £ollA) ICAM-13} E-selectin
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Fig. 4. Western blot data showing effects of flavonoids on ex-
pression levels of ICAM-1 and E-selectin proteins.

Human umbilical vein endothelial cell extracts were prepared
from cells pre-treated with each of flavonoid (50 uM) for 20 min
and then exposed to 10 ng/mL TNF- @ for 6 hrs. Total cell extract
protein (50 pg) per lane was electrophoresed on a 8% SDS-PAGE,
followed by Western blot analysis with primary antibodies against
ICAM-1 and E selectin. Actin protein was used as an internal
control.
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AHAYA = o]"] ICAM-13} E-selecting] 23l o} =]of
shohis AL mjF 3 gtz VCAM-1 s Az} vf
712 2 ICAM-13} E-selectin® & = TNF- o 9] &}
2j3te] Hr1H oz Abpslgdch TNF-ed =59 3
AEE FefRro)=E Ae]3lglS vl o] F CAMs ¢4
o] uig o]] gt o483 o] wjEsA elydl Quercetin,
luteolm ! apigenine TNF- ¢ o} &13}e] Z711 o] whwl
Y Wag Fol Ha wk AFA A e, ol d
olEE A9EF R ZelH o]z A9

o

SR

ICAM-13} E-selectin®] & o] tht o} 4| &35 Holx]&=
gkon] 23le] E-selectin®] 7ol = 4 345 & A gko} I}
vkt

wrebd], A8 5 quercetin, luteolin® apigenin®] Z2h3E e
ol I A 22 CAMs wh o] wrad.g oA a2
A Aol P 2] 22 o) AT adhesiond FAAA

olehz A€ ahalsl Fu ok Bk ohizh, Z7ke] CAMSs
shu Atk oAl abol) glel ] Fehrico] =i oAl o] of

EA e, VCAM-1 5 A] 2k o] djgt o
2 FelR ol ol HA A veldols Zix o 40 Qo
o714 BE Feprpo| vt oleigt &A1& XA ko,
radical &2 &4 o] -2 flavones Ao &
47 ste] 27|93 A 7R A FA4FH 35w A
S sl A Este de &gYelely &

2dsiE duhfumMizel CAMs THE Aol o
e l-ol=of oiX|E D}
45k CAMs DA Lol
A7F CAMs 5hal A 2] mRNA 4
7]

_gk
3]
u

W b o] =] o4

S o 2= A& 7
371 §18te], bl A el A 2] CAMs =9 2] mRNA 5
& A 4?&14 ?l RT-PCR ¥ o2 xAlstglchFig. 5). o]
2 B4 & F3ke] TNF e ol 213 CAMsE & & Fehi e

o
—
{

=0l 2}&te] down regulation® % 27)+= FxpHQ 7] 2H-&

weskA uhel 4= glgloh wbEA QL vk SEA L Eato]
@A € Fig. 58] RT PCR A+Z #oll 4 &3z} ot e
of A AFA Eol| A= VCAM 13} ICAM- 1 ZH2Fe] mRNA 28
o thgk A 37} o} 5= wlekslch= & &aldt 4= ol 5
2] loading & $13%F B-acting FA4l AR&-3le] 2 RT PCR

datai= TNF el 23l EA4stsl d3ha Azl
VCAM-13} ICAM 18] mRNA 28] F4314 Zvigic)i=
AL Bl gk Zepr ol =] CAMs W o A 295
mRNA 3ol 4] % > T8 817) $18ked, TNF - e o 9
gty 4335 Wb a A £ 592 adhesion®t CAMs
e g A7l Zdeg 1 o] ZFwgl quercetin,
Juteolin® apigenin EefRxol=7} A¥E 9} Quercetin,
luteolin® apigenin 2 A4+ CAMs mRNA ‘3}??_01] =
FElRh S Hol3a] XA AR ¢l o) & Zetn
ko]l=i= TNF g9 238l up- regulatlongl VCAM-13%
ICAM-1 mRNA &l 58 A gheh: A& #dd 5 3)

Z A 7] 28
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Fig. 5. Reverse transcriptase-polymerase chain reaction data
showing the steady state mRNA transcriptional levels of
VCAM-1 (upper panel) and of ICAM-1 (bottom panel).
Confluent human umbilical vein endothelial cells were incubated
in a M199 medium containing flavonoids (50 uM) for 20 min and
exposed to 10 ng/mL TNF « for 6 hrs. For RT-PCR data for
the transcriptional levels of VCAM-1 mRNA and ICAM-1 mRNA,
total cellular RNA was isolated, reverse transcribed into human
VCAM-1 and ICAM 1 specific cDNAs, subjected to PCR, and
amplified with VCAM-1 and ICAM 1 specific DIG-labeled oli-
gonucleotide primers. PCR samples were resolved in a 1% agar-
ose gel. B-Actin was used as an internal control for the co-
amplification with VCAM-1 and ICAM 1, and RT-PCR data
were normalized by calculating the ratio of the bands for VCAM -
1 or ICAM- 1 vs. B-actin.
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