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Effect of Hyperoside on the Gene Expression and Production of Mucin and
EGFR-p44/42-Splsignaling Pathway in Airway Epithelial Cells
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Abstract Hyperoside is an anti-inflammatory natural product derived from a medicinal plant Houttuynia cordata,
empirically used as remedies for controlling the pulmonary inflammatory diseases in folk medicine. In this study,
hyperoside was investigated for its potential effect on the gene expression and production of airway mucin 5SAC
(MUCSAC). Human airway epithelial NCI-H292 cells were pretreated with hyperoside for 30 min and stimulated with
epidermal growth factor (EGF) for the following 24 h. For the elucidation of the action mechanism of hyperoside, EGF-
induced epidermal growth factor receptor (EGFR) signaling pathway was investigated. Hyperoside inhibited EGF-induced
gene expression and production of MUC5AC mucin through regulating the phosphorylation of EGFR, phosphorylation of
extracellular signal-regulated kinase (ERK) 1/2 (p44/42), and the nuclear expression of specificity protein-1 (Spl). These
results suggest hyperoside could regulate the gene expression and production of MUCSAC by modulating the EGFR

signaling pathway in human airway epithelial cells.

Keywords Airway, MUCSAC mucin, Hyperoside
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< shzt 2 & S ot

71E AT FH vre] A8 AR oJtd, oA

Z(Houttuynia cordatay= 7302 QAo TAsh= Tt &4

4 A3 A5F 93 AFEEY] $om, slo|H 2AMO| = (Fig.
il

= O — — = —
EES g9, dite, 3

X,
BN

Jo] LelA QIeke? ek, @A

AE ARAAS o8 Bl &

Ao B D A4 20 Bely AsAY Amo] Ul 8

o A9 vt Qi wepd, B

FANE = BAe AT 414 HEe] B AsAg
o

2 fE JFA §AA 3 g A tigk sto]H 2Ale] =9
F3e} slo|H A=} Z|E FA A V1A F Fed 24
A AadYg ZA=Z9 3}l EGFR(epidermal growth factor
receptor)d 2ol of# 28-S YehleA] HSFo =M g3l
1= A @) 2E Aleke] s 93 712453
ARE AFstaat &l

gt B (Methods)

MZESF & Ao

NCI-H292 M= American Type Culture Collection*H(Manassas,
VA, USA)PIA T43F9T}. Protease inhibitor cocktail> RocheAl
(Indianapolis, IN, USA)?A], mouse anti-MUCSAC clone 45M1
2 HRP-Goat Anti-Mouse IgG Conjugate> NeoMarkersA}
(Freemont, CA, USA)°I4], hyperoside (purity: 97.0 %), trypsin-
EDTA, epidermal growth factor (EGF), Tween 20, bovine
serum albumin (BSA), HEPES, dimethyl sulfoxide (DMSO),
3,3',5,5'-tetramethyl-benzidine peroxide solution (TMB), NP-40,
EDTA, EGTA, ethidium bromide, diethylpyrocarbonate (DEPC)
52 Sigma-AldrichASt. Louis, MO, USA)°|A|, Easy-Blue
RNA extraction kits= INTRON biotechnologyAHKyunggi-do,

Korea)o| 4, Accuprep RT premix kiti= BioneerAH(Daejeon,
Korea)? 4], PCR Master Mix= ABgeneAHRochester, NY, USA)
oA, penicillin-G, streptomycin, fetal bovine serum(FBS), RPMI
16402 GIBCO-BRLAKGrand Island, New York, USA)°l| A,
Anti-specificity protein-1 (Spl)3Z} anti-B-actin antibodies= Santa
Cruz Biotechnology (Santa Cruz, CA, USA)°l*|, Anti-nuclear
matrix protein p84(ab-487)antibody= abcam (Cambridge, MA,
USA)°41, Anti-phospho-EGFR (Y1068), anti-EGFR, anti-MEK1/
(MAPK)/
extracellular signal-regulated kinase (ERK) kinase (MEK)1/2
(S221), anti-phospho-p38 MAPK (T180/Y182), anti-p38 MAPK,
anti-phospho-p44/42 MAPK (T202/Y204), anti-p44/42 MAPK
antibodiess= Cell Signaling Technology Inc. (Danvers, MA,
USA)9I A, Goat Anti-rabbit IgG % Goat Anti-mouse IgGE
Calbiochem (Carlsbad, CA, USA)IA, 71E} ARk Ao dF

Aok S5t o1gel AES TR ALgHAT

2,  anti-phospho-mitogen-activated  protein  kinase

QIZF J|= M| MIZE(NCI-H292) B U 242 2|

Axze F7t Sw8] FAEM 95% 371, 5% COE Tt
3= 37°C ¥i¥7] WellAl HEPES (25 mM), penicillin G (100
U/mL), streptomycin (100 ug/mL), FBS (10%, V/V) 5°] 7k
RPMI 1640 vigelellx] wiedsigi=dl, 1570l 28] RIE= subculture
SIS v 2wt 13]¥ wAste] FATE FAl A 2
2 fFAA e digk e 2E-E HEE] $lsted, [Al
AR AEE A= 24 well culture plateS 71F2E, well
F 2.0x10* cells/well ¢ WE2 FHA 42 @8 Axo) A=
< {8 = 6 well culture plateE 7|2 =, welld 5.0x10°
cellsywelle] Y= 742} MEE X313 wgsidh. Alxrt 2+
well®] 70-80% HEE AT HE=E AW, FBSY FEE
02%2 ZAAaAZ] vjgdS F3 244 7F B9t ulFslaL, serum
S AV &2 wl Al (serum-free medium)O 2 M EE Al
g °FE 1, 5, 10, 20 uMS FHakE Ml 200 pL (24 well
plate 71E)E wellrlth 7FelSith. 30%o] Z3gt & PMA (10
ng/mL)3-& EGF (25 ng/mL)S Al|3Eol] Foidk & 37°Col|A] 7}
2 24A7F FRF w1

MUC5AC R4l dMZ &3

Z} oFEo] A 717ke] F5E &, MPPHAIE W A Eo] A
el e TS A"] Sleto, AE el (20
mM Tris, 0.5% NP-40, 250 mM NaCl, 3mM EDTA, 3mM
EGTA, protease inhibitor cocktail)g 7Fsted ME Ulo] EA)3l=
MUCSAC FA1& FZE39th SAZ, 494 A9Fahy
(enzyme-linked immunosorbent assay, ELISAYS- ©]-&3l] F219]
AR FS o o] ST S et e Wi
Fed 9 FAE cell lysates ZFZF PBSZ 1/108] 3]48}aL, 3
¥ 7} sample& ELISA Z8-9] 96-well plateo] ZH2F 100 p&

FEAZL T 42°CoA A AZRA AT T F PBS-Tween 20

o
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(0.05%, PBS-T)&% 200 pLiwellS ©]&, 7+ well T 334 A%
stk AlE 3 PBS-TOl €31% 2% BSA £ 200 uLE 7t
welld 71812 A 1A17F 591 incubationd}ATh. 14]17F 3 PBS-
T 200 pLZ 33] A& 3ZMUCSACO] tH&+ monoclonal antibody
¢l mouse anti-MUCSAC clone 45M122% BSA®l 1:2009] H]
E2 g3 T, ZF welld 100 Ly H71st21A 7 5
incubationd}31t}h. 1A17F & PBS-TZ 33] AlFslal 23 A<l
Horse radish peroxidase (HRP)-Goat Anti-Mouse IgG Conjugate
£ 2% BSAd 1:3,0002] ¥l&=Z A% & ZF welld 100 uLA
A7kt 1A17F B9t incubationd}iTh PBS-TZ thA] 33] A&
& 33'.5,5-tetramethyl-benzidine peroxide (TMB)£< 100 uLE
Z} welloll H7Fskal 5% % 1N H,S0, 50 uLE #H7isted wkg
= AAAZT 450 nmellA Zt well®] FBEE SHETOEA
izt oFE XEleel] EAISRE MUCSAC #4kS gwsisie.

Total RNA2| &2

2477 3t S AP e Mg W7k PBS = 23] Al
st Mol trypsin-EDTA &S st wjF 8§71 nie
o2 RY FEta, A2E] THES 1.5mL €] microtube
of &4 dA o= AxET FAH. oo, total
RNAE 2|3l 2} INTRON biotechnologyA}2] Easy-Blue RNA
extraction kit (total RNA isolation reagent)E ©]-4-3}(0.5 mL/
4x10° cells) MEZS lysis Al7]12L, 2ol 5E7F WAL 5
# F A, microtubedl] chloroform& 7}, 1527} vortexing 3f
I o] 2387 WS $ 4°C, 13,000 rppm (Hanil centrifuge
MICRO 17 R, Seoul, Korea)ell¥] 1082} €41 Eelate] & &
Z9 400 pLE Al microtubedl]l HH T AE Ao FH
isopropanols H7lsted 2 &gt & A2x 1027 W8t
ThA] 4°C, 13,000 rpmollA] 10387 94 £2]5to] RNA &
S A} o] HAE) diethylpyrocarbonate (DEPC)7} 3
75% ethanol- 7F8l3L 4°C, 10,000 rpmollA] 108E7F 94 H-2
oz AF3IAY F£AE RNA IAES 557 th7] FollA
AZAZI %, 20 uLe] RNase-free waterZ F-fA]7]13L, spectro-
photometer (Beckman-Coulter, DU-650, Brea, CA, USA)E A&
ato] 260 nm IFolA FFEES FHTOZN RNA o =S
A% 5 Aol ARSI

PCR (Polymerase Chain Reaction)& 2I8t primer XM=

PCRoY| AM-#l primer = & AZ3A1] Genotec)(Daejeon,
Korea)©ll 43Tl NCI-H292 A AEZ o4 9]  human
MUCSAC 37} 4S8l ARE-gh sense primer ¢ #7144
2 5-TGA TCA TCC AGC AGC AGG GCT-3', antisense
primer®] G971 €L 5-CCG AGC TCA GAG GAC ATA TGG
G301t A iz FAAE ARE RigS15 AR primer
o] P71 EL (sense primer) 5-TTC CGC AAG TTC ACC
TAC C-3' ¥ (antisense primer) 5-CGG GCC GGC CAT GCT
TTA CG-3"°]Ath.

=1
T,
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RNA2| 2jTAL HIS ¥ SEISA AMEIS(RT-PCR)

FHE total RNAE ©]&, %A} RE-&(Reverse Transcription)
S= ¢DNA & Y1, ol T¢a4 AN (PCRRE F3%
AATE &, €olA total RNA 1ugS 75°C oA 587 7143
S 24 denaturation A17]3L, |5 43
premix kit®] AREX}F AwAjol] wiel oAb WS XIPA|ZATE
MUCSAC f-3#e] tjgh PCRE, Z}7he] A Hhgojja] A&
cDNA 4HE 2uLE PCR premix kit & ARE-AF Aol wjz}
YA HE SEHES 918te], PCRE 403] AA|(PCR thermal
cycler, Takara MP-300, Japan)3}31 2™, denaturation 94°Col| A
30%, annealing 60°ColA] 30%, extensionS 72°Col|A] 30%7F

747} A3,

M7 |gSol| olst Betga AMHtS LhEo| &l
RNAS] A} v 9l
AHEES A79EeE Y
T oFE #AFNUY. =, SZF PCR AHE 10uLE 10xgel
loading buffer (0.25% bromphenol blue, 0.25% xylene cyanol
FF, 50% glycerol)2} & 2313t U, Tris-acetate-EDTA buffer(40
mM Tris-acetate, 1 mM EDTA)&9 2 1 pug/mLe] ethidium
bromide 7} ¥+ 1.0% agarose gel oA A7] F&3IATE Gel
Aol A o]EE Z+zke] DNA bande AHJA FAL7)(ultraviolet
transilluminator)2 ©]&3le] F&sl, AR 23T

[©)

tﬁj
>
@)
W
>
@)
o
)
2
e
r‘ﬂt
E

M FZEE(whole cell extract)e] FH]

150 mm culture dishol] ¥Is1ed 70-80% H= S21%¥ NCI-H292
cellsell, 37°CollA] 158 FEx= 24A17F &<t 20 uM2] slo| o] ZALe]
=5 A Astal ArjE A B2 EGF (25 ngmL)yE 28t
Ak A7t F5H F, AEE icecold PBSE 23|7F A2 3l
3x trypsin-EDTA solutions Mgt & MET ZA2HGA Fo=
o} 3mL PBSE Fi3H= 15mL Algdel &7 T3t o] A=E
HES 3,000 rpm, 4°C (Hanil centrifuge, MICRO 17 R, Seoul,
Korea)Z=71ol| A 5%7F AAEEsE &, Fede AAs JdE
(cell pellet)] RIPA buffer (25mM Tris-HCl pH 7.6, 150 mM
NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS)E 30+
<t A3t 4ozl AlE FEES 14,000 rpm, 4°C (Hanil
centrifuge, MICRO 17 R, Seoul, Korea) 7104 15%7F 94F
23 & AFAs SA 5 APl ARSsAY -80°C 7oA
BASI, §4 Aol ARgeb7] Aol 7z 79 Fof T did

22 Bradford methodE ©]-&3l 4=t}

s 2Eln MEZE 2=lo Fi|

150 mm culture dishel] ¥ 3te] 70-80% H= F41¥ NCI-
H292 cellsell, 37°CellA] 24A17F F<F 20 uMQ] 3ol HZAlO| =5
A AYsiaL AAE A7 BE EGF (25 ng/mL)y2 223133t
A7 859 %, AlXE ice-cold PBSE 23]7F AH3IIL 3x
trypsin-EDTA solutions 2|8t & A ZTF XA FAsHA
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3mL PBSE $Hidhs 15mL A3l &7 T3tk o] Al &
oS- 1,200 rpm, 4°C (Hanil centrifuge, MICRO 17 R, Seoul,
Korea)Z 7104 33F d4liEegst &, a2 AAs L HA
E(cell pelletye]l PBSE 71512 H-=gA mgEsle] AIEZE )
YA AT ©]F NE-PER® nuclear and cytoplasmic extraction
reagent (Thermo-Pierce Scientific, Waltham, MA, USA)E A|Z
2ol Aol whet HegozM Axd B33 o 28 Ha
FASALE ZF B3 20°C 2NN BAEUL, T O
o] Ao A7) Ao 7t #8 Fo] F WP Bradford
methodE: ©]-8-3to] S = At

EGFR, MEK, MAPK 59|
& 445

EGFR, MEK, MAPK ©@#1Zg 3hi8h= Alx FE2EG0pg
as protein)2 10% SDS-polyacrylamide gel2 ©]-&3f] 7|9 %
SIAth Gel “dollA H2l® @A ES PVDF (polyvinylidene
difluoride) membrane®l] 7182 SZAZIL 0.05% Tween 20
S 3= 5% skim milk in PBSZ blockingdt -, 7+ <14ks)
gl F Eof th$t primary antibodyS 3718kl WS FYAIH
Tk 0.05% tween 203 $H13l= PBSE A2 & ¥ horseradish
peroxidase”} -2Fl secondary antibodyZ #7}skal WS 1)
AZAY. 232 AA =+ immunoreaction band:  enhanced
chemiluminescence kit (Pierce ECL western blotting substrate,
Thermo Scientific, Waltham, MA, USAYS A|ZAFe] Adwol whz}h
A& =n 7Aoo R HEs) Wil Bz, EGF @, 3t
o|lFEAtolE AT HE AT HlwEte] sfo|H ZAto| =7t
EGFR, MEK, MAPK e} QI4ks} wrol] WX 7417
Sk A=3E ).

o =2 = o

Q5L A0 DiXl= of=2<9 &

Sp1e| #o=9o| o|F THAM| O|Xl= =2 HE¢ HS

Spl @ ES gfel= 3 £ (50 pg as proteiny 10% SDS-
polyacrylamide gel ©]&3te] H71FE3IATE Gel oA &2
H @A ES PVDF (polyvinylidene difluoride) membraneol] %
718e2 SFAIFAL 0.05% Tween 202 3l 5% skim milk
in PBSE blockingdt ¥, primary antibody against Spl< #7135}
I 32 FYPAIATE 0.05% tween 202 FH3l= PBSE A%
gk % horseradish peroxidase”t -2}l secondary antibodyE
718l WS RsAFILE A3E A== immunoreaction band
+ enhanced chemiluminescence kit (Pierce ECL western blotting
substrate, Thermo Scientific, Waltham, MA, USA)E A|ZAke] A
gol wheh AHgFomM TR HE WL vz, EGF
G5, StolHE2Al|E At HE AT vlaste] sto|HZAL
o]=7} Spl whlAe] o 2o] o]F WAl wR= AAIA 9
s HEsslnh

=% bEll
RE =4 AFE MeantSEMOZE 32kt 3 ok& xg]9]

SR = U2 P HEEE Ve FAAZ= one-
way ANOVA % post-hoc test 24 Holm-Sidak testS ]85}
om p<0.05%] 73 BARCE ool e A= WSSl

Z 1} 3 713K(Results and Discussion)

A2 2 g #Hag HE2E 59 4 I8 357 23
oA ZaAEE A5 Wk FHL, o3 A T8 4
et W] A Al A5 HE HeR B 4 9
ok #Al, A 39 2 WA g Hdase 9 =
ZE I =AY A TEEA Y} o3I 557 E4FS X
A7) Y8l AFEEI UARE, T 2 ¥, v
5 @A A g R 18] A AR Algkdel 9d
71 E}Fo|HAME bt kB ] swo] HAS A
Holth, AE =R Y FAH g sts EAE A4 I
Abeke] ek (glycoprotein)l FAle] HEl= AL A=

FAAE ‘MUCE Rttt o8¢t MUC A=, dAI71A|
2001 Fo] A==, L oAl MUCSACSH MUCSB 31
Zte] 2HE9l MUCSACSE MUCSB FAlo] <1zke] T& 710 o
Age A A FAl(gel-forming mucin) ©|F3L UTHMW
g, EGFe 2871914 MUCSAC fdxe 248 &+ e
o, 4% 27=7F EGF 8A A sta o]ojA] MAPK
(mitogen-activated protein kinaseyd=7} €/Js}slel] we} MUCSAC
mRNAS| W&o] F7Pd 7Fs/do] Mgl <Jal| AA=le] Ut
olgjgt MYPATE Fasled, B AFe IF7] 79
A g fRz I 2ds) A3E A RdR P BRHFe
2 AREE A7 7= A EQ] NCI-H292 Aol thsl, 3t
olHZAl|=7E BGRl 9f8l i 7= FAle] A4 (production)
Z FAle] fAA wEHo) ojw gt IS vX=A] HA HAFS)
32 39 Fig. 2014 & F U= AAF, slolHRAlo|l==
NCI-H292 A|3zel4 EGF 2 i MUCSAC Al Jehe o]
e 10uM B 20 pMe] A F=olA fFelsHAl AIsSI T
7k Mg = ¥ AE W [FAle] &2 22 100£10% (control),
258+9% (25ng/mL  of EGF alone), 241+11% (EGF plus
hyperoside 1 pM), 231x11% (EGF plus hyperoside 5 uM), 121
+7% (EGF plus hyperoside 10uM) and 94+3% (EGF plus
hyperoside 20 uM)°I B (Fig. 2). FAl°l, dto]HZAl| == EGF
2 e MUCSAC mucin mRNAS] @ = IAsle AES
HAFSohFig. 3). olegt A= slolgEAlo|=rt 7% A
Az A gt FA AR fx 2l 28 T
dol &S AlARBIL Sl Aol
QoA AF3H nvie} 7Ho] EGFE EGF receptor Al de
£ 73F3IIMUCSAC F2le] #2421 2d 2 APS A=73
, A2 2] 7|mollA] EGF 8A9] L wdke] F7tslo] Q)
= . SIA WellX EGF &A1= B9AxE 75
IAA ZHJMAR F83 I8 FYPsia Jdow, 84
= e 5

T AE RS E AE W Asdg AAR]

E
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Fig. 2. Effect of hyperoside on EGF-induced MUC5AC mucin
production from NCI-H292 cells. NCI-H292 cells were pretreated
with varying concentrations of hyperoside for 30 min and then
stimulated with EGF (25 ng/mL), for 24 h. Cell lysates were collected
for measurement of MUC5AC mucin production by ELISA. Each bar
represents a mean+=SEM of 3 culture wells compared to the control
set at 100%. Three independent experiments were performed, and the
representative data were shown. * Significantly different from control
(p<0.05). + Significantly different from EGF alone (p<0.05). cont:
control, H: hyperoside, H1: hyperoside 1 pM, H5: hyperoside 5 pM,
H10: hyperoside 10 uM, H20: hyperoside 20 M, concentration unit
is M.

$ &
$ N D
X
& @0 ‘2& ‘S»
MUCSAC B
Rig/S15 RN}

Fig. 3. Effect of hyperoside on EGF-induced MUCS5AC mucin
gene expression from NCI-H292 cells. NCI-H292 cells were
pretreated with varying concentrations of hyperoside for 30 min and
then stimulated with EGF (25 ng/mL), for 24 h. Cell lysates were
collected for measurement of MUCS5AC gene expression using RT-
PCR. Three independent experiments were performed, and the
representative data were shown. cont: control, H: hyperoside, H10:
hyperoside 10 uM, H20: hyperoside 20 uM, concentration unit is uM.

o= %_}E:]X:] ())J\E],.lﬁ-]S)

B AFolM = ol g AP R 7|9he T, sto|HEALe]
o] BAA 2§ 713& kAL NCI-H292 Ml Zo4] EGF-
2 EGFR 215" A2 gt slo|s2Alo|=9] Jaks A
Z3FAth WA, Fig. 4914 B F de= AHE 3fe|HZAlol=
(20 uM)= EGFell 2]t 48l EGF 8-A42] Qlitsls oA
gogH I& ANsHge] FHS JAE 7S eI
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B-actin e o

Fig. 4. Effect of hyperoside on the phosphorylation of epidermal
growth factor receptor (EGFR). NCI-H292 cells were pretreated
with hyperoside (20 uM) for 15 min and then stimulated with
epidermal growth factor (EGF) (25 ng/mL) for 24 h. Whole cell
extract was collected and western blot analysis of the cellular proteins
with anti-phospho-EGFR (Tyr1068) antibodies was conducted. Three
independent experiments were performed and the representative data
were shown. cont: control, H: hyperoside, EGFR: EGF receptor, H20:
hyperoside 20 uM, concentration unit is uM.

EGF H 20 + EGF
Con 1 5 15 30 60 (min) Con 1 5 15 30 60 (min)
“h B EDES @8 & DP-MEK1/2 o s a» o8 e &
D@ VK2 >N g
MR P8 mmEmEe-

—————— D} B GEcmemes

SsEsmEmeses ppids ESESEEEIcs
= ew B e SRED  pHY oo oo v S
o P e e e @ ([actin DR ED @EHED ED

Fig. 5. Effect of hyperoside on the phosphorylation of MEK1/2,
p38, and p44/42 in NCI-H292 cells. NCI-H292 cells were pretreated
with hyperoside (20 uM) for 24 h and then stimulated with epidermal
growth factor (EGF) (25 ng/mL) for the indicated periods. Whole cell
extract was collected and western blot analysis of the cellular proteins
with anti-phospho-MEK1/2 (Ser221), anti-phospho-p38 MAPK
(Thr180/Tyr182), anti-phospho-p44/42 (Thr202/Tyr204) antibodies
was conducted. Three independent experiments were performed and
the representative data were shown. cont: control, H: hyperoside,
MAPK: mitogen-activated protein kinase, ERK: extracellular signal-
regulated kinase, MEK: MAP kinase kinase, H20: hyperoside 20 uM,
concentration unit is uM.

202, Fig. 5914 & 4 & ZAXH EGFl 28] MEKI122,
p38-MAPK 2 pdd/42(ERK-MAPK)2] ¢lAksl7} e de=d), &)
o|FZAlo| == MEKI129] U4kt 2 p38-MAPKS] 14tstol+=
A3 JFS UeRHA] E3Fou, pdd/a29] Qitslole oFE
A F 60 Al AAA FIFE JERNSITE. ©lojA, Fig. 6
o] Yehd Hiel 7ho] EGFE MUCSAC HA #3zte] 2
Sk AARIARRL Sp1¢] 3 WZe] o]F gl WS =3t
Ao}, slo|HEAP| == Sple] ) W29 o]F F IdS o

= 9
AT 7Fed S BAFAT Fig 62, 3 el Sp1o] 3 o
SAFE ST A4S Uehlz] dzell, 3 HellM i 44
sl LEsk= A S 2 (house-keeping) o7 & &&HZ & T
Jl p8d4s AR AAS AWkl Spl I S ARG
AAsATt ol2fgt e ARelM o] 2t EAkedl gk &
ol At =e] A2 HFHOE MUCSAC fAle] A4S 9
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Fig. 6. Effect of hyperoside on the nuclear translocation of Sp1 in
NCI-H292 cells. NCI-H292 cells were pretreated with hyperoside
(20 uM) for 24 h and then stimulated with epidermal growth factor
(EGF) (25 ng/mL) for the indicated periods. Nuclear protein extracts
were prepared and subjected to western blot analysis using antibody
against Spl. The result shown is a representative of three independent
experiments. As a loading control, p84 levels were analyzed. cont:
control, H: hyperoside, H20: hyperoside 20 uM, Spl: specificity
protein-1, D.T.: duration of treatment, concentration unit is M.
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