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Root Extract of Scutellaria Baicalensis Increases Gefitinib Sensitivity
in H1975S Human Non-small Cell Lung Cancer Cells

Shin-Hyung Park*, Hyun-Ji Park

Department of Pathology, College of Korean Medicine, Dong-eui University

Gefitinib, a first generation epidermal growth factor receptor tyrosine kinase inhibitor (EGFR TKI), provides
obvious clinical benefit in patients with EGFR-mutant non-small cell lung cancer (NSCLC). However, patients ultimately
develop gefitinib resistance which mainly caused by EGFR T790M secondary mutation. In the current study, we
investigated whether the root extract of Scutellaria baicalensis (SB) overcomes gefitinib resistance. Gefitinib-resistant
H1975 human NSCLC cells (EGFR L858R/T790M double mutant) were treated with gefitinib and/or ethanol extract of SB
(ESB) to evaluate the effect of ESB on the gefitinib sensitivity. The cell viability was measured by MTT assay and
trypan blue exclusion assay. The colony-forming ability was evaluated by anchorage-dependent colony formation
assay. Combined treatment with gefitinib and ESB markedly decreased the cell viability and colony formation than
single treatment with gefitinib or ESB in H1975 cells. In addition, cells treated with both gefitinib and ESB exhibited a
significant increase of sub-Gl1 DNA content which indicates apoptotic cells compared with those treated with gefitinib
or ESB alone. As a molecular mechanism, combined treatment with gefitinib and ESB strongly downregulated the
phosphorylation of ERK and JNK than single treatment with gefitinib or ESB. Taken together, our results demonstrate
that ESB sensitizes H1975 cells to gefitinib treatment. We cautiously propose that ESB can be used in combination with
gefitinib for the advanced NSCLC patients with acquired resistance to EGFR TKIs.
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A 4 9t Hdo Fa3 FAMol o] WHH wet g
Ao AR 2AHE JIAREE B E7L JHesHA HAL
0, ol Yo X882 Austs o UxstA). Epidermal
growth factor receptor(EGFR, AHuAZARIAL 487]) SAA:=
et &5 SAWol Aol GHARA 3] ofAlo A
of WFAR U o} WMol oF 50% g2 Aol
Efbs 2oz maslo] k. Mete] EGFR ol EGFRY| 7
a438 doA s AEHAIAAQ RAS/RAF/MEK/ERK 2
L} phosphoinositide 3 kinase(PI3K)/AKT 72 52 53 29
343 Mol HMIY, ojag EGFR ol Hetatxto]#] EGFR
£ BAOoZ 3= gefitinib S 1AIt] EGFR TKI (tyrosine kinase
inhibitor, EJZAZ|UAAAA)= ARz Ul FUF Aed
g B’ Jet iRgo] sxtoA 1d o WAdo] vreht
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A EGFR T790M E¢#0](60%), MET SAAI £ £ HAZR
2 A3H20%), At 7ro]38(epithelial-mesenchymal transition,
EMT) § ZAISA Wit AzAE Z2 22743 5ol ¢3A o
}¥  olo] EGFR TKI UWAS 2xs7] s afatinibm}
osimertinib £ 2-3A|d] EGFR TKI7} 7jgtE]|Qiont, AAA §up
7F AMgtAoln, o5 A YAHEE AN A-8A X AA
olc}*!9. wratAq EGFR TKI Y2 &atHoz A& 3 J& o
22 st A2 HYY A& ALE Yol Y48 A2
ST S0lEA% Ao|7t oA APAF HAolN FF X =7t
EGFR TKI9| ZLaits ol 54& Z2A7|= 2o g B
nggleonz!™ EGFR TKI Ydg zAsHe oot 4718 w2
St Zo] §YE Aol & 5 Ut

gt2(Scutellaria baicalensis, #%)& 3tolste] TmAQl K
BH2A EES JAL 70 BRERR, WARSso AEHos
figozug, WEME TH, #E S K20l AtgEo gt HI
Aol mad Fg2 ggdt dSA &de 7R ded,
Say, HEsEY, FE5E, FA4E, FA av Y
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3l apoptosis fEste] FLEHRE UEH= 2oz BuE
o, 32y 3ol EGFR TKI AZHe I8 £ eAl
gt e ololA wf gitk. o] & ARdxE FFFEE0|
EGFR TKI Y42 7}3l H1975 AAE YA LZo|A gefitinibo] Cf
g A28 wdoIA YEIZaUE JHRIEAl EARIACY,
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1. A& A&

2 A AH8d #F32 @®RE0M(Seoul, Korea)olX +¢
gt o2 A EHEQ baicalin®] FzFo] 18.8%0] Fsto] gt
oFRQ] 7]&(baicalin FF 10% °|4)Z 5ot AoE Uehdt
M g3 oek® &2 (ethanol extract of Scutellaria
baicalensis, ESB)S 7] Qs &3 50 g2 B¢ st &
80% OfEF2-2 800 md F7}ste] 40°ColA 150 rpmO. 2 wuHA]F]
o 72X ¢ &5 FEHE 22 § oA 80% oEHE
300 mE &gl A7iste] 22 WAlod 24X|7t 59t 2& FE0t
gt 1R 2E5A3F 28 £EFA-S 2ol 3000 rpmo] 203t A
24 3 A59S YEE B9 Aot ot 2EAS 4G
5 ¥ 5A7XsM 2E E2US Folon(sE 42.48%), °olE
dimethylsulfoxide (DMSO; Amresco, Solon, OH, USA)o]| 200
ng/m) =2 EJA|A -80°Co| B L ArE-SIT

2. A= g

EGFR TKI WA A=ZF9Q HI975 <QAA|H LA x5 (EGFR
L858R/T790M double-mutant)= A]-2rCstn oFstfst 0|5 W
2UoavE  maugich  ATujkS  9Js]  RPMI-1640
(WelGENE, Seoul, Korea) 90%, fatal bovine serum (FBS;

WelGENE) 10%, antibiotics (WelGENE) 1%=2 A% A xufjoal
g Apgstgon], HxE 37°C, 5% CO, &7 stojlA vjY¥stgict.

3. MTT assay

H1975 HZE 3%x10° cells/well T=2 96 well plateo] Bx3t
3 24X]7F QHASIAIZ] T2 ESBe} gefitinib (Cayman Chemical,
Ann Arbor, M, USA)S ©= 2o watx2lslyct. 7247t &
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; Duchefa, Haarlem, The Netherlands] solutionZ 0.5
ng/ul =7t HES 7 wello] BRI, 37°CAA 2417 B W
SAZT 3 & ARejgdS 2% A|Zsti DMSO 100 ig gol
formazang £3jA1Zict. ZF welle] &%= multiplate reader
(SpectraMax M3; Molecular Devices, San Jose, CA, USA)2 At
25t} 540 nmolA SAstct

4. Trypan blue exclusion assay

H1975 N2 & 3x10* cells/well 552 12 well plated] 2%
g & 24X%F JSIAIZ] Th g ESBY gefitinibg ©5 2 ¥E
Aalstgict. 72A]7t & M|EZE 2o} phosphate-buffered saline
(PBS, WelGENE) 1 meo]] Jehsigion, MzHeErd 100 pox}
0.4% trypan blue solution (WelGENE) 100 m& Al2
hematocytometerS Al&35to] A& A4stUct 240
Mg HEE 52 AEE Bkt ArdM Aestic

o2 ok

5. Colony formation assay

H1975 HZE 2X10* cells/well E=& 12 well plated] 2%
3 & 24X7F QAT kS ESBE} gefitinbe TUE T W
Aeletgich. AL 37COIN 257t vigstglon). 3vjct ESB
£2 gefitinib2 M2 A a]5t9ct. Colony= PBS A& & 100%
Hergza 587 uAstYoen, dufEAl(Sigma-Aldrich,
St.Louis, MO, USA)Ce.2 3087 FAstYct 2R 542 Al
gt o3 @A™ colonyg OAE7H2HEOS750D, Canon,
Japan)2 ZJstAt.

6. Flow cytometry2 &3 sub-G1 &4

H1975 =S 1x10° cells/well 52 6 well plateo] &
g & 24X%F PJSIAIZ] b ESBY} gefitinibg ©5 2 9
At 72/ Wi § HI975 MZSS 2ot 80% T2
4ColA LARE nAstgict. 1" NEZ= PBS AlA & 30 ng/md
RNase A7} 23t 50 pg/md propidium iodide solutiono.2 <t
MolH 3087t @Mt 434 AAY & @ME Aug
500 p0 PBSo] @EolYlon), DNA flow
(FACSCaliber, Becton Dickinson and Company, San Jose,
CA, USA)E Abg3to] sub-G1 DNA k2 2Asteict.
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7. Western blot
H1975 MZ2 5%10° cells/well 552 60 mn disho] B3t
3 24X7t QHFSIAIR] OF-S ESBY} gefitinibgs ©5 =2 HA
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stich. 24A17F " & H1975 NIZEE Zof 4 °ColA lysis
buffer [RIPA buffer (Thermo Fisher Scientific, San Jose, CA,
USA), protease inhibitor cocktail (Thermo Fisher Scientific),
phosphatase inhibitors (1 mM NasVO,;, 100 mM NaF)]o]] 14]
7t =9 lysisA|Zl & bicinchoninic acid (BCA) protein assay
kit (Pierce Biotechnology, Rockford, IL, USA)9] A}L2uhHof wh
2t JFsiYch. 3 $ 20 pgo THA-E SDS-polyacrylamide gel
o] Bz35t0] A7|YZA|7]1, electroblottingS £35] PVDF #lH
g el(Millipore Corporation, Bedford, MA)CS.2 transfer$t &
3% bovine serum albumin (BSA, GenDEPOT, TX, USA)o &
3087 blockingdtil 1&} dtA|et 4°CollA overnight Y2 A|Zic}.
1 & TBST [Tris-buffered saline (TBS) supplemented with
0.1% Tween-20]2 LA} MAStL 204 1At 59 27 &
Aot wZAZT. oAl WEHAE TBSTZ AAHE T D-Plus
ECL Femto System (Donginbio, Seoul, Korea)2 A}-25to] thal
A g &9l5t9ct.  Phospho-ERK  (Thr202/Tyr204),
phospho-p38 (Thr180/Tyr182) E—l phospho-JNK
(Thr183/Tyr185) A= Cell Signaling Technology (Beverly,
MA, USA)JA 1Yst¥ony, ERK, p38, JNK ¥ actin A=
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA)oJA %
A35t9ct. Goat anti-mouse 2X} 3A|Q}t goat anti-rabbit 2} g
A= 2Z}zF Bethyl Laboratories (Montgomery, TX, USA)%}
Enzo Life Sciences (Farmingdale, NY, USA)o|A 3td35}%ict

My
M

i

A
BE AY ZAul HyF:RFUARZ mASIGOH, EAH &

%2 Student’s t-test o]&sto] P < 0.0591 A& {9
ZAoz mohsigict.
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1. ESB7} H1975 QAA|H QAN EZO] gefitinib A&Hde] ]x]: o
g -HNx3AE s

ESB7} H1975 N|Z9] gefitinib WjAo] 0]x]= JFS NE
2 zNo2 zARsl7] Ysto] ESBY} gefitinibg 72A|7F 59t
2 YEAYT & NEBEES MTT assays sol &els}

3 Adl gefitinib (5 pM) TEA] A NZREL
93.97+2.23%2 UEN} H1975 NZo| gefitinibo]] gt UjAdo] &
E]glct. ESBE 5 =¥(25, 50, 100 pg/m)2 TEAz2] Al HZAY
go] 7zt 77.47+0.93%, 66.22+4.3%, 48.06+3.72%=2 e}
EO|EX NEZA ANETRES HJrl Z0]EAT gefitiniba}
ESB 25 50, 100 pg/md HFA2ZA AZAJEZo] ZZ
56.99+1.58%, 45.27+1.54%, 30.43+1.00%= UEh} gefitinib &
£ %2 ESB UsAZET g§Yd FAAAaatE B AKFig.
1A). Trypan blue exclusion assayo|A% H|2§t AutS &Holgh
2 99t} Geifitinib = @EXA ML NEPEZO]
101.914+2.45%2A gefitinibo] T3t AN S Bz 1, ESB
50, 100 pg/m) THER2]Fo]A] ZHzb 48.84+4.56%, 24.76+0.70%,

ol
o 3@ i oo

(o]

off Pt re

gefitiniby} ESB 50, 100 pg/md WA oN Zzt
30.48+5.16%, 15.10£1.80%2] N|ZIESS Ho] gefitinib G5
52 ESB BEAuct YA Al x5y oAHads} golst
A 5stdckFig. 1B). 47] Anse F¥shd ESBI} HIOT5 A
2ol A gefitinibol e Z44S £ AZFNE 43Hoz o

A 5 ASS BolEh
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Fig. 1. Effects of the combined treatment with ESB and gefitinib on
the cell viability in H1975 cells. Gefitinib-resistant H1975 human lung
cancer cells were incubated with 5 pM gefitinib and/or various
concentrations of ESB (25-100 ug/m@). (A) Cell viability was measured by
MTT assay at 72 h post-treatment of gefitinib and/or ESB. (B) Cell viability
was assessed by trypan blue exclusion assay at 72 h exposure time.
Values are expressed as the mean + SD of three independent experiments.
Statistical calculations were performed using the Student's t-test. ** P <
001, *** P < 0.001 vs. respective controls. ESB, ethanol extract of
Scutellaria baicalensis.
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2. ESB7} H1975 QAIHYAEZO] gefitinib AFAo] U]x= o
& -colony J44< FHo=z

ME GHZ= wE FHOE2 colonyE WSUAN FF2S
stth. ESB7l H1975 M9 gefitinib WAo] ojxl= o
colony 4 FAoz ZARsH7] 9J5to] ESBet gefitinibe TE
52 AT & 253 wjgstHA colony F/2 AU
ESB: 7|& Ada 22] 10 ig/mo] As=2 Mg, 4=
A2 A)Zto] w2 71 Ay JfEE FHoX ANxE FFd 2ot
UZsHA §hgotr] wiolth. AP Zil gefitinib(5 pM) TEA 2
£ colony ol A5 JF2 UIAX] %o, ESB 10 ng/md
Aa] oA colony FAo| 47.19+3.37%=2 ZFAstYcH  ESH
gefitinib3} ESB Y §tA]2] A] colony @Ao] 10.11+£1.12%= A
3] 7taste] ESB7}F H1975 AlZo] k¥4 MAAAL gefitinib
of Oigt Fade =% & A3S FAsHYch(Fig. 2A and 2B).
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Fig. 2. Effects of the combined treatment with ESB and gefitinib on
the colony formation in H1975 cells. Gefitinib-resistant H1975 human
lung cancer cells were seeded as a single-cell suspension in 12-well plates.
Cells were grown for 2 weeks in medium containing gefitinib (5 pM)
and/or ESB (10 pg/m@). The colonies were visualized by a digital camera.
The representative images are shown (A). The number of colonies were
counted and normalized to untreated control cells (B). Values are
expressed as the mean + SD of three independent experiments. Statistical
calculations were performed using the Student's t-test. *** P < 0.001 vs.
respective control. ESB, ethanol extract of Scutellaria baicalensis.

o

3. ESB7I H1975 QA|H AN EF 0] gefitinib AFAdo] U]X]=
3F -apoptosis S FAloz

ESB7} gefitinibt Af2M o2 H1975 AZo] ZAld} colony
F%8& Aok 7ol apoptosis 4ol A3t ZQAX] &lstr] 9]
sto] ESB9} gefitinibg 72A|7F 59t ©E &2 93Hx2]3
flow cytometry2 sub-Gl1 DNA 3 243 AA|st
i YU oz apoptosisE Yo7 ANEo|A Z7HH= sub-Gl
DNA &go] gefitinib(5 }IM) SR oM A FI6HA] &
o} gefitinib AFHL HoFx9 1, ESB 25, 50, 100 pg/md T=A
2 2oL 742 6.1241.35%, 9.6+0.91%, 46.41+4.66%= LIE}
U =colEAol Zs712 WYt E3t gefitiniba} ESB 25, 50,
100 pg/m0 HE X2 A] sub-G1 DNA 3Fo] A3 F7tsto] Z+
Z} 10.46+1.71%, 31.94+2.49%, 91.61+2.61%= UEPJCHFig.
3A and 3B). o]8|$t Ait= ESB7’} H1975 A|Zo] apoptosis=
S&oto] gefitinibo] tigh A4S =95E Yo+ Aol

4. ESB7} H1975 QIR|H AN ZZ0] gefitinib ZH2A
A 71A A

ESB7} H1975 M ZLoA apoptosis® 243l gefitinibo] T
@ 44T ML AR J1E WalZl e ESBY
gefltlmb— 24A)7t S = 3o WA T YAHZE 7]

£ 2835 mitogen-activated protein kinase (MAPK) TEixl
9] QIAteLE EQlstqitt. tjEAQl MAPK TlA= A ERK, p38,

tlo

=0

rr

1=}
o

c-Jun N-terminal kinases (JNK) 37}X|7} 9Jlon, o] ¢to]
“”2‘:‘3'—} R5g 9@ oFgujido] Tolsts EAQ As BRI}, A
3 AT} ERKO] QIAI8}: gefitinib £ ESB GHEx|2jutoz ¢ o}
& 7HASI9 01}, gefitinibi} ESBO] Watxalo] ols] wct dAN st
A ZAstgloh. INKQ| QI4tsh= ESB ©EA2] Al Wal7b glglx,
gefitinib THEA2]o] 93] O]siA %7}5}?;2‘31, £ o2 3
A2 Al AeHo2 Zadshe AL & £ AU uR]To R p3s
2 gefitinib TEA2]d] Q5] QU437 PA]5] 57}3}"'2‘-} ESB
oto] iAo 9o oA AR Zashe RS ls.
A7)t AT ESB7} gefitinibd} 317 ERK, JNK 2 p38—] QA
s}z J2amoz oxgtoax HI95 AZ9 gefitinibo] Tht 7t

248 F7MAL 154 AN
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Fig. 3. Effects of the combined treatment with ESB and gefitinib on
the apoptosis induction in H1975 cells. Gefitinib-resistant H1975
human lung cancer cells were treated with gefitinib (5 uM) and/or ESB
(25-100 pg/me) for 72 h. The cell cycle analysis was performed using a
flow cytometer. The representative histogram plots are shown (A). The
sub-G1 DNA content was measured by BD CellQuest Pro software (B).
Values are expressed as the mean + SD of three independent experiments.
Statistical calculations were performed using the Student's t-test. * P <
0.05, *** P < 0.001 vs. respective controls. ESB, ethanol extract of
Scutellaria baicalensis.



S. H. Park et al

121

-+ - + Gefitinib (5 uM)

- - + + ESB (100 ug/ml)
|- i i | p-ERK
| D — | t-ERK
- e | p-JNK

| Actin

Fig. 4. Effects of the combined treatment with ESB and gefitinib on
the phosphorylation of MAPK proteins in H1975 cells.
Gefitinib-resistant H1975 human lung cancer cells were treated with
gefitinib (5 pM) and/or ESB (100 pg/me) for 24 h. The phosphorylation
level and total expression of ERK, p38 and JNK were detected by western
blot analysis. The representative immunoblots of 3 independent
experiments are shown. Actin was used as an internal control.

EGFR TKIo] cfgt e meel oss 2
Qs EREoRA WAL 3 ohoFl
So] sjatgln ot ArA

o AaE Aol7t olHA N mn%.*onxi EGFR TKI®| ¥etawt
g ¥l 54¢ Zax71n2!"" EGFR TKI A< I53h:
Az gtolor 2A1E WFshe Zol U Aol d & Ut
F3e 4 He Folgtns 20 /A bR gehe 4
2 A5 @4 HASt] WEHYD, HANEN FYAgo] B
g o QAo olo] # A7t FIFEE0] EGFR TKI WHg
jin §

Fust 2wt 9€ Roleke M sl AP WPAR
H1975 QUAH AN ZF oA gefitiniba} 3t
ojrstg o,
olglgt A ESB7I H1975 Ao
FAN2

ESB: gefitinib A4
7)ﬂ }Ax-l oz }gﬂ;
apoptosisE Gttt
gefitinib AP ZEFFOo 2R gefitinibe] FAdaiS
3 ge woizt
259 EGFR TKIO| oft e 22sb] 93 choet A7
7} Rs¥eojgrt. E5] EGFR TKI® 7]1& A 2 Aj of
52 B8¥o=x EGFR TKIO| oigt 44
L7t ALEQJY. A S° EGFR TKIo| of
ol
)

34 % colony 342

cetuximab®] #gEo0j7} P u} U,
B2 &gsto] o3t Wil F¢ sl A oIt AsiAu
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gRojols Yy

DL EFAES EGFR TKI®} ¥ 27} Ao
Q&g Aw%g mustyct”? ‘?_PEHE EGFR TKI U4 H oA
71E FSA EGFR TKIS ¥4 A4AT A =RFg

TKI @=RoiZd H|3] “éoT
free survival)OI =715t h= 1_7'_7} gl% 1;_}9330),
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—] ’\“57]” 7‘°%t(med1an overall surv1val)0] Ut H1
AT, oo} o] RS A FTel Kol HEEAQL =2

=41 2A 80 AEE U=mste o] NJ2 & combination J

o] W3t AAo|cH, I oo Ftojofo N WIgH of
24 Algko] ] QAo thgt E4do] A
EGFR TKI®} ©2E0o 7158
of digt ASA sate} HALL2 £33 r© gtE|ojof & HHo|r}

stH B 7oA ESB9 gefitinibe A& o=z MAPKQI
ERK, JNK % p389 <QlMstE <AdAste] o|59 =©Aisbt
gefitinibo]] Tfgt 74434 Z7to] Bojgt oz xtggct Yurxo
2 ERK: YAIZ9 apoptosisE AA|sto] MEAJEO] 7]ojst=
Aoz aA oo, I o] B2 EGFR TKI YYo=
Hojste 7oz ®Qlrh o& Eo] hypoxia’t ERKS E43tA|Z
oz metdxo] EGFR TKI YAL Loutstgion® PI3K/AKT
9} MEK/ERK ZA=2% xHsto s mQtN o] EGFR TKI A4
2 atgoz I8 4 9ol MuEUF. INKE df gA=
o] apoptosisg st LA AFout, AAZ PEA=
719 & g A WAL JATF. INKE FAE FAe
#ak ozt 5-fluorouracil (5-FU), gemcitabine,
oxaliplatin 5 CH¥gt otAo] cfdt Aoz ol 22
o] w29 interleukin-260] JNKo} AKTO] <QlitstE E3
EGFR TKI X342 of7]gto] R 1 QJr}®. p38 4] tamoxifen,
cisplatin, paclitaxel S 230 3oty UYAL doy|g®,
NSCLC 2%9] gefitinib R340z 7]ojstctn B uEo] Qi)
B Ao ME H1975 N o] gefitinb TExa] A] p-p38t
p-JNKo] Z7lste mMEHE Bgoma o]5o] gefitinib X/
710jgt Aoz Azteic}. u]E ERKE: gefitinib &2]o] <] QA
a7t Z71stA] FQtont, ESBeL WEAE] A] A4Hoz Qlitsist
AA|Elo] ESBe gefitinib 7t A|A] &ato] #of3h g Aoz Alg
gt gaka] oldt AFAaS2 ESB7F ERK, JNK ¥ p38e &
gidstrzlozn H1975 M Z9] gefitinib A2 AAE Zolat
£ 7HEdE eyt

H o] stAIdozA WA ESB’F o]© upstream target
< B MAPKE ZASYEA] #olx] Rt x| 271K EGFR
TKI N@dE 23 ¢ dEe AIst 5}7"01'11*1 5*1011 MAPKS
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"J—E-Ol gefitinib 7‘1%‘"&3 ‘W]?E%Kl wolAl 2Pt Fa9 o
B 848024 baicalin, baicalein, wogonin ¥ oroxylin A
5ol BuElof glou’™, o5 F EGFR TKI®} 4t5Atgo] Bug
HEe @A Mpetch waby o BEo gt 3% APzt
o 9 5}t

ojn

fu

2 £
Gefitinib Mg H1975 AAHINZFNN Fg PGS F:E
Z(ESB)o| gefitinibo] tjet 42 F7HIZA & AR ZARE
2y o2 22 282 AU Gefitinib &= 52 ESB T5A
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