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Theinvestigation of berberine on cell growth inhibition

of lung cancers
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Theinvestigation of berberine on cell
growth inhibition of lung cancers
Fong-Pin Liang
Institute of Chinese Phar maceutical Sciences

China Medical College
ADbstract

The centra components of the cell-cycle regulatory system are
cyclin-dependent kinases Cdks , whose activity depends on association with
regulatory proteins called cyclins. Oscillations in the activities of various
cyclin-Cdk complexes leads to the initiation of various cell-cycle events. For
instance activation of cyclin D-Cdk4/6 and cyclin E-Cdk2 makes the cell-cycle
progress from G; into S phase. However, the activities of cyclin-Cdk
complexes can be suppressed by the binding of Cdk inhibitor proteins Cdkls .
Then the progression of cell-cycle may be paused.

Berberine, an isoquinoline plant alkaloid has multiple pharmacological
actions including anti-inflammatory and anti-microbial activities. Although
berberine had been demonstrated to have antineoplastic function on leukemia
gastric and esophageal cancer cells. Little is known about the cellular and
molecular mechanisms of antitumor effect of berberine. In this study, human
NSCLC cell lines H1299 and H1299/p53 were used to examine the antitumor
effect of berberine. Treatment with berberine caused a dose-dependent
growth inhibition. Data from flow cytometry analysis indicated that
berberine-mediated antiproliferation effect related to G, phase arrest. Moreover,

this berberine-induced growth inhibition was associated with decrease the



expression levels of cyclin D;  Cdk2 and Cdk4 proteins and increase in cyclin
E pl6 and p2l protein. In vitro kinase assay indicated that berberine
inhibited the Cdk2 and Cdk4 kinase activities and consequently lead to
hypophosphorylated of retinoblastoma protein-p130. In addition decrease in
ERK protein level and activity is also observed. Taken together, berberine
can inhibit cancer cell growth by directly modulating the expression of mutiple
cell cycle regulatory molecules, such as cyclins Cdks and Cdkls. These

results suggest that berberine may be used as a potent agent for cancer therapy.
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(2) #Saphylococcus aureus ATCC 25993 and 6538P )~ Streptococcus
sanguis ( ATCC 10556 ) ~ Escherichia coli ( ATCC 25922 ) fr
Pseudomonas aeruginisa ( ATCC 27853 ) -| iFdk 7 $r4] it * (52)

(3) % - & v 3% W ) Actinomyces naeslundii ~ Porphyromonas
gingivalis -~ Prevotella intermedia - Prevotella nigrescens 2%
Actinobacillus actinomycetemcomitans % Ftk 5 #r#4] 4 & 1T *
(53) |

(4) ] B4k E 4 L & APlasmodium falciparum 75 % o

(5) #Saphylococcus aureus RN4220 ~ S, aureus 50774 ~ S. aureus
P-20-CA % Atk | k275 Frd] T (33)

(6) -] B4k HHelicobacter pylori $ 2 & 4]t O

(7) #Candida albicans - C. tropicalis £&2 C. glabrata % # ] * /| Bk
Y VRS

11. R enit
(1) ] &7 P & chfrdlembryoid bodies ¢ PECAM-1 ~ MMP-1 -
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(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

MMP-2 ~ MMP-9 ch# T » £ § #rd|figg e 4 8 4 s > 7 o
71 K imie b ROS (8 OV

¥+t 47 »colon26/clone 20 adenocarcinoma =] & » #7515
& F (cancer cachexia) » /| Bk o (F% » 2 & fr4
IL-1 3% % 57 [L-6 mRNA 0% 31 7 o

o BERE BOY Fk 2 CPT-11 ¥ P R #r 442 » Lewis lung
carcinoma (LLC) /| &e¥ig 2 L 23~ @4 » fri|E 8 B E
% " activator protein-1 (AP-1) i 45/% 14 > i urokinase-type
plasminogen activator (u-PA) # "% i< %0

| R A AV R fw P2 MGC-803 4 £ o dmre iR P B F T
Gy/G 8 » &35 mre 5= O

a3 a %‘"ﬁvi frabyclin By % R » 3R cde2 avE 1T % > @
e ke E BT Gy Y.

¥ 4§ i % o'z $ human esophageal cancer cell lines : YES-1
to YES-6) - /] k¥ & w238 5§ & GJ/G P > @ rglimre
d E 63

Al R E LA R ¥ P8 R $~ 20-methylcholanthrene £
N-nitrosodiethylamine (NDEA) » /| iFdk § &3k chiz® P

| B ¥ 3 4IYES-2 dme IL-6 & I > B £ 3 anticachectic
effect -

B sk T Fr 4] A & B w2 HL-60 7 Arylamine
N-acetyltransferase /%= £ %  2-Aminofluorene-DNA adduct
formation ‘°® -

/|- Bk ¥ #r41 -] EEhrlich ascites cancer cells 57 DNA & & fi# &
s gLt Y A g P HL-60 22 A 3 = # w2 CCRF-CEM
yas Frglivr Do
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(11) 3 | FE# ¥ 3% % 4 & B w % HL-60 & = - i
nucleophoamin/B23 mRNA # i > % #k s (telomerase ) &
Mg (68)

(12) ] E# ™ #rd] 4 358 m#KIM-1 0 activator protein-1 7& f#.(®”

(13) #%#> Balb/c 3T3 fibroblast cell » | fEk ¥ & ¥ ik Hp (2% >
GyM # 70

(14) ) kst A & B eK562 § Frfl 2 & chivr T

(15) ] BFdk € 34 % w22 3x 8 B0F 2 w92 = 2% 4 & Jf dw #6 HL-60

(72) ,

(16) *t Ateratocarcinoma cell NT2/D1 > % -] fFdk ¢ i c-Ki-ras2
protooncogene % LT % o
12. 2
(1) ] F#e™ #r$MAO-A i 7o
(2) ] BE% ¥ £t5 % chcorpus cavernosum % 3 4v intracavernous

75
pressure( ' o

Y I T

1 o] Bded e o v $&ihd 4 Fi#cE - & 25CH* » binding rate
constant(k;) % 67.5(+ 0.1)(mol liter’) 's™" ; dissociation rate constant
(ky) % 1.7(+ 0.1)x 107s"; @ binding equilibrium constant % 3.97
(+ 0.06) x 10* (mol liter) 7%

2. AP REACIRBAR R E S FHPMESFTHFTRFRF (MRT)
5 32,63t 6.15 - LA E PR (AUC) 5 2749t 474877

3. R CIRPE | Eegeb d SR B A - TR R HI 64 F
%8 T (peak) % 0.62+ 0.25 /] pF > C (max) » 92.72+ 50.89 L g/L >
AT e (AUC) 5 491.7+ 2955 ug/Lehe 2% 4P > R4 U

16



R 3 R R A W I S ) (78)
4. wERB A TR B (300mg/ L )it 4 BRI B A - 2R T n(ka)
5 0.87% 0.026 /] p¥ > Typ (ke) & 2.94% 0.13 -] & > T (peak) & 2.37

+ 0.04 -] P& > AUC & % 2799.0+ 11285 g/L «h" -

o8 mreddaiiy
- ~ &% ¥ (Cell Cycle) : ¥
- Bl AR ARA Bwre o ¢ LIS A T AP AR e
FoFAPHZ e FREHFHRA LS < Y - interphase
(¢ % G ~S~G, phase) 2 M phase > @ fiziEfeg ® > R 5 = B

checkpoints /&% mPe ¥ ¥ § F a2 » T T - pEE

¥

Gy phase : * i senescence £ quiescence > = fwfe # L H 5 Gd R A
It TaEAA AR G o

G phase : G &5 » Gap » ja*t M 2 S Hen? Fprl » ¥ ¢ 47 4
AEre B g B M g MM BHEr St
FrEdfcmigkiz A od G REX SHLZF- B
checkpoint °

S phase : S & 4p Synthesis » 4+ # im 2 & {7 cHE_DNA chfg 1 1% > 3
10 3 12 /] pf cHpE o

G, phase : % S ¥} &2 mitosis e® FPRFE > S8 x> MEPITHGE o7 £ 4
SiE»F M# 5% = B checkpoint e

M phase : M ?gl:};q Mitosis » & P2 iFH R meh—- B > BT e
s R 0 X T mA BB 0 4T
Prophase : ¥ 4F Wl = eiL & B2 {7k i o e F ¢ mitotic
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spindle & {7 2% » & B centrosome 4~ |4 v
iRy
Prometaphase : centrosome # I spindle pole v’ 2 %k 4 o
# ¢ # g d  kinetochores i ¥ F| spindle
microtubules > I B 4545 & o
Metaphase : % ¢ %83 7]>* spindle pole ® B ek ig 4 + - &
HiEfT e B o PR S ¥ = B checkpoint °
Anaphase : @ =L F W F L M F 4 1 ppF
kinetochore microtubules P 45 > spindle pole
el E A S
Telophase : 4 %] % ¢h3 %4 ¢ #84 3 spindle pole few > %4 & %8
B 4~ decondense ° AT % W E dn e B¢
contractile ring B 4535 =
Cytokinesis : #3423 % > » m¥e FA 5 - » wme i &

#7% ¥ interphase °

EENE R Fo

1. Cyclins and Cdks

AP it & 5 Cyclins ¥ Cdks ( cyclin-dependent
kinases) @ * 72% > H jpen Cdks & ® e i H T 354 F iy 4 0 & R F
Cdks £ Cyclins 5 & )% 47 £ #8pF » Cdks 1 ¢ & 3 F9 B jeps o | o
WERRELT T A G e e RS Y o Ry BRI E -
#p :& {7 e Cyclin-Cdk complexes > G; #f 5 Cyclin D-Cdk4/6 complexes 1
% Cyclin E-Cdk2 complexes * S # 3 Cyclin A-Cdk2 complexes * G, #F 7

Cyclin B-Cdk1 complexes ®'™* o 5] 4 407 :
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# 2. four classes of Cyclins and Cdks in mammalian cell cycle

Cell-cycle stages Cyclins Cdks
Early/Mid G1 phase Cyclin D; D, D; Cdk4, Cdk6
Late G1 phase Cyclin E Cdk2
S phase Cyclin A Cdk2
M phase Cyclin B Cdk1l (cde2)

Ra s )*Ik.,%, Cdks ¥7 Cyclins % & - 42 72 &t A & — “I;,T*u’ﬁ =X e
% Cdks H 48 % Fgtde P BEAIEE 4 T A § 1 B 4 S M b4 & TyrlS
i+ % 4% Weel kinase #iafié 1* pF » fj}ug % Cdks 2 /B2 4p K > e fp ke
=¥ Cdc25 phosphatase f##pk it P& > ¢ & {7 Cdks ~ fxfRiEME ¥ ¢
% Thrl4 4eat Mytl 4v P Bifat? > Bk ¢ @ Cdks 2 /F12 @ & Thrl6l
=% d CAK (cyclin H/Cdk7 complex) 4c } et ezt » v @ ¥ Cdks
st Al o Flh A F 0 f2 5] § Cdks * e Thrl4 e Tyrl5 § -
2 F 3o 4 P BELIpE o Cdks G LAl e @ Thrlel ¥ jbite:
it > Cdks 4 2 54 o

G,

F_*

¥- 26 > Cyclins i REZEFwmeFPha 5 o7t o
# 4 M eh cyclin B 4r % A& ~ mitosis hEEHOPE > F LG OA
anaphase-promoting complex ( APC) ubiquitylation 4 f% » B ¢ # mitosis
i® 1+ 3t anaphase ; @ % Gy/S transition FFericyclinE 40% * £ 235 0 F] &
B 2T SHZE CA2 £ cyclin A eh £ » & %< £ dhcyclin E = Cdk2
FRFREAT o Fp i mE P SH o
2. Cdk inhibitors and p53

Cdk inhibitors g ¢ 2 %fjf‘u{:}»’wﬁ‘d Cdk &M ens 3 > Cdkls 2 & ¥ 4
w7 % 2% - CIP/KIP #2%27 INK4 (means Inhibitors of Cdk4) #2% »
CIP/KIP $% 4 f § p2lCPVWARISL | pgKIPL 2 sgKIPL S K 3 R
pl6INKda | 1 5INKdb | 1 gINKie g g INKd (86)

~ 4@ 2 5 CIPKIP 322¢ th p578P? 4 & F 9 fmre chh (b1t fidp
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B @ p2] CPVWARISAL ga o KIPl gha s 4 o cyclin-Cdk complexes 354 #r
e 8D,y ¢ A5 = cyclin-Cdk-CdkI & 5% eh= ~ 48> %ﬁﬁ :E“,Tfﬂ— Cdks
¢ catalytic site> 8 7 &5 82 T AEA F K oA Frd] 0 e ik enie 75

¥ - 25 o INK 7R3 G, 8 0 Cdk4 &2 Cdko6 £ 5 8 3 [H e

. N : . (89
FIE* > Ui aniiE b 7 3 ankyrin repeat domains *”’

» ¢ &7 cyclin D 3t
3 Cdk4 52 Cdké6 1% & %32 > i cyclin D # 72 27 Cdk4 ¥ Cdk6 25 = 5
&b complex » @ 1 imrE kB E G R 20 .
p53 &~ ¥ i — # 4%+ (transcription factor) > - F¥ ¥ MDM2 protein
GEh-Ai 2 EAl > F e DNAZFIG T -4 3% (hypoxia) 2 H_
R F1+ (oncogene) & it eAjjRT ,Ikg;;; ® p53 g it > pS3 S
1@ 2w DNA chig4h ~ w2 iF 3 eni )b 2 W %e = (apoptosis ) &
4% F o vt o Cdks ¢ e p2]CPVWARISAL < n53 5 & T g 5 o
p33 chig it & i 17 p2] PVVAT s e A B A R e )
sie ik ot th o 5 B dofe DNA 2 4R (59 GADDA4S o p53R2 1 % fnfe k=
18 B 51 Bax ~ NOXA ~ PUMA {r p53AIP1 3% ¢ % 5] pS3 srp 35 % o
3. pRb and E,F families
pRb (retinoblastoma protein, also called pocket protein) 72%7% pRb
(pRbl, pl10) ~ pRb2/p130 & pl07 = & > E,F (early gene 2 factor) #-
*% 1|3 E,F-1 3| E;F-6 2, E,F & ¥ % transcription factor » < B¥ &2 Rb
protein % & chpFiz 13 E ke 2§ Rb protein 4 _F #5:0 cyclin/Cdk
complexes Fafit it FF > ,T*ug 27 E,)F wid > 8 E;F E R o — k3 > Rb
protein & £ 5 16 =¥ ¥ it § A& 4 } BiFEY > @ cyclin/Cdk complexes
1% ¢ 2 Apeit Rb protein C-terminus i § > 4o cyclin D/Cdk4

complex ¢ # #fk it Rb protein % Ser780 ~ Ser795 £7 Thr826 =% '«
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cyclin B

Ck1

cyclin & P E

"rﬁn

P ¥

@ 2.The Cell Cycle Control System

#ep # srie s pRb 5T ExF-123 % & & Az pR62/pI30 e pl07

A B EF-45% & h— 42> m E;F-6 RlfrpRb# g 4p b - T 21 & 22 Polycomb
group proteins (PcG) % & - 42 o — 4530 % » E;F-4,5 22 pRb2/p130 12
2 E,F-6 &2 PcG en% & & 4 Gy &2 early Gy #f BF » /% transcription
repressors & ¢ > E2F-1,2,3 p|i®* 3t late G1 i¥ S #f » % transcription
activators o T & R 7 #F M > X I E;Fs 7EEAR s T 4pF 0 F Mf
T A iere p P iE ~ SHens 3 0 4o cyelin E ~ cyclin A ~ ¢-Myb e Cdk2
b5 % 7 & DNA & = #p B c53 4 ORC protein - MCMs ( mini chromosome
maintenance proteins ) ~ Cdc6 ~ ribonucleotide reductase ~ thymidine synthase
22 DNA polymerase o ' % ¥ DNA 2 4f 4p B c94 + > 4 msh2 f- mihl
(mismatch repair gene ), Fanconi anemia fv rpa3 (excision repair) ¥

rad51 ~ recQ1 fr rad54 (double-strand break recombination repair) ; ¥ ¢t
¥ mitosis 22 DNA-damage checkpoint ~ apoptosis #p B 534 + > 4v cyclin

~» cdc2 ~ Mad2 ~ chkl -~ caspase-3 f= APAF-1 » "‘"3 ¢ % 3| E;Fs 3%
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94)

B

p BT T ¢ AR 0 BT pRD & BoFs RRnA T o 4

A mie LR WA P e T D VR R e o (Y B2 i o

=8 MAPK 3% 28 me ¥ 2 B3
Mitogen-activated protein kinase (MAPK)#tin i £ @vEet i 4 1 '
P enE BT 0 TP A8 e nd £~ A it~ #4)] (transformation )
21 %= (apoptosis) % 2 F % . ef LEpd f mre ¢ MAPK ROET
/5% = % 3¢ @ extracellular signal-regulated kinase ( ERK, also known as
MAPK )~ C-Jun N-terminal kinse/ stress-activated protein kinase ( JNK/SAPK )
f= p38 MAPK » ¥ *35/§ 3t serine/threonine thj-v Hijgcfv o ¥ ¢F > & F -
#v B ERKS (also known as BMK1, Big mitogen-activated protein kinase )
et & MAPK 3259 ch— B o i ¥ MAPK j& it e &, hif e 5
Z B b ended Bgcps 42 > 9 MAPK kinase kinase (MAPKKK) > MAPK
kinase (MAPKK) 4= MAP kinase (MAPK) “** -
1.ERK
ERK ¢ 7 & i isoforms % ERKI1 (p44 MAPK) £ ERK2 (p42
MAPK )+ % MAPK 325 ¢ 1 {2k % cho — 44 = » Raf-MEK-ERK B /=
HE S A E - i BAE A R A B rA L aTUE S F et oh
tyrosine kinase receptors 4% | # £ F|+ (growth factors) # mitogen
MELPF > {548 Grb2 2 Sos ¥ 2 &1 p21™ - - FE 1 MAPKKK  (4r
c-Raf-1) > X1 % I|gips * &7 MAPKK (4 MEK1 ¥ MEK2) ¢ £ Bifk
it T 250 pdd MAPK 4c p42 MAPK > #Bfit it 2% = £_ Thr-Glu-Tyr
(TEY ) motif > & ¥ =t 7 ERK ¢ # » w2 ? > B F ¢t 2T
XeiF 5 i 45+ (transcription factor) » |4 ternary complex factor
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(TCF) EIk-1 ~ serum response factor accessory protein Sap-la ~ Etsl -
c-Myc ~ Tal & o pt#b > — i fm%2 F7 ¢ chjded F774R30 5 & ERK 77 7%
&% > 40 RSK  (90KDa ribosomal S6 kinase, p90rsk, also known as
MAPKAP-K1 ) ~ cytosolic phospholipase A2 F= microtubule-associated
proteins (MAP)» ¢ % 3 MAP-1 ~ MAP-2 » MAP-4 fr Tau " -

¥7 1 CERK flofe F iy ik - B2 3 TR

4 ERK & i £ i » mve 4% @ 5 4430 cyclin Dy ehi 48 2 Jf e %o
FF v d o Cd2 A el b The-160 =3 ¢ engip it
7 2 3] ERK e 58 - Bg o7 ERK & it g R i T T o
2. JNK

B e X IR R4 & E - & cytokine i jEpE > i €2 E T
JNK ¢ JNK 2 & § 3 48 isoform : JNK1 ~ JNK2 % JNK3 > % & 3%%’&_

LA ek o @ INK3 L& AR ARE B4 V0 INK 1 Bk g
#1MKK4 ( MAP kinase kinase 4) % MKK7 #7#fs (v » AERAL (v 028 2
&_ Thr-Pro-Tyr (TPY ) motif » % i 9 JNK ¥ £2 c-Jun 7 NH2-termianl
activation domain % & > ¥ % c-Jun = Ser-63 4 Ser-73 i ¥ £} mipi Y-
FZFE M encJun T A AP-1 APRE AR Flen&R IR o P w3t i INK T e
k% @ 7 c-Jun~ ATF-2 (activating transcription factor 2) ~ Elk-1 ~ p53 ~
DPC4 - Sap-la f- NFAT4 % -
3.p38 MAPK

% dw e X P % ¢ &~ lipopolysaccharide ' % pro-inflammatory
cytokines (4 IL-1 = TNF-a) % 5% > p38 MAPK i ¢ i 1* - p38 MAPK

1 %3 444 isoform : p38a~p38P~p38y 11 % p385 v iz ¢ X | MAPK
kinase MKK6 (SKK3) 4= MKK3 cgips it > Apaps it cnfv i 84
Thr-Gly-Tyr (TGY ) motif - p38 MAPK %4 £ ~ &2 it ~ /&= {r cytokine
ARt o by AERE I o F L p38 MAPK ¥ 2 BiEL T 5D
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& 4% %]+ (transcription factors ) > 4v Statl ~ ATF-2 ~ Sap-la = GADDI153
( growth arrest and DNA damage transcription factor 153 ) *7

i p38 MAPK &2 sz ¥ 8 cifp B (£ 1 > — H3R

,x"m.xf; ’ p38 MAPK ;f'n\/ﬁ
- BEeB LS > v Fed) cyclin Dy crigaritr Ve ¥4 g 4

21> p38 MAPK # £ d 8258 Cdc25 phosphatases 77& 14 > 1€ ‘m? ¥ ) %
e Gy 1

Stress, Cytokines
Sstimulus  Growth Factors Growth Factors

v MEKK1. MLKs MEKK1. MLKs
MAPKKK Raf ASK, TAK1  ASK, TAK1

L 4 L) ¥

MAPKK MEK1/2 MEK4/T MKK3/E
Y ¥ ¥

MAPK ERK1/2 JME/SAPK p38

L4 ¥
Substrates p90FS< Elk-1, c-Jun, ATF-2,  ATF-2,
Myc Elk-1 STAT1

I

Biological Proliferation Proliferation  Proliferation
Responses Differentiation Differentiation Differentiation

Develpoment  Apoptosis Apoptosis

Cytokine preduction
| 3. The MAP Kinases Cascades.

% & #47]3F - NF-xB £ AP-1
- ~ NF-xB
Nuclear factor-kB (NF-kB) % — #4% %]+ (transcription factor) » % IR
WA G dkenimre § 7 o R} > NF-kB *% amino-terminal % % § 7
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Rel-homology domain (RHD ) > ¢t %3¢ ¥ & 7 DNA-binding 4= dimerization
domains > 14 %2 7 3 nuclear localization sequence (NLS) -~ 3| p 70 5 ik > %
3 5 f8 NF-kB 7% & + 3trf fLifimre ¢ 3 > 4 % E_RelA (also known
as p65) ~ c-Rel ~ RelB ~ NF-kB1 (p50/p105) £2 NF-xB2 (p52/p100) > # ¢
NF-kB1 4= NF-xB2 & 4 %/ d 105 kDa £ 110 kDa == & & 7 4§ 4~
(precusors) %@ kenZ Ff | A3 @d v iPad fALT pFA
homodimers :& {733 #7 > 2 47 NF-kB 2% R % 7; = heterodimers 4 £ 7 i%
* o
NF-kB %% fmo fr > 882 - Jrd| A 5 4 4 &7 & 4] 42 5 IkBs
IkBs 7251 & 7 IxBa~IxBB ™ 2 IkBe> v P54+t 7 7 ankyrin-like repeat
domains * ¥ £ Frf- NF-kB 7 NLS % & > & NF-kB @2 & » wie 7 ¢ 2 {7
W § - 4 Tk §EAF > 4o pro-inflammatory cytokines ( TNF-a & IL-1
By v @ — e agnund @k, EF5 B & kB kinases 7% i+ 0 & IKK-1
(IKKa) 122 IKK-2 (IKKB) > ¥ * € gips v IkBs 4% % amino-terminal
serine residues (Ser32 4v Ser36 % IkBa ; Serl9 f= Ser23 . IkBp ) > #-mifk
it 1 IkBs € A% E3 ubiquitin ligase *t ubiquitination > #% % IxBs f]'*u € A 268
proteasome 74 fFH > dopt — K > NF-xkB { = 5 p o & > TF & » w2

# iR DNA B E s meEagy e

= ~AP-1
Activator protein-1 (AP-1) ¥ & % At & 1) &k 5 # 45 %]3 (transcription
factor) ehE P 2. - » VAP T F et Fr o AR S o
e it o AP-1 # 2 ¥ - H fpend-v » 3 > @ 4 d - ¥ basic region-leucine
zipper (bZIP) proteins #7235 = ¢h= A% (dimer) A + > iEd A~ 3+ F Jun
(c-Jun ~ JunB 4= JunD ) ~ Fos (c-Fos ~ FosB ~ Fra-1 = Fra-2 ) ~ Maf ( c-Maf -
MafB ~ MafA ~ MafG/F/K 4= Nrl) 12 2 ATF ( ATF-2 ~ LRF1/ATF3 » B-ATF -
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JDP1 4v JDP2) m #f 2% > — 4315 > U PAdvan® 8 5 12-O-tetra-
decanoylphorbol-13-acetate ( TPA) response element (5’-TGAG/CVCA-3’)
2 #_cAMP response element (CRE > 5>-TGACGTCA-3")° p w & 4 > Jun
2 Fosizm ~ REA B G B ZIFHE2 7 F > 2 Fos R v p 2 &P
A5 = homodimers » & Jf & fr# 5 72%3) = heterodimers > @ Jun 72EP| &

pL R4 > ¥ A5 2 homodimers ¢ heterodimers (105,
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L Sy F
2 AT * 2 fmPe 4R H1299 ~ H1299/p53 ~ A549 4w CH27 5 A #g 24 )
fm 2 ¥ % 'm?2 ¥k (Human Non Small Cell Lung Cancer ) > ¢ % & B 7
B (ATCC) B - 2 ¢ HI1299 22 H1299/p53 J§*t % 4 %% i fn %% +k (large
cell lung cancer cell lines )» A549 % #%* “ﬁt-‘l&'«? im*2 $R( lung adenocarcinoma cell

v

line)> m CH27 B & % @k ‘o ve J %o ¥e ¥, ( squamous lung cancer cell line )°

I R AR

1. ¥ 8% :
Penicillin, Streptomycin

2. ABI ( American Biorganics INC ) :
Tris

3. Amersham :
ECL detection kits

4. BD PharMingen :
Anti-cyclin A monoclonal antibody, Anti-cyclin E monoclonal antibody

5. BD Transduction Laboratory :
Anti-Cdkl monoclonal antibody, Anti-Cdk2 monoclonal antibody ,
Anti-Cdk4 monoclonal antibody, Anti-cyclin B monoclonal antibody,
Anti-cyclin D; monoclonal antibody , Anti-cyclin D; monoclonal
antibody, Anti-pRbl monoclonal antibody, Anti-pRb2/p130 monoclonal
antibody

6. Bio-Rad :
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Acrylamide, Ammonium Persulfate ( APS), Glycine, Kaleidoscope
Prestained Standards , N,N’-methylene- bis-acrylamide ( Bis ) ,
N,N,N’,N’,-Tetra-methylethylenediamine ( TEMED )

7. CALBIOCHEM :
Anti-Erk1/2 polyclonal antibody, Anti-Erk1/2 phospho-specific polyclonal
antibody , Anti-p38 polyclonal antibody, Anti-p38 phospho-specific
polyclonal antibody , Anti-SAPK/JNK polyclonal antibody |,
Anti-SAPK/JNK phospho-specific polyclonal antibody

8. Falcon :
Cell culture dish (10cm diameter), Cell culture plate (12 well)

9. Gibceo -
RPMI 1640 Medium

10. Hyclone :
Fetal Bovine Serum (FBS)

11.NEN :
L-glutamine , Non Essential Amino Acid Solution (NEAA) ,
Polyvinylidene fluoride (PVDF ) Transfer Membrane, Trypsin

12. Merck :
2-Mercaptoethanol ( 2-ME ), EDTA ( C,(H;4N,Na,Og - 2H,0 ),
Dimethylsulfoxice ( DMSO ), Methanol, Sodium dodecyl sulfate ( SDS ),
Sodium chloride (NaCl), Xylene cyanol

13. Pharmacia :
Protein A sepharose

14. Santa Cruz Biotechnology, Inc :
Anti-CDK6 polyclonal antibody, Anti-cyclin D, monoclonal antibody,

Anti-pl5 polyclonal antibody, Anti-pl6 polyclonal antibody, Anti-p27
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polyclonal antibody
15. Sigma :
Berberine hemisulfate, Dithiothreitol ( DTT ), Leupeptin, Methylene blue
(C6H gCIN;S - 3H,0 ), Propidium Iodide (PI), Sodium Pyruvate
16. Upstate Biotechnology :
Anti-Akt phospho-specific monoclonal antibody, Anti-p21 monoclonal

antibody, Anti-p53 monoclonal antibody

- Nk
1. e s % enpe )
- RPMI 1640 45 % £73 0% 9.5 24 Mili-Q 4 23 k¢ >4 » 20 g
7 NaHCO; £ * HCI 3 & pH I 7.0~7.2 {¢ 12 Mili-Q 2 &g+ -KA4F & %8
D10 22 ARis 01 022 uM B R B IR 0 b i 4°C ik
S
2. RABER
# 500 2 RPMI 1640 m % ¥ % % //’J‘ v 100 IU % R Z
( Penicillin ) ~ 100 © g 4a % % ( Streptomycin ) ~ 2 mM % "=k
(L-glutamine ) ~ 100 ¢ M 2t 5 "= 8 #  (non-essential amino acid ) °
ImM E § § f&4r (Sodium Pyruvate) » & & 4c » 10972 x 7 (Fetal
bovine serum > FBS) ri¥ o
3. e ke &
H1299 ~ H1299/p53 ~ A549 v CH27 w f&25 |- fm e 9 fm*2 $ » 32
2 RPMI 1640 % 232 % i 42 %+ 37°C ~ 596CO, ez % 45 ¢ ik
% (subculture) p¥ » 2 * PBS (Phosphate-Buffered Saline) i#i% 1
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2= 4 2 TEG (0.05 mM trypsin~ 2.5 mM EDTA 4+ 2.8 mM glucose )
SR b R AR A KA B A AN AT e P o

A-RBRErA>NTEA SR AR wEREREAS X H- Ko

= ~wfe B P fpl e
B A wmier i cnwe X TEG fdZiits » M 3~5 F A chz £
Bimrie T ko € * w3 #c® (hemocytometer ) 3t B AT chiwie e p o
BEUE mlF 3xI10° Biamre A 127 e K40 s BT he | B A
Wi B3 R R R 0 395 HAT e (8 0 w12 % 5 37°C ~ 5%CO,
SR AR 5 24 L PERES LEREY (1uM, 104M, 100 M)
FedZ o L 122448~ T2 ) BRGS0 M TR BB LIVE N chim e

B F-BHPERRRIELZER -

= s amee A kg e P

¥imiz 1 E 10 F 4§ 4x10° B fES 10 2 A s Er ¢ A B K
AW edT 24 ~ 48 ~ 72 o] BETS > A0 PBS ik ime 0 L ¥ * TEG fi
@, % 1 22 PBS e k> B3 1.5 2 cheppendorftube ® 0 £ 12
900 rpm F R T A S A& EH L FR O EN AT EEERAT > % 1ml
$170% EtOH/PBS - /f - /f /f » eppendorftube ¥ » & ¥ = >353 & 4%
3709 EtOH/PBS # » ¥ ¥ 3t 4°C /k48 %75 °

F& & 45w #-sample 12 900 rpm 7 4C T A 5 448 FIH L R
k5T > & — B sample € #74 3% 1 £ < Plsolution ¥ » ¥ 3t 37
TP iv* 30 »48 > 55 ¥ 37k > 41* Flow cytometer (FACScan) & %

At o ATt 2 % % 00 ModFIT LT 2.0 #t88 4 45 » 4e £ 1L 2 o
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1. 3¢ & eh% P~ (Protein Extraction )
#-fmre * ke PBS a2 X8 * 24T 03 4°C T 5000 rpm s
S4B EH iR E Y 4 % 5 kg 4o ~ i 5 RIPA buffer
(50 mM Tris (pH 7.4), 150 mM NaCl, 1 % NP-40, 0.25 % Na
Deoxycholate, 5 mM EDTA (pH 8.0) , 1 mM EGTA (pH 8.0) , * I mM
DTT, *5 pg/ml Leupeptin, * 0.2 mM PMSF, * 5 pg/ml Aprotinin, * 1 mM
Na Vanadate, * 1 mM NaF ( * add before use ) )» #-m 2 pellet 323 3747 >
BNk P IER 20 A 480 £ F LA E 1 A0 55000 rpm ~ 4°C ~ 30 A 4o
Jcf + ik > 2 Bradford £07 2RI E 3d FA R 0 & 595 nm T
kg A Y FIER (pg/ul) (- k7 &k & 1 BSA
= 2_ stand curve # & #-v FER o 115 B eppendorf tube 50ug HE-v
B+ RIPAbuffer A F S p P BF HFL e » AF WA D
v B4k 1/3 £ 94X protein loading dye (8 % SDS, 0.04 % Serva blue
R-250, 40 % glycerol, 200 mM Tris pH 6.8, 10 % 2-mercaptoethanol ) -
OSCigip v B M 10 4818 > FF §E30-80CH %iF o
2. Bp TF it 48 3 A2 (SDS-PAGE Assay )

#edov FiksF+ &4 Hfl* SDS-PAGE > 7 Aped 1.5 mm 5
discontinuous acrylamide gel » gel # + & & & > T & separating gel #
acrylamide 7 & WAL A 5 3-8 B A F & @ T 0 K o9 stacking gel

Al 72 4% acrylamide o fie ®/ 52 = e R AT E >0 A P o 4 2 T A K R
7% (running buffer : 25 mM Tris, 192 mM glycine, 0.1% SDS) - %
#-5 P dended B2 4X protein loading dye i & £ 12 95Czin 4

R 10 A48 0 JRip A iris e o B4 sample 2 o % A F &

Multimaker i &3 ~ 3348 enat 4 ¢ > 3@ 2 TR 80 Volt. » 4% &3 i
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I

stacking gel & & B & % 100 Volt. » § serva blue R-250 = dye # I

ga/j\ )%V\K —"—'Fzg,‘?p’?;lz_ /}ﬁlzﬁgggo

. & > dF % (Western blot )V

#- PVDF membrane ;% ** methanol ##) {5 2 Milli-Q "k iz /8 & ¥
47 ) A 27 membrane £ %2 % transfer buffer (50 mM Tris, 40 mM
glycine, 0.375 % SDS, pH 9.0-9.4 ; 20 % methanol ) # - 3™ § &%}

voer R gk E e 1S 0 77 %02 3 transfer buffer ¢ o B - B2 I R
¥ 1 transfer buffer B /R > & & &£ &L 4 4 3% g ¥\ ~ membrane - gel
4 3% g A 0 B 18 02 transfer buffer BB & F B> XK TR (T
m=RA R FE X 9T x W) T IRE X 10 A& 451 B
membrane B~} » 372 %> 5 % non-fat milk/TBST # » > %8 T#H & %
% 30 4 48 - 2 TBST buffer (24.22 g Tris, 87.75 g NaCl, 10 ml Tween
20, #e kA 3] 1L ) 7% membrane 10 A 4= X » 4e » — Bl > T
% %+ 4°C T {¥* overnight

e P £ 12 TBST buffer j% membrane 10 4 4= =t » 4¢ » = Bin
WoRHEAZETHREEY 128 £ % TBST buffer 5% 10 #
& = X > ¥ F A% % ¢ ¥ membrane £ ECL ( enhanced
chemi-luminescence ) ¥ s » 3 EP FP RPN T E20RF 27 1

X-ray film g &g 82 » L g db F e P o

~ 39 Frppr s A 47 (Kinase Activity Assay ) 9

#-hmre * ke PBS e S fEH 24T > 2 4°CT 5000 rpm Hrew 5

R R TR A RS R R g 0 4o » i 6D lysis buffer

(RIPA buffer : Tris buffer=1:1, *200 uM PMSF, *20 pl/ml Leupeptin,

*1 mM NaF, *1 mM Sodium Vanadate ) ( *add before used ) » i e _F i Z B~
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0 T AT E R T (250-350 12 g ) 12 Tris buffer 74 & 4 3| 250
& 300 ple 39 FiAiR4e» 4 pl 0 antibody 2% 30 wl protein A
sepharose {4 » % 4°Cr/kfa P *24& i * over night °

PR &7 27000 rpm 4°C 3 10 A 480 S iR {80 £ 4o~ 400
plbufferI (20 mM Tris (pH 7.4), 0.5 M NaCl] % 3 = » #% % buffer
II (20mM Tris (pH 7.4), 0.5M DTT, 20 pg/ml Leupeptin, 20 M PMSF,
1 mM Sodium Vanadate, 1 mM NaF ] ji& 1 = » & =t 5% 4°C T 12 7000
rpm Hs 5 44 0w A S FR o

#FF ¢ sample 4v » 15 11 reaction mixture (50 mM Tris (pH 7.4),
10 mM MgCl,, 0.5mM DTT, 5uM ATP, 1ug/ul Histone HI -~ RB
protein ~ MBP or ¢c-Jun , 2 Ciy-32p ATP ] #A 37 CiF%* 20 » 482 (& >
4v » 4X protein loading dye % 95°C ™ 4e {4 15 &~ 45 > #-sample g
t6 > 2 » 12.5 % SDS-PAGE gel £ {7 39 & % 7 » £ Serva blue R-250 <7
dye g 3|9 % &8> T M-FTIRM P o RRE 2 EF 2N B T
## &7 3] PVDF membrane {¢ ° # membrane >t P B B & § 30 8 &

P ofag s P 0 Xeray film B g kBB 0 Eoup B PR o

ME

» Gel Retardation Assay ( Gel Shift Assay) : '*®
1. fmPe 4% 03 B
Him#e * KR PBS kS = {5407 0 4 4CT 10000 rpm s 5 A
& FIH- DGR A B K-S R grkeRgr o 4o r i hBuffer 1 (50
mMTris-HCl/pH7.5, 4 mM EDTA/pH8.0, 2 mM EGTA , ddH,0) &
L33 > Bk iER 20 A 4E(E 0 B2 R 4ok 2 Trypan blue
(04W/V) %4 » 5wz 8 F 5 ALH > & ™ § Trypanblue ¥ % »

foPe P s W R e e AL 0 BF & 4°CT 10000 rpm s 20
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g B H L R 0 £ 4~ 3 & Tortex Buffer (ddH,O, 20 mM
Hepes/pH7.9, 350 mM NacCl, 20% Glycerol, 196 NP-40, 5 mM MgCl,,
0.5 mM EDTA/pH8.0, 0.1 mM EGTA, *0.5 mM DTT, *0.1% PMSF,
*19¢ Aprotinin ) ( *add before use) & & 353 > % » 4°C k484 over
night °
FE P £ 4°CT 13000 rpm 4 15 A 480 e & 1 5% » 11 Bradford
7 2 RIE B9 BAR o kR 595 nm Tk iE o HE R A Fed
kR (pg/ul) > & i eppendorf tube 10 pg shd—v B A % - ¥ *+-80
[ORCE
. Biotin probe #fe ¥
#-35 4 9 DNA  (biotin-AP-1 or biotin-NFxB-1) H 3% 4c A& — 4= >
2 ddHO fie % = Spmole sk & > 2 37CTFiT* 1] pF> RigE3 3%
T W .
CF BB RS R
2 #- 69¢ e native acrylamide gel [ ddH,O 7.33 mL, 5x TBE buffer
2.5 ml, 3096 Acrylamide/bis (29:1)2.52 ml, 1096APS 125 11, TEMED
25 1])> 2 1x TBE buffer ¥ 5 running buffer » & 12°Ci4 fa sk~ 17 i% &
T oo % & 5 el 20mA FEEa (pre-run) 1 B PF o EFRH-F B A s
v > & B sample 4c » 2yl enbuffer D (ddH,O, 20 mM Hepes/pH7.9,
209% glycerol, 100 mM KCl, 0.5 mM EDTA/pHS8.0,20% NP-40, *2 mM
DTT, *0.19% PMSF ) (*add beforeuse) % 4 1 = buffer F (ddH,0,
209 Ficoll 400, 100 mM Hepes/pH7.9, 300 mM KCI, *10 mM DTT,
*0.19¢ PMSF) (*add beforeuse) ' % 5 1 ¢ biotin-probe » 78 15 A
30C™ iv* 304~ 48 % {8 4v » % = sample T 4 2. — #8 4 H6x sample
buffer (ddH,O 0.3 ml, 1009 glycerol 0.5 ml, 5x TBE Buffer 0.2 ml,
Xylene cyanol) > ¥ #-sample ;3 » et ¢ » & 12CF u&E 7
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gel 30 mA &% - & < & 2 /] FF {4 > 6x sample buffer § 7| %% 48 e & =3
TE oo T - A Fird > fEF > > 1 0.5x TBE buffer it ;
transfer buffer » 150 mA = 1 -] p¥ transfer ] NC membrane + » #X{s
#- membrane * UV light B &+ > £ 7 X * 59 non-fat milk/I1x TBS %
£ T blocking 30 4 4% - £ * 1x TBS /% membrane 5 4~ 48 4 = - & ¥

#- membrane %2 >+ 1:20000 = 0.5 ¢ g/ 11 Streptavin-Horseradish
Peroxidase conjugate in 1x TBS » % 4°C * overnight °

Z P > #-membrane M IxTBS i 5~ 484 = 2 FAZET &
membrane } 4r » SuperSignal Substrate T #* 5 4 4% > ?X {$ ¥ membrane
PR RN AR &Y s fm 5?0 Xeray film B 355 LA

3G
OIS SRR TN

35



FrE RkRER

- SRR R AR R R e R

TR R R w2 4 B 0w FRF B m e H1299 -
H1299/p53 ~ A549 122 CH27 4 w|fEfE>t 12 344 ¢ » & u| g2 | Fig |
UM > 10 uM fe 100 uM > 5B T B TR o A 12 R o R T
B2
£ it e e o 48 ) BB 0 T B BT e ) EJE 0 chim e 4 K g

:\)‘g}

T RMENL B ENEE 24 S R g B 4T 2

(B 4)> LEF w3 g3 By o 217 72 ) BF > 2] fE#k el
A et (ABPA - KA o wB DAL ELPES R OM G A

G EAL AR RASE LR PR o L ERE T R PR 17§

Bt e e Y 0 oA g wre s B o

=~ 3 AR FERD R

d Bl 42 %% ] BT PR e B 4 0 T M B R e
AR 123V > ARG ER 122448 fo T2 ) PELS 0 I
VEREVE Y we i o n F- e d L DiTARE o d B S o
)RR R e 305 B F T APIT A R FRIEY o e bR ] BE
# 100 uM ek B T 0 B T2 ) PRt & 0 B im e SR B IR % % 2 dhig
P4l T ok A I0OUMER T 4 T 503 70% chdrdl 4 £ k% 3 Al uM
T 0 R X 109 gy 4 oo d p T Ao o] B E R 4 K
i ERFHEEET RGN G0 T - 25 0 d B S HlHT
R R - rdlimre i A it S0 % B lmre F BoeniE R o F]T R & 100
UM chiE* R T 5 4 B0 T AT F AR E A FAE R T o Ft s (e

g1 i®s Ao ges sk R 100 pM | BFag ke 7 % o
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S BFRRR R RN G

B E Y e PR e i B A HBRE - FARESE
W’ﬁié@%ﬁwoﬁﬁﬁwﬁbéGps~®ihdﬁoéiﬁ?%
R Ae o ] ek € P R e A B 0 IR R T i B

o A A (T e T o I R e A 4T R o ATl R A 6 R

EOED
g

5% o P P iR (T o

d B 6 F%kET 0 | kT @ HI1299 ~ H1299/p53 ~ A549 12 2 CH27
R e Gy B P e B S F RJSLPE TP AR T S 0 BT 0] R AR D
e 4 EfrdlE o T kmremiEie s SHon T AG o HY
%12 H1299 ¥2 H1299/p53 & thime d 5 M A (% 3) - #7005 jL{8 e Bk
%‘b«"l T PRI ok RUE - O R B o

Bt ok FER A 7 Bl ¢ X & 4T3} sub-Gy peak (7% £ pre-G, or apoptotic
peak) IR - HEF ) FE®RT A €E X gk > @ R G4 R

ﬁ:l]éﬁff[:‘q’” o

® o~ ] R AR B A S R

— A

E=!)

TR FE R A RFF I AT R g Bl

m®¢%%ﬁ#”;h%ﬁ?‘Iﬁﬂ%—ﬁﬁiiﬂﬁﬁﬁéﬂ’?ﬁﬁé

BT e enlig e o Tt o S350 BRiG AT RO R o e S B IR AF Y G P
i P A BRI B G IARM A F A TR o AT — S
o R EREEGE MR G AR A F kv AIE o B pFL LK K

p53 % e H1299/p53 sm¥e $h 22 % p53 4 M H1299 fm¥e h o A2 | F
aF k2B o

d 3+ Cdks 17 2 cyclins 3 ‘w2 ¥ Hp & (7 end & 34 & F]5 > H L)

ik P o 4ol 7 41 0 Fl) BEREE R G B0 Flt kiRl
G, ¥ 4p B e Cdkl fv cyclin B o3 plens @ £ 14 5 a7 H3 G P Ap M £ F 0
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Do | Bk R fRiwre b 35 S G % 3¢ @i Cdk4 fe cyclin D 2 %
G odpip b e Cdk2 2 IE 5> > ptoh » G oL ¥ - 4p B & F cyclin E R
7 3 4 Ak gL o 3 2 Cdko6 -~ cyclin A ~ cyclin Dy £ cyclin D, iz & & =+ B &
g

¥ - 3G oo fF e e s Hp i (7 e Cdkls 0 3 IR T ] BEEG iER T
INK4 2% pl6 &2 CIP/KIP #2Ecp2l 2 p27 > *ta fRimPe chi L E 32
PR AR A A plSE A XL (R8)e Ft 2 *t > H1299/p53 ‘m*e e
pS3 £ MEF LB > b HI299 Pl4cFpdp e B2 3| p53 LR o ¥ ¢k
% Rb protein 7% ¢ ¢F1pRbl ¥ 25 & ¥ i > & & & pRb2 /pl130 Fv &
LIS G 0 B phinse 30T rUF {hg 900 4 B dnse B pRD2 p130 R0 T
PR IY 2 AR R P 0 Fed AT AR gt e o @ R gl 2 il
2 ¢ pRb2 /pl130 F-v FF EALpips b > 30 F &% R o

I~ FERB I MAPK 7354 3 chig i ¢
E 4 che }}?)%3#};‘%;#% 15 MAPK 324 3 S8 miechd £~ At
G RLERALPE T AR KRR R LT IS 32 MAPK
FOEA S PPt Ko I § S BB R R R FARE LR
o B9 ik @A 3ta phimte ¢ BRK ~ INK £ p38 MAPK = & &
W0 FRNARIDEP O > KA & ERK hphf i 35 FARE
s en s e p38 MAPK #ifik it 3-v 2 4 L& RIAF F 34 » 1% INK &

B B0 ARG P AR

Ao~ ] e B s SR R

d R kg R S ey IR I FRkRr o B 2485
PepE AL o d YR ed TR B R R 2
A A B R F T - 3T R G # A F Cdk2~Cdk4 fr Cdk6
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2 MAPK 3254 5+ F0 Fikperat 234 ¥ ko FRIve®n A4 %
T

d B 10 ¥ P &E 405 4> Cdk2 ~ Cdk4 12 ERK 2 F-v Figcfie 5 1247 3
v A IREARS AR > 53 B0 ok > 32 Cdk6 T I B EEE S
B ARG~ 2 h®it > XA > p38 MAPK jhefis i 42 fr 2 4 e
BH P G0 AR BB F o 2t INK B 1 Fd P BR P AT
Bt H EEFEE 24 ) AL A K 4ech > T OE D] 48 72 | P

VA T B

~ o) B AP-1 7 NF-kB & B ings 5 -

¥ pAF$4p O &) (transeription factors) 7§ E 2 B 403
Bz W e o B9 AP-1 22 NF-kB £.p % ¢ st imie 3 £ ~ %=
PR it fofR sk M d enik TS o B 9 INK T %4 5 ¢ dhic-Jun 5 AP-1
AREAAI 2 o aiBd L F AN L FERT R §drE] AP-1
f P e 2E A P 4% Gel Retardation Assay » iB| | ik £ F ¢ £ 5 AP-1
% NF-kB {ril ;n4ee DNA B 7% & chit 4 o - 4385 0 AP-1 22 NF-«B

4w HEF] DNA B2 > RIF R EAFLT s+ A RE A s ke

d Bl 11 2 %% 7 30 a kW% Fp e ? AP-1 &% NF-«xB 22 DNA & 7|

N

S8 iy 4 AP R aE b o B o] BEEG T A0 € B3 E 11 AP-1 &2 NF-«B &
DNA B &5 Em frd| T s F A B LI ¥ o 2 ] BEkgd &

;Jl’lfP"‘:FIJ T{[:‘ * o
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BE
'] B d#k (berberine) 3 — # A& % «hE % ek%F (isoquinoline) &4~ |+
R AR Ve AN R Ea S A R R
RIS F Y TES G R KT et M hERE Y
Brd 3 mpfrfd L IR anBREN T8 E k> g L) ik
ORI R YA B PR A RRRE RS o RE A S
EF B2 AP FE o AT ] R 2] e R e
(T A S K iR o
B BEaG AR e HROE R e - H1299 ~ H1299/p53 ~ A549 4v CH27 »
30F 0 IABRAT 02604 K rglock (] 3)0 v 4203 e MGC-803
UL 8 i B wrz tk (YES-11to YES-6) %'~ s s iwre K562V 112 % B im
5% th MKN-74 ~ 5 J§ ‘0% $k MCF-7 4o MDA-468 ~ % % J ‘o % HCT-116 %
BRI | g 0 PR T O] Bk R R A P E_ Bt B e e chd
E o RPET G SR e ks g g OV sk L s A g ¢ R v
e dL | BER T RS IR G F 2 (B 6) Aot ap R gL A PR RS
Lwm Bas T ARLABYEI M SR 0 HEF TR RE F BT &
APl » SR 27k s ¥ e th MGC-803 o YES-1 to YES-6 11 2 4§ 5 e
FRE B i i BR ) BRI T % e sk E Y Go/Gy B 0 AR F o A
MKN-74 & Balb/c 3T3 in% th#i5 F|ch i G, ¥ chid & 70 &7 | ik
PR (B ST A T N e RefARE o AdeP o d 2 T %
B o APV g e E ) G bR R S RS E R R e sk 1 i

{7 o

P v P v AL G S -G M e BEH - FFELY

2
(senescence ) 7w *? $& % I mitogen e jpF > fme  €d GoH & r Gy
Bt ime R HPE P EL Pl 5 A3 M &G iR 3 ¢ s eyelin
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D2 Cdk4/6 5 1 &chpir 3 HY cyclinD* ¥ % 4 5 cyclin Dy~cyclin
D, % cyclin Dy = {# subtypes’ @ 7 G, 8L8p & E_& #73} 7 G,/S transition ¥ »
B E_ 3| cyclin E 22 Cdk2 723 32 V0 pt b S 85 £_cyclin A £ Cdk2> G,/M
HRl 5 cyclinByr Cdkl e 28m » iz A F H b3 A g i L&
BEXAFEMA LGB T ML S S 4 > TA, 8 cyclins- Cdks
complexes * #% ¥ iz & & & {240 complexes i}u ¢ 2 Bipk it retinoblastoma
preteins (Rb proteins ) » Rb proteins * ¥ 4 & pRbl ~ pRb2/p130 f- pl07 =
> AHEFL 1 ¢ Rb proteins § % 2 ¥ E2F proteins % & ehig 4 » @ E2F
proteins & ¥ % transcription factors® T i® € AF i~ SH AT il F] s
BEGAS R T RR we T o
FE AP KT AT anlidy o vt i H1299 v H1299/p53 7 & fwfe 3t 3
R b Ar R 3] e R B -ﬁ%%é’%:}""’? AF Y ap ot R
Mo @ ¥ HI299/p53 P2 k2. p53 F-v 2R E T & B o B p53 v &
R TEY BEEY A FE R Nk § 5 40t F E p53 AT 2 B
oG eniT® o
d W 6 i % T F g T 4] Bk EIZ T o pRb1 3o A RE

F e R 0 Zh @ o pRD2/p130 BERL It AR R PP AE % 14 0 3§ 3 AT g
© 45 90 pRbI $fin % P it (753 (6§ A2k B 0 £ @ £ pRb2/p130
W GyME G S HEFEFEE N4 S > F pRb2 /pl30 22 E2F protein
F2EY B F-4 4 h- 42 453 e complexes § 7] EoF-1 % 475
(transcription factors) =iE 4 » & 78 & 3| pRb2/p130 4% cyclin D- Cdk4/
complexes Ffk it » EoF-4 222 % g » E)F-1 cE A € kdp @ i€ fwbe ik 3
i 710 F o] B g A e e 8 G R 22 B R pRb2/p130
AR F AR S MBI o A > AR F] € @ 59 pRb2/p130 A
fei %> p e & G ¥ fheyclin D- Cdk 4/6 £2 cyclin E-Cdk2 complexes
% Fifis v Rb proteins tHeE & & F o
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- ##74v > Cdk2 * SDS-PAGE @ Bl ¢ /3% T| = i bands > i ¥ §5 <0
vl en— B = B bands & chE_ A E VA . :T/z:{ Cdk2 ** Thr-14 &
Tyr-15 =% F A EEfE Y > & F & hband % 75 3] > 7 Thr-160 = % 44
BEfetd o RS ¢ 0 Cdk2 ehfpd| w3ow i § i 'ﬁ 4% F]= % bands 0 2 &

LEwE T IR T e A A B Ry 'Ffr::\m& rE K{*%@ﬁ?ﬁﬁ

‘m\

ERCE O PRy O TR 10 R EEA T 0 Cdk2 RS e X PP
Flene ¥ - 2 5 scyclin Dy & I E AP B b 0 i é/,?ea%li v L i
cyclin Dy ~ cyclin D, 2 cyclin D3 >+ 3% % fmP2 $hend JE # 5 > cyclin D, &
itk 2 RIS E R 5 3 —‘F,b %% H=x % cyclinDy > @ cyclin D; B
EEREERA"T o0 P4 Atz B cyclin D e3d it 3 i % 2
3 ApB~ X > Blded cyclin Dy 4pt 0 cyclin Dy $#3E3pL it pRb2/p130 F 1=
LERP 2 E - R g A9 %Y cyclin Dy RS g E
pPRD2 ipe it T ¥ Ap T L i o gt b > Cdk4 2 Fv FA IR E & geps AT
OIS ehdg g o

LA 0 o] BERE TR 20 pRb2/p130 AL 1L R 0 ¥ cyclin Dy ~ Cdk2
fo Cdk4 3-v ¥ 4 & 0% 4> #5355 cyclin D- Cdk 4/6 £ cyclin E-Cdk2
complexes #ic® T 'F > 2 It E K LA 9 F s 3 BEEL Y pRb2 >
ERwmie P LIFH 0 BT LG -

A “%rf 7 i enCdks 2 cyclins € E 4% % Rb proteins hgifis
it ek 5 CdkIs 7 ¢ % i #r+] Cdk-cyclin complexes /&% » B 4% ¢33 > Rb
proteins L it o Cdkls # A4 5 & * 72% - INK4 &2 CIP/KIP #2% » INK4
7% A & ¥ cyclin D- Cdk 4/6 complexes 7 #r]i& %> v 7 ¢ £ cyclin D #t
% Cdk4 57 Cdk6 ¢ & %32 0 ¢ cyclin D &2 22 Cdk4 52 Cdk6 7)== 3 7
1+ ¢ complexes » @ CIP/KIP 72% % #73 5 cyclin-Cdk complexes 275 #r¢
FiE* 5 v E %ﬁ“ﬂ ¢ Cdk-cyclin complexes & & » ¢ H i) 2 V. d
Bl 8 &% » »0 ] ek enit® T 5 INK4 7220 ple™* 1 2 CIP/KIP 2% th
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pRICIPVWARISGIL g0 o gKIP 3 2 5§ 3o e » o 3¢ Cdkls 4 JLE e 4o il
¥ ™ & ¥ Cdk-cyclin complexes & |2 ¢ & "5 5 ig+ 22 10 ¢ Cdk2 {r Cdk4
B WHPEE AR 0 T AR T B o BT o e D2 K Pl T
plEINKIA | o CIPUWARLSAIL 1 p7KIPL 2o pe 91 0, 3 50 pRB2/p130 Af L 1 ¥
i o

¥->d scyclin E hZ R E 5 W4 $ > - a3 > § ol
K i~ & 2 contact inhibition F¥ > cyclinE 234 ¢ ~ £+ & > Ra 5§ o
kP& d G~ SHEPF o cyclin E end s E R 444 T ke Fl A G
B &2 cyclin E i 4 1Cdk2 > 317 SHpF > Cdk2 2 A 5 f d A 7 2
cyclin A B & miei¥pieis > ik cyclin EFEF<~ £ LM F 7 &
cyclin A $#%£ 53 Cdk2 en & > &/ @ mre i BF 3 G g e mp )
JERG e E4r ] fer T s B8 % oyclin E 3w FARER S0 F B chf
B e

%ﬁi”’ﬁiﬂﬁpfﬁﬁﬁ“§i£%ﬂﬁﬂ€%%’%%@%
4 &£ 3% & 7 &2 MAPK (Mitogen-activated protein kinase) 72%4 + 5 48
B o 2t kAP M AT L P 0 o] BLE ¥ w"? (mouse macrophages )’
k7 % % p38 MAPK g it Py — 42 % > p38 MAPK s it ¥2 — i
cytokine 4 IL-12 ~ IL-6 e 4 B » £ 9 + 4 — #1477 5 7L » p38 MAPK
5V H_ € 1 cyclin Dy 2 =Rt 0 H R e enik Ok s A A
B 5k ¢ B B P38 MAPK 3ot FE 4 4 (K 9)> e 8 3ov
SR e B AT ER S i (@] 10) 0 BEA S mini % B4 e £ g @A ks
o TR T RAFHFNE- gt FISF S b FRpTRE
BAP A PR i B B AR % P AL 1t p38 MAPK F-v 4T
Foor 5 RRAHE T ABREAIN AT > B T ol B e PR
FeATT @ 8 s Tt 4 B p38 MAPK A4k i 3oy TR 8 bov
FpeE s % AR F o
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ERK (extracellular signal-regulated kinase) 5 MAPK %2 ¥ - = §
AP M LARE Y R ERF > g F ERK @iz cnd £ {oks it 5 B o
ooyt 73 FEEE T o - a3 0 Bt eh ERK 7
FiEM £ Myc~ AP-1 & ETS # G, % # cyclin D, % 8 # 4 ' ¥ 7 _
i G, 8.4 i cyclin E-Cdk2 complex # » fm¥e+5¢ s B4 @47 Cdk2
Thr-160 =% + eoghpe 1% poeb o § 7 44y ME D ERK 7 3 434 8%
pe v p27 Akpips v p27°T g2 F f]*ug A FEHE > T 2E d ubiquitin
chaig j 1 g v fedp 4 ERK B @47 My 7 i@ SCF &1 =
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Berberine
(kM)

H1299 §

B®] 4. Microscopic observation shows the anti-proliferation effect of berberine

(1,10 or 100 uM ) on four NSCLCs ( H1299, H1299/p53, A549 and CH27 ).
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B 5. H1299, H1299/p53, A549 and CH27 cells were treated with drug-free
medium ( control ) , or medium containing 1, 10 or 100 uM of berberine for 12,
24,48 and 72 hours. Cell numbers were calculated by using hemocytometers.
Data represents that cell growth was inhibited by berberine in a dose-dependent

manners.
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B 6. Flow cytometric analysis of four NSCLCs treated with berberine ( 100

uM) for 24, 48 and 72 hours. Cell cycle G, arrest was apparently observed.
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B 7. HI1299 and H1299/p53 cells were treated with drug-free medium (-) ,

cyclinE =

or medium containing 100 uM berberine ( + ) for 24, 48 and 72 hours. Cell

lysates were then prepared for Western blot analysis of Cdks and cyclins.
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B 8. HI1299 and H1299/p53 cells were treated with drug-free medium (-) ,

or medium containing 100 uM berberine ( + ) for 24, 48 and 72 hours. Cell

lysates were then prepared for Western blot analysis of Cdkls, p53 and

retinoblastoma proteins.
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B 9. HI1299 and H1299/p53 cells were treated with drug-free medium (-) ,

INK-p

or medium containing 100 uM berberine ( + ) for 24, 48 and 72 hours. Cell
lysates were then prepared for Western blot analysis of MAPK family and

phospho-Akt.
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B 10. H1299 and H1299/p53 cells were treated with drug-free medium (), or
medium containingl00 uM berberine ( + ) for 24, 48 and 72 hours. Cell

lysates were then prepared for kinase activitly assay of Cdk2, Cdk4, Cdk®,

ERK, JNK and p38 MAPK.
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B 11. HI1299 and H1299/p53 cells were treated with drug-free medium (-),
or medium containing 100 uM berberine ( + ) for 24, 48 and 72 hours.

Nuclear extracts were prepared for gel shift assay of AP-1 and NF-«kB.
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B] 12. Molecular mechanism of berberine on cell growth inhibition of
NSCLCs.

56



# 3. The effect of berberine on cell cycle distribution.

Berberine H1299 H1299/p53 A549 CH27
(100p M) — + - + - + - +
Dayl Gl 37.51 54.16 38.83 67.44  51.52 57.66 59.39 62.28

S 49.40 36.12 50.95 23.41 38.35 34.99 30.19 26.99

G2/M  13.09 9.72 10.22  9.15 10.13  7.35 10.42 10.73
Day2 Gl 37.92 65.51 37.45 76.89  50.31 66.91 64.78 60.01
S 50.30 29.48 54.03 12.61 40.11 21.11 23.92 29.47

G2/M 11.78 5.01 8.52 10.50 9.58 11.98 11.30 10.52
Day3 Gl 49.63 57.38 43.06 76.80  54.50 63.38 65.93 58.54
S 36.73 37.79 39.29 15.52  35.69 22.92 26.87 29.00

G2/M 13.64 4.83 17.65 7.68 9.81 13.70 7.20 12.46
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