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Abstract

Influence of cell cycle regulatory factors in growth

inhibition mechanism of KB oral cancer cells by BCH

Moon, In-Sung
Advisor: Prof. Kim, Do Kyung, Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Objectives : Amino acid transporters are essential for the growth and
proliferation in all living cells. Among the amino acid transporters, the
system L amino acid transporters are the major nutrient transport system
responsible for the Na'—independent transport of neutral amino acids
including several essential amino acids. The system L is divided into two
major subgroups, the L-type amino acid transporter 1 (LATI1) and the

L-type amino acid transporter 2 (LAT2). The LATI is highly expressed



in cancer cells to support their continuous growth and proliferation.
2-Aminobicyclo—(2,2,1)-heptane-2-carboxylic acid (BCH) is a model
compound for study of amino acid transporter as a system L selective
inhibitor. The purpose of this study was to examine the effect of BCH on
cell growth suppression in KB human oral epidermoid carcinoma cells and
the influence of cell cycle regulatory factors in growth inhibition

mechanism of KB cells by BCH.

Materials and methods : The effect of BCH on cell growth suppression
and the influence of cell cycle regulatory factors in KB cells were

examined using MTT analysis and immunoblotting.

Results : The growth of KB cells was inhibited by BCH in a
concentration— and a time-dependent manner. The expression of cyclin D1
by BCH treatment was not different from the control group in KB cells.
However the expression of cyclin D3 was remarkably decreased by BCH
treatment. Furthermore, BCH inhibited the expression of cyclin—dependent
protein kinase 6 (CDK6) in a time-dependent manner. In addition, the
expression of CDK inhibitor p27 was increased by BCH treatment in KB

cells, but not CDK inhibitors p21 and plb.
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Conclusions : These results suggest that the BCH inhibits the growth of
KB cells through the intracellular depletion of neutral amino acids for cell
growth induced by inhibition of LATI1 activity. In addition, these results
suggest that the BCH arrests the Gl phase of cell cycle through the
inhibition of cyclin D3-CDK6 complex expression for cell cycle

progression induced by increase of p27 expression in KB cells.
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EolA LATIS] 24L& oAstel AX W FYohulite] 128 FEd

Az Aol ZA7]o] QA AE7F AlZ2F7E wel Fdo] dojuA
ZAstE AL Dt AEFI7)E Gy phase(BA7]), Gi phase, S
phase(DNA &4 71), G2 phase @ M phase(3F<E7])Z o] Fojxw z}zto]
AEL cyclin(activating proteins)-CDK(cyclin—dependent protein kinases)

%y

o
XN
=

¢} oJ 8] suppressor proteinEo] 93] ZEEtH24-26). Gy phased] Al

F

52 Gy phasedl v AMEEHRT whulA o] Hub o]stE 7FAslo],
Azl A7 FAEE AEAA GHE BQIW(24). Go phasedl A Gi
phase® 2] 713y platelet-derived growth factor(PDGF), fibroblast growth
factor(FGF) % 12-O-tetradecanoylphorbol-13-acetate(TPA) 53} #-& <1z}
S (growth factor)e] &3}, G; phasedlAl S phaseZ9 FdFol+=
epidermal growth factor(EGF), insulin-like growth factor I(IGF I) %
insulin 53 #& <lxE(progression factor)e] ottt delx gtk
(27,28).

ofgl Fwel AAJAEd o ZAstE Nz HdLEHE S Ras, Raf,

flo
i

Myc, Fostb Jun $3 #& 5% A (proto-oncogene) 2] &S F71A|
71M, o @AIZ G phaseE B9 3= G; phase cyclinge wdo] F7st
A "AH29). X/ E AxoA G/S phased A 54 ¢S YeldE Gi
phase cyclin® 23+ type A, type D % type E S°] 2At}(29). G; phase

==

cyclin % cyclin D(cyclin D1, cyclin D2, cyclin D3)+= Gi phaseE F43}=

r@‘ﬂ

ZAAAR IHA YvH?29). =, cyclin D= %719 G, phase Z4

Q
i

i\

volsty, CDK4 E+= CDK69F A%3 § CDKO| I4bsts fr=dto] &4 3t



Ao 2N AxF715 Al&sted FAAQ0 93-S Srh29). olw FAdH
cyclin D-CDK &3&-A7} proliferating cell nuclear antigen(PCNA)¥} 7 ga}l
3L, PCNAZ} DNA polymerases &4 3lAlA DNA HAE S7HA71A dot
(30).

kA | cyclin Ex= Gi-S #olof 422l Q1ztol™ | Gy phase E7]o &d
o] CDK2¢} Zgt3sl & G;-S phase do]7]o] CDK29 A4 =7} Halo] =
93t E F23tH29). Cyclin EX S phased So]7bH el &40 o&)] o
AL o] @A dojxH) oju] E8H CDK2+ cyclin A9t A3dste] thA

A3} "h(29). o9 #Zo] cyclin E®F cyclin A7F @A/ 8 o2 CDK2S &4

mﬂ

stAF S ZH S phasecl 4] DNA HA| & =gt}

S phase’} AY™ Gy cyclinge 43 FAHT7 43 AastEA G
phaseZ AZF7]7F A&, oluf Gy cyclinge] &40 #ashA] & A
=t S phaseol 4 Gy phaseZ 9] o] zekE o] M EE= S phasedl A
AAFTH29). ZF, G cyclinES Z Ao wado] @A I HEo]

grEE Zuhz BalEolor W YA AZF/E AP & Y Aol

+

2-Aminobicyclo—(2,2,1)-heptane-2—-carboxylic acid(BCH)¥:= 44 &9
T2 o] &H= ofnil FEA Lo AHA A A o] th(12-14,22,31,32). o}v]
A =574 Lo] leucine, isoleucine, valine, phenylalanine, methionine %

histidine 59 Zgotv|=its ¥o3 FAofv|=its FEet7] ol Rbef

ey ol# Rk obwiedt EefAlel o7 MEAG AVl we AAH
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1. A=

BCH®} N-methylthiotetrazoleMMTT)<2 Sigma(St Louis, MO, USA)el A
T3kl AFEsH e, ECL  detection kit Amersham Biosciences
Corp.(Piscataway, NJ, USA)olA Fh3ste] AFE3FATh Anti-cyclin D1
antibody, anti-cyclin D3 antibody, anti-CDK4 antibody, anti—-CDK6
antibody, anti-pl5 antibody, anti-p21 antibody, anti-p27 antibody % anti-
-actin antibody+= Cell Signaling Technology, Inc.(Danvers, MA, USA)ol| A
Tdske] Algst o, 7lEF B A FE S analytical gradeE T35t AR
skt

Abgh 7 A A EgE KB AlEE American Type Culture Collection

(ATCC, Rockville, MD, USA)oll A #|-& 1o} 23 o] o]-83}3t}.

2. MxF¢ AEa) s

KB AlX+= 10% fetal bovine serum(FBS, Gibco BRL, Rockville, MD,
USA) % A A (100u/ml penicillin, 100¢g/ml streptomysin)7} 3% 37T 2]
Dulbecco’s Modified Eagles Medium(DMEM, Gibco BRL, Rockville, MD,

USA)3} F-12 wix7} 312 Egd A stoll Al FshA AR-E-3f vt
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3. AZEAL SAHMTT £4)

BCHel o& AEA4% oAl asts #aa7] 18 37C A shelx

kel KB AEE 453139 24well plated] HZE(Gx10%cell/wel)dta, HE

il

2477 3 BCH v %3t 522 1 - 29 Agdte] 37ToA w3 Azl & A
AAgaHdE MTT Aoz FAAY. MTT 42 KB A2

MTT &85 37ColA 447 A3 3 MTT €4S A Asa 0.04N HCI

o] Ffr¥ isopropanol® AXE &3|3te] 570nmelA FHEE FHsto] Al
ket

4. Immunoblotting

BCHel gk A48 AA71dS &1st7] 918 immunoblotting S A
ahdth. 10em WAl 5x10°9) KB AZE HEetAvh 2443 wjF F,
BCH 20mM= 1 - 2¢ Agste] 37ColA W&A1Z & AEE FHsAH Al
X E 4T PBS®E 23] AFS & 4T9 lysis buffer(19% Triton X-100,
0.5mM EDTA, ImM phenylmethylsulfonyl fluoride, bug/ml aprotinin % 5
pg/ml leupeptin®] ¥3¥ PBS)ol A 30%3F HFSAIHTE AE LHES
12500 X g oA 203 AAEed 5 @A A 5E AFsidvh oud
A5 E 2819 SDS sample buffer(60mM Tris-HCl, pH 6.8, 4% SDS, 25%
glycerol, 14.4mM 2-mercaptoethanol, 0.1% bromophenol blue)o % i 100T

ol A 5E7F WA A7l & SDS-polyacrylamide geloll #A7]9%3 tv}e



nitrocellulose membrane®. 2 ©]5 AT Membranes 5% fat-free dry
milk-PBST buffer(PBS, 0.2% Tween-20)°4 247+ &<t blocking st %3 iz
PBST buffer2 1513 33 Al¥ ettt A2 anti-cyclin D1 antibody
(1:1,000), anti—cyclin D3 antibody (1:1,000), anti-CDK4 antibody (1:1,000),
anti-CDK6 antibody (1:1,000), anti-pl5 antibody (1:1,000), anti-—p21
antibody (1:1,000), anti-p27 antibody (1:1,000) % anti-B-actin antibody
(1:2,00005 Alg3tH o™, o]x3A = horseradish peroxidase conjugated
anti-rabbit IgGE 5,0008] 3|2 3}o] Alg3}Hth. ECL detection kitE Ak-8-3f

o] X-ray ZEo] 43 F BAqt)

5. ddAR FANAY AR

1

r{n

ni‘

5 JA L& mean + SEMo 2 YeRSa, 72 Ad 7he] o4

AL ANOVA Fof Student's t-testE 3F¥ 2w, p-valueZ} 0.05 w|TH

(p<0.09)¢] BFolM A=A Folde] = Aoz el



Ad 23

1. KB A XA AIXAZ dFS v|X= BCHY &3

KB A|xXo|x BCHOl <9t AxAdd dAadE FAsh7] 98l MTT #

A& Aldstdth. BCHE 0, 03, 1, 3, 10, 20 % 50mMe] st w22 1Y

7 29 Bk KB Aol Fod & MTT #AAE Al A3, BCH 0.3, 1
2 3mMO FRolAE R Hlastds W AIEAG A AolE =
T 1ok (Fig. 1). 2=yt BCH 10, 20 % 50mMel A= w3t B ulsho]
B o FEd A dAads B 5 qdden, o] g ANy F&
o gEAYS FAd 5 AATHFig. 1). KB AEZAFE Aol ths BCHE

ICs2 Table 19 YERH AT}

Table 1. Antiproliferative effect of BCH in KB cells

Days ICs (mM)
1 day 199 + 2.7
2 days 11.7 £ 0.9

The ICs values represent the mean + SEM for three experiments.
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100 -

(1013u09 j0 %) Anjiqeln 129

3 10 20 50

0031

3 10 20 50

0031

BCH (mM)

Fig. 1. Time- and concentration-dependent effects of BCH on the

cell viability in KB cells. The KB cells were treated with 0, 0.3, 1, 3,

The cell wviabilities were

2 days.

20 and 50 mM BCH for 1
determined by the MTT assays. The percentage of cell viability was

10,

calculated as a ratio of A570 nm of BCH treated cells and untreated

SEM for three

+
“P<0.01 vs. control and ““P<0.001 vs. control (the control

Each data point represents the mean

control cells.

experiments.

cells measured in the absence of BCH).
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2. BCH9 9% cyclin D9 &4

BCH7} KB AlE9] 45 dA3 AAANTIER, AEF7] Fdd=)

.
©

HHEAEE 24387 ¢35t immunoblottingS Al &ttt AEF7)9F

(e

o] =2 QA F cyclin Do HAAHEE SAH37] &l BCH 20mM= A &

-

3 KB AlZe guae 2%

o

tol Eelst A cyclin D19 2@ BCH A
g 1¥ 3 29T A Ry Zolzk vk (Fig. 2). ey cyclin D3&

BCHE AdgsA &2 dxwdrs 2 2de 2oy, BCH A9 194

3. BCHel 93 CDK9 &4

CDK4%} CDK6el w@4EE %487 $la KB A%l 20mM BCHE
A e 3 A, Fig. 3014 R kst o] CDK4e) ##& BCH Hel 193} 2
Qo] A vlE#s} A7t §leleh. Telvh CDK6: BCHE Aelehd 2o

ZaoE =& 4dS Beoy BCH AHa 1€93 2974 BCH A g A

o

o o3

o
Ht

uk3] o] 7+ A 3l¢] th(Fig. 3).

p
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A BCH treatment (20 mM)

Time {days)
0 1 2
3MkDa—| "

36 kDa —| i -

47 kDa —| - e

a0

£ o
L} [}
1 1

Density of hand (% of GAPDH)
]
=

— ¢yelin D3
— ¢yelin D1
— B-actin

=

Time (days)

Fig. 2. Cyclin D activities by BCH treatment in KB cells. The cells
were treated with BCH 20 mM for indicated time periods. The cell lysate

was prepared and analyzed by Western blot analysis.
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A BCH treatment (20 mM)
Time (days)
o 1 2
36 kDa —| %% == = | > CDK6

J0kDa—»| " @& e| > CDK4

47 kDa —| = s - | — p-actin

o

120 -

100 4

o0
=
1

o
=
1

i
[}
1

| ou]
[
1

—— CDk4
—i— CDHKE

Density of band (% of GAPDH)

o

1] 1 2

Time (days)

Fig. 3. Activities of CDK4 and CDK6 by BCH treatment in KB cells.
The cells were treated with BCH 20 mM for indicated time periods. The

cell lysate was prepared and analyzed by Western blot analysis.
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4. BCHl ¢ ¢ CDK A3fIA=9 &4

CDK Aaf1#kel pl5, p21 % p27e] TAAE=E 437 9fsl, BCH
20mME 143 2 AHEg KB A2 @S %3519 immunoblotting<
A&kl Fig. 404 B npe} o] p272 BCHE AHelshA &2 dix
o Ao wdsA erkort, BCH A 193 2UtolA BCH A 2l A3k

of ojEHow Wdo] A FrietAv. LEy p2l¥ pl5 BCHE A g

ol
X
52
rlo
=
BN
=
=2,
>,
rr
H
rlo
i3

A BEAov, BCH A2 193 2¢lA
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A BCH treatment (20 mM)

Time {days)
0 1 2
27 kDa — - = - p27
21 kDa —| & “ | = p2
15 KD —| g = ===| — p15
47 kDa —| - wme - | — PB-actin

X

g

M & & 8

=

Density of band (% of GAPDH)

Fig. 4. Activities of CDK inhibitors (pl5, p21 and p27) by BCH
treatment in KB cells. The cells were treated with BCH 20 mM for
indicated time periods. The cell lysate was prepared and analyzed by

Western blot analysis.
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 ATelA A 7 BEAESE KB AIEE ol &8to] ofn| kit FF

AL AAA] BCHO HAIE A wx= aaet AZAd% oAl A

oEHoR dMExe AAS AT FHEAE AL o8 FFEE
([6]-paradol, norcantharidin, baccatin 5)°lA ¢ 54 3(33-35)2F o 3}+=

Aolith, ¥ AT oA AN AY TP ARALLE KB AL A

i

ofm At 25 A L FolA LAT1% 2 RFEA 4F2hcs HESA W o}
sk A Le] B vE ofdel LAT2E TdskA gevia Hilew

BCHell 2]3t L-leucine 49415 ¥s KB Al3o|A L-leucine

o
f
o
o

FAolnlmitel $gel LATIO] $88 7152 st vk wag o 9l
THE6). KB AEoNHE ohvliwit £57 L FolA LATIe] A3l o]
58] FAobnlato] &M E BCHE As sxo] e|Eq oz KB A
xel AAe ANATY. ol @ ATE Fdete] ¥ w, Ag 74 ARAE
%% KB AEelA BCHel o8 AEdF oAl FAohwie Fah

LAT19] 42 BCH7F iAlste] AEAY ol B5H Boobr it e o
(3]
-
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ZAAEo] AAXEEQ apoptosisE FEdHE ATE Aldstal ATH(37-40). =

A
=

N

2
BT
o

ol Aol A BCHel 93+ KB AlEAF A7) A apoptosis”}

e
o
L)
rlr

A Z gelslz] 9s8te] DNA fragmentation 415 A3 3le], BCHel
F5

ow  BCHol 93 =%+ KB AX AddA Ao caspase-3%F

Lo
)

ol

olgt KB Ao AelAl ¥ apoptosis 7]1d o] E3E &= 3& <l

A

caspase-7° 2]=# <l apoptosis’} E3THE O] Y&S Hd wp qrk4l). w
ZhA B Ao A= BCHel 93k KB AlE9] A& AN MEF7] 3
Aol 2471 AS A T

&

iy

= £9] indole-3-carbinol, isothiocyanate % resveratrol 53 Z&

AF Fe HBAG FATENA ALYY AATHS dehavkn w
A o gov, oed Eat: AXFE/ weldtt g A4EL WA

A GHEZES apoptosisE fTE3IY AEES AdAAII= FoZ HAuHJTH
(40). AlEZF719] 242 2 4zl CDKs T CDK4¢ CDK6+= cyclin
D¢} A Al EF7]9] Gy phase®t Gi-S phaseo] £83 9IS st o4y
A AvH29,42). Cyclin D ¥ cyclin D12 45U FAAZA AlE AL E
A AEFT FEEs F o Ak EEA i, HIEY dATES FE
cyclin D13} fAFSE cyclin D29 AESA 7]5E 2 cyclin D32 AFg HA
FEolM e T2 JTdEr HuHJAT(29). B A= Abg A HE
MAELF KB MEAA cyclin D19 W& BCH A2l tjxdolA ¥
2 Zol7b il e, cyclin D39 @@ BCH Azl o8] d43] 743t
tH(Fig. 2). T3 CDK49 #d& BCH Azl diFzdtolA "EoE xjol 7}t
gidlett, CDK6+ BCH A gAztel] oj&A oz o] Zhasklth(Fig. 3).

e e ATANE ABATAEY AT ATH294042)9 o] mAshe] 2
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w, Abgh 4 HEAMELFT KB AlEoA ofu b =5 L] AEA oA
Al BCHE CDK69| Qlxtst 248 #aA71a E cyclin D39 2dS 7+
2ANA, A= KB AlE AlxF7] e A T]= Aow AgdTh
AT A CDKe &A4olAd Fas 935 st Addase 4y
= Ikt CDK Adidlab= oF oAl did=z dex e, o5
cyclin-CDK ¢t o} A etste] A4tst 245 At g JvH29).
CDK AdlAA plo M2E2F7] B4 T cyclin D/CDK4 E3HA] =& cyclin
D/CDK6 E3tAlo #d® pRbe] <AkstE 9 A5ke] Gy phaseolA S phase
2ol AP AAA I = Aoz AdeA Yrh29). CDK A3 p21 gz
S A EF7] A cyclin D/CDK4 34 &= cyclin D/CDK6 E&Ao] ZAst
sto] A4kst &4 & gAst, CDK A8l dAr p272 MEZF7] 5 Gi phase°l
A S phase®¢] #Ao|A cyclin DU cyclin Eoll ¢]&# ¢l ¢14t3} &S o
AgTH43). B ATl A E p27e] TAe BCH A Agtel ofEHow 7t
st o, p213t ploe] T AU tHFig. 4). oled dFARE AP
TAE] ATAH(29,43)¢F o] nzEste] B owf, KB Al AMEF7] 3A
of /] BCHE CDK A3dAel p27e S7FAA CDK69 €4& HAA7|&=

o® AR aey BCHZE fEshs 9HA

H
ox
o)
19
2
2
sl

g Alx B

B4 NAATE d FFskelor & wAlw Azhac,

Agdog B Ao AREA AG 17 #AFAE

2
i

= KB A|XZA
olu|w=2F =44 L 9AA BCHE KB Al XA =74 @dst= LATIO &

As gAlste] Alxdded F42<Ql L-leucine & Aot =AMl AL W
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AAA 7= A

< Gy phaseE

E£77)

s A oRAM A

=13
=

cyclin D3¢

B
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A 7 RAALLE KB ALE o] g3] obvlmit S5 L A4
¢l BCHe| SAZ Ageidol vixe Eaet AXHY oA/ AN ALF
7 zAAAEe] G¥e WA/ fd, KB AEAN MTT #4 92

immunoblottings Al dste] o2 22 AyE AU

L obrlwal 547 Le) Held eAA9l BCHE A 5w gegoz

2. KB AlEZAA cyclin D19 2382 BCH Aga3 dlz=ato A zko]7t gl
O} cyclin D39 ©&2 BCH AHglol &) dA3] AUt

3. KB Ao A CDK49l 32> BCH Agad dizxzatolA] Afol7F glle
L}, CDK6+= BCH A gjA| 3ol ofE#4 o= whgo] ZFAstqlt)

4. KB M XA CDK AdlAAF p279] @ BCH HzlAlte] ofEH o=

Z7 sl oy, CDK A a1z p213 pl5e] &d e 74t}

B AT ANA AP 774 ARAERE KB AL opvit 54

Al L A4 BCHE LATIS &84S oAlste] FAobvw=ate] A W 17

tlo

G53to g KB Al*Ee AAS AAAI)E= Aoz Algdt =3 BCH
= KB M XA p279 WA Z7ME $2359 CDK6SF cyclin D39 w& < o

AANH O 2 MEZF7] F G phaseE AAA 7= A2 AR ET
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