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Abstract

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 L-type
amino acid transporter 1 (LAT1), an isoform of system L amino acid transporter, 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 the study of amino acid transporter as a system L selective inhibitor. We
have examined the effect and mechanism of BCH on cell growth suppression in HEp2 human head and neck
squamous cell carcinoma. The BCH inhibited the L-leucine transport in a concentration—-dependent manner
with a ICsp value of 51.2+3.8 uM in HEp2 cells. The growth of HEp2 cells was inhibited by BCH in the time-
and concentration-dependent manners. The formation of DNA ladder was not observed with BCH treatment
in the cells. Furthermore, the proteolytic processing of caspase-3 and caspase-7 in the cells were not detected
by BCH treatment. These results suggest that the BCH inhibits the growth of HEp2 human head and neck
squamous cell carcinoma through the intracellular depletion of neutral amino acids for cell growth without

apoptotic processing.
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opvjimhe el ghd o] 71do] i, a4 s=2& Y
ARG EA S| Aol Aotk AE tollA o
ofr|iite] FE2 Aol AAIF ofv|t FEAE F
ste] o] FoRTk(1). opr| et FEA L FAobv] kS
FEohe Axe dndeX GAEE 233t Al
T A FAotmmqte] FHETL He obviet FEAR
dHA Ao (12), FIAAEY 7IAS ol EAsto] 2%
FIUAEE T T =AY Fo T2 Vee §
tH3)

Kanai 5@l 93l ofrl=Ait =57 LY A HA o}l
L-type amino acid transporter 1(LATI1)o] &A= At}
LATIS 123 AXgs #5se 2 @A Z A leucine,

isoleucine, valine, phenylalanine, tyrosine, tryptophan, me-
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= 54 7R JdT4-6). LAT1E 4F2 heavy chain
(4F2hc)olgte 13] Axug dF3ste o oAy 23
heterodimer® ©¥ do]u LATI1o] 7]%5< e 7] 980
AMe BZERA 4F2he®] EA7} 42 o|th(4,57,8). Eg
LATIS SAEe} Zo] A2 U A7t SolA o= 375
A A&AR F213 o] A2l A A Fird s
o Nxo] Al&Es AFol 83 IS sttt G A
UH4,59,10). LAT19] A3 54 o LAT1 F+X23
oz #H] ' opv|=gt FEA LY F ®A ofFH<
L-type amino acid transporter 2(LAT2)7} 3% At
(311-13). LAT1¢] &A= @ty &3 A=
2], LAT2E B AdxAolA 2dg Holn, 727}
& FAo AT ol e} F27F AL FAoH e
2E

FEIH12-14).
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2-Aminobicyclo—(2,2,1)-heptane-2-carboxylic acid(BCH)
= otHAit EA ATl F2 o] E & oH| At FEA
Lo A€l oA A o] th(4-6,13,15,16). o}v]iAat =57 1Lo]
leucine, isoleucine, valine, phenylalanine, methionine 2
histidine ‘59 B4olulesbe T FACI RIS Fo
a7] W, wof MEoN S5 Lol BCH 2L o AAl0]
o] AgHETtE A ETE AEZART =20 Yol Y
o]-u]‘_,—_)‘\l—o] —r7¥51 o7 I &As ?_])E ]_b)ao] g)\g 7/4\0]
o, e ol@ @ obnlak SaolAle) o g AT o)
3o B A9A ArE 7

g, 77, AT W FEE E
ol vl 1 wAv1R 5 EAAEEE Aol
A @& o F9 shfolth ATl A FAR Az
g ol FAY APAELS AEolA

2
%M EHF HER2 AEE o] §3he] ofmlwit 547 L o]
BCHS| A E 4geiAlol mAe sk A% 4%
o171 W mA s, obL e obvl it 4 LATI
54 AR B84 AR Bt
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L-[“Clleucine Perkin Elmer Life Science Inc.(Boston,
MA, USA)Z5E T943te] A8 al, BCHSF N-meth-
ylthiotetrazole(MMTT)= Sigma(St. Louis, USA)o| A <
3led AFR-3FR 21, ECL detection kite= Amersham Bio—
sciences Corp.(Piscataway, NJ, USA)oll A T4 3}o] AF&
399 Y. Fetal bovine serum(FBS)3% DMEM HjA|=
Invitrogen Co.(Carlsbad, CA, USA)| A F+43stg4th ofn)
=2 @ 7R FE L analytical gradeE T8t AL8-3)
b=

At TR BAPA ELE HEp2 Ml EE American Type

Culture Collection(ATCC, Rockville, MD, USA)ol| A #| &
ol 10% FBS7F E¢FE DMEM 3&}ol| A wfj &Fal A A&
=g

L{“ClLeucine uptake ZXAIE

HEp2 AlZzolA S r| et FFo &S vA=
S (

BCHS 545 ZAFs17] 918 Kim < ©] 83
o obr) =4t uptake AE-ES Al HEp2 A2 E 37°C
o] A2l 2](109% FBS7F Z3te DMEM Bl A)) shol] A} ul o

5 0% A=A
stedck. Ml A (10 cm)e) whetol A7} o 90% B = A

AA %l*o‘ u, EYAS o] &3t MEE F3 5t 24 well
platedl] AI(1x10° cells/well), 48217+ & uptake 2 H-&
A3t AAMAE FF71E o83t AAS H, AxE
£ Na —free uptake &4 (125 mM choline-Cl, 4.8 mM KCl,
1.3 mM CaClg, 1.2 mM MgSO,, 25 mM HEPES, 1.2 mM
KH-PO,, 5.6 mM glucose, pH 7.4)& o]-&3te] 33] A2 3
= 37°ColA 10w Ak stk 1 ¥, &AE L-
["Clleucine(3 uCi)e] £A)3}= uptake &R0 2 WA 3}
18 WA AT W89 HAE 98] 4°Co] 22 &4o=
33] M Zd3lATh AIEZE 01 N NaOHeol| o] A X ¢to g
uptake ¥ AL liquid scintillation spectrometry(B3-
counter) &2 ZA3lR o, =43 WAES pmol/mg pro-
tein/minS. 2 &3 Ak B =5 2] uptake APl Z+ 2
HF o2 HEp2 Al 7t EA8ke 4~6712) wellg o] 8319
o, ZZte] AFHE mean+SEMO g2 ¥ AsEY. 2+ 23
o AAARE 137 913t 33 o) W EAFE
o Ax=S 2FE3 T HEp2 Al X oA L-leucined] 42
AAste BCHY ICxH(HH A= 50%E FdAl7I= %
‘:)—°‘ L-["Clleucine®] % 1 uM(3 uCi) &4 3ol BC
=0, 1,3, 10, 30, 100, 300 & 1000 pMol| 4] uptake(13¥) %
‘rsg IR IR A=

MTT A&

BCHell 93t MEXAAF AAaxE #asl7] 93l 24 well
plateoﬂ 5x10° cells/well®] HEp2 Al EE 41T} 244 7F )
&3t & BCHE Tt =k AlZkell A Al sle] 37°Cel
A H&%*l 71 & Aol AEE MTT Agdog =33
ot MTT A3e HEp2 A Z] MTT £4MTT HE5E
05 pg/ul)S 37°Coll A 4212k A 23t F MTT &2 A A
&}ar 0.04 N HCle] 3% isopropanol® o] 570 nm
AN FFEE FA3t AAsIAh

oby 09;

DNA fragmentation £44

MEAFE 9] 7173 = apoptosis®] X ¥7} &= DNA frag—
mentation #41& APttt BCHOl 9§+ Al DNA
fragmentation &35 ##3}7] ¢J38H, 10 cm Hj °k7}j Al &
5x10°7§¢] HEp2 MES A%t} 2447 v %3t 3 BCH
50 mM-S A3}, 24X 7F EE 4847 B3t 37‘C0ﬂ A %
3 3 HEEZ FR-3}Y lysis buffer(0.1 M NaCl, 0.001 M
EDTA, 0.3 M Tris-HCI(pH 7.5), 0.2 M Sucrose)& ©]&&
E24}9] phenol-chloroform extraction &2 DNAES F&
34 tH17). %3 DNAS 15% agarose gelolA] 2719 %
(50 volts, 1A17F) 31992, ethidium bromide® & 43} ]
SR A=

[mmunoblotting

M| 3 apoptosis®] A% 7} E|= caspase-32} caspase-7 &
A& 938 immunoblottingS A8 8FGTh 10 cm ¥ %7H A
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D 5x10°70 2] HEp2 MEE A 24213 w3 F BC
50 mM<S thegh Azt A X Eldted 37°Cel A BEEA1Z1 £
HNEE AT M EE 4°Co] PBSZE 23] Al H 3 & 4°C
9] lysis buffer(1% Triton X-100, 0.5 mM EDTA, 1 mM
phenylmethylsulfonyl fluoride, 5 pg/mL aprotinin 2 5 pg/
mL leupeptin®] X PBS)olA] 308 HFSA| AT AME
|3 =S 12500x goll A 2087 A2 & duld A5
= A3yt & A5 2 2v) 9] SDS sample buffer(60
mM Tris-HCI, pH 6.8, 4% SDS, 25% glycerol, 14.4 mM
2-mercaptoethanol, 0.1% bromophenol blue)ol ¥ 11 100°C
oA 587 HAAAIZl & 12% SDS-polyacrylamide gel®l
120 voltoll A 2413t 7195 3 ths, &2 transferg ©]
43} nitrocellulose membrane(Millipore Co., Billerica,
MA, USA)2. 2 o]FA]#H . MembraneS 5% fat-free dry
milk-PBST buffer(PBS, 0.2% Tween-20)° 4 2417t 59t
blocking3}%1 32, PBST bufferZ 15%3t 33] A& 3stdct &
21 A 2 anti-caspase—3 antibody ¢} anti—caspase—7 anti—
body % anti-B-actin antibodyS Cell Signaling Technol-
ogy, Inc.(Danvers, MA, USA)S.ZX ¥ Y3}, anti-
caspase—3 antibody ¢} anti—caspase—7 antibody+= 1,000u}
3] A 5he] AFR3R 2 W, anti-B-actin antibody= 2,0008H
g3l ALE-3lAT}. ©]28A| 2 horseradish peroxidase
conjugated anti-rabbit IgGZ 5,0008] 3] 4 ste] ALE-591C
¥, ECL detection kitE AH8-8}] X-ray 5ol @43 F
A5t

A=Zo| SHEA HY

AFAH AL mean+=SEMLe 2 Yl Qlar, 2+ 243
9] #2914 AAHL ANOVA F9| Student's t-testS
sto™, p valueZ}F 0.05 7] 9Hp<0.05)2] 7 $-olA E4 74
o de] ' Ao FEA.
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L-leucine=&01 CHEF BCHe| &1t

HEp2 Al Z A L-["Clleucine®] F%°l 7] x& BCHE]
EAS 2187 Y3ke], BCH &4 stell A [MClo] B4
L-leucine uptake 2 ¥-2 A3}3tch L-[“ClLeucine(1 uM)
< o8 F=9 BCH(, 1, 3, 10, 30, 100, 300, 1000 uM) <}k
A A Elet 23, BCHE % 9E£2 2 = leucined] A|lE

F5& dAE o, 1 1Cse 51.2+3.8 tIMZ 2H&EH
A H(Fig. 1).

M= Zo CHst BCHe| gt

HEp2 A XA BCHl &gt AE37% AAEHRE XA}
37 918l MTT £45 A8tk BCHE 0, 0.3, 1, 3, 10,
20 2 50 mM9] thekst =2 3% F9F HEp2 A 2o Fo
3 & MTT #AFE Aldst 29 BCH 0.3 mM#} 1 mM<]
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Fig. 1. Concentration-dependent inhibition of L-[*Clleu-
cine uptake by BCH in HEp2 cells. The L-[*Clleucine uptake
(1 uM) was measured for 1 min in the presence of various BCH
concentrations (0, 1, 3, 10, 30, 100, 300 and 1000 upM) in the HEp2
cells, and was expressed as a percentage of the control-L-leucine
uptake in the absence of BCH. Each data point represents the
mean+SEM for three experiments.

Tole T H Has s W AEAG A9 2ol
E o 05 (Fig. 2). 28y BCH 3, 10, 20 2 50 mMol|
= 227 vnsle B u =R IR dAaHsE
T Afen, o] AFE AT TR EHYE F<
g = AATHFig. 2). HEp2 A4 J Ao 3k BCHS

me > ot ol

ICo(BCHE A g]shA] b2 27} vlaste] Ao A
9] 50%F FEA7IE= %) BCH A& 194= 50 mM
RNeH, 3dA=

ool a, 24 A+ ¢F 11.9 mMo]
mMe] 1t Table 1).

°F 5.7

ko
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40 H{ @ BCHO3mM
-BCH 1mM
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Fig. 2. Time-dependent effect of BCH on the cell viability
in HEp2 cells. The HEp2 cells were treated with 0, 0.3, 1, 3,
10, 20 and 50 mM BCH for 0~3 days. The cell viabilities were
determined by the MTT assays. The percentage of cell viability
was calculated as a ratio of A570 nm of BCH treated cells and
untreated control cells. Each data point represents the mean=*
SEM for three experiments. p<0.05 vs. control, “p<0.01 vs. con-
trol and ““p<0.001 vs. control (the control cells measured in the
absence of BCH).
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Table 1. Antiproliferative effect of BCH in HEp2 cells

Days 1Cso (mM)
1 day > 50

2 days 119*14
3 days 57x3.1

DNA fragmentation =49

BCHell ©]8 HEp2 Al o] AAel4 7] 4<S 91317 9|
&}o] DNA fragmentation #432 A]33lth BCH 50 mM
£ 24717 = 48A17F M E|§F HEp2 Al X9 DNAE F&3}
o Aoz g% A, djx+ @ BCH g A3+
o] 4 DNA fragmentation a4 & 4 {1 HFig. 3).

BCHOI| 2|E} caspase-72| degradation

Caspase—-3¢} caspase-7°] A% apoptosis®] A %7} H
22 procaspase-3¢ procaspase-79 WHEAS 95|
immunoblottingS A8 th BCH 50 mM< 24A17F &
= 48A17F A 2]gt HEp2 M2 @A s FE31e &3t
23, vz %2 BCH A8 d¥TollA procaspase-39
procaspase-72] proteolytic cleavage @42 2 4 1At
(Fig. 4).

Time (days)

0 1 2

Fig. 3. Agarose gel electrophoresis of DNA extracted from
HEp2 cells. The cells were treated with BCH of 50 mM for in—
dicated time periods and nuclear DNA was subjected to 1.5%
agarose gel electrophoresis.

Time (days)
0o 1 2

— Caspase-3 (32 kDa)

— Caspase-7 (35 kDa)

— B-actin (43 kDa)

Fig. 4. Immunoblotting of caspase-3 and caspase-7 in HEp2
cells. The cells were treated with BCH of 50 mM for indicated
time periods. The cell lysate was prepared and analyzed by
Western blot analysis. The amount of proteins was 30 ug per
each lane and the 12% SDS-polyacrylamide gels were used.
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norcantharidin, baccatin 5)1A¢] AFZAH(17-19)} ¢
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e fEFoEA HEp2 AEHEY A F=T 54

o] JE AOE AR
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&} DNA fragmentation ¥4-& 2|33 23} BCHE * &
3t ol A7 A% DNA fragmentation @4 & 4 gl

Ao ol FgLaAE Ad A8 FFEE([6]-paradol,
norcantharidin, baccatin 5)¢] DNA fragmentationS %=
Sh= apoptosis HA ol &3] NEE APEAZIE AFAD
(17-19)¢} ©-2 Az 24, BCHel 98 fx=5& HEp2 A%
A A o] #A o= apoptosis T o] £H A = AL

Caspase®} E8 & AlE W cysteine proteaseE 9] A&
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apoptosis FAol| F L3 A5 s, I F caspase-3F
caspase—7-2 apoptosis®l 23+ A EALE 9] effector caspase
2 &8 JqvH20,21). Caspase-37 caspase-72 Z+2t 32
kDa#} 35 kDa®] &4 proenzymel. 2 A=, o}kl
AF=Holl o]3) apoptosis”t old Wl proteolytic cleavage &
o] dojtti(20-22). ¥ ATl A proenzyme?! procas-
pase-3% procaspase-79] LHAEAL 93] immunoblot-
tingS A3 23 BCH #&] A&l A procaspase-33
procaspase-72] proteolytic cleavage d4<2 & 4 Sllo
), o] A7= BCHY| o3l fr=5+< HEp2 AlX 374 A 9
74l apoptosis o] LEA] FFS AlALGE e
BCH7} =3t SAIE AddAlo B3 A & B3
ZIAQTFE B FFetoor & HARE A4Ent
AEAOZ AN AR APYAZUFT HEp2 Az A

ofm =2t =57 L AlAl BCH= LAT1 48 A 3}h¢]
M EAZA ] B4 L-leucine 5 A oFr]=4ke] AlEZ
174g FEFo 2N HEp2 AlXx9] 443 AAANZ 7154

of 9 Ao AndTh EF B 49 A%, LATI
AAE o8 PAE AR B E Shte] YT

[
ANG 5 e Ao AztHn.

FA5 ABPAELF HEp2 A X E o] &3t opr|m
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A e 93] 7] 918 HEp2 A el A
uptake A3 MTT ¥4, DNA fragmentation ¥4 % im-
munoblotting & Al33le oS3 & AFRES 4
obr] =2t =54 L IAAQ BCHE L-leucine uptakeZ %
T gEHo R AP o, 1 [Cshe 51.2+3.8 uME 4t
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o= AA st BCHE A 8§ A@ 4 DNA frag-
I §lHh BCHE 2]k A 3ol A
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% HEp2 AZoA otv|=it =54 L JA14 BCHE

mentation EA-2 &

LAT1 45 Alsto] AE47] 4421 L-leucine 5
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