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Differential expression of system L amino acid transporters

in rat glial and C6 glioma cells
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ABSTRACT

Differential expression of system L amino acid

transporters in rat glial and C6 glioma cells

Kim, In Jin
Advisor: Prof. Kim, Do Kyung, Ph.D.
Department of Dentistry, Graduate School of Chosun University

Amino acids are required for protein synthesis and energy sources in all living
cells. System L amino acid transporters neutral amino acids in a Na -independent
manner. In malignant tumors the L-type amino acid transporter 1 (LAT1), the first
isoform of system L, is highly expressed to support tumor cell growth. In the
present study, the expression of the system L amino acid transporter and BCH
cytotoxicity were examined and compared in both rat glial and C6 glioma cells.

The rat glial cells expressed the L-type amino acid transporter 2 (LAT2), the
second isoform of system L, with its subunit 4F2hc, whereas the LAT1 was not
expressed. The C6 glioma cells expressed LAT1 with 4F2hc but not LAT2. The
[*CIL-leucine uptakes by the glial and C6 glioma cells were inhibited by BCH in a
concentration-dependant manner with the /Cx» values of 270.0 £ 137 uM and 73.1
+ 45 uM, respectively. The cell growth was inhibited by BCH in the time,
concentration—dependant manner in the glial and C6 glioma cells. The rate of cell
growth inhibition induced by BCH in the C6 glioma cells was higher than that in
the glial cells. These results suggest that the transports of neutral amino acids
including several essential amino acids into rat glial and C6 glioma cells are for

the most part mediated by LATZ2 and LATI1, respectively. Therefore, the rat glial
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and C6 glioma cells are excellent tools for examing the properties of LAT2 and
LATI, respectively. Moreover, the specific inhibition of LAT1 in cancer cells might

be a new rationale for anti—cancer therapy.
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(1,3-7).

19981 Kanai 5ol 93] olv|x=4ik =54 Lol A WA o}3g <l L-type amino acid
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+ . . . . . . . .
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1. 23A=s

[MCIL-leucine& Perkin Elmer Life Science Inc.(Boston, MA, USA)Z ¥ T
o] A48l % 3, BCHE Sigma(St Louis, MO, USA)ol A Fdste] ALE33 o o}
Al 2 71 A GE L analytical grade® 45l A& Y. Affinity-purified
anti-LAT1, LAT2 % 4F2hcE Kumamoto Immunochemical Laboratory, Transgenic

Inc.(Kumamoto, Japan) o X & A& 1Wko} AL 3} T},

2. AT M|

A7 AN wAMEE AST 1-2949 3 F (Wistar rat, Dachan Biolink, Choongbuk,
Korea)oll Al ¥ %#& #%3d o 24 well plateol seed(2.5x10"/wel)d 5l oF v ]
(MEM; Earles salts, bicarbonate glutamine free)oll 21 mM glucose, 2 mM glutamine,
26.5 mM bicarbonate, 10% fetal bovine serum, 10 % horse serum % 10 ng/ml9
epidermal growth factorE #H7}8to] 5% CO»8}ol A vl eFst vl 13-15Y9 & WA X 9
SABEHE Kol Aol AtgstR o, v WA= 257 FEYH 1FUo] A A
galAtt, nAEFE C6 Al EF+E= American Type Culture Collection(ATCC, Rockville,
MD, USA)ol A FY3}to], 10% Fetal Bovine Serum(FBS, Gibco BRL, Rockville, MD,
USA) 2 3AA (100 u/ml penicillin, 100 pg/ml streptomysin)7F &% Dulbecco’s
Modified Eagles Medium(DMEM, Gibco BRL, Rockville, MD, USA) 4 &8 #] 3} o] A
o GF st A ALFE-EFSL

3. Total RNA &% 93dA-Td&24L dANE(RT-PCR)

WA Ee} WAEF C6 MEFTEHEH TRI REAGENT kit(Molecular Research
Center, Inc., Cincinnati, Ohio, USA)E ©°]&3}9] total RNAE F=3 &, A9H +3%
715 o] &3t 260 nmolAl FHEE ST cDNA A4S 3t 5 pgel total

RNAZE reverse transcriptase(Invitrogen Life Technologies, Carlsbad, CA, USA)<}



A 128, WSS 94T oA 30%, Z2FWHES 60CoA 30%, TN 72T oA
4527 3BF/NE WRAYD AT FPWGE T2CAN 081 Al WA

t}. RT-PCR 4F$ AHEL& 1.29% agarose gelollA] A 7] % 3lo] 22ls}9dT},

Table 1. Primer sequences for PCR of LATI1, LATZ2 and 4F2hc

Primer Sequence (5'—3") PCR product (bp)
LATI1 (sense) CAATGGTGTGGCCATCATAG 597
LATI1 (antisence) GATGCATCCCCTTGTCCTAT
LAT2 (sense) TCATTGGCTCCGGAATCTTC 509
LAT2 (antisence) ATGCATTCTTTGGCTCCAGC
4F2hc (sense) TCACAGGCTTATCCAAGGAG 499

4F2hc (antisence) TACAATGTCAGCCTGAGGAG

4. Western blot analysis

Western blot analysisE& A3 3l7] 8] @A S WM ¥l C6 MEFZHEH F5
sEATh. MEZS PBSE 33 Al&E3E 5 cell scraper® =79 eppendorf tube°l] %7]i
1,000 X gollA LH®E3F dAEE st AL MEe 9 volume9 homogenization
buffer(50 mM Tris-HCl, pH 75 25 mM KCI, 1 mM MgCl 1 mM
phenylmethylsulfonyl fluoride, 250 mM sucrose)E ¥ i E3%3 3 Dounce
homogenigerol %7 153] strokedsl™] A x& FA AT, AE L E2 8000 X g ol

g
,FE A FFEkel thAl 100,000 X gol Al 1A AR e g

=

A 1023 o

o,
M
ch
ol

[as1A

s

F v g

=
el

A &S resuspend buffer(50 mM Tris-HCI, pH 7.4, 100 mM KCl, 5 mM
MgClo, 250 mM sucrose)oll =0o] A =3} 93t}

G 10 pgS 2919 SDS sample buffer(60 mM Tris-HCl, pH 6.8, 4% SDS,
25% glycerol, 14.4 mM 2-mercaptoethanol, 0.1% bromophenol blue)oll 23 100 o



A 5E7F MA A7l & SDS-polyacrylamide geloll 2417 A 719 %3 t}S semi-dry
transfero] A nitrocellulose membrane® 2 o] %A At} MembraneS 5% fat-free dry
milk-PBST buffer(PBS, 0.2% Tween-20)o4 247+ &9t blockingsdtial, PBST
buffer2 15+t 33] A & 8} th. Affinity -purified anti-LAT1, LAT2 % 4F2hce 5%
fat-free dry milk-PBS bufferE 1,0008] 3]A1&} % 6™, o] & Ao membranes Fo] 2

S

13F F ¢ WA 5, PBST &< ol8sto] 5 A= 103] A% 83tk Membrane

t}A] anti-rabbit-horseradish peroxidase conjugated-secondary antibody & <o ¥

o

h
T oA 1AZF FeF HWESA]Zl & PBST £S5 o]f3slo] 58 HA0 =2 103 A 43}
32 ECL detection kit(Amersham Life Sciences, Arlington Heights, IL, USA)E A}-&

ato] X-ray ZEol #gste] sk

5 WAEZY WAEE C6 MEFAAN [CIL-leucine ¥4 v X= BCHS
7}
7t AENA FA okt 5

obvl =t uptake B ABAGTE HFHA Sl wFE C6 AEF
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24 well plateo] seed(l x 10° cells/wel)d ¥, 85—95% confluence ¥ 1S uwl uptake

2 A Pstgat. WA EE plating 13—159 & 85—95% confluence 5 A& W uptakeZ
At AAAS FF7S o]fste] AAT FH, AEE T Na -free uptake

4 (125 mM choline-Cl, 4.8 mM KCl, 1.3 mM CaCl,, 1.2 mM MgSQO,;, 25 mM
HEPES, 1.2 mM KH>PO4, 56 mM glucose, pH 7.4)% o] &3}o] 33 A3 & 37C
o BAgAA 1083 AMY gtk 1 F, $9L [ClL-leucineo] EA) 3
uptake §H 0% WA s 1% wiFsgon, wee XS a4 2 golo

2 33 AMAsYPc. 7 & AEE 0.1 N NaOHo| =o AE ¢to g uptake oA

[14

l

¢

= Zz

CJ]L-leucines liquid scintillation spectrometry = =7 slH o,

=
=

o,
i

["CIL-leucine2 pmol/mg protein/min® 2 A+&3} 9ttt 2+ Al Z o)A L-leucine? 4%
S oAstE BCHY /Cwe [MClL-leucine 1 uM &4 3kelA BCH 0, 10, 30, 100,
300, 1000, 3000 uMoll A uptakeES F3Ysto] =435} o).



6. AEA =A (lactate dehydrogenase)
n A= BCHO &3&5 F4s7] Ht

o

WA ESE C6 MEFO MEAF FF
of, BCH £ % Alx9 A st W2 §F% lactate dehydrogenase(LDH) %
S =SAsATE. 96 well platee] Z+ wellol wjFd (25 pu)S ¥ buffer(125 pl), 0.3
mg/ml NADH(100 pl) % 227 mM pyruvate(30 uhDE YL ¥ microplate
reader(Molecular Device, sunnyvale, CA, USA)E o] £3}o] 340 nmolA &3 % HF
S 327 2489 olw standard enzymel 3 control enzyme(Sigma, St Louis,
MO, USA)S Al&3l9 Y. &4 X sham wash &3 full kill ¢ #o]E 10022 3}
of 7} oE Foji9 ¥ sham wash T HolE AUAH wWEEIZ 32E o]

mean+SEM 2. =2 el ¢l o}

|
k)
o

KN
=

E AYAAALS meantSEMOZ Yt w, z+ Ad+ 7+ 94

ut

ANOVA 3o Student’s t-testZ 3t om, p valueZ} 0.057] 7H(p<0.05)2] 74 %-o] A

TAA ool e Aem Fekth



m. 2943

1.3 R AE} AAEF C6 AEFAA ot =3t S5 A Lo &

r U

AAE} C6 MAEFA ofm it =4 LATI1, LAT2 ¥ 1 B ZAA 4F2hc
mRNAC] 2&@L 2357 Yste], 2179 primer(Table 1)& o] €3] RT-PCRS

32
o

oAk A E A LAT2 2 2 BHZAA 4F2he mRNA 2Hd & #2359l

2
rlr

1} LATI mRNA 2d& ##2d & AHFig. 1. dxz=Ho=2 C6 MEF I
LAT1 ¥ 4F2hc mRNA 2d& ##& & 5

T AT (Fig. 1).

%0,
32
o
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-
=
—
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=
Z,
o=
i3
el
flo
e
b
st

4F2hc

500 bp 500 bp

glial cell  glioma cell

Fig. 1. Detection of LATI1, LATZ2 and 4F2hc by RT-PCR in rat glial and C6
glioma cells. The first strand ¢cDNAs prepared from the rat glial cells (glial cell)
and C6 glioma cells (glioma cell) poly (A)'RNAs were used as templates for PCR
amplification. The PCR products were subjected to electrophoresis on a 1.2 %
agarose gel and visualizes with ethidium bromide. The LATZ2-specific PCR product
(509 bp) and the 4F2hc-specific PCR product (499 bp) were obtained from the rat
glial cells. The LATl1-specific PCR product (527 bp) and 4F2hc-specific PCR
product (499 bp) were obtained from the C6 glioma cells.



WA ZE C6 AEFONA ofr =gt =FA LATL, LAT2 ¥ 4F2hce @H o] 23S
3elsty] 9ste], Z+zbe] A S o] £3}9] western blot analysisES 33} th. WA E
o 5] LAT2¢] g 50| bandE 47 kDaol A, 4F2hcel tfgt 5o] bande 85 kDaol A]
e RNov LAT1S 5o] bandve &8 & + lAth(Fig. 2). C6 Al X F ol A
LAT1% 4F2hcel ti§ 5ol band& 40 kDa¥ 85 kDaol Al z+zF &2l & & gl gl o,
LAT2] digt o] bande= &< & 4 1A tH(Fig. 2).

EI

—

r
22

glial cell glioma cell

(& ] O

CESsS EE S

5 < L <C <C L

— <t | — =t
85 k — — — - G55 k
47 k — — - 47 k
40 k — — - 40 k

Fig. 2. Western blot analysis of LAT1, LAT2 and 4F2hc in the rat glial and
C6 glioma cells. Western blot analyses were performed on the membrane fractions
prepared from the rat glial cells (glial cell) and C6 glioma cells (glioma cell) in the
presence 2-mercaptoethanol, using anti-LATI1, anti-LAT2 and anti-4F2hc
antibodies. In the rat glial cells, for LAT2, the 47 kDa protein band detected in the
presence of 2-mercaptoethanol. For 4F2hc, the 85 kDa protein band detected in the
presence of 2-mercaptoethanol. For LAT1, no protein band was detected. In the C6
glioma cells, for LAT1 and 4FZ2hc, the 40 kDa protein band and the 85 kDa protein
band detected in the presence of 2-mercaptoethanol, respectively. For LATZ, no

protein band was detected.



WA EZoF C6 AEF oA L-leucine® FFol &S v A= ofnit =54 LY
Ae ] A4 BCHe &3E #3237 98, ['CIL-leucine uptakeZ BCH 0, 10,
30, 100, 300, 1000, 3000 uM &=A skoll A A Fskolvt. wAF e C6 AZLF oA BCH:
["'CIL-leucine 1 UM uptakeE ¥ %= &Aooz x| stATHFig. 3). /CwS WA Z
A 2700 + 13.7 uM(mean+SEM), C6 Al ZFo] A= 731 * 4.5 pM(mean+SEM)= 4+

=5 A tH(Fig. 3).

—@— glial cell
—l— glioma cell

120

0]
o

60

40

[“ClL-Leu uptake (% uptake)

20

0 10 30 100 300 1000 3000
BCH ( uM)

Fig. 3. Concentration-dependant inhibition of [ CIL-leucine uptake by BCH
in the rat glial and C6 glioma cells. The [“'ClL-leucine uptake (1 uM) was
measured for 1 min in the presence of various BCH concentration in the rat glial
cells (glial cell, filled circle) and C6 glioma cells (glioma cell, filled square), and
was expressed as a percentage of the control L-leucine uptake in the absence of

BCH.
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WALE RALF 6 AZFAN AZYFel 9F& WAL BCH

B

WA ES C6 AEFolA BCHel 98 Alxd4d oA &35 xAbstr] #s, 24

El

Aol BCHE Fo18 § LDH assays Al sttt A Ee C6 AlEF° BCH 20
mM+# 50 mME ZzbzF 54 Feh Al A3, wAEE 544 BCH 20 mMell A 54% 9]

AEES BA3, BCH 50 mMolA+ 23% AE=&S Hl WdH C6 AlXF& 54

2

BCH 20 mMol A &4 17%, BCH 50 mMol A= 1% & Al Ao 2443 oAH

= A & F AA(Fig. 4).

120 4
100
80

60

40
—@— glial cell (BCH 20 mM)

—ll— glial cell (BCH 50 mM)
20 A —&— glioma cell (BCH 20 mM)
—@— glioma cell (BCH 50 mM)

Cell viability (% of control)

0 1 2 3 4 5

Days after treatment

Fig. 4. Time-dependant effect of BCH on the cell viability in the rat glial
and C6 glioma cells. The glial and C6 glioma cells were treated with 0, 20 (glial
cell, filled circle; glioma cell, filled triangle) and 50 mM (glial cell, filled square;
glioma cell, filled diamond) BCH for 0-5 days. The cell viabilities were determined
by LDH assays. Each data point represents the mean*SEM of three experiments.
"P<0.05 vs. control, T 2<0.01 vs. control and

cells measured in the absence of BCH).

Hoksk

<0.001 vs. control (the control
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BCH 0, 0.3, 1, 3, 10, 20 % 50 mM® v 43 =5 493 54 Feob 2z Az
Folgk & LDH assays Al &8ttt wAEZ= 5494 10, 20, 50 mMel A 242t 75, 54
% 23%9 AEES BAL, C6 AEFoIA= 544 10, 20 B 50 mMolA A& & 0]
#7F Flsk v (Fig. 5).

fo

7k 7y 33, 17 2 1% = WA EZo| A B}y Az oA

120
100 &
B
€ 80 1
a
[*]
k)
R 60 .
é a il
8 40
2
g —@- giial cell (4 days after BCH treatment) -
20 - —ll- giial celi (5 days after BCH treatment) N
—4— glioma cell (4 days after BCH treatment)
—@— giioma cell (5 days after BCH treatment)
0 g ’ . . , e
0 0.3 1 3 10 20 50
BCH (mM)

Fig. 5. Concentration—-dependant effect of BCH on the cell viability in the rat
glial and C6 glioma cells. The glial cells (4 days after BCH treatment, filled
circle; 5 days after BCH treatment, filled square) and C6 glioma cells (4 days after
BCH treatment, filled triangle; 5 days after BCH treatment, filled diamond) were
treated with various concentrations (0, 0.3, 1, 3, 10, 20 and 50 mM) of BCH for 4
and 5 days. The cell viabilities were determined by LDH assays. Each data point
represents the meant SEM of three experiments. 2<0.05 vs. control, = 2<0.01 vs.
control and " /2<0.001 vs. control (the control cells measured in the absence of
BCH).
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v, 1 %

B oApo A FAF o AA WA FE(rat glial cells)$ WA EZE(C6 glioma cells)E ©]
gsto] opm Ak FFA Lo @ opw| Ak A L JA A BCHZF AIE487 o
Aol WA= 35 ZASATH WAEZ C6 AEZF9 mRNAE o] &3¢ RT-PCR &
Mg T8, wAEA LAT2 B 2 BZ1A 4F2he mRNA 2d-& #28 F 9l3le
1} LAT1 mRNA 2d2 ##ZT 5 gl (Fig. 1. dixd o= C6 AXEFAAE
LAT1 % 4F2hc mRNA
AATH(Fig. 1). AAHE} C6 A ET9o @S o] 83 western blot analysisE &3l

X

Alszoll A LAT29F 1 B 2912 4F2he @ o] Hd S A3 = oy LATL &

APAARE HAEQ] T24 Abe 3 AEQCDS Hep2 Abd FF¢ Al E(22)00 A
LATI1¢ 4F2hce 28 shA¥F LAT2e 284 Fete 22 g0 & 23s

T Asl LATIO] A TolA 7@
Hn FRAES] g TR WL AT mu @ ol FH(8915169 AnE
WA mEetel o, A4 WAEE obn it 47 LEoIA LAT29 4F2hei 2
Ak obul et 447 Lol E OE isoformd] LATIS @@ 37 2row, wAT%

AIEZRD C6 AEZFo A= LATIH 4F2hee @ shARF LAT2® 2@ A gevha

mE

WA EQF C6 A EF A L-leucine uptake:s o}n] AL 474 Lo A&z oA A
¢l BCH(8,10,18-21)o 93] v& J=xo 7 A} (Fig. 3). /Cpe LA XA
ok 270.0 UM, C6 AMEFoME= o 731 pM=E A=A (Fig. 3). °olE Xenopus
oocyte expression system WHol 23 Xenopus oocyted] A rat LATI1(8), human
LATI(9), rat LAT2(18) % human LAT2(19)¢] ¢cDNAE v AFste] 22 ALt 7
o] FAFE AFolt) B AFo A nAEY JCnE 9 2700 uME Xenopus oocyteol

A human LAT29 AnX+ oF 220 uM3} H] 223 237} A9 rat LAT29 Ak
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& o 120 uMEt= Eokth ofd AR AolE Hol= AL
2 dldA 7IdskE zke] wiEolg AFEETH(18,19). I 2 AFdA C6 MAEF9
ICwE °F 731 UME Xenopus oocyteol 4] human LAT19] Anzt< °F 19.7 uM(9)3}
rat LAT1®] Angt oF 181 uM(810)Eth oFzt A vetyton, o] 9] Alx 9 4
g 279 zko] wiitoldt AFZHETHE9,10). ¥ & 2 Aol AT Atk w9
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