FEAA : 46(4) 563~570, 2004 J. Anim. Sci. & Technol. (Kor.) 46(4) 563~570, 2004

C6 Rat Glioma Cellol|lA] 2lF°l 23+ A4 A2} Insulin-like
Growth Factor System Componentse] & v}o] -7

20l0f . M2 . T2 . £AIBH. 0|HY
ARt FRAATLS . BAYYAY AdPP AT

Relationships of the Lithium-Induced Growth Inhibition of C6
Rat Glioma Cell to Expression of the Insulin-like Growth
Factor System Components
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ABSTRACT

The insulin-like growth factor(IGF) system, consisting of IGFs-1 and -Il ligands and their receptors and six
IGF-binding proteins(IGFBPSs), plays an important role in survival, proliferation and differentiation of a variety
of cell types. Lithium is a known modulator of survival and proliferation of many cell types in vitro. The
present study was undertaken to investigate the relationship between LiCl-induced changes in cell survival and
growth and the expression of the IGF system components in C6 rat glioma cell line which, besides IGF-I and
its receptor, is known to express IGFBP-3 as its major IGF carrier. When C6 cells were cultured for 24h in
the absence or presence of 2mM or 5mM LiCl in a 10% serum-containing medium, the viability and the
number of cells were not affected by added lithium. In 72-h culture, however, C6 cells clearly exhibited a
dose-dependent response to added LiCl. The cells cultured for 72h in the presence of 0, 2mM and 5mM LiCl
exhibited a typical mitotic, a growth-arrested and an apoptotic appearances, respectively. Moreover, the
apoptotic cells were accompanied by reduced expression of IGF-I, IGF-1 receptor and IGFBP-3 as examined by
semi-quantitative reverse transcription-polymerase chain reaction. Interestingly, blockade of IGFBP-3 mRNA
translation by addition of 10uM IGFBP-3 anti-sense oligodeoxyribonucleotide in serum-free, 24-h culture
resulted in a decrease in the number of cells as well as relative abundance of the target mRNA. In summary,
results suggest that the cytotoxic effect of lithium in C6 cell is likely to be mediated, in part, by suppression
by this agent of the expression of the IGF system components. In this regard, IGFBP-3 may play at least a
‘permissive’ role in normal proliferation of this cell.
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o] IGF-13} IGF-II ligands, 6&F<2 %71  vitro &3] AXe] T3 #35 A5 W
Ao g FAFSE 25--45-kDa2] IGF-binding proteins ™ A XEAFES A (aniti-apoptosis)3FaL, Al|E 2]
(IGFBPs) 2 type | IGF receptor[Z-2 IGF(-l) E=9¥ ojn|wl o9b 2 S| zzly) v
receptor] 2} type Il IGF receptor [3> mannose-  §AS A5 AdEd FAF 2 Ad7)E
6-phosphate(M6P)/IGF-II receptor] = o] Folxl & & SAA7]= Aoz diid = ok Al

rf

Corresponding author : C. Y. Lee, Regional Animal Industry Research Center, Jinju National University, Jinju
660-758, Republic of Korea. Tel : 055-751-3258, Fax : 055-753-4422, E-mail
cylee@jinju.ac.kr

— 563 —



Kim et al. ; Lithium and the IGF System in C6 Cells

e e dhEn 53 AAlelA 7P
B 4o IGF7E EAskE el e
IGF7} 40~45-kDa®] IGFBP-39| ZAgd *
IGFBP-32] BP &3 &= 85-kDa®] acid-labile
subunite} A3gsle] 150-kDa ternary complex &
B2 E=A57] wliol IGFBP-3:= AAle] IGF
FHEA o)A AGA eSSl Type | IGF
receptori= in vitroollA] ¥} R EEIGF-13
IGF-119] 285 wi7i&k, type Il IGF receptor
= IGF-IIZE AX ¢tog HolEo EajAl7]e=
715 9ol oW A=A A5 wish=A o
of = Wgs] delAA] ekal ATk

Rat C6 glioma cell> AZAEL] Z-gAM 2R
glial cell2%-8 fld dAEZZA of2 2
2 O]FZ IGF systemS A-5k7]ol Aget Al
Yol FolHYE IGF= C6 celle] =8 AX
B =< 2Kmitogen)e]th. C6 celle  IGF-I,
IGF-I receptor 2 IGFBPs7} W& a1, 7]o}
(serum-free)al ¥ =7 3slollA wlkoel]  IGF-I
EL IGF-IT FAbeiE AE F4o] &
B0l IGF-I =< IGF-1 receptore] anti-sense
oligonucleotideE C6 cellell transfection 2171
AANA ke TIN5 A= o] AR AL
o] TEg AAgithE AR(Trojan &, 1992,
Resnicoff &, 1994)2> IGF systemo] C6 cell€]
A & el A4A 98-S s A
S AAREEE ®E3 C6 cellS IGFBPs-2~52]
go] #HA&EH7]E= s (Chermausek 5, 1993;
Bradshaw 5 1999; Wang 5, 2001) IGFBP-32]
e 42Fo] El IGFBPse] WE FHTh €5
3] 7] Wil C6 cell> IGFBP-3E5 TAo=
Sk IGF system Aol wig- -85k Aot}
(Yang s, 1990).

HES o oReE 925 AEARE o
59F 2ojgkal(Foster, 1992; Bschor 5, 2003),
Azl e AE F7F 2 AE7F A
370l wel Aaze] T2 52 A (apoptosis)
S F%3l=(D'Mello 5, 1994; Madiehe <,
1995; Hasgekar 5, 1996) &A= 2o|7]| %
UH(Garberscek 5, 2002; Salzman, 2003). A<
He} Zro] IGF systemS A|E] AYE, Apd
S oA g Fag s s

|

o in vitro cultureol A 2lE2] &2} IGF sys-
tem components®] WA= LI AAE 9l
S A7) Ay olE ke #AlC] gk A=
Al ward wp gloh wepA 2 A= C6
cellol Al glFo] Alare] AFE, F2, AMde &
gl 2 IGF-I, IGF receptor 2 IGFBP-3 & o]
A= IS ARSI o517k AHAE
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C6 cells(American Type Culture Collection,
Rockville, MA, USA)< Chacko2} Adamo(2000)
51 Wang 5(2001)¢] 7=k WS whet ofg)
o} o] wisiolch B e AEE 10%
fetal bovine serum(FBS), 1mM glutamine®} 0.001%
(wiv) penicillin 2 streptomycins 713+ Ham’s
F-12 medium(Invitrogen, San Diego, CA, USA)<S.
2 culture flaskoll Al 2F 80% confluency?ll ©]&
W 7h4] wjFatdth AlEE thA] 35-mm culture
disholl 1x10° cellsiwell 2=& seedingstil 1 M
LiCl & H7ksto] HF5=rt 0, 2mM, =2
5mM E]A ko] 37C, 5% CO,/95% atmosphere
Z7 3tollA 24 =2 72A13F wf kol vk
o] Bt Mxe A% $ aspirationste] wWolE
AEZ AASL culture dishol] F-2Hg Al ¥E+=
trypsin/EDTA A &]ste] wojll th3 A2 &
countingd}al RNAE FZ3131Th

IGFBP-3 anti-sense oligodeoxyribonucleotide(ODN)
A7rel matel ik A3elx= FBSE 3ot
= Aoz oA et o] culture flaskol A
wjFet ¥ PBS® washingdlal 35-mm  culture
disholl seeding 3ttt ©l& A*E= FBSE &
FokAl 2wl A overnight YRS Ui
IGFBP-3 mRNA 5' H|&l<5-5-2](Albiston} Herington,
1990)9] ety WEHE = anti-sense  ODN[5-
CATGGCGCTGGCGGAGGGC-3'; GenoTech(th &)
oA 1S 0 =2 10uM F= HA H71s
o 2473t ¢k B wigE § 7Skl RNAE
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2. Reverse transcription-polymerase chain
reaction(RT-PCR)

HjE A|ZZHE total cellular RNA= Trizol
(Invitrogen)2 ©o]-&3slo] F=3813th. PCRS
3t first-strand cDNAT total RNA 1ugs 32

& 3}o] cDNA Cycle kit(Invitrogen)S ©]-8-3}
o AKreverse transcription; RT) W&o & 314
319 tHLee 5, 2001). IGF-I, IGF-I receptor
IGFBP-3 cDNAs A& 98 primers™ Saito
5(2003)°] A= oligonucleotide sequencesE ©]
239 31(Table 1), reference standard® ©]-&-3F
glyceraldehyde-3-phosphate dehydrogenase(GAPDH)
PCRY] primers ¢3714< 3k Table 10 A|A]
a3ith PCR ¥hg-&2 50ul F-3o] Z}zte]
primer 25pmoles, 77t} deoxyribonucleoside-5'-
triphospnate  10nmoles, Taq polymerase(TaKaRa
Shuzo Co., Otsu, Japan) 2.5U%} DMSO 5ul 2
1xPCR buffer “55%[10mM Tris-HCI(pH 8.3),
50mM KCI, 1.5 mM Mg'1Z 3Hsl== 33tk
2% ZZ(thermal cycle) 94°C 4T(denaturation)
—> [denaturation(94°C 1) — annealing{55C 1%}
—extension(72°C  131)] x 35cycles > 72°C 10+
—4C ©]t}. PCR products™ 1.5% agarose gel
ol Al 719538kl ethidium bromide staining
o7 7N E}stTh

Ad
)
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AT

ARl Al Bl H7b offel Azt
(24A1ZF o] 724120 B 2B AT x AR
7] AsAge] o4 oJHE SAS(1996)°)
GLM procedureE ©]-8-38}of #H7Ask3ict
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m & 2t
1. LiClI #7le| &3}

C6 wjgFHe] o(HZT; control), 2mM, =&
5mM LiCls 71t 24A17F s gals = &
7 sl #TEAEE AX B} Fof A
LiCl #H7brezt ztelE YeRlA] eashoh(d o
H A, 22y 72417 jFelS W= Licl
7 I ME G ASE D AE BN E

A3k 2po]= VrEThFig. 1). thETH(Fig. 1, A

e HFASR confluencyE Fste] Ea)
T AX EES YERA, 2mM Licl "o
(Fig. 1, )= ol vis) Lol Ae

AE BE5S BRou AbdaiA wde Ao
H &8 Wdth(< 5%). L2t} 5mM LiCl 37+
(Fig. 1, shehell A= W o] A2+ oln] o
AN 2 AL Fom GFE o] oln]
ArgEiZbaL Qles dERch 2 AR Ay
& EgiE2 o AFdA= LiCle H7F &3
7F FEg 5mM H7F el AR tix
T Hlasigith

(ot =)AE S (Fig. 2)ol oA (BmM)
LiCl H7k9] Al = dx79 AX +
Bk Zga(P<0.01), 72A17F Hﬁokﬁﬂg =
28X17F RS wiHY ME S7F EoktiP <
0.01). thET& 24417 o] 72A1ﬂ H QFA]
HE 7} 271819 0P < 0.01) Licl E 7}
T 24A3F ol % AE T STFsHAl kL,
2471 ZF wiYF Al LiCl H7b- die] i xTm3h
A g Zpol7b glol ot 72413 i<
W= Licl A7 gzTRo AE o)
29k tHP < 0.01).

Table 1. Nucleotide sequences of PCR primers and expected sizes of PCR products

Item Primer Sequence Size(bp) Ref.

IGE-I Forward  5-GCTCTTCAGTTCGTGTGTGG-3' 21 18
Reverse 5-TTGGGCATGTCAGTGTGG-3'

IGF-IR Forward  5-TCTTGGATGCGGTGTCCAATAAC-3' 215 40
Reverse 5-GCAGCACTCATTGTTCTCGTTGC-3'
Forward  5-GACACCCAGAACTTCTCCTCC-3'

IGFBP-3 Reverse 5-CATACTTGTCCACACACCAGC-3' 220 3
Forward  5-GGTGAAGGTCGGTGTCAACGG-3'

GADPH Reverse 5-CCATGACAACTTTGGCATCGTGG-3' 505 3
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Fig. 1. Changes in cellularity, viability and

morphology of C6 cells following 72-h
culture in the presence of LiCl.
C6 cells were cultured for 72h in the
absence(top) or presence of 2mM(middle)
or 5mM(bottom) LiCl. Note the growth-
arrested and apoptotic appearances in
middle and bottom panels, respectively,
compared with the mitotic appearance of
the top panel. Representative results are
shown in this figure.
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Fig. 2. Numbers of C6 cells following 24-h

and 72-h cultures in the absence or
presence of 5mM LiCl.
Data are means+SE of 10 and 12 ob-
servations for the 24-h and 72-h cultures,
respectively. Effects of LiCl addition and
duration of incubation as well as their
interaction were significant(P < 0.01).

AA] AAE LiClo] C6 celle] AYE - F2]o
n) 2= 98k} IGF system 7He] ARTAS
[al7] 8l the2 72417 vlgSt C6 cells2 -
B FZ3 RNAsE ©|&3}9] IGF-I, IGF receptor
2 IGFBP-3° i3k RT-PCRS =3 5}3th(Fig.
3). PCR productsE agarose gel 91olA #7195
3}aL ethidium bromide® staining3t 2} reference
standard=  ©]-8-3F GAPDHel uigt RT-PCR
product band9] intensity= LiCl 7} A& TiH]|
iz AlEZE 7RAAQL Zpeol7h il Al Tl
9] IGF system components2] PCR product bands
9] intensity’= = LiCl 7t Al&7F 2T
Algel Hlal] otttk = 2 A3e] A3 Licl
A7l 98] ©]E IGF system components2] B
o] W]z H(down- regulation)¥ 12 Y= AlALsH
Qck euh o AFellA GAPDHel|  tigh
RT-PCR9] cycle 5%(35%])3= PCR cycle <=¢} PCR
producte] %Hagarose gel AFollA1<] band intensity)
o] nlglal= 3 cycle = 2HFS F= A
7] Wil LiCl 7t 93 IGF system com-
ponentsi= =& EF A T A Hdapel &

o] YZHEUS 7FsAS wiAE = glok
Con Li

- N
e |GFI-R

Fig. 3. Reverse transcription-polymerase chain
reaction(RT-PCR) for IGF-I, IGF-I re-
ceptor and IGFBP-3 after 72-h culture
of C6 cells in the absence or pres-
ence of 5mM LiCl.

RT-PCR for glyceraldehyde-3-phosphate
dehydrogenase(GAPDH) was included in
this experiment as reference standard. For
clarity, only ethidium bromide-stained PCR
products of expected sizes following ag-
arose gel electrophoresis are shown. Rep-
resentative results are shown in this figure.
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Control

IGFBP-3 ODN

Fig. 4. Morphology and relative numbers of cells following 24-h culture of a fixed number of

C6 cells in
oligodeoxyribonuclectide(ODN).

2. IGFBP-3 anti-sense oligodeoxyribonu-
cleotidee| &7} &7}

B 2o A= IGFBP-39] 3l anti-sense oli-
godeoxyribonucleotide(ODN)=  IGFBP-3 mRNA
o] & S (translation) S 2 AFS wl C6 cell]
A2 T dde] m A= JEFs ZAFI T
HH o= we ko] |GFBPs7} £A15l7] W&
of & g 37 (serum-free) il +
IGFBP-3 ODN Z73s}oll A 24417 vljksisith

Con ODN

IGFBP-3

Fig. 5. Effect of IGFBP-3 anti-sense oligodeox-

yribonucleotide(ODN) on relative abun-
dance of IGFBP-3 mRNA examined
by RT-PCR in cultured C6 cells.
C6 cells were cultured in the absence
(Con) or presence of 10uM IGFBP-3
ODN for 24 h in a serum-free medium.
RT-PCR for glyceraldehyde-3-phosphate
dehydrogenase(GAPDH) was included in
this experiment as reference standard. For
clarity, only ethidium bromide-stained
PCR products of expected sizes following
agarose gel electrophoresis are shown.
Representative results are shown in this
figure.

the absence (Con) or

presence of 10uM IGFBP-3 anti-sense

IGFBP-3 ODN 7}l 9]al C6 cells®] <= 7}
AH o Folglont HEAQl WSl wol
2] SEUTHFig. 4). $HA Fig. 5% IGFBP-3¢1 tf
3t RT-PCR A¥}2A] IGFBP-3 ODN 7}l <]
3 I dtH= RT-PCR product’} 71¢] g =]
BUES HEbd o= L Al 2291 ODN2J
AAS ASEh

v &

IGF7} AlEue] IGF receptors Ealo] F-5=
3] B2 FEHe] AEeA FE(FA)S A=st
ZKmitogen) & AME2 Q) ARE Z &
2] $kal(Nissley®} Rechler, 1984; Jones<}
Clemmons, 1995), dol] Eol9A = IGF7}T Al
FAPES o A|Slal(anti-apoptosis) AIES] Aol
% Zget QxKsurvival factor)le]  HE AT
(Hansen¥} Knudsen, 1991; Van Golen®} Feldman,
2000). IGFBPs= IGFS] *-REAo]2} IGF 2}-8-9] %
AARA T2 2 7lsHoR s A 6 T
o] chalEto|tiRechlere} Clemmons, 1998; Hwa
5, 1999; Baxter, 2000). In vitro culture systemolA]
IGFBP-3+= E} IGFBPs¢} #o] tiA= IGF 2§
= At MEe] T B Y el wt
e IGF &8-S =7A17171% 3tHDe Mellow
o} Baxter, 1988; Clemmons, 1992). E} IGFBPs<}

2 &

Ry
Fu

Hlasle]  IGFBP-32]  Boldt A2 AYA|olA
IGFBP-3:= % WiF-E< IGF 2 acid-labile

subunite} ZgFsle] 150-kDa ternary complexS
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Astoan dF IGFe WHVE AAIA IGFE
Adsh= 71%%°] Ak In vitrool A IGFBP-3%
IGFS} 53 52 s/ P53 =& TGF-B2] A
x4 AAAEAFE Fx RS vislekaL
(Buckbinder 5, 1995; Oh -5, 1995), P53 2 IGFS}
FeA AEATES £31%E of(Rajah, 1997; Kim
5, 2004) 2 TGF-Be] AlES2A A= a3 w7l
3l of(Cohen %, 2000; Kansra &, 2000)%= H.3l%]
At

B ool M= IGFBPs 5 F2 IGFBP-37}
A== IGF systems A-st7]ol] A 3Hgh C6 rat
glioma cell line(Yang 5, 1990)ol A A o] A=
3 F2)o] ZAEAZA LCIE vjddel 713
= w Az AL/ 2 FH WEE 24}
Stk C6 cells 72413 wWigRE W LiCl
2mM H7bEEoll A= ZRAI AR Al Bk |
Sh= iAo AlEFA o] oA E AL, 5mM
T e MESY 29E YERdo] of A%
o] Az o] AbEetaL Arolgl= AlEE AP
H7h= FeES vErd o= C6 celle] HL-60
promyelocytic leukemia cell lineoll ®]&j Litel] 71
72438HS etk HL-60 cell lineol A= LicCl
10mM o]l oA AlEEAde] et
5mM ol A= AlESA o] 7= %) 31 (Becker
9} Tyobeka, 1990; Tyobeka®} Becker, 1990),
FRTL-5 #174d AlZEelA+= LiCl 04~2mM 5
oA AESA F3 237t AR wj g
of TSHE 7M1 wli= 2mM #7152 LiCl
o] TSHO| Alx252 A= A8 AAlske a3
7F At B aE St Gaberscek S, 2002).

IGF-17} IGF receptor= A|X52S wiZlsh=
trans elements®]”] &l LiCIGmM) EA] 3}
o A vt AMEA RT-PCRE 55 IGF-I
9 IGF receptore] 7z @ Al oA
NG AIZA LICI H7tell &g AlxE =2 7
A9t YA E= AR sjAEnh vhd, IGFBP-3
= AR IGFe] 28-S oJAlstr] wEel Licl
A7t W IGFBP-39] 3zt wd A= th
A o] AFolqdrt. webA 1 AT =
IGFBP-3 anti-sense  oligodeoxyribonucleotide(ODN)
=2 #H7}sle] IGFBP-3 mRNAY] &S xjuha}
S uf Ao AEF FH WA dEFS

Atk ¥ %ol Avks oDNel A7l

of3l] Al = A 7HAEHGlaL, olvlE ODN
3} A%H3 IGFBP-3 mRNAZF RNAse Hell ¢
-5} =] o] (Crooke, 2004) IGFBP-3 RT-PCR pro-
duct7} Ao AZHA &gtomZ C6 cell line
oA IGFBP-37} MEZTAS AAsH= 28]
SleS WHSEksith. ey} IGFBP-3% 1 AHA|
24 =2 protease(s)ell o&f F-it ESiE tha
IGFe} doatgsle] AEFAS A3 o
(Angelloz-Nicoud 5, 1996, 1998)%= 17| ulj&-oi
W Azvto 2= IGFBP-37} 1 AA =2 C6 cell
o S A5 Ago] A=A oARes & F
ot wEbd AAEAE IGE systemd}t B S}
o C6 celloll A 2lFol &gt AEFA ] AAl=
IGF system components®] HukH<Ql whel A3}
of 71913 Ao 7 FZE 4L, IGFBP-3E Foj:
C6 cello] A 4

(‘permissive’ F3h)= AES U F Utk

Ve %

Insulin-like growth factors(IGF)s-12} -1l ligands
9} o159 receptors 2 IGF-binding
proteins(IGFBPs) = 7% IGF systems &
el Axe AL, 2 B skl glolA
9 T3k IS 3l 2lES in vitrool A
ofy] T/ Mo AEH S A=
a4 ok 2 A= IGF-, IGF-1 receptor
2 |IGF carrier24 T2 IGFBP-3Z w3lsl=
rat C6 glioma cellolA LiCIZ =% MXE A
& 9 Z2]o] W3}l IGF system components]
A BAE skt AT 10%
d4e e wigdelA 0, 2mM, &
5mM LiCl& #7F3le] C6 cellS 24413t vl 8]
= Al MR AEEH AE = gE I
ofalf ks W] ¥tttk e 72413 ik
P& w C6 cell> W3 FH H7MF
upg} wHg-keitk 0, 2mM, 5mM LiCl #H7F5
oAl 72A1ZE WIS C6 cell> ZH7F HE AL
AZED, AZEE A 2 AEZAPE Fds
Bk Yol AME"HZ7l= AIEE reverse
transcription-polymerase chain reaction&. 2 A}
Sk IGF-I, IGF receptor ¥ IGFBP-32] &4+
o] AstE At AL EH& H7FsHA

Z20
ST
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22 Wiz stoll Al IGFBP-3¢ gt anti-
sense oligodeoxyribonucleotide® 10uM FTo=
H7Fsle] IGFBP-3 mRNAS] dll5S xjwhslar 24
AlZF vjekale wjx A mRNAE £ AE

L =Xk FskAb, €6 cellel A 259 5/‘4

ayle] AR o] AAC <3 IGF system
components®] W&l oA Gtell oJs) uizjE AA)
7} Atk olelgk #AelA IGFBP-3= #o]l= o]
Azl AR SAs fsl & Bad(per-
missive’) 43S 3 4= Q= A8 A|AFSH)

VI Ab AL

A7E BFASAE A4 A7
W ERARAY AgEaTAne A
Aol el ALk

F

S
hi

o =
I el 8 =9
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