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Purpose: We analyzed the gene status of pl6INK4A, plSINK4B and MTAP (methylthio-
adenosine phophorylase) in Korean hepatocellular carcinoma (HCC) to investigate whether the
inactivation of these genes participated in hepatocarcinogenesis, and evaluated MTAP-targeted
chemotherapy in MTAP-deficient cell lines.
Material and Methods: We examined eleven primary HCC and 8 SNU cell lines using PCR,

Southern blot analysis, PCR-SSCP, DNA sequencing, methylation-specific PCR, Western blot

analysis, MTT assay, and crystal violet staining.

Results: Mutations or deletion of the p16INK4A, 15INK4B, and MTAP genes were rare, but
methylation of the pl6INK4A promoter region was common in HCC. The base alterations of

3’ untranslated region of pl6INK4A exon 3 were also detected in 3 samples. In SNU cells,

p16INK4A was not detectable, when treated with demethylating agent, high levels of re-expressed
pl6INK4A protein were detected. In MTAP-targeted chemotherapy experiment, methylthioadeno-
sine (MTA) was able to rescue MTAP positive cell lines but not MTAP negative cell lines from

growth inhibition by depletion of methionine and MTX treatment.

Conclusion: These results suggest that de novo methylation of the pl6INK4A promoter region
seems to play an important role in the pathogenesis of HCC. And treatment of MTX, combined
with methionine depletion in the presence of MTA, may be a high selective treatment for MTAP

negative HCC.
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A EGS A AAH 2z 7 R F% F
skl 2 e 9912 obF & 4 YA %
vh(l). dgtz=Aef wt2w 7+ ¥, B e CH 7+
o wholelol A% A ASA e a2l R
TE Fol 7ot Az A #A} JE Ao
2 Azslxn glck st 7iebe) Wl vt
yelzt vprtA 2 o] FFe FHA ol
o]l AAVE AeZ YzhEa QlekQ).

Azrel Fdel A F dold & AUv FAA
Hol= FE ¢rf3A 9 AR A 2 W
o] & ¥ 4 SleEd, FE AEFAY A4 75E
A ReZ dAR FAFARe] 7eade
A4AE st BAZE HFol ¢HA Sl
53] FHZol| GIAEFY)A SHAEFT] o]
Tosl= FA A £ pl6INK4A, plSINK4B, cyclin
dependent kinase (CDK) 4/6, cyclin D1, z12]at
retinoblastoma (RB) §-Zz} 59 o]42 ¢l7ke]]
o1A ofel FHel el WA Balo] gl
wagn ek olF FHA FolA B 9
wio) chek(d Al op2lyel] ARsted AEF7] 9]
G1—-S o|3& At 4wA plSINKIB Y
pl6INK4A Azt AL, FEgdwel aelx
promoter 3 exonZt 2] CpG islandg} =43} F-of
o3t u|ZAIL o] FFO <dolA BAEI
A3 ~6).

-2 23 ode] FR/Y dellde FAF
Azre] HHFART Al £49 F$-E &3
2 4 glEd, o]l 7ZA-folle SdwAA B of
et Fe §Aze] AER FHEE U B
ob. olzidt AtgAztel ol fAAL] AELS
FAFAAAE Bak ohe 4oz AXe
Ay dAdol] Fojstiz FH KA Huid
o] EAjoll A£4=0] KA dFe
A€E A9 E o8 AEALE Udebd F 9l
o] gHog oW x|goAel iy Al
wW3lyl 29 5 vk dbgAAeL FH AR

kel FAl £de] Polue HEHQ die o
79 GAIENA WAE = d4A] 9p21-228-9
2] Zoleh. o 4A] 9p215F-9lell= pl6INK4A 3
pISINK4B §-AA7L $xstar Qly=u] 15INK4B
3 pl6INK4A §-HAte] FA] ZAL£o] o8] FAXE
olA BirElsr Uch(7,8). 3t pl6INKIAE HE]
telomereZol] MTAP (methylthioadenosine phosphory-
lase) &R A7 91Xk U=l pl6INK4A §A=}
7t AER 7350l MTAP-A A2 ZEe) Fubo]
Wo] Exusls Yrh7~13). MTAPRFAHAIES
purine 3! methioninet A}(salvage pathway)ol] o]
s B4A2A MTAPFARZL A&E" GAEEs
de novo purinedt4] A Aol 2a QA A7} o]
Fold 4 Aqrki1~14). o]ul] purine I methio-
nine®] ZY™o| == MTA (methythioadenosine)E
Al Fodstwl MTAPHAHZA7E A4 Al¥e
MTAE o]&% + V] difel 4Hoz A
¥ut 9 4 9)& Enzyme-target therapy”} 7}-53}
ch(11~13).

B dFE ol#d WiE nte e 3t X
¢} =4 g HEF| glo}A plSINK4B, pl6INK4A
8|3 MTAP §A A2 0|48 zA o] olE #
A9} A EQS] AT WAE PolH o
], o}-22] de novo purinedA A A A metho-
trexate (MTX)* %] 2 methioninedF JFEA
MTAE EAlol HxjslH MTAPHAZ7L A<ER
B9 Gl FAEG A ESFT] AHHe g A
H48 & e AE A

ME ¥ Wl

D ZHMZESL M EF U ZHHEQ T3z B
E|f DNA 3 RNARZ|

A7aA HER UL ¢ F HeR
ZHAEYG 27 114§ HA A Lol BasH A A
galgon, HAEQYG AEFE BTAEFLY
o g HE] Heok wlo} Afslglon] RPMING40 T
10% fetal bovine serumo} A7} wix]| & o] 43}
o ZHAEG 27 9 ZAIEG AIEF(SNU 182,
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354, 368, 387, 398, 423, 449, 475)F €] DNA 1
RNAE @]+ Qiagen3) A} 4| E(Santa Clarita, CA)&
o] &3lo] Heal Agsrt.

2) SEELHYEHER Ol288 HMH 9p21
el FUX e AM

] op21slel EAehs SRR AES
& UdolB s}t DIS171 (7), plSINK4B exon 1
(15) ¥ exon 2 (5’GCTCTGACCATTCTGTTCTC3!
2 5’CAGATCATCAGTCCTCACCT3Y), p19ARF
exon 18 (5’CTGCTCACCTCTGGTGCCAA3' 9 5'-
TTCTAGGAAGCGGCTGCTGC3'), pl6INK4A exon
la (4), exon 2 (5’GCTCTGACCATTCTGTTCTC3®
2] 5’CAGATCATCAGTCCTCACCT3") ¥ exon 3 (8),
MTAP exon 1 % 8 (14), interferon(IFN)A (14) —z&]
31 IFNB (14)ol] ti&t primerE ©]-§3}o] polymerase
chain reaction (PCR)-& dA|slgc} o] o %A o
ZTOo 2 WIBAIEZ B3l DNAE 18|31 &
Az o2 Jurkat A|E2RE] B3t DNAS
o] g3l3icl. el FA4M 3wi(3g28)ell x|t
pseudo-MTAP-§-Z #}oll th¥} primerE PCRS 414
sle] F&3F DNAS el E AFsIck10).

3) PCR-SSCP (single strand conformational
polymorphism) Analysis 3 7| AMEHA

pISINK4B 3] pI6INK4A §A=2) Saiwio] &
T 7 Mslaal PCR-SSCP 9 7| A 24w S
Al gsteict. PCR-SSCPYM-2 Oritag(16)2]
of #3lx Fdwie]7} ek FHH PCRAHE
2 pGEM-T (Promega Co, Madison, WI)) & cloning
3t & automatic DNA sequencing machine-g o] &
slo] q7]Ad-& ZAABsch pl6INKIA |-H =
9] exon 20l Fedwloe]|7}t ek i3l HL60 Al
EFINE Al Zol o] &3l%rt.

4) RT (reverse transcription)-PCR 3! West-
ern blot analysisi§ O|28t F™AI 9 C
A B XA}

Methyltransferase (MTase)-3-A2}ol] &t RT-PCR

& Perkin-Elmer3] AH(Branchburg, NJ) A|E8 o] &
sto] AAJglgew, primere= 5’ATCTAGCTGCC-
AAACGGAGG3' 9 5'CACTGAATGCACTTGGG-
AGG A9z #Asled Adslgcl. Western blot
analysisi= Matsushime5-(18)2] wleol] Z3le] Al
Alghgich

5) p15INK4B 3 p16INK4A M X} Promoter
9| CpG islandel] Methylation {5 Z{A{

Herman3-(19)¢] methylation-specific PCR (MSP)
ol Eate) AAjehsich Zieksh 224 DNA
& sodium bisulfite, hydroquinone 3 sodium hydro-
xide®} ¥HE-A]# deaminationd §Esle] oiE 3}
=lo} glA] 92 cytosined uracilE W FA ). 2
21 ¥ Wizard DNA purification kit (Promega Co,
Madison, WI)& ©]&-3lej DNAE & Held o}
£ sodium hydroxideZ desulfonationA}Z] 3 ethanol
Z JAA ok PCRE AAIs%ich pl6INKIAF
Z29] promotere] CpGoll =& 3}=lo] ¢lE DNA
& ZZ+#7] 984 pl6MM-S (S TTATTAGAGG-
GTGGGGCGGATCGC3’) 3l pl6MM-AS (5’GACC-
CCGAACCGCGACCGTAA3)E primerE- o]8-3}
glen, sAs=o] gl ¢4 DNAE FF3}7)
A A+ pl6UM-S (S TTATTAGAGGGTGGGGT-
GGATTGT3") 9 pl6UM-AS (5’"CAACCCCAAACCA-
CAACCATAA3)E primer2 o]-&3}%lc}l. pl1SINK4B
F42ke] promoter?] CpGell wH3tso] U=
DNAE ZXsl7] 984 pISMM-S (5°GCGTTCG-
TATTTTGCGGTT3') 3 plSMM-AS (5'CGTACA-
ATAACCGAACGACCG A3')E primerE o]-£3}4
ou, WA stxlo] 1A 942 DNAE FE3l7] 9
sf4 = plSUM-S (S'TGTGATGTGTTTGTATTTTG-
TGGTT3") Y pl5UM-AS (5’CCATACAATAACCA-
AACAACCAA3)E primer2 o] 28}ch.

6) Methioinine H|X, MTX X% % MTA X
X0 mE MEAIGASE

A EZE 6-well plateo]] 1~2x10°7|/mlZ s}
methioninee] A|AXE v Hr}El RPMIs|A|
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MTAP #47t Al EAslAl geckn g#iAl
horse serum-g- 10% % %.& X 7}slo] ujokslwiA
AE A E4E trypan blue dye exclusiont}f o &
ZAstglond £ 1% crystal violet2 £ o Aslo]
sl ch 3 MTXol| % MTAPR-Z &7t A
&8 AEZS) A" ATAT o8 22)T MTA
Sojoll o3 MTAPSA A7 H4Q AEZS] me-
thionineZ3 3 B MTXX] X}ol] w}Z M FEA2] o4
59 2A5cH1L,13). MTXE H2\ehs 25
£ MTXel| 2J3 purineqt4 o 4] EAH-E 7] 9
sled 20 4« M2] thymidine & ERloll Sosllrh(13).

# B}

AApAl op21Rglel EAlsb SR AL

P8 Yoluna ZAEY AEF U ot 27
o ZHRE] DNAE 223 kg D9S171, plSINK4B
exon 1 3] 2, pl9ARF exon 18 pl6INK4A exon
lea, 2 9 3, MTAP exon 1 g 8, IFNA 18|%
IFNBell thé} primer& o] §-3lo PCRE AA3 A
T} SNU387 B 449 A|XEFoj|A] plSINK4B, plé6-
INK4A, MTAP, INFA 9 B §-H#}2] Ao 2
%%l chFig. 1). PCR-SSCP ¥ <i7] A byl 9
3 pI6INK4A 3 pISINK4B JA 7ol Sodulo]
& AT ZFE Fig 2 9 3ol vebdch
pISINK4B fAAAE FduielE B &
Nt plOINKAAFA Zll Eduio]7t sl
7A%2 997ls4l+ GenBank Accession number
L272110)] &F5to] E7|512lch. pl6INK4AS] 79
= 1708 7 =A (L7 4] 66¥ 5] codon?) CAG

c

[9Y] =1 ~ o o gz u
[ SR T R (= L0 R 5 =T I~
— O oM MO M s T T @ Om
222 222228¢
M1 2 3 45 @ o &6 bod &6 &= 3=
D9S171 177 bp
p15INK4B exon 2 355 bp
pP19ARF excn 18 —— - - . - 254 bp
p1BINK4A exon 2 [ 353 bp

MTAPS

MTARP

INFA

IFNB

Pseudo MTAP

Fig. 1. Detection of homozygous deletions in the p15INK4B, pl16INK4A and MTAP genes in primary hepatocellular
carcinoma tissue samples and SNU hepatocellular carcinoma cell lines. DNA from primary hepatocellular car-
cinoma tissue samples and SNU cell lines was amplified by PCR using the primers indicated. The PCR products
were separated in 2% agarose gel and visualized by staining with ethidium bromide. Lane numbers (1 ~5) indicate
representative primary hepatocellular carcinoma tissue samples. M, molecular size marker; N, no template.



M3 9 : pISINKAB/pI6INK4A % MTAP $H7e) ol 24 557

(His)7} CCG (Arg)29] F9Ho|7 #a= o
T3t 1303 codonol|A] guanine 3] cytosine?] 2
£o] A& E ). pl6INK4A I plSINKAB §-4 =}
ZAo] glv 678l MEF F SNU 3684 A= 52
Hal codon?l ATG (Met)7} AGG (Arg)2 & 3}
X Eddolrt JAF . SNU 4759 79 271
Wl <d7]¢]l thymidineo] adenine 2 2. Xj3t5]o] )
Lo] Ao} 77HH codon¢l ACT (Thr)7}
ACA (Thn)E &, Z& ofv|dlto g A#H=E A
2 & Ho} silent mutatione. & #-Qlxi¢icl. e8lxn
pl6INK4A 2] exon 32 7% HL60 MEZE u]E

EXON 2

slod 3eflo] ZHA|EGzZ ol 4] PCR-SSCPA o)A+
o] Fo] H=o] FAIAFEAE AAY AH in-
tron 2 3] 3’ untranslated region (UTR)ol| ))&} <
714 37F BRE oA Aol 2 A]). plSINKB &
A7 promoter-$]9] WA {FFE dotir)
o] MSPE AAISE An wAR=] s AS
E AR $ gdou, pl6INKIAFAZLS) 7%
= 1169 7hzA F 4dldlA 2|3 6dle] 7
FAEFZ 5dlol A, & F 194 F 99](47.3%)o0]|
A promoter?] =27} JAE ¢ ch(Fig. 4A). Pro-
moter ™| 219} MTase YA 99 AAE Yo}

EXON 3

i HL60
% wice

Fig. 2. PCR-SSCP analysis of pl6INK4A exon 2 and 3 in primary hepatocellular carcinoma tissue
samples and SNU cell lines. Migration shifts are observed in exon 2 of L7 primary hepatocellular
carcinoma tissue sample, SNU 368 and HL60 cell line, and in exon 3 of primary hepatocellular
carcinoma tissues (L1, L5 and L11) and HL60 cell line. DNA from WI38 cell line was applied

as a normal control.

L7 SNU368
Codon 66 Codon 52
CAC — CGC ATG — AGG

(Hs)  {Argd (Met)  (Arg:

SNU475 L7
Codon 77 Codon 130
ACT — ACA 2bases(GC:deletion

{Thry  (Thr}

*
TGCTGCTCCC’:‘CGGCGCGG CTGGCM{GTCAGGATGAT ACCCCGCCACACT CACCCH \GCCGCGCX:GTAC CGTG
190 1

2080 10 129

20 200

[ 2] 2

Fig. 3. Sequence histograms of exon 2 of pl6INK4A. The nucleotide sequence of L7 primary hepatocellular carcinoma

tissue sample shows a missense mutation at codon 66 (CAC to CGC, His to Arg) and 2 bases deletion at codon
130 resulting in a shift of the reading frame. The nucleotide sequence of SNU 368 cell line shows a missense
mutation at codon 52 (ATG to AGG, Met to Arg), and the nucleotide sequence of SNU 475 cell line shows
a silent mutation at codon 77 (ACT to ACA, Thr to Thr).
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meihylated - - '- j 150 bp

Fig. 4. (A) Methylation specific PCR analysis of the pl6INK4A promoter was performed as described in Materials and
Methods in primary hepatocellular carcinoma tissue samples (1 ~ 11) and SNU hepatocellular carcinoma cell lines.
Reverse images of the ethidium bromide stained gels are displayed. M denotes the molecular size marker. Bisulfite
treated DNA from WI38 cell lines was used as a normal control. (B) RT-PCR analysis for DNA methytransferase
(MTase) and GAPDH in SNU hepatocellular carcinoma cell lines.

A HEnz SNU A EFol|A RT-PCRE o] &3}o]
SO08 8 U U MIme $UR0 U8E 240 25 MTwse 37

2 2 2 2 2 2 : 7 e AEF] 2 2o)7} g3l chFig. 4B).
i R : i ; ANYA] p21AEe] BAFA JAUY 659 AE
e a_—— 2 Z plEINK4ASA AL wihwiAg wmbde] SNU

B 182 =) 368M|EFoiAut A=} o] HE
%EQI s;rli\llll s[ji 4i:;LzJ 3[:)1_&1 EE% MSPol| of3lf A Azl Yot AT 5-

aza-deoxycytidine (5-AZA)E 5U7F Helgk 3o
pl6INK4A il 2] xjuls o] SNN 354, 398, 423
gl 475014 o] o] F A EFollA] plGINK4A
[+ z %) o [=) X} o H
Fig. 5. (A) Western blot analysis of pl6INK4A from total dzkel promoter] |3 Shol] o s
cell extracts in SNU hepatocellular carcinoma cell ~ ©} A= 9lGo] #1x A ck(Fig. 5). MTAPS-
lines. (B) S-aza-2'-deoxycytidine leads to re-ex- RAApe] Ao] WAE] SNU 387 3 4499} 7 £o]
pression of pl6INK4A. Cells were treated for 5 - ) = e
day with (+) or without (=) 3 4 M 5-aza-2'-deo- $l= SNU 182 3 354A|E5F ol §-5ko] MTAP-
xycytidine. targeted chemotherapy®] 7}54& =ZAslch =

C Iith bl T A

SNU182 | SNU3BY

SNIJ354 SNUA4Y

Fig. 6. Rescue of MTAP positive cell lines (SNU 182 and 354) from methionine depletion by methlthioadenosine. MTAP
positive and negative (SNU 387 and 449) cells were plated at a density of 5% 10° cells/ml in complete RPMI
media with (C) or without (Mth) methionine or with 40 ©M mehylthioadenosine (MTA). The viable cell number
was determined by 1% crystal violet staining after 6 days.
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°]
~ & SNU354
E
~
o 4
= SNU182 3
2 P4
3 2 SNU449 1
@
3 4 SNU387
=
O T T T o 1
0 10 20 30 40
Methylthioadenosine (uM)
Fig. 7. Rescue effects of increasing concentration of me-

thylthioadenosine on MTAP positive SNU 182
and 354 cells from methotraxate toxocity. MTAP
positive and negative (SNU 387 and 449) cells
were plated at a density of 5x 10° cells/ml in
RPMI complete media without methionine. Cells
were treated with 100 4uM methotraxate and in-
creasing concentrations of methylthioadenosine for
6 days. The viable cell number was determined by
trypan blue dye exclusion.

Z] methionineg | A% uiz o] 4] MTAPS] 7]
MTAE 10, 20, 40 sMEEZ MA|3te] 6U7F i
okl A3}, SNU 182 o) 3544 ¥F 2 A& MTA
Fxel nlalste] Aol Fride] #AFHI oY
MTAF =7} 100 oM o] ol A& Al EFA o] vhet
1} MTAP-targeted chemotherapy 442 MTAEEE
40 uME sle] ARS8V} SNU 387 gl
4499] 73 ol MTAE A X3)#] g2 B9 8
& Aozt glglch. Fig. 62 MTAEEE 40 pM
2 3}o] methionineA ¥ wiA e} A} 647 wiiokslo]
crystal violete 2 d A3t Zube|r}. MTAPHA =}
7} A45 SNU 387 9 449 A|E27} SNU 182 ©
3544 0] wisl] A A7 FEFS BoAFt
MTXoell 2|3t AIEEA o] MTAd &) A =+
Ade AE =487 flsle], MTTHAE A3}
o} IC503%5 5.2 MTX (100 M)$} 40 M2 MTA
E FAo o3t ¥ AE AXTE AT A
(Fig. 7) SNU 182 2 3544 EZ%7} MTAP$A 7}
744251 SNU 387 9 449X F 50l wlel] MlEA7] 2
el A 6u] HEZ AAlge] WAt

| a

A 9p21E-9ellE= CDK 4/62] A Aol
o3l pl6INK4A T plSINK4BFAH AT 94|
st Qloh. o] & FA A AL, Eddie] 28
3 FHZelle promotert-H 2] wil A2 A% A
A FEAH Fo] PEAH fae] qUge] &
AL Ych3~6,15,17,21~25). & dE 29l
TAEG =73 3 AEFE o] §3le] ol /A
z+e] o] g z=Asten obgd pl6INK4A I
pISINK4BF-H 2} Friell 91218 §-3 AHMTAP %
INF)EE 3 2430k & Aol A HAESG
ZZ A= FAUA 9p21e]] X FAAe] AL
o] #AEA gfgtort 8% w=q f: TAE
ot MEFE F 259 AEFNAT A 9p215
9 AA ] Afo] REF ] o]l FARY AL
ZEAEQ ] WA e Al wujsickx ¥ & ot
18] 3 plSINK4B, pl6INK4A == MTAP-§H =}
o] 2% HAAo] AR gko} ZHHEY =A &
o] &3lod MXEFE HE o A 9p215-919
7o) Zx#iE AB#E AZ4Rc) plSINKAB g
PIGINK4A 3 ALe] EciWo] i AHEF7]e]
ol4-g Y 4 &, BidenE(22) 283 Io-
lascon5(23)2  7HAIEQ oAl pISINK4B 3 pl6-
INK4A §-3%2] o] HlEr 4E&S By
A=, ¥ 7S plSINKAB §-A Aol A=
Eqduo]lE £ + Y ¥ ok, pl6INK4A f
A2 exon 29| ZA$E 149 =AW 2 1
Z 9] AEF(SNU 368)0ll A gt HH=]o] o] & 3
#Ae] Eodvlo|lx XS] e & Bl
9= #eo g Azkgich ¥ exon 3o PCR-SSCP
b o]4h o]Fo] 3dlof|A A=Y= A7IAE
B 473} intron 2 B 3'UTRel] X138 3712} %]
gto] BAFH Y HAAel B dAFRe] zAFHE
ololl A = pl16INK4AS] 3'UTRE] A71X|3g B
& ul Qeh24). ey ofA A elEy |7IA
$}o] pl6INK4AS) el 1) 7)ol ojuld o3ke
njx]E=x = obal B aE uh: gloh plSINK4B g

ox,

11
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pl6INK4A #3AF2] promoteri-9]2] CpGel |
3t olE AR AAAAE 2ad F glo]
o]+ pl5SINK4A 9] pl6INK4B $Hzte] Z$& v
Eodwlo|gt 22 ANE JEld = UvhE,15,20,
21). MSPHI ©. 2 1SINK4B I pl6INK4A S22}
9] promoter?9]9] w|A3 {FFEF =AY A
pISINK4B |- 2t2| 7oAl = w3 E B
T 9l2dct. pl6INK4A FHAFe] A+ 11919 2+
gz F ddlol|A] zelat 6ol PUAMEFE S
dlef| 4], & E 194]] F 9¢|(47.3%)el| 4] promotersi]
|27t R glckFig. 4A). a8l g WX
ote] 79 pISINK4B, pl6INK4A T MTAP $-A
Z}2] o)Ak Zoll 4] pl6INK4A §H a}2) promotere)
w57t 7hd S WERE IEE] o] §3A
o] promoter§-9]2] w37t A Xl AT
BAZ AE AR AZHH o] LiewF(25)9
Kol dx)dheh a2iv} CpGell &l shel BAIQ
¥ MTase §H2 W82 SNUAIEF]A pl6-
INK4A §-A 212} promoteri 9] o] o]l 3tol| 3A19]
o] IR = AL F Hol MTase §X 22 HJut
3 oA kel WAl Aeg AzEd
pl6INK4A FHAEet obel ghf-3a ¥
Ho|g A GA2Z ¢e#]A Von Hippel-Lindau, RB
W E-cadherin 52 §A29] =A3st b g
dHolet Fao] Zlgo] FHARL Uct@). £ A
T A E 5& 9% 9} pleINKIAFAAE] promo-
ter5-2] 9] wE 3}t wAE| g ov, dullF 3} o4
o] o]all pl6INK4A F-AZe] whdo] Afige] &
SLE 9 Eh20,21). e gellA kAol 2% pl6-
INK4A whiA o) =] ¥ AEE GIF7|o] &
2 g xe3tel e g fde] dH A CH20,
21). B APl R 5-AZAE AEFe Held A
3} pl6INK4A H4zte] wao] /RRe] Bh=]of
o] & A|EF2 pl6INK4A A 2] z2pk& o] pro-
moter?] ghol| A 3te} FA U & T AN
Qubz o g iR ol getals GAEET o}
Uzl ATl E 548 Ve, whek oA
T 9 AAAEZ AR RS AolE ¢
& oot o] F o] g3hd Ao g rAM XS

AHAE g Qe g e el sh5E Aot
HEHQ o7} adenine 9 methionine2} salvagedt
Yol Tolshiz MTAPSAZ] Aolch7~13).
MTAPH- A2} AHE-2 adenine % methionine?] sal-
vagedH Aol Bolehis 228 Hdolh S po
lyamine¥A A] ALY % 5°-deoxy-5’-methylthioadeno-
sine (MTA):= MTAPl| 2|&ll adenine® 5-methyl-
thioribose-1-phosphate (MTR-1-P)& 235 =0 ad-
enine- adenine phosphoribosyl transferaseoll 2]l
adenine monophosphate ¥ %] MTR-1-P:= 2-keto-
4-methylthiobuthylate & A X AF3ut-2-ol| 23] me-
thioninec. 2 #3=ch 2 =g MTAPSA A7}
ZAAE GAHEE MTAE ©]-83% adenine I me-
thionine salvage¥t4) o] o] o2 ¢tA] €3 ule}
A LA X7 AESL7) QA= 2 FollA FFE
£ 4EE gEA o] FolAA Hc} agmg
MTAPS-A A7} 7EH G £ de novo purinedt
Ao Al oFA] == methionineZdH Fxo] o3 A
=5 9= gt} o|ul purine T methionine®] Y o)
5= MTAE FA]oll Foi3lwl MTAPFA 7L &
A AFEE MTAE o} &% F 7] el A
E 9 ARAEZS] AR Ho]E o] &3t
AAEFS A og AHE F okil~13).
E olFE= de novo purinegtd] o A A el MTX A %]
9] methionineA ¥ § XA MTAE EA|d] X
o] MTAPHA A7 AEH @2 fall XY
AEZe] dddez 4dY & e A =
Astgich. MTAPR-A L] <o) 3 SNU 387
3l 4499} 7o) gl SNU 182 Bl 3544 ¥EF-E o]
f£3}o] 1] methionine-S A A viR] | A MTAP
9] 71Ae MTAS 10, 20, 40 M =5 F X X3}
o] 697+ viokdt A}, SNU 182 3544 EF 9]
A 7-& MTAF ol v|#llste] Aol Frlgel &
ZAEgl ot} MTAEEZ}L 100 uM o] Aol A& A
E5A o] Ueht MTAFEE 40 uME 3tod 44|
sk 22l SNU 387 4 4492] 73 $-oll= MTA
£ AxetA %L 750k M oE Xolvt gl
MTAEEE 40 yuME 3}o] methionineZd§ Bl A
ol Al 647t uiokslo] crystal violet2 & FA% A
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T}, MTAPSAAL7F Z <45 SNU 387 9 449 AE
27} SNU 182 9 3544 EF0]] vlsll AJa+ 4|7}
=82 Yo ©h$5| methioninineZ e 58 ¥
MTAPS] 7]A¢] MTAW Fojslo]lE MTAPHA
A7t AAE AAEFE MTAP FA A EF) o
i MEAERE ¥z 28 4 7 A
t}. 28] =& methionineo] AHE Aolawy it
ol HE= MTAP $4 HAIZES A3 A
29E BY FE U¥ Ao 4. aen
MTAP k4] M| XEZFo)| 4 de novo purinelAl 2 | Al
ol MTXel| 2J3t AEEA4o] MTA &fa) HAH
T e AE 2437] f3ted, MTX (100 wM)2}t
40 uM9] MTAE FAlol| Foidt ¥ AE AEF
£ A48 A3 (Fig. 7), SNU 182 o 3542 MEF
7} MTAPS-A 271 7Z<E5]l SNU 387 9l 440425
off g} AEAZ} 2ufell A 6] FEZ Aol
BakElo] oldl 7 $ol]l MTAP %Al AlEo ot
FAo] SANEN vl $&& & F vt 29
ug MTAP &4 SzFHel gt d4aA
MTX$} 72 gotal|ol MTAE FAlo Foi8
A= o] AL b MTAP 4 Q) AW A4
Al Zol 3t 549 dlufe] rhgstelzt AZH
22 MTAS] Al SAE ohvel Al ¥A
o] EaAslE= MTAP 3 MTAPAI A X 23l £
Bolla] Foidt MTA7} adenine e & E#E < g}
ol(9), ol2igt YAME U HLAES] HARA
zpo] & o] &3t x| g2 o} A7 A |AMoF &
A7 g AAelr

| B

7HA|Eokoll 4] plSINK4B, pl6INK4A =12) 3
MTAP §A79] o4& =A% A, ol 4
ALo) Eoiwlo) 8l Aol vl plEINKIAFH 2}
promoter?] wW|A%7l A L wEZ FAE
oo, Y 5-AZAE Foid 7% pl6INK4AL] A
o] HFESE Aog Hol pl6INK4A A7
9] promoter¥-9]9] w|Asie} AT} WA=
WA WA g ARez AZHch ofEd

MTAPS A7l A€ ZAERFE A Eshe
lo] de novo purine ¥4 G AA| F-o3A] methio-
nined Y FeBE FE3UA MTAE FAlol Fo
% MTAPSA oHEite] A9d Aol §5
SE Aoz Hol FME U YYAERY NA
g4 ZolE ol&d AxEHe MY sH5AE
A A,
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