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Molecular Mechanisms of 5-Azacytidine-Induced
Trifluorothymidine-Resistance In Chinese Hamster V79 Cells
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A potent demethylating agent, 5-Azacytidine (5-AzaC) has been widely used as in many studies on DNA methylation,
regulation of gene expression, and cancer biology. The mechanisms of the demethylating activity were known to be
formation of complex between DNA and DNA methyltransferase (MTase), which depletes cellular MTase activity.
However, 5-AzaC can also induce hypermethylation of a transgene in a transgenic cell line, G12 cells and it was explained
as a result of defense mechanisms to inactivate foreign gene(s) somehow. This finding evoked the question that whether
the phenomenon of hypermethylation induced by 5-AzaC is limited to the transgene or it can be occurred in endogenous
gene(s). In order to answer the question, mutagenicity test of 5-AzaC and molecular characterization of mutants obtained
from the test were performed using an endogenous gene, thymidine kinase (tk) in Chinese hamster V79 cells. When V79
and V79-J3 subclone cells were treated with 1, 2.5, 5, 10 uM of 5-AzaC for 48 hours, their maximum mutant frequencies
were revealed as 6107 at 5 uM (350-fold induction over background) and 8107 at 2.5 puM (1,800-fold induction
over background) respectively. Since the induction rates were too high to be induced by true mutations, many
trifluorothymidine (TFT)-resistant (TFT®) cells were subjected to Northern blot analysis to check the presence of tk
transcripts. Surprisingly, all clones tested possessed the transcripts in a similar level, that implicates the TFT® phenotype
induced by 5-AzaC has not given rise to hypermethylation of the gene in spite of unusually high mutation frequency. In
addition, it has shown that the TK activity in the pool of 5-AzaC-induced TFT® cells has about a half of that in
spontaneously-induced TFT® cells or in non-selected parental V79-J3 cells. This result suggests that the mechanism(s)
underlying the TFT-resistance between spontaneously occurred and 5-AzaC-induced cells may be different. These
findings have shown that the TFT® phenotype induced by 5-AzaC has not given rise to hypermethylation of the tk gene,
and 5-AzaC may be induced by one or combined pathways among many drug resistance mechanisms. The exact
mechanisms for the 5-AzaC-induced TFT® phenotype remain to elucidate.
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Tl Ee AFEH 2t} (Jones 1990; Zingg and Jones, 1997).
5-AzaCol| 93t M EEAL DNA 54| A] DNAY cytosine
thAl 5%%t incorporation ¥ ¢ % genomic DNA2| 85~90%
7} demethylation =& A0 2 ot} (Haaf T, 1995). o}
5-AzaC2] FAFA|S] S-aza-2-deoxycytidine (©]3} 5-AzadC)7}
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DNAS] hypomethylationS #&atA| Hol 245 ME9) 52
Ao HESAL R By ol I &4, B
dwlo] i, MxEslel AxygAAst T=la AeAdzA
ZOZ BIEIL 9t} (Haaf T, 1995). 53] 5-AzaC2
23l demethylating B4 02 Q&) MEE3 e} T4}
B Fol AFHT Eg GEARA] 2 71l o= 3
Azl @G0 AHFTEAAM Y T4 A ANE 7t
Aol AA] =0tk (Robertson and Jones, 2000).
5-AzaC-& Escherichia coli (Freidman, 1979), Salmonelia typ-
himurium (Podger, 1983; Call et al., 1986), Saccharomyces cere-
visige (Zimmermann and Scheel, 1984) 52| v A& A Hut
ollZ}, Ef-5E AEFIME SdRlolE 427 + A%
o] &#A o1} (Call et al., 1986; Amacher and Turmer, 1987;
McGregor et al., 1989), 7 A&7} 24 &gt =y <
of ®31E oA transgenic gpt* Chinese hamster cell line
(G12)5 °|&% 5-AzaCe] FAWO Aol AF7HA] 2
42%] mutagen©] Hh 308 FEL v 5-AzaCell tish
e % EAW)EE HIYTh o|F SABoA EAA
314 FAZT gifEo] dldae AWMl E hypermethy-
lation®] 2]3l guanine phosphoribosyl transferase (gpf) gene®|
EZAslE Ao Z UeR demethylating A|A2 2 g
5-AzaCo] transgene®l hypermethylationS Yo7 4% S
S HAFAT} Broday et al, 1999). L3t 9714 LR
variant®] genomic DNASA 2] methylation $=52] 3 7}ol| A
parental cell®] FF R} W& 2k W 5.AzaCo] A=
FAA FFNME hypomethylations -FE8HS BoF31ch
(Broday, et al.,, 1999). ©]2{gt A= F52] cancer cell®]
R 5= global hypomethylation®} local hypermethylation &
23 v F-AFSH 5-AzaCol tumor suppressor gene¥} 22
E4 endogenous gene®| hypermethylation .2 BE8A3E #
Tk & AA §-3A A= hypomethylation 0.2 84135}
Ao zH FFEAd 7AE FhsAe dAEHIT
et AF7RA 5-AzaC ARG 3-azido-3'-deoxythymi-
dine (AZT)©] AF&Fe] T-lymphoblastoid A ¥F0l|A] thymidine
kinase (k) A4 hypermethylations =% F JoeE
B3 (Lucarelli et al, 1996)7F ARAA S, 5-AzaC®] transgene
oA} B A hypermethylation ¥1/d©] endogenous geneo| A1 =
hypermethylation® =& 4 Uvhe AHZAY #ake] B
7} §lof, B d7ollMe Eddeld IF i EREE A
FARA 7 P F ol de ARREHolR AXEF] 3t
2} Chinese hamster V79 cell®] subclone?l V79-J3 cell & ©]-&
3t tk geneS target® B I S-AzaCel SRS FA}
st 9714 F2E TFTR celle 58t 2} clone?] tri-
fluorothymidine (©]8} TFT) A&/de] EA44 S4& dola
oS24 1 & 1zt sigick
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1. V79 MZ HI 23} subclone V79-J3E S

Chinese hamster lung fibroblast V79 A|Z5E 10% fetal bo-
vine serum (GIBCO), 1% penicillin-streptomycin (GIBCO), 200
mM L-glutamine (GIBCO)®] 71l F12 medium (GIBCO)S:
WA 2 Ble] 5% CO,, 37°CollA MidsIglth EA™)A A1
Aol AEF Yol Ay sAHol|HNE A sl
CHAT (10 uM deoxycytidine, 200 uM hypoxanthine, 0.2 pM
aminopterine, 17.5 pM thymidine, Sigma)”} H7F8 F128] A8
#j2] (o3t CHAT ¥jAl2 E7)llA 44 713 wjgFaliz
(Call, 1986), A1F 29 A AR vixlol|l A vt 358
AE 717+ FATH 28T single cell F22 subcloned
S| 229 (Freshney, 1994)0]) wjz} aste] A EF4
of 7} &L 11709 clone (V79-J1~J11)S EE31% 1,
T AAEAA Eddolo] Wil 5-AzaColl RIFSHA R

3= V79-13 subclone S A3 o] o} A¥E stk

ol L4 mo ¢

2. M x5gat sHHlY

At
02!

V79 A9} subclone V79-132 o83}
gene O 2 3 5-AzaC9] A|EEAT} EHWOES Broday 5
o] AR&% g o7k $Ast thadt 2ol 433tk
5%10 cell& 100 mm tissue culture plate®l] seeding@til 6A17F
¢} cell attachment A)7H& ¥ % 0, 1.0, 2.5, 5.0, 10.0 pM<j
5-AzaCE 297 A3k olF A4 Fi2 WA 2 3¢7+
o] FA77HE FAk EQWC £AS A5t 0, 1.0 yM
EE 2 2x10°3 2.5, 5.0, 100 pM FE T2 4%10* 9
mutagenized cell-S 100 mm dish 3 4x10° =& A} 1X
10* A% FEE replatingdted 10 pg/ml TFTE 373k A
wiAjo Al 3ol e wESPAA F 1292 wFESith
o] W clonabilityE ZA37] A= 2 dose & 60 mm
dish 37§8-& ARE-3] plate & 300 cell & 53] A F12
A2 6~747F Bl T 0.5% crystal violet GG o2
AAE colonyZS GAEHATE EQHO]EL clonable cell 10°
Z AQE colony TE AT AXEGAFE AW
ol F43 FA okt 2ol 33tk 60 mm dishol
5-AzaC 0, 1.0, 2.5 uM FEolAE 300 cellZ, 5.0 pMo| A=
600 cell2 10.0 uMeol A= 1,200 cell€ Z} dose F 3 plate]
seedingdte] 6AIZFS] AZF-2 AZHE F F Fol] FR9
5-AzaC< 293 A28IQlch o] & B4 FI12 wiX & I3t
o} 6~74 ¥ 0.5% crystal violet B AL o] &3} FA
colony & T3 o} tlx279) colony & 100%= )
ZF dose B A&l 22 clonal survival 2 SFSITH

tk locusE target
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3. TFT" cell®) cloning

Eddold 4 A dojAE TFT celld) #A48 B4
dTE A3+ colony®] @4 7ol ring cloning® (Freshney,
1994)0. 2 plate B 17]9) colony® E=2J3te] SHHQ
TFT® clone 535 o] F TFT AEMAR 24 well
platel A #lF3le] cell 5 FANIITV) HFH SR 100
mm disholl Wi T WEAA o] Fof EAH FEAYA
711 A5 A Baeiqict

4. Northern blot =4

5-AzaColl o1 F=8 TFIX celle] #A4H E4E Yot
7] 9130 2+ clone®] RNAE RNAwiz™ (Ambion)E A}-83}
o] AZAM] manualell we} FZ381¢] formaldehyde-agarose
geldl A7]%3E38 & blottingdFIL Northern blot analysisS
T3tk o] uf human tk gene2] cDNA probeZE pTKIl
(ATCC 79802)€, mouse P-actin cDNA probe+= Dr. Kitahara
(Kitasato University, Japan)7} 3-8+ & A3} .09, v
Abs HA] probes= Random Priming Labelling Kit (TAKARA)
S AHEElY AFALY] manuald] Wt B4 F AR-EISICH

5.TK EA8M =

oz

V79-J3 A E2} TFT® AE poolo) e TK 484 =34
2 Voeller £0] H318k ubo) ujg} o3 2ol &35k
ol golg FulEly] Hske] 41 100 mm tissue culture
23 2x10° A EE BFsto] 2U7E wiSE F trypsinS ALR
5te] 15 ml twbeoll HATE ME 98 1X PBSE 200 xg,
1027 4TolM AH3 2 AF S oS 200 e FE¢
%% (50 mM Tris, ] mM EDTA, 10% glycerol, 5 mM B-
mercaptoethanol)ol] 2§81 I5-a 5L W] 22
Hg FHERnh o] ME FE2HE 12,000 xg, 3027+ 4T
A 94 Bl § AFANE §A A8 SA AHE
STk TK 4849 542 150 pgd] odg 408
AZH (50 mM Tris, 10 mM ATP, 5 mM MgCl,, 0.1 mM H| &
X| dThd, 10 mM Sodium fluoride, 5>10° dpm [*H]dThd)ell 7}
atof 37CoA|A 3023 HH-§ AlZIch 223t 8B WS FX
AlZl o dgollAl Al has] AAskd S 50 w
£ DE-81 filterdll Hatale] F7) Fol)lA 15837 Az Zich
Az2E filterE 10 ml2] $FHO = vacuum filterator (Mani-
fold Milipore model 1225)2 ©]-&3le] 3~43) A3 T 1 mi
2] 0.2 N HCV04 M KC1 £90] E scintillation vialel]l 2o
60ColA 1A17F £230c}. o 7]9] scintillation cocktaild 23l
SEZF 2 8] £ & liquid scintillation counter (Packard)
Z o]gslyd At RAEFS v79-13 AE] ALY
48 12 Fho] AALAA TFTR AZE poolo]t} 5-Azacol 2]

Exon2

0 Exon1

- e |
PCR primers ‘@ - 1000 12000 bp
':‘ ..................... 'E
25 583bp 607 CH-tk

Fig. 1. PCR analysis of 5" region of the t gene in Chinese
hamster V79 and subclones. (A) PCR-amplified region of the
gene in the Chinese hamster V79 cell line (B) PCR products ampli-
fied from the V79 and V79 subclones (J1~J6). M, molecular
weight marker DNA of pBR322 digested with Hae IIL

) FEH TFTX Al¥E poold) EAFAHL Fhzel vjg=
yehfo] vwstgic

4 )
1.V79-J3 subclone?| &4

V79 ik MEE 82319 96-well microplatedl] 53 &
b celltt 0] Y& welld @AV|BoR AH3le] CHAT
media®l| A} cell& AlE FAAIZT oj9} 22 WHoR A%
7o) L 11749 cloned 53l 2 & I A=A
wjFE . whE AEZAE 12 6709 subclone (V79-11~J6)
of theh MX wiFA F FH14 E4E& AT HA
parental cell line V799 subcloneE 2] ¢k gene T35 <3}
7] Asl AR Hde] 2R EAE 5 regionel tiF
PCRE Ajete] dolrgirl 2 Ad} vi9 AEF 6719
subclone EFoll A o5l 583 bp Z7]9] PCR AAE] 1
Bl V79 cell} 6709] subclone®E 2l tk gene 32 F 5 re-
gion®] Aol &S FI8UT (Fig. 1).

Z12]ar o] 67N subcloned] W3 MESA T} B4 H)
RAEE ool ] sl 5 uM FE9] 5-AzaCS 2Y7T
23130 E e} MZEFAFANME 2} subcloned] HE BE
& v HE Uy A& 45%904 F 63%2 ERY 5.
AzaCol) Uit MESAo] 2 subclone vlo} ZE¥ tES
RolFEQlom, 1 % 13 subclone®] 718 MEEA) 11743}
St} (Fig. 2A).

7t subclone®] AATAA B} 10 pg/ml TFTE
AeEe w Ha 1910704 A 3.5%10° BHE B
Qb o] parental cell line$l V79 MEF7} 28 2729
A BolE 17x1070 B} 5~9u) Yo} BTt Edwol &
Aol A3 subclonedl ASZ FTEOH, I FoME
138} J5 subclone®] 714 W& #hS RS (Fig. 24, inlet).
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Fig. 2. Mutational responses of V79 subclones to 5-azacytidine.
Subclone cells were treated with 5-AzaC (5 pM for 2 days). (A)
The cytotoxicity and mutation frequency of 5-AzaC in each sub-
clone were measured by the method described in materials and
methods. Inlet is showing spontaneous mutation frequency of each
subclone. (B) Mutational sensitivity of each V79 subclone was
calculated as ratio of 5-AzaC-induced mutation frequency to the
spontaneous one.

5-AzaColl tigt EARoIA AlFME Al 1,223X10700A
o) 3,723x10°0.2 ¢ v79 AEFRTE 14 WX 48] &
FA, AARAYE EdWo)E tiH] FE&E 500~1,773
W2 vkel v799] oF 350uiel] w]E B wize AETAS
BoAFgon o] & N7} I3 subcloneo] 7FA =9k} (Fig.
2A). A E S0l tiE] Eddo] 288 13T
W)= subclone V79-130] H|W A W xjdubAld EoHolg
(2x10793} 5-AzaCol 93 FEE F& EAWolE (3,545
X107, 28l 2pAHad Edmdolgol Hla) oF 18004
o2& 7Y 2 9ol =82 Ko (Fig 2B), o] 97
222 5-AzaC®] endogenous gene®| A% methylation2
o7 F QEXE dojr: i} AERAN 1 AEE A
o= wsle] o] £ B Ao FHH o2 AL
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—e— V79
T
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-
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<
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Fig. 3. Cytotoxicity of S-azacytidine in V79 and V79-J3 subclone
cells. Following treatment with indicated doses of 5-AzaC for 2
days, the survival rates were scored as the relative survivals over
control without treatment, and expressed as mean = SD obtained
from the results in three independent experiments.

3

2. b—AzacytidineQ| M ESM1} EHHO|Y

J

Colony forming assay 0.2 UolE 5.AzaC2] HESAL
A V719 AEFE A9, v A 2T JAHETE 100%
Z 39S W 1 uM 5-AzaC 2] AlEolA % Z71519.0
U, 0]% 5-A7aC9] S=7} BopATE MESAo] F7HE
AE A& (survival rae)©] 2= ZE y&%% + 3
o} (Fig. 3). §HEel] V7913 subclone®ll thEF 5-AzaCo) HZEH
e VElE AE AEEL VT9 celldlA] RoE A g
2] W T2 5-AzaCAMFE FE7F FoldEE AMXE A4

&o] WolR|= 3E Jr%_ F U Agtdo s vi9.53
subclone®] 5-AzaC%] A|EZAlo] thef m-$ Wzee Ho
AT (Fig. 3).

5-AzaC9 V79 AX] digt EQRleld AT A2
QLA FAo| &0l 7><10‘62i YERG 2™ subclone
I3ONAM R} of 48] & HITE Bl om, 5-AzaC 1.0, 2.5,

5.0, 100 pMolA 2zt 84 ><1o6 3,486<107% 5,918x107¢

5084X107°9] £l &S Hol 50 pMAAH 1 2o &
A¥ol &S Holx Ao VeI (Fig. 4A). ol A
A 2ol tiu] 22t 5, 210, 350, 3008241 2.5 uM

ol&
A FZ3] dsdte] 5.0 yMoll A 7 E2 Edde] f=
£< YEAT (Fig 4B). v79-J3°] i3l Eqdolge &4
W Zdwio] BTy} 44x10°02 Uehdon o) v79
Aol BEE nlge] oF 0268 sidstH, 247 s-
AzaC 1.0, 2.5, 5.0, 10.0 Mo A1 282107, 7,748x10°5, 3,306
x107%, 1,554x107°¢] B¥o] WI=E Yehldth (Fig 4A).
EI AR FAW0lE thy] AW g2 47

6490, 176080, 75180, 3538 E veht, v7ge el &) 25
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Fig. 4. Mutagenicity of 5-azacytidine in V79 and V79-J3 cells.
(A) Mutational frequency was measured from one or three inde-
pendent experiment(s) using V79 or V79-J3 cells, and spontaneous
mutation frequencies of both cells were 17X 107 and 4.4%10°5,
respectively. (B) Mutational response of V79 or V79-J3 cells to
5-AzaC was expressed as ratio of 5-AzaC-induced mutation fre-
quency to spontaneously-induced one at each concentration of the
treatment. '

pMell A Hje] EAdol g 58S HUT (Fig. 4B). o=
5-AzaColl HE MEFANA FARE AE Ko EAW0]
9] &4 o] NEENE T FUEE BA F
ek zEla Ao of 18008 SRl gL 2 <zl
mutagen®] QW& wl§ thEM, o|= Broday 52
B30 A transgeneol] Whale] 5-AzaCo] BoJFE EAWC] W

E5} EAo] fEg] FAE FEE HoI.

—

3. TFT  celis®| TK RTA} ol #H3}

Edold =4 A colonyZ ring cloning Hell 8] 51
Moz 5 2770e] TFT A3 (TFTY) 28 A¥E W
o2 TFT A3 234 target gene?! thymidine kinase

V79-
J3 A1

A2 A3 A4 A5 A6 A7 A8

Fig. 5. A representative result of Northern blot analysis of thy-
midine kinase (tk) gene expression in TFT® clones. The clones
were derived from V79-J3 cells after treatment with 5-AzaC.
Lane 1, V79-J3 cell; lane 2~9, TFT® clones (A1~AS8 induced by
2.5 uM of 5-AzaC). B-actin was used as loading control. Addi-
tional 19 TFT® clones (A9~A27) were also analyzed, and showed
similar results.

(tk) gene®] mRNA 2@ AEE dolxR7] $3to] human rk
¢DNAZ probeZ &t} Northern blot £41& s3I ©]
Ax dAd® 22719 °F 5 kb tk transcriptE: TEE & 3
gom, 1 Wd Fr= 7t Feult) 234 AolE B
U, AARo2E RAFEF V7903 XA th 12
AH ol B Ele] 1 transcript®] WHol ofzhe] Wig) F2
okl 7+ 2 BT Fg 5). o9 2 WHoE AlFE F
27708] TFT® Z8A o] LdE Ajols} &7, 25
A tk ranscript?t HEEL ASE

4. TFT? cells®| TK EAEA 0| H3}

Table 19 TAIE vk} o] THFEL sk AR et
Be ool AT Ade AEAA EddelE di]
Ao oF 30u1e] E@Wol fEAld vhal, B dArofiAe
e Azl el 5-AzaCol A <F 1,8008]9] ¥ &4
Bo] fFE&S Bol F 7 739 7 Al SA4F A
12 1ok olgfd Aol7t TFT oFE AgAS £ 7
AL ZALE Yeto] ANFele 89 o wet & HAE
o 4 9l7] Wl B, TFT A3 7% AEES] poolol
gk TK 484 =40 Za3gich oo w5 ume

o
i

>

I

5-AzaCe) 28 FEH TFT® cells®] poold Wiz 44
= Voeller 9] 9402 TK 3484S vjms] Bkt ol
A} ApdagA oz AL TR ME poololl A e TK HA
o] BAES V79138 EABAC HIF o wout 2
o) 2 HolA] kAT 5-AzaCol] o8] FE=E TFT® AX
pool®] EABAL oF 06H) ofslE ZAES Horh (Fig. 6).
o] A= AdWEAH 07 vHEo|X|= TFT AZHNEEH
5-AzaColl oJ3l $E5E TFT AA ] o2 AF4 44

71de] g F U PAERH
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Table 1. Comparative mutagenesis of 5-AzaC in many cell lines

. . Selection agent Mutant Frequency Fold Induction
Cell Tine Agent (Conc,, time) (target gene) (X107% over background Ref.
5-AzaC (20 uM, 48 h) 14 7
Oua Landolph &
10T 3-AzadC (1 uM, 48 h) (Na+/ATPase) 32 10 Tones, 1982
MNNG (6.7 uM, 48 h) 72
5-AzaC (40 uM, 48 h) 260
Landolph&
V79 5-AzadC (10 pM, 48 h) Azg (aprt) 330 5 Jones, 1982
MNNG (6.7 uM, 48 h) 950 14
ASS2 5-AzaC (12 uM, S h) 6-TG (gpn) 626 18 Spenser et al., 1996
G10 5-AzaC (5 uM, 48 h) 6-TG (gp1) 45,400 454 Broday et al., 1999
G12 5-AzaC (5 pM, 48 h) 6-TG (gpn) 16,240 541 Broday et al., 1999
5-AzaC (1.2 pg/ml, 3 h) 550 20
Amacher &
AraC (4.86 pg/ml), 3 h TFT (tk) 714 26 Turner, 1987
EMS (621 pg/ml, 3 h) 715 26
5-AzaC (1 pg/ml, 4 h 400 8
L5178Y 2C (L ng/ml, 4 )
5-AzadC (0.1 pg/ml, 4 h) 150 7.5
5-FCdR (0.1 pg/ml, 4 h) TFT (tk) 150 75 McGregor et al., 1989
dH-AZA-CR (45 pg/ml, 4 h) 75 9
AraC (5 pg/ml, 4 h) 700 18
TFT (tk) 80 27
TK6 5-AzaC (1 uM, 24 h) Call et al,, 1986
6-TG (hpro) 10 3

Abbreviations: AraC, 1-p-D-arabinofuranosylcytosine; 5-AzaC, 5-azacytidine; 5-AzadC, 5-aza-2-deoxycytidine; dH-AZA-CR, 5,6-
dihydro-5-azacytidine; 5-FCdR, 5-fluoro-2'-deoxycytidine; EMS, ethyl methanesulfonate; MNNG, N-methyl-N'-nitro-N-nitrosoguanidine
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Fig. 6. Effect of 5-azacytidine on TK enzyme activity in the
pools of the TFT-resistant cells. Protein extracts were obtained
from the parental V79-J3 cells (A), their pools of spontaneously
occurred- (B) or 5-AzaC-induced TFT resistant cells (C).

ik

i

22 demethylation MANZ de] ALEFH 0|2 5-AzaCo] A

29 A5 23 e 237

permethylation® R =& <

transgene®ll WA= hy-
T 91-8o] B A} (Broday et al.,
1999). 1 & 71 o2 vlEddel] wekEdel YAs)
e ATFoNA HolFE MEY MTased] 2H =2 7134

B85} genomic DNAS| methylation 2] UAlH A3}
g F=stn Fo) 5T 599 127} hypermethylation
HE 3AE AXYE ARLES AAS 1G0T (Lee et al,
1995 Lee et al.,, 1998), 5-AzaC2} FAFAIS! 5-aza-2-deoxycy-
tidine (13} 5-AzadC)9] 73- DNA 54| Al 4tgisio} A=
W MTase$te] 723 93t adduct7} A=} AZEW
MTase 4 A2 AEEAE Yepd #8k obz} (Juet-

Eo| A= hypomethylation
A0 5 LEFSATH (Chen et al.
1998; Jackson-Grusby et al, 1997). 0|13t 5-AzaC3} F-A}A]2]
g 71Hoz 2ol 93 oncogened] E-dst ¥ T
ol g}, tumor suppressor geneS] methylationol] 2]$ E&413}
& fFEdte] A5 s Egd 76 TS B
o Fof gitk g 08 GU)FAelH g HIV AAZ AL
45 3-azido-3'-deoxythymidine (AZT)°] A}2] Tlympho-
blastoid Al3¥FollA4] thymidine kinase (k) F71AF2] hyperme-

termann and Jaenisch, 1994), 25
o] Ed¥e] AAEE FIANTIE 4
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thylaion2 =& 4 vt Bu7F 9} (Lucarelli et al,
1996). L&t} 5-AzaC2| ©]2]3F hypermethylation 7] o] A
A2 endogenous geneoll A Gold & AeA o disix= ¢
HA A gotrh e 2 d7e P dgF R dnel
A AT I ZREE AZARA gl ARE R v79 Al
IFE 0|23} 5-AzaCo] 54 endogenous gened! th 3
AE targetO. 2 3 Bl AlET £4H4 A £4
S Bt 1 g8 duxt FAHUT

B o AFoA] 5.AzaC2] EAFOIY AL st AHEH
ik geneS autosomedll 913t diploid FElE EA|3H7] W)
%o mutation assay®] sensitivity”} ol $& Ao 4
©] hemizygous allele AHEH 9] cell lineS ©]-8& F8 A
A AEFE TFTY FEE 1~2 pgmlE 319 mutantE
selection 3+ Th (Moor et al., 1985). &1} £ d-7oAfe
diploid 8¢ rk alleleS TAFOE 31Q17) wWjiol Aty =
EdHo]E 7X107%E RO TFT selectiond] =& 10 pg/
mlE 3l AMgstg Tt 18y selecion 3 =2 3 10 pg/
mi2 FA Ao ALEE Fio vF wf Haell=
Beta vus e £ 7x10°%% 1o A5 F Uy
oAl 71&8t vte}l 2o single celloll Al gk subclones 3
53la] O B8 ARGt AMEE V79 AIES] sub-
clone 6710l tH3 PCR #43& 4333}o] thA cell lineoll &
A& tk gene?) exon 13} exon 2 HRE EFS 5 region®]
Fz27} 2R $LS glsgitt (Fig 1). T3 vi9 AEF
o} B Ao 4202 AlE-H V79-J3 subclone® tk gene
5 region 5422 % Southem blot 42 7 cell linet
of AFEL A2t h2A ot F cell lined] tk F317+2
genomic DNA levelol| 48] F-Zol] & Wsl= gliz zlo= &
Q1591 t} (unpublished data).

2 AT AH2E V79 AES} Z1 subclone V79-13 A3
e 5-AzaCe] AEFZE A 23 V79 BT V79-13

subclone®] 5-AzaCell thall o)¢- Aee BT o (Fig.

3), Broday 5¢] Bi1oA 5-AzaCo] 2.35]2 transgene®] hy-
permethylation =3 7]4e] #dfraaht AT =gk
A2} %¢] hypermethylation®] 2]3F tumorigenicity®l]l 71o]&
7H54d4 with o] 7H5Alo] endogenous geneo|l A= Ao
g deA] Loliy] el MEfA AMS-H transgene T
Aol Chinese hamster tk 325 A 88be] 5-AzaCe] B
Wol4 AL 3 Ad, RAEF V797 subclone V79-J3
dAel EdRlo|de MESAAAY 1T HY &R
olAS JENYE doseol| A of7he] Aol BY ¥ AZ
H)5:8k 29E B (Fig 4. F V79 AEE 50 pMelA
IV e vl ¥ FESS Hoji, V7913 AlE9)
EdHEE V79 celll b gi] 2.5 pMellA Hdl gk
& 3} ol 5-AzaCol Wi MEFANA FALG 2HE

o FAck Ao Aol FEELS V79 cellolA
3508l V79-13 cellol A& 8x107° 1,8008 2 }E}L} Table 191
Q.oF% ulel o] 10T A|E A2 Na'/ATPase & targetO &
% MNNG7} 84, V799) aprtE target> 2 3 MNNGE oF
149, 7€) 3 L5178Y mouse lymphoma A|3E9] kel Wit
EMS®| E@Rolgo] of 26u|2A Artdoz & U 3
£ 2o 4 F e ol vE) w2 @2
Bt} o] Broday 59 X 1o)A wansgeneo] tate] 5-
AzaCo] HoE Eqdlo] vixe}l Edno] fgdd fA18
FFS Ho|i 9lo] 5-AzaC®| endogenous gene? tk genel
A EQROAZL obd TFT® variant® #28 7FeA S &
et

et} 5-AzaC AE F B AlFlA g5 2778
2] TFT® cloned)] 3 tk mRNA H &I F-E Northem blot -
Ao A ZE TFTR cloneol A transeriptE: AT 4= 3
U3 O ¥E A7} parental cell§l V79-J30| A 8] F&
A =R @it 18]I ransgeneS TR §F A KO
A] hypermethylations =HF& epigenetic mechanismofl <] 3}
455 =& 6-TG (6-thioguaning) A &A-S 1Sl A3} o]
5-AzaColl 93 F=% TFT A34de] mie- Eksl= &7
3o, B dF79 AFAE 5-AzaC0] tk AR i3k me-
thylation BETHE T2 71" 93] TAHAE 7HsdS A
Abstgict.

5-AzaCol 9&l =59} clone ¥ TFT® cellso] A3t %
AR Bz Eo] ARS-E cloned] 7} 1 EAW0] ¥l
o vls) WE A BAE FE3] 8t 5-AzaCol
3 FEE= TFTR cellsd) poold WAL E TK E4848
nlals] 2pch o] Ay AALAA TFI® cells©] parental
cell9l V79338 TS wlsh &zk A Lhert 2 Aol
Holx AT, 5-AzaCl 3 HE=E TFTN cells®] &4
e o oeE TAES BT (Fig 6). °lHT 54%
Ade] zol7h TFTOl the A3AEE v & A @Az
M gEgsiA gom, o tid At o ded Ao=w
Heltk a3 ARre ¥WaorMel go] 5-AzaColl 93 hy-
pomethylation®] ©F713} s f-Axte) S Holo) osle] TFT
Aol Aoz BE WHolA oA APHA] FIE AAKt
9t} o]9oll % Hayes and Wolf7} reviewd 215 oF&E 73}
A NAot 2 Fejo] FEAIA] HA Mol o) o}
S8 7PsAdol EAYT. Tl TP 5-AzaCell 2] TFT
9] cell W uptake?] 2 EiE HFQ A3, TFrefflux?]
Z), TFTS] E843), k G149 Edwiold o3t B84
T 24 AshFY 7FeAdE A4E I

E 79 A3= 5-AzaCo) endogenous gene®ll hyperme-

thylationS o2 ¢ A BT 5 fldlor), ko FaA
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£ target© 2 3= TFT A3 9

S 71 "art d2E AABE & A|AE]
oA 5-AzaCo] oF= APAel BRF TR Aol &
AR A] YL A2 7Rl 23] oFE AL Vehd £

3

el ]
E UES B, o dig #d faAe] 4 A §
o] ofE Aol e olelet ol FEE F s 2L
W o] el =ge) @ Ao Az

ZAel =
B A3e 19979 % QAtEtn sedH] Ao s
A7 ol A= E BTt
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