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Background: DNA methylation is one of the important gene expression mechanisms of the cell. When cytosine of
CpG dinuclectide in promotor is hypomethylated, expression of some genes that is controlled by this promoter is
altered. In this study, the author investigated the effect of DNA demethylating agent, 5-aza-2'-deoxycytidine (ADC),
on the expressions of cancer antigen genes, MHC and B7 in 4 lung cancer cell lines, NCIH1703, NCIH522,
MRC-5, and A549. Material and Method: After treatment of cell lines, NCIH1703, NCIH522, MRC-5 and A549 with
ADC (1 uM) for 48 hours, RT-PCR was performed by using the primers of MAGE, GAGE, NY-ESO-1, PSMA,
CEA, and SCC antigen gene. In order to find the optimal ADC treatment condition for induction of cancer antigen,
we studied the effect of ADC treatment time and dose on the cancer antigen gene expression. To know the effect
of ADC on the expression of MHC or B7 and cell growth, cells were treated with 1uM of ADC for 72 hours for
FACS analysis or cells were treated with 0.2, 1 or 5 uM of ADC for 96 hours for cell counting. Result: After
treatment of ADC (1 uM) for 48 hours, the expressions of MAGE, GAGE, NY-ESO-1, and PSMA genes increased
in some cell lines. Among 6 MAGE isotypes tested, and gene expression of MAGE-1, -2, -3, -4 and 6 could be
induced by ADC treatment. However, CEA gene expression did not change and SCC gene expression was
decreased by ADC treatment. Gene expression was generally induced 24~28 hours after ADC treatment and
expression of MAGE, GAGE, and NY-ESOC-1 was maintained at least 14 days after ADC ADC teatment, and
expression of MAGE, GAGE, and NY-ESO-1 was maintained at least 14 days after ADC teatment in ADC-Free
medium. Most gene expression could be induced at 0.2 uM of ADC, but gene expression increased dependently
on ADC treatment dose. The expression of MHC and B7 was not increased by ADC treatment in all four cell
lines, and the growth rate of 4 cell lines decreased significantly with the increase of ADC concentrations.
Conclusion: Treatment of lung cancer cell lines with ADC increases the gene expression MAGE, GAGE and
NY-ESO-1 that are capable of induction of cytotoxic T lymphocyte response. We suggest that treatment with 1 uM
of ADC for 48 hours and then culturing in ADC-free medium is optimal condition for induction of cancer antigen.
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However, ADC has no effect on MHC and B7 induction, additional modification for increase of expression of MHC,
B7 and cytokine will be needed for production of efficient cancer cell vaccine.

(Korean J Thorac Cardiovasc Surg 2004;37:967-977)
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AS9E A&sgion, AddzgoE d AEFY
SNU484 3] SNU638-S AH&3t9ict BE AE9 wjoke=
RPMI1640 ufjA}ol]l 10% $-elob& A3} 1 x antibiotics and
antimycotics (GibcoBRL)7} H7FE A& A-8319] o,
7FFH 5% CO; wik7] SollA wikstit. vkl &
3~59 7tHo 2 ZA 5]

2) Total RNA 22|

H A ol 10 mL PBSE Hof 33 AlXg 5 4Z5HE
A A8k, o] 7]6)) 1.5 mL Trizol £8& o] cell scraperE
Eqste] ATE Heich AT SD Trizol Sl
1/10%9] chloroformS A }sle] g &¢3t 12,000
pmez 1537 YAsho] Tl S RNAE elasl
oml, 2219 4ol RNASHE 2A2TA 47540 15
mL A| g3l 7t} RNA-§Ho Zk2] 100% isopropanol
& Aheto] EYT F —20°Col 1647 o4 BsHol
RNAE ZA A7 v}, RNA-isopropanol £35S 12,000 rpm
o5 Y9Aste] RNA pellets e F AF52 AARAL
v, oj7]el| ice-cold 70% ethanol2- 1 mL *7}sle] RNA
pellets A% 5 PAsto] &3] ethanol &4 47 3]
A|A s} RNA pellet-d& DEPC-DWol| =91 ¥ spectrophoto-
meterE ©]-§3lo] RNAY F2o 5§ FAt

3) QAL SEtEaA AMES

Total RNA £-8-& 70°C =z¢]] 1027} o] RNAE
AAI7 2 Lol HEslgrh HA 5X RT buffer 2 xL, 10
mM dATP 0.25 4L, 10 mM dGTP 025xL, 10 mM dTTP
025 ¢L, 10 mM dCTP 0.25 uL., MMLV reverse transcriptase
(200 U/ xL) 0.25 pL, RNase inhibitor (28 U/ xL) 0.25 1L, 50
#M oligo dT primer 0.5 xL, DEPC-DW 4 4L& PCR tubeol|
Yol RT-mixtureg 9HE3th RT-mixtureo]] QS0 HEG
total RNA-&N(1 ng/ pL)& 2 xL A7}V8F =] mineral oil-g 1
We gojmel I Aol 1027 ¥t o] A|gFE PCR
machinedl] tdo] 42°Coll 4] 60%- 7+ Fxelslo] A A HE-G-
< $E3er, dAHSES DWE 111 343 §
PCRol| o]£3}9it}. PCR2 A 10X PCR buffer 3 pL, 25
mM MgCl, 1.8 4L, 10 mM dATP 0.3 xL, 10 mM dGTP 0.3
xL, 10 mM dTTP 0.3 L, 10 mM dCTP 0.3 L, 50 uM
sense I antisense primer 0.25 i1, Taq polymerase (5 UJ uL,
Promega Co., U.S.A) 025 LS T3} of 7)o} DWE 4
o] HZF §HFol] 25,L7 HA 3o PCR mixtureE WH&
oot 4718 PCR-mixture 25 pLoll &AL ¥l-2E-5 5.L

Al
.
A9 AEFS GG FAA 24

Table 1. Primer sequences used for RT-PCR

Name Sequences (sensefantisense primers)

GAPDH CGTCTTCACCACCATGGAGA/
CGGCCATCACGCCACAGTT

Mage 1-6 CTGAAGGAGAAGATCTGCC/
CTCCAGGTAGTTTTCCTGCAC

Mage-1 CTGAAGGAGAAGATCTGCCWGTG/

CGGAACAAGGACTCCAGGATACAA

Mage-2 CTGAAGGAGAAGATCTGCCWGTG/
GAAAGAAGTCCTGGCAATTTCTGAG
Mage-3 CTGAAGGAGAAGATCTGCCWGTG/
CCAAAGACCAGCTGCAAGGAACT
Mage-4 CTGAAGGAGAAGATCTGCCWGTG/
CGTAATGCCAAAGATCATCTTCAG
Mage-5 CTGAAGGAGAAGATCTGCCWGTG/
CCTTTGTGACCAGCTCCTTGACTTA
Mage-6 CTGAAGGAGAAGATCTGCCWGTG/
CCAGGCAGGTGGCAAAGATGTACAC
Mage 1-8 AGTTGGCGAGGAAGATCGAC/
CTTCTTTTAACACTGTGATTGC
PSMA GTTGGAATCTTCCTGGAGGT/
CGCTCTTGAAGGAGTCTTGA
CEA TCACAGTCTCTGCATCTGGA/
GCTTGATCTTGGTGGACAGT
SCC GAGGATGTACAGGCCAAGGT/
GAGAATCTGTTGTTGCCAGC
NY-ESO-1 GCTGAATGGATGCTGCAGAT/
CACAATGAACTGGCCACTCG

Wy £¢3F 5 mineral oilg 19-& wojrrgl 32 PCR ma-
chineol] Yo vhgol 27le g PCRE AAE S WA
94°Coll A} 5E.7} 7133l 3 94°C 302, 57°C 452, 72°C 45
%% 1 cycleE 3}o] 18~35 cycle HH2-A]#H DNAE =&
AlFom, HFHoE 72°CollA] S8 A3t} PCRE
25319 th PCR ZA 312 342 ethidium bromider} 7}
% 1% agarose geloll A/ 85 Wi Av|d sy on, A7
%45 ZAFE Gel Doc 20005 o] -&3lo] Az} girt.

4) Nested PCR

PCR AH5-&- DWE 1 : 12 343t 5 t}-23} 7ol nested
PCRE AAJ3lgic). wx 10X PCR buffer 3 4L, 25 mM
MgCl; 1.8 xL, 10 mM dATP 0.3 4L, 10 mM dGTP 0.3 4L,
10 mM dTTP 0.3 L, 10 mM dCTP 0.3 L, 50 #M sense %
antisense primer 0.25 4L, Taq polymerase (5 U/ L, Promega
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%, 57°C 45&, 72°C 452 & 1 cycleE s}o] 7~20 cycle ¥}
SAAH DNAE FZAZlen, HFH 22 72°Coll A 5E7H
2 %)3}o] PCRS $+23}%lth. PCR A7}He] DAL ethidium
bromide7} d7}% 1% agarose geld] A 25 W3 A7)
stglen, A7|d5 ZAFE Gel Doc 20005 o] §3lo] 3t
SRPYE

RT-PCR g nested PCRol| A48+ primer 4] -2 Table 1
o Beleledet.
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Yo Foj] ADCE 0, 0.2, 1, 5 uMo] H7] Hx| st} 96
A7t % trypsin-EDTAZ X Xslo] AEE 22 Huog
2] o] o] 04% trypan blueZ F44s}o] hemocyto-
meterol] A AEZFE Ao} AEEE FA33h ADC A
A AEFE 279 AZEFE Uro] Al A% Al
F(relative growth index, RGD)E 314l

6) FACS 24

47Me HAQEZ ADCE 1 uM TEE H2|slo] 72
A7t ookt & 5l A EE 71319} A|EE wash buffer
(1X HBSS, 2% horse serum, 0.1% azide)Z A& & H L
o FITC7} ZA3E whFE4AE H7lsle] 4°CellA] 308
7+ vk A1 F ). A EE paraformaldehyde 2 A3k Fof §
A Z 54 7)(FACS)E o] &3t MHC 3 B7 WA & 24
sl

Z I

1) ANEFO AR WHM 2N

4709] HOHA| FZ(NCIH1703, NCIHS22, MRC-5 2 A549)
o} 270e] 9IQF AIEZ(SNU484, SNUG3S)S 7+7h mjjokst
% total RNAE H]s}lo] RT-PCR-E AA)s}9icl. Melano-
ma antigen gene (MAGE) 1-6-2 NCIH1703 3l SNU4840]]4]
7stAl Wdle] E9low, GAGEE SNU4840llA 733lA|
SNU638ol| A &= 2kslA] alxglort 3709 HFA| 5ol

MAGE

GAGE

NY-ESO-1

Fig. 1. Analysis of cancer antigen gene expression in lung
and stomach cancer cell lines. Total RNA was isolated from
cultured cancer cells and cancer antigen message was de-
tected by RT-PCR. M is size marker.

NCIH703 NCIH522 MRC-5 A549
(ADC) M - + - + - + - +

GAPDH

NY-ESO-1 |}

Fig. 2. Effect of ADC on cancer antigen gene expression of
lung cancer cell fines. Cancer cell was treated with 1uM of
ADC for 48 hours. Total RNA was isolated from control or
ADC-treated cancer cells and cancer antigen message was
detected by RT-PCR.

N\P@a\ N\PC’@ \\\Pc’@ N\P‘G?} @0@ N@e‘b
(ADC)M-+-+-+-+-+-

Fig. 3. Analysis of MAGE isotypes induced by ADC.
NCIH522 and MRC-5 were treated with tuM of ADC for 48
hours. Total RNA was isolated from control or ADC ftreated-
cancer cells and MAGE isotype message was detected by
RT-PCR and nested PCR.
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Fig. 4. Analysis of optimal ADC treatment time for induction of gene expression of cancer antigen. Four lung cancer cell lines
were treated 1 uM of ADC for 24, 48, 72 hours. Total RNA was isolated from control or ADC treated-cancer cells and cancer

antigen message was detected by RT-PCR.

Al w8 E R 9kgkt). Carcinoembryonic antigen (CEA)-S-
SNU6380l| 4] 2FslA], squamous cell carcinoma antigen (SCC)
£ MRC-5¢} NCIH522¢)14] <FalA] wal ¢l o v, prostate
specific membrane antigen (PSMA)-2 NCIH522 3 SNU484
ol 78lA] NCIH17030l| A = <kslA] 2 5] 9l eh(Fig. 1).

2) ADC AMX|0f 2|5t TIZMZS| AEH Uy Mt

NCIH1703, NCIH522, MRC-5 3] AS5494|%.Z wjjoksl &
ADCE 1 uM/ml 558 A7}stel 4847+ 2 x)skeiek. o)
ZF 9 ADCE X3k M3Eo)A total RNAE EHa]sle]
RT-PCRY o2 & FAA Hd4& ZA4sdch
NCIH1703 3 A549= 9] MAGEE E33}i= A|Eg o
ADCHA]o| 93] fAz A& Wyl qlodch e
NCIH522¢] 73-% ADC X0l 9|3 MAGE §-% 2z} o]
Z7l5]9lth. GAGE 1-89] 7<% ADCE %] x]3} NCIH1703,
NCIH522 3 A5490)|4 wrsol zelAl Zrlsgle
PSMA¥E NCIHI7T03AZo A th4 Zvhsledvh. ey
CEAT ADCAH Aol &l 414 whal el #shrt glgle
SCC2 7% NCIH522, MRC-50|4] HF&o] =i} ADC
Aol o e8] FAR Wdo] 7433 ch(Fig. 2).

3) NCIH1703 %! MRC-5 MN|ZZZF0H|M ADCXX|0f 2]
o FEE= MAGE 0189 £4M

NCIH1703 gl MRC-5& ujok3l & ADC (1 uM/ml)E 48
AI7F X Astal total RNAE Helglo] RT-PCRE L Z

MAGE 1-6& ZZA]7] & pested PCR-& 4l A]}od MAGE
oty FA A& A3l NCIH522+= MAGE-5&
ADCHX|oll  FAIgle] wWA=A gkgtow] MAGE-4%t
MAGE-69] W42 ADCAH o oJs) F7bslA ket
a7 U MAGE-1, -2, -39] w42 ADC 2ol ole] &
s Z7bsk9ch MRC-59] 2 4] MAGE-5% ADC %
Aol FAgle] WEEZA gstom UmA oy F
MAGE-1, -2, -3, 4, -69] W&l g% ADC *x]d] 23]
S 7F= 9 oh(Fig. 3).

4) ADCX 2| AlZh R A2 S=0f ME ehd &

49| Hs}

rgk

ADC A2 A 7bol| ubE FA A} b H3LE ool Hy
sko] NCIH1703, NCIH522, MRC-5 & AS494)EZ ufjok
% ADCE | uM/ml 552 H7}slo] 24, 48 ) 7247+
oFstsich. =T 9 ADCE Aelgt AjXolA total RNA
£ #2l3to] RT-PCRY S Z 43 fAA HHA S F4
3+ A3} MAGE #H-& NCIHS522 A|E o)A 7247+ w Eg]

—_—

(o

Z % L

A 48217 df, A549 A|FollA 24A7F wf Zvlsielod,
PSMA®] ®H8.& NCIHIT03 A Eol|A] 2447k wjBE] Z7}
k9o, NY-ESO-19} Mbg-& NCIH522 I AS49 A Lol
Al 24217 wl MRC-50 4 = 48417 wff S7}sledeh. SCCY
B9 MRC-50114] 24217 wl 3] 3Hel Ak Fig. 4).
ADC A2} ol W $A4 4 WS Foh)
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NCIH1703

NCIH522

(ADC, uM) M 0 02

0 02 1 5

GAPDH

MAGE

GAGE

Fig. 5. Analysis of optimal dose of ADC for induction of gene expression of cancer antigen. Four lung cancer cell lines were
treated with 0, 0.2, 1.5 uM of ADC for 48 hours. Total RNA was isolated from control or ADC treated-cancer cells and cancer

antigen message was detected by RT-PCR.

9)s}lo] NCIH1703, NCIH522, MRC-5 % AS540A| L5 uljek
g & ADCE 02, 1, 5 uM 52 H7}lslo] 48417 wlek
stk g2 9 ADCE Hal3t A ZollA4 total RNAE
Felsto] RTPCRYSZ S+ 474 Ba4 e 249
A3} NCIH17030 4+ GAGE % PSMA~”} 0.2 uM$®] ADC
AR eTdlA] =716l en, NCIH522 9 A54901 4]+ 0.2
uM X %ol MAGE, GAGE 3 NY-Eso-10] Z7}3}4it}.
MRC-52] 73-9- MAGE, GAGE 9% NY-ESO-1¢] #&o] 1
uM EEH2E] Z71slgdnh SCCe) sl 2 MRC5 3 A549
ALl ADCE 0.2 uM o] A2 A] ZHA)}¢icHFig. 5).

5) ADC XHX|0| Qs RUE FHK sl K&y

NCIH5224| £Z0l A= ADC X x|l ©}ell MAGE, GAGE
3 NY-ESO-1 o] wdlo| Z7h=gict. ADC Aol ofsf|
FEH A HEA R AAA ALEE e B
3l o] AEo) 1 uMe] ADCE HXE 2 4847 Heoll
ADC7} gl A4S wiA 2 A& 23hsla 3 HHe R
A vkt A AZE FASA AT AZolA total
RNAZ Xalsto] RT-PCRY O E MAGE, GAGE ¥ NY-
ESO-1 3 CEA®] §77 W& =A% 27 MAGE g
& & ADC x| 3 8U=FE] dA] Zrlsle] 14UH)
A A4:E %o, GAGES} NY-ESO-19] w2 ADC *]
A ¥ 29 RE] Frtste] 14LdA7EA ALE et SCC

NY-ESO-1

Fig. 6. Maintenance of cancer antigen gene expression in
NCIH522 treated with ADC. NCIH522 treated with ADC (1
uM) for 2 days, and then cells were washed with PBS and
cultured in ADC-free medium for 5, 8, 11, 14 days. Total
RNA was isolated from harvested cells and cancer antigen
message was detected by RT-PCR.

245 ADC HX|of] &3] FE5x| §kr}(Fig. 6).
6) ADC MX|0f 2|5 HetMzel MHC U B7 s
Ao B3}
479 HAEZFe] ADCE 1 uM BEE HAX|3}o] 72

AZb wjekdt & B AIEE FASG) AEE A F

AZoll FITCH A3ksl RZE2YAE HArbsto] 11247
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Fig. 8. Effect of ADC on the growth of lung cancer cell
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uM of ADC for 96 hours. The number of cell was counted,
and relative growth indexes was calculated.
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Fig. 7. Effect of ADC on MHC
and B7 expression of NCIH522
cell line. Cancer cells were treated
with 1 uM of ADC for 72 hours,
and MHC and B7 expressions was
detected by FACS analysis.
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7} 247+ 0.58, 035, 021019 2.7, A5482 ADCE 02, 1, 5
uM %28k F9] RGIZF 274 101, 0.64, 0.45019 5. A
Fubeh thaze] ol glont ADCHX|o sl AlEZF4]
Aol AAEE ¢ T UchFig. 8).
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HA A GAEF G 12 LHAE RT-PCRHY
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antigens, CTAs)o]g} E-=2ith13-17. MAGES} GAGE: 7+
7+ Ao F g 8% o}yl glow H Ao MAGE
1-6 9kAo]2k MAGE-1o)14] -67}A) 6% 2 %} o} o] A2
st &2 Yeblin] GAGE 1-8 <FAjojet 8%
GAGE oty % U o|4g wdsta 312§ vehiich
CTAsE del+= ¢ & ‘r{—h].o:]
_dol’ 7]- L Jz]]c‘»j, ] = 4z 135
[18-23]. CEA % SCC %A s ]a’joﬂxq kg o) 54
ARZ ALET ou(24.25], B dAFeAE CEAt
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