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ABSTRACT

Background and Objectivesl] The goal of tumor vaccine is to activate immune system specifically against proteins expressed
by a tumor, and many types of vaccines such as gene modified vaccines have been developed to increase immunogenicity of
vaccine. We studied to determine whether or not 5-aza-2’-deoxycytidine (ADC) can increase the immunogenicity of BI6F10
melanoma cell. Materials and Method[] B16F10 cell was treated with ADC for the induction of DNA demethylation. An
ADC treated B16F10 melanoma cell was analyzed first using the reverse transcriptase-polymerase chain reaction (RT-PCR)
technique to evaluate the gene expression of tumor antigen (MAGE-2, MAGE-5) and immunity-enhancing cytokines (GM-
CSF, IL-12), and then by flow cytometry to evaluate the expression of MHC and B7 that are responsible for antigen expres-
sion and T cell activation on B16F10 cell surface. In order to evaluate vaccination effect of ADC-treated BI6F10 vaccine,
each mouse group were injected with PBS, ADC, B16F10 vaccine or BI6F10-ADC vaccine and they were also challenged
with live BI6F10 cell 7 days after vaccination. On the 20th day after live B16F10 cell challenge, the tumor mass size and the
mouse survival period were determined. Resultsl] ADC treatment for B16F10 melanoma cell increased expression of MHC
and B7. ADC treatment also increased gene expression of MAGE-2, MAGE-5, GM-CSF and IL-12. The growth of tumor
mass was decreased and the mouse survival period was elongated in B16F10-ADC vaccine immunized group. Conclusion]

ADC treatment may increase immunogenicity of BI6F10 cell, and B16F10-ADC vaccine immunization can induce anti-

cancer immunity in vivo. (Korean J Otolaryngol 2002;45:784-90)
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Table 1. Primers used for RT-PCR

Name Primer sequence (sense/antisense)

GM-CSF 5'-GGATGTGGCTGCAGAATITACTT-3'/
5'-TCATTTTTGGACTGGTITTTIGCA-3'

IL-12p40 5'-ACATGTGTCCTCAGAAGCTAACCATC-3'/
5'-ATCCTAGGATCGGACCCTIGCAGGG-3’

MAGE-2 5'-ATCGCTCTGCAGTGCCAGTT-3'/
5'-GTCCACCAAGTCATACACCT-3’

MAGE-5 5'-GACATTGTGGACTCAGCACC-3'/
5'-GTCCACCAAGTCATACACCT-3'

G3PDH 5'-GCCACCCAGAAGACTGTGGATGGC-3'/
5'-CATGTAGGCCATGAGGTCCACCAC-3’
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Fig. 1. Effect of ADC on the proliferation of B16F10 cell. B16F10
cells were cultured in medium containing ADC for 24, 48 and
72 hours. Cells were detached by trypsin tfreatment from pl-
ate, and stained with trypan blue. The number of viable cells
was counted in hemocytometer.
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Fig. 3. Effect of ADC on the MHC and B7 gene expression of
B16F10 cell. B16F10 cells were cultured in medium containing 1
u mol of ADC for 48 hours, and stained with FITC-conjug-
ated anti-MHC or anti-B7 antibody for FACS analysis. Black
color space represent control group, and white color space
represent ADC-freated group. G3PDHO Glyceraldehyde-3-ph-
osphate dehydrogenase.
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Fig. 4. Effect of ADC on the MHC and B7 expression of B16F10
cell. B16F10 cells were cultured in medium containing 1 p
mol of ADC for 48 hours, and stained with FITC-conjugated
anti-MHC (H-2kP) or anti-B7 (CD80) antibody for FACS anal-
ysis. Black color space represent control group, and white
color space represent ADC-freated group.
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Fig. 2. Effect of ADC on the cell cycle of B16F10 cell. B16F10
cells were cultured in medium containing ADC for 24 hours.
Cells were detached by trypsin treatment from plate, and st-
ained with propidium iodide, and cell cycle was analyzed by
FACS scan. M1, M2 and M3 represent G1, S and G2/M phase,
respectively.

Fig. 5. Effect of ADC on the GM-CSF and IL-12 gene expression
of B16F10 cell. B16F10 cells were cultured in medium contai-
ning ADC for 1, 6, 24 and 48 hours, and total RNA was isola-
ted. The gene expression of GM-CSF and IL-12 was measured
by RT-PCR. G3PDHO Glyceraldehyde-3-phosphate dehydro-
genase.
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Fig. 6. Effect of vaccination with B16F10-ADC on the tumor
growth. Mice immunized with PBS, ADC, B16F10 or B164F10-
ADC were challenged with live B16F10 cell. Twenty days after
tumor challenge, the size of tumor mass of each group was
measured. PBSO Phosphate buffered saline, ADCO 5-aza'-2-
deoxycytidine

Table 2. Delay of mice death by immunization with B16F10-ADC

Number of survived mice

Day

PBS ADC B16F10 B16F10-ADC
20 5 5 5 5
25 3 4 2 5
28 0 0 2 5
31 0 0 0 3
34 0 0 0 0

PBSO Phosphate buffered saline
ADCO 5-aza’-2-deoxycytidine

788

00 2~30 0000 OO0 OO0 PBS, ADC O B16F10
0000 000 00 000 B16F10—-ADC OOOO O
00 000 000 00oooo 3~70 0000 OO0 O
OO0 (Table 2).

[ [

00000000 000 000 000000 0000
0 000 0O 00 0000 0000 00 0000 000
000 0000 00000 00000 0000 D00 O
000 0D000. 00000 0000 000 00000 O
0000 0000 00000 000 000 0000 O
00 0000 000 000 0000.

ADCO DNA 0000 0000000 00 00 000
0 000 00000 OO0 000 OO0 00 CTL O
00 00000 MAGED GAGE O NY-ESO-10 OO
0 00000 000 000 002 000 AbcO O
0000 0000 000 0000 00 00000 00
00 0000 000 OO0 000 00000 00000
000 0O 000 D00O0. 000 ADCO 000 0000
0 000 0000 00000 000 00000 000
00 000D 0O00.0 00000 00 ADCO B16F10
000 00 OO0 00000 0000 00 ADCO OO
000 000 0O 000 0000 0000 000 000
00.0 00 ADC D0O000 0000 0000 000
00000 000000, 00000 SO00 00 000
0 000 0000.000 ADCO 1 pmol OO0 000
00000 0000 000 000000 trypan blued O
000 000 00 00 000 00 0 000 B16F10 O
00 000 000000 000 00 000 00000
00000 0000.0 ADC 000 DNA OO0 OO0
OO0 000000 000 epigenetic change, 0 DNAO
00000 00 0000 000 0000 000 000
0. 0000 ADC 00 48~7200 0O 0O0OO OOO
ADCO 00 000 000000 ADC 000 000 DO
000 00000000 000 0000 0O 00.000
ADCO 00 0000 0ODOOOD 000D 00000 00
00000 OO0 O OO0 0O000. 00000 000
00 class | MHC 000 000000 O 0000 OO
(tumor—associated antigen) 000 OO0 00 Ck
ass | MHC 000 00O 00O CTL OO0 00 000
00 0000 000 00000,B7 00 0000 00O
CTLO 000 000 MHC-OOOO 000000 000

Korean J Otolaryngol 2002;45:784-90



00000 DCTLODDDD 0000 0O 000 OO0
00 0D0D0O00 000 00.0000 TOOO 0000
0000 0O 00 0000 00000 00 0000 MHC
0 000 OO0 0000 00 0O TOO 0000 OO0
00000 00 000 00000.0 00000 ADC O
00 B16F10 00O MHC OO O B7 00O OO0 OO
0 000 000 00 O 00 00 0000 OO0 ADCO
000 000 000 000 0000 000.0 000
ADCO 000 B16F10(B16F10—-ADC) OO0 OO0
MHC 00O B7 OO0 0000 B16F10 00 OOOO
CTLO 0OOOOD 0000 000 0O000.

00000 00 000 000 00000 00000 O
00D D00 MHCO B7 OO0 000D OODOOOO0 OO0
0 0000 0DO0O0O0O0 0O0000D 000 0000 O
0.0 00000 00 B16F10 OO0 ADCO 0OOO O
00000 MAGE-20 MAGE-50 000 OO0 OO
0 0 000 000 ADC 000 00 0000 ooOo0
0. MAGED 00O 000 000 OO 0000 OO0 OO0
000 0000 00 00, 0 000 CcTLOD0O00 O
000 T cell epitoped 000 OO OO0 0000 O
0. 000 B16F10 OODOO ADC OO0 MAGE-2
050 000 MHC O B7 00O 000 0OOOO OO
000 00 000 0000 CTLO 0000 O 000
0000, MAGE 0000 000 0000 OO0 OO0
MAGE—-20 MAGE-50 0OOO0O CTLO 00 MAGE O
00 000000 0000 000 0000 000 000
0.0 ADC 00D 0000 0000 0000 00000
000 000000 0000 OO0 B16F10 OO0 ADC
0 000 O GM-CSFO IL-120 00000 0O0OO0
0.IL-12 000 ADC 00O 0 100 000 00000
0, GM—CSFO 00 ADC 00O 0O 2400 000 OO0
0000000 GM—-CSFO DNA 00000 00 000
00000 0000 00.000 GM—CSF 0000 00
O 00 promoterd TATA boxO OO O 950~960 bp O
00 00 OO0 CpG dinucleotided 0000 OO0O00 O
00 0000 OO0 000 00000 1L-120 GMO
000 000000000 00 0000 00.000 ADC
000 OO0 B16F10 00000 IL-12 O GM—CSF O
0 000 0 000 0000 0000 O 000 0000
00000 000 000 0 000 000d.

0 000 OO0 ADC 000 B16F10 OO0 0000
00,00000 00 000 00000 MHC 00, T cell
0000 000 B7 0000 O IL-120 GM—CSFO O

oo o

00 00000 0 0 oog. AbCh 000 goo oo
0dd 000 000 boooo ooooo 0 ooo o
Ooooooo 000 0 0000 ooobo bog AbCO
0o0 B16F1OO OO0 OOOO ODOO OO O OO O
ubo obooooo,ooo oo oboo oooo ooobo
B16F10 000 OOOO O0OO0OO00O0 0000 booOo oo
ud ooob gooooo ouooo. oo ooodgdo
ADCO 0000 OO0 BieFiono OO OO0 OOOO
B16F10—-ADCO 00 OO0 OO 00000 OO0 O
0O 0000 00 B16F10-ADCO 00O 0OOO OO OO
0 000 oo oooo, oo oooboob oob ogo
00 B16F10-ADCO OOOOO OO0 OO0OODOD OO0
0d 0000 ooooob. 0bod BieF10-ADC OO0
ooob 000 ooob 000 booo bbb oooo
O 000 0ooo. 00 BieFioO oOoOoOod OO 00O
000 00 ADC 000O0@OO Ooo)o 0oobo oo
ooo 0oooodg, ooo bo0g BlerF10-ADCO OO
udu boodooo oo goooo goo od o
00 000 0oob0.0 0o o000 ooo AbchO 00
uto oouo ooo ouoddd ooo coboo o
udd oo oooboot gooo oooo ooo o og o
og oooo.

O N

00d 00O 000 D00 B16F10 OO ADCO OO
00 BleF10 000 O OO0 OODOOO 0OOO MHCO
B7 U U0 OOOOUO OOOO04O 000 oddg oooa,
ADC 000 B16F10 OO0 OOOOO0O O0O0O O0OO
uduo ooo boooo ooodo. ood odo o
0 ADCO Bil6F1O(0O0O) OO0OO O OOOCOOO O
ud ooo g oo odo ogoo.

00 00O O05-aza—2' —deoxycytidine: OO0O- O0O0OO.

REFERENCES

1) Chang AE, Li Q, Bishop DK, Normolle DP, Redman BD, Nick-
oloff BJ. Immunogenetic therapy of human melanoma utilizing
autologous tumor cells transduced to secrete granulocyte-macro-
phage colony-stimulating factor. Hum Gene Ther 2000;11 :839-50.

2) Schmitt WE, Stassar MJ, Schmitt W, Little M, Cochlovius B. In
vitro induction of a bladder cancer-specific T-cell response by
mRNA-transfected dendritic cells. J Cancer Res Clin Oncol 2001
127:203-6.

3) Monzavi-Karbassi B, Kieber-Emmons T. Current concepts in ca-
ncer vaccine strategies. Biotechniques 2001,30:170-6.

4) Van der Meijden AP. Non-specific immunotherapy with bacille

789



B16F10 0000 OO0 OO

Calmette-Guerin (BCG). Clin Exp Immunol 2001;123:179-80.
Wigginton JM, Park JW, Gruys ME, Young HA, Jorcyk CL, Back
TC, et al. Complete regression of established spontaneous mam-
mary carcinoma and the therapeutic prevention of genetically pro-
grammed neoplastic transition by IL-12/pulse IL-2: induction of
local T cell infiltration, Fas/Fas ligand gene expression, and ma-
mmary epithelial apoptosis. J Immunol 2001;166:1156-68.

6) Finke J, Ferrone S, Frey A, Mufson A, Ochoa A. Where have all
the T cells gone? Mechanisms of immune evasion by tumors. Im-
munol Today 1999:20:158-60.

7) Lim YS, Kang BY, Kim EJ, Kim SH, Hwang SY, Kim TS. Aug-
mentation of therapeutic antitumor immunity by B16F10 melanoma
cells transfected by interferon-gamma and allogeneic MHC class I
¢DNAs. Mol Cells 1998;8:629-36.

8) Lau R, Wang F, Jeffery G, Marty V, Kuniyoshi J, Bade E, ef al.
Phase I trial of intravenous peptide-pulsed dendritic cells in pa-
tients with metastatic melanoma. J Immunother 2001:24:66-78.

9) Wang J, Saffold S, Cao X, Krauss J, Chen W. Eliciting T cell im-
munity against poorly immunogenic tumors by immunization with
dendritic cell-tumor fusion vaccines. J Immunol 1998;161:5516-24.

10) Juttermann R, Li E, Jaenisch R. Toxicity of 5-aza-2’-deoxycytidine
to mammalian cells is mediated primarily by covalent trapping of
DNA methyltransferase rather than DNA demethylation. Proc Natl
Acad Sci USA 1994;91:11797-801.

11) De Smet C, De Backer O, Faraoni I, Lurquin C, Brasseur F, Boon
T. The activation of human gene MAGE-1 in tumor cells is corre-
lated with genome-wide demethylation. Proc Natl Acad Sci USA
1996;93:7149-53.

12) De Backer O, Arden KC, Boretti M, Vantomme V, De Smet C,

5

=

790

13

14

15

16

17

18

=

Z

N7

= 2

=

Czekay S, et al. Characterization of the GAGE genes that are ex-
pressed in various human cancers and in normal testis. Cancer
Res 1999:59:3157-65.

Weiser TS, Guo ZS, Ohnmacht GA, Parkhurst ML, Tong-On P,
Marincola FM, et al. Sequential 5-Aza-2deoxycytidine-Depsipeptide
FR901228 treatment induces apoptosis preferentially in cancer
cells and facilitates their recognition by cytolytic T lymphocytes
specific for NY-ESO-1. J Immunother 2001;24:151-61.

Fujimoto T, O’Donnell MA, Szilvasi A, Yang H, Duda RB. Bac-
illus Calmette-Guerin plus interleukin-2 and/or granulocyte/macr-
ophage-colony-stimulating factor enhances immunocompetent cell
production of interferon-gamma, which inhibits B16F10 melanoma
cell growth in vitro. Cancer Immunol Immunother 1996;42:280-4.
Coral S, Sigalotti L, Gasparollo A, Cattarossi I, Visintin A, Catt-
elan A, et al. Prolonged upregulation of the expression of HLA
class I antigens and costimulatory molecules on melanoma cells
treated with 5-aza-2’-deoxycytidine (5-AZA-CdR). J Immunother
1999;22:16-24.

Pack JW, Kim IH, Kim YS. DNA and protein homology of MAGE
isotope or GAGE isotypes. Keimyung Med J 1999;18:476-83.
Schultz ES, Lethe B, Cambiaso CL, Van Snick J, Chaux P, Cort-
hals J, et al. A MAGE-A3 peptide presented by HLA-DP4 is rec-
ognized on tumor cells by CD4+ cytolytic T lymphocytes. Cancer
Res 2000:60:6272-5.

Stanley E, Metcalf D, Sobieszczuk P, Gough NM, Dunn AR. The
structure and expression of the murine gene encoding granulocyte-
macrophage colony stimulating factor: evidence for utilisation of
alternative promoters. EMBO J 1985;4:2569-73.

Korean J Otolaryngol 2002;45:784-90



