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Anti-tumor Cytotoxicity of Allogeneic Neuroblastoma Tumor
Antigen-loaded Dendiritic Cells

Hyeon Jin Park, M.D., Hee Young Shin, M.D." and Hyo Seop Ahn, M.D.’

Pediatric Oncology Branch, Specific Organs Cancer Center, National Cancer Center,
'Department of Pediatrics, Cancer Research Institute, Seoul National University College of Medicine, Seoul, Korea

Background: Despite of aggressive treatments, the long-term survival rate is about 30% in stage 4
neuroblastoma (NBL). Recently, dendritic cell (DC)-based immunotherapy is emerging as a promising
tool in cancer treatment. But it is very difficult to get sufficient amount of autologous tumor as the source
of tumor antigen in DC-based immunotherapy. The purpose of this study was to test whether DCs loaded
with allogeneic NBL tumor antigens can prime effective anti-tumor immune responses.

Methods: Peripheral blood mononuclear cells (PBMCs) were differentiated into immature DCs in the
presence of GM-CSF and IL-4. As the source of tumor antigens, human neuroblastoma cell lines,
SK-N-MC, SK-N-SH, and IMR-32, were used after induction of apoptosis by UV irradiation. The
immature DCs were loaded with apoptotic tumor cells, and then cultured with PBMCs for priming the
tumor antigen-specific T Iymphocytes. The tumor-specific cytotoxicity of T lymphocytes against NBL
cells was analysed after coculture.

Results: Incubation of DCs with apoptotic tumor cells effectively loaded DCs with tumor antigens and
induced maturation of DCs. The tumor antigen-challenged T lymphocytes effectively killed the NBL cells,
which were used as tumor antigens. Furthermore, the T Iymphocytes showed a broad ranged cytotoxicity
to all of the NBL cell lines, which were not challenged as tumor antigens.

Conclusion: This study showed that the apoptotic NBL tumor cells induced maturation of DCs and could
be used as tumor antigens, and DCs loaded with apoptotic NBL tumor cells could induce effective
anti-tumor specific cytotoxic T lymphocytes to allogeneic NBL tumors. (Korean J Hematol 2007;42:
136-145.)

Key Words: Dendritic cell, Immunotherapy, Allogeneic tumor antigen, Neuroblastoma

A 2007d 39 54, % 120079 39 219 Correspondence to : Hyo Seop Ahn, M.D.
=<l 1 2007d 5€ 24 Department of Pediatrics, Cancer Reseach Institute, Seoul Natio-
WAAA FEAH, MEA] FEF AT 281 nal University College of Medicine

@ 110-744, Al &g I e Lof3tw 28, Yeongeon-dong, Jongno-gu, Seoul 110-744, Korea

Tel: 02-2072-3625, Fax: 02-743-3455 Tel: +82-2-2072-3625, Fax: +82-2-743-3455

E-mail: hsahn@snu.ac.kr E-mail: hsahn@snu.ac kr

136



re

M =

2 A ¥ (neuroblastoma, NBL)& Z4o}7]
A QoA Bt 1YL F 7 £
% FA] oln] gt of 2] FH) wof o]
7} go] W77} 4719 A7} 70%01] ol&th. H< 1
¢ N

noic acid®} T € =X 9] &4

A} spA o] 213
7] NBL Ztolo] A=
o FHE F7] AEEo ] 30%%5rel HA Z=rt. ot
A AEEY] Y-S e Eok a3FQ Xz
o] g Fuo] gkt

1990t o] & FF-E-o] &9 (tumor-specific anti-
gen) & FF-#H 39 (tumor-associated antigen),
FA2 52 o] &3 T WY 2 ¥ (immunotherapy) 2]
o] GurslAl AgPslo] gt 2 FY UG QW
o W9 Fag aivt FrtEJed vz e 3
AAAMERZA Z271WG FEE ofe A x4
ZQ31A #ste A4 A| E(dendritic cells, DC) <]
o goltp* A EE <dFe U A S ot 7]
= 732 sled, DCe v = ol g |
< dddl F= g4 AExEA F i’oL
"ﬂ ‘—Hoﬂ/ﬂ A 2] ste] MHCOl| 39
RN £kt -Eo| T HZ
FE3H, IL-125 2asle] T 3
T gxe] B3} MEAds) T HE+ &
W ooy} At A £ g4 A
ol Ao ‘%E]r‘fk‘;}. g

u 2 J:né‘ 1110
o
—\J E Mo T
0 Lo [d o JR
H e i oz
L ol [ 010

O~
) l:L
ol

b2 o o

to >~
:to ﬂl\ﬂl
o
1=}
ok H

ﬂlnﬁﬁm&m\mﬂ\ﬂwr_&a

TF AAE FdY AFLoZ Ao} s, Kk
dax o] S HalA e ofe W,
2o oko]l F9F 23] & (tumor lysate) 2 B3t DCE

dases Al Fexne sud

el s FFlA 5% FAS FAB DCE
olgal 4 o2l W wrEsle] FuAL
A7 Agke] whe] g $27) Folith weia

O
)
14
=
2

7t t’ié‘@ e O}W‘ﬂrﬁ) DCE °] 'a ‘ﬁﬁﬁ-‘ﬂ
< A dH S Bt TEA X tig 3
AA o] Wnkg, §5] T =+ Advh-g-S grlste
Aol g ok 9 njA| &t dalAz X157} 7}
Sotal u&e] S8t Tk FHAH 0T FE-5
o]l &S =T F dvhe AH S 7ML Ytk

2 AFdME dxEH o2 RE =% DCo NBL
of A& FAlSt FEH FT-5ol A T A
T FE-Bol AxAd e &t o] TY-5
o] AlEAHs] T F X7} 53 NBL (allogeneic NBL)]|
M= EHRAQ A5 UYE=A &lske] NBL
A DCE o] &3 5F T4 &8 7S 48
Ao g Hrteta, A &S 9% 7| 2AEE FH3
27 39

ol Fojxte] xS Ficoll-Paque
Plus (d=1.077, Amersham Pharmacia, Uppsala, Sweden)
£ omo}oq BT 2% $elsn T A% T, Ix
100 X E 10% e H o] £3E RPMI 1640 (Sigma
Chemical Co., St. Louis, MO, USA) #iA] ol 4] 2A] 7} Hj
okslodth, 2417k ek & B]E-2H(non-adherent) A EZE
A Astn F2HA) 3 (adherent cells) S GM-CSF 100ng/
mL (LG Life Sciences Ltd., Seoul, Korea)®} IL-4 100U/
mL (Endogen, Woburn, MA, USA)S £33t 10% $-H)
3 RPMI 1640 HjA| oA 7Lt v Fato], B2 =
RE DCE #3} fEsdt” 1 5 dRAEE H3l
of NExidgde ddS #EAeTh

2. HOIE O MT} SN EEM

Ho
oL
i)
|o
frtt
ne
rlo
M
oty
[
=
53]
olN
e,
iz
i
AN
EL
0



ORE.
U Mg Fol A

138 Korean J Hematol Vol. 42, No. 2, June, 2007
@ s >
Days 0 3 8 1 15
hd >
¢ = A ﬂ
~ =
Fig. 1. Scheme of the experime-
[ Antigen (apoptotic tumor cells) loading ntal design for stimulation of T
° A DC differentiation lymphocytes by tumor antigen-
®----- *» T cell stimulation and differentiation loaded dendritic cells.
HLA-DR, CDl1c, CD3, CD4, CD8, CD14, CD16, CD19, de F 37°C FZAAA 487 FHol= WH S 43 wiE
CD80, CD86, CD40 (1% DiNona, Seoul, Korea), CH6 *'” gto] AR, FUAE L5 PSS =Hsln
AR A7 e 0 WG AYRL §AES lugml FEZ DC Wl B F 164
£ EZEA 7] (XL-MCL flow cytometer; Coulter Corp., 7HE <k 37°CA| A vl &Fate] Fdad-S DCo ©AIAI 7
Miami, FL, USA)Z DC2| Al ZxHado] g &2 o}
A sl 7FA wadaaad Al e okislm 10070 ¢
—lol'/\}\q'- Iy A% d = 30}1— 10 7H'/] DC 5 %%@'%-EIH DCO‘" 9—'?_" %g%%-%ol A‘"E
£ CDllc, CD80, CD86, CD40, CH6, HLA-DR & DC A T ZZT0| Ha S5
LT = =2 =
So| gglol tigt g 9 4°Co] A 2082-7F WA 7] T =on = ™
3lo] A = PBS (Phosphate Buffered Saline) 7] ol whgl 7437 A Lo A v kate] E31A|
2 23] A]& 3} FITC (fluorescein isothiocyanate) 7} 24 71 & 2ok AL BAd DCE D2 AozHE B
28 Ba 79 Pl vlFete] EYFA-Kol AlE
THIZITE AEH U Wy oz E3x7t) DCoF vl
Fie. Fo ML 111002 A4S, AR T Y=
Z2 2 B35 93ted IL-2 100units/mL (Endogen,
Woburn, MA, USA)-S v ol 78t o). v <k 34
ol thA] vk AlFA] AR A2 FrY] TS
< 9AIS DCE T X415 o|a=2 &43A7] 1,
IE F33}e] NBL Al
T % TH(Fig.

gty o 4o] &F-ml9-~ 3HA| (DiNona, Seoul, Korea) S
228 AR ske] 4°ColA 1583 WA F PBS®
9|
=
M EAS] T FXZ o A EAS)
FAARHAE ool o AL

=
s TH
(SK-N-MC, SK-N-SH, IMR-32)¢]] th3l &g} ¢]-Eo]
=743t
=

N of o

hvA
T

rls 7hs

28 AR
3. MABMEE MEF
NBL A|¥3F = SK-N-SH (HTB-11, neuroblastoma),
IMR-32 (CCL-127, neuroblastoma), SK-N-MC (HTB-
10, neuroepithelioma) % 33 2 A EXF 2 K-562
(CCL-243, chronic myelogenous leukemia) ¢} SK-BR-3
(HTB-30, mammary adenocarcinoma) A £5FZ ATCC
(American Type Culture Collection) ZF& T3}t 1). &3
NBL Al 2FE5 T43dY g4 Al &9 AFde= & WAS
o] gotH, T TU-5o] T g+ Wdnkgo 1 T Al S8t
Z A 3 (target cel) & o] &3}l 6. HEAHS SM
EXe T
4 SSEE BN Cytotoxicity Detection Kit (LDH release assay; Roche
A} A (ultraviolet, UV)S FA}sle] FokA| Lo Applied Science, Mannheim, Germany) = ©]-£3F] ELISA
HALS f53 & DCY a7 wljekdte] DCol| 43 (enzyme linked immunosorvent assay)#H o2 A3 &
= SAAZTE S, NBL Al X535 UVE 24|17 ZAF8E JAY =7te AEe NZAZREH FEdoz W
of APALSE FE3 T UV 2AME FHAELE DCo Z %= LDH (lactate dehydrogenase)2] &4 S =7 3}
A 16A]13F B9t v ekste] Fkatd S DCO| A3 1 formazan salte] @A F T2 A ZAM(cell death)
AT FAAFA Aolo mE FFF WIREE A Eall(cell lysis) F=E FFalste] TIIA-5
Zpol & Hlwa7] flate] Ao AP & &3l o] T | o] gt FYAxE 4 =& 433
o] &7 = dAth FF &3ES NBL Al 25 0¥ ZANES THAEY 9HF HEeR BF 5
ot 5 AEFote] HA Ao A 30237t "k & okl (reaction mixture; Roche, Mannheim, Ger-



WHE 9 S5 NADHES S2TW B HSE ANAMEO SUMELHS 139
many)< 100uL/well® 7}t 3 15~24°Col| A 30E7 (effector-target cell mix—effector cell
WS ekt A oA ¥FSAIZTE IN HCL (50ul/ control)-low control
wmguwtﬁkﬂ%%%ﬂﬂﬂﬂEH%mwm% Cytotoxicity (%)= X100
o] &3l 492nmel] A =5 =339t} Cytotoxicity high control-low control

Z(triplicate) 2. Adste] =59 72+ AA
246 uke AlAsel A9tk

3%
FIEE Bge

Fig. 2. Photomicrograph of peripheral blood monocyte- derived immature (left, x400) and mature human dendritic cells (right,
x1,000), Papanicolaou staining.
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Fig. 3. Phenotypic analysis of peripheral blood monocyte-derived dendritic cells (PB-DC) by two color flow cytometry analysis
using MoAb combinations of CH6, a new monoclonal antibody against human dendritic cells, and other markers of human
dendritic cells.
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Fig. 5. Immunophenotypic changes of peripheral blood monocyte-derived dendrtitic cells before and after tumor antigen loading

with apoptotic tumor cells (SK-N-SH).
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Fig. 6. Tumor-specific cytotoxicity by tumor antigen- challenged T lymphocytes. T lymphocytes were stimulated by tumor
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