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ABSTRACT

Background: Carcinoembryonic antigen (CEA) is well-known soluble tumor marker
frequently detectable in peripheral blood of carcinoma patients and considered as good
target for antigen-specific immunotherapy. In this study, we used a replication-deficient
adenovirus containing CEA to study CTL induction in vitro after adenovirus-mediated
gene transfer into DC. Methods: DC were obtained from mouse bone marrow and
cultured with IL-4 and GM-CSF. For measuring CTL activity, splenocytes were harvested
from the mice, which were immunized with DC that had been infected AdV-CEA or
pulsed with CEA peptide. Untreated DC was used as a control. Splenocytes were
re-stimulated in vitro with DC pulsed with CEA peptide for 7 days and CTL activity
with CEA peptide-pulsed EL-4 cells were assessed in a standard *'Cr-release assay. The
frequencies of antigen-specific cytokine-secreting T cell were determined with mIFN-v
ELISPOT. Results: DC infected with recombinant adenovirus expressing CEA induced
CEA-specitic CTL responses in vivo. Splenocyte induced from mice immunized with
AdV-CEA-infected DC increase in the number of IFN-V secreting T cells compared
with those from mice immunized with CEA peptide-pulsed DC. Conclusion: These
results suggested that DC infected with recombinant adenovirus has advantages over
other forms of vaccination and could provide an alternative approach vaccination

therapies. (Immune Network 2003;3(4):295-301)

Key Words: Carcinoembryonic antigen (CEA), adenovirus, dendritic cell (DC), cytotoxic
T lymphocytes (CTL)
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AZE7F FE57] YallA= MHC class 1 52}l -<lo]
A== A o] BgHo|t. o3t G AE 9
tlul A o] large multifunctional proteasomeol] 2|3l *] 2| =
o] transporter associated with antigen processing ¥ of|
9J3l] A=EX||(endoplasmic reticulum)Z ©]-&3Fe] MHC
class T ¥-2F2} A= 31, A 2| (golgi apparatus)E 74 -+
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(Fetal bovine serum; FBS: Gibco BRL, Grand Island, USA)
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7o] Az% DMEM (Gibco BRL)#A|oll 4] wiekslgict.



A z3 Ad-CEA A4 9 ulel2| & 97 54, CEA &
A S —i + LoVo A|XFE F¥ RNAE F53 o}
S Reverse Transcriptase AMV kit (Roche Molecular

Biochemicals, Mammheim, Germany)& ©]-&3}o] cDNAE
31Agk & sense primer 5’-GGACTTTTTAACACAGAA-
TTGGG-3’, antisence primer 5’-CCTTGTGCCCATGGAA-
CACAGAC-3'E Ag3te] 9 &4 ol Mo
SIAA 9 2.1 kb9] CEA §A7HE 23] 714
& golsldel. Mz oldliznto]g] A pAdeno-X™
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3t Ad-CEA®} th=F 2 & EGFP (Enhanced Green fluores-
cent Protein) -4 A7} 4=l AJ-EGFP -4AS Al =3}
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(50% tissue culture infection dose) W o2 ulo]E] A o
7V 433k
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IL-4 (Genzyme)7} *£3+% RPMI 1640 I A](Gibco BRL)ell
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A7 & 3FCEA ¥-A|(Ascites; ATCC# HB-8747)5 o] &3}
o] 3 A 5l Western W 22 CEAS| W5 &els)
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%9 CEA #elo]x9} Ad-CEA vlo]#] A MOI 1002 &
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frelE A AETE Fssch Al A8 AlE
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AZA MY ks 483
ELISPOT®Y| ]38 INF-vy 8 YJZ T %7, CEA e}
o|of tigk AEA wWoAvks: § % ZHEA IFN-vE
ZA4817] 3l vh2oll A Eelslo] 1577 wiekst 4
4 Aol 10pg/mlE CEA 3elo] =5 ZH2A|A <A
A A EZA ALstel v~ capture mAb IFN-y7}
e H 96-well vijekzol W FYst nf--29] v]AA]
gslo] AEFE AAZ oh3 CEA Eo] =7}
A AlZEeE 72 vlE(1  DE EfEte] 1x
10Ywell =52 wjek=zo)] HE3F & 37°C, 5% CO, vk
7)ol A 244 7F ¥E-EA]Z] ). PBS (phosphate-buffer saline)/
Tween (0.05%)%Z 33] AH % 2pg/ml Biotinylate”} §-2t
% SHNF-v &A1& H7Fslo] AollA 241 7F vHEAI
t}. 48 A8k vh5 avidin/alkaline phosphatseE %47}k
o] A2o]|A] 1A7} HFSA]7] & ubAlste] ZF well2] spot
W= ELISPOT Reader (AID, Strassberg, Germany)S o]
&3] FAsl%ct
CEA-5o] TAIZF9] AX Al S4. Wd=A &
A4 AE 1x10%mlol] H-2K ol A|skEl CEAZE}o]
£ (EAQNTTYL) 10ug/ml S5 & 4A17F vh-&A171 A
% 2134 _”,:x-]]*]— \;]..‘.l _Lx-l ol—°J o] X—Iy}ﬂ x]/g— xﬂg
3,000 cGy= A4 ZAskgich W] F9Y3t vhg-
AN EE Ealsle] 20 1 1 B EE 2383t 24-well
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o} ek 2~3Y v} AEE FEEPH A 20 Umle] IL-2
(Genzyme)E A7Fstict ek 7¢ 3 A4 2 FE
T53to] CEAC tigt 5o] CTL A3lls& F4317] 4
3 EL-4 A Zoll CEA HElo] =2 10ug/ml FEE 4417
HHSAIZ $ 23] FAGE ohy SHAERE AEsle] Fo
off gk SolAl AE Adllss SAs St TAHAE
2 100 Ci *'Cr/5%10° A EZ 905 £+ FAE vk 43]
24 = 10% S"lo} dxo] E3+E] RPMI 1640 iAol
Hoslo] v 96-well mjekZzoll 1x10Ywell EEE
A&t A HollA miekd T A|EFE 100 : 1 4
£ Hrkstdeh mlgkzE 1,500 mpoll 4] 102 94 &
.]

N

: L wu b(a rlo

A7) B 37°C, 5% CO, vieF7|oll A 4A]7Zk wokat

% 100u2] ZENHS FA8Fo] v-counter (Packard, Meri-
den, CT, USA)E: o]-&10] WAL 2A3h3 43| 7|
44 ol gato AL AEE Fstlch
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% specific release (SR) =
experimental release - spontaneous release

X 100
maximal release - spontaneous release

experimental release: EZ A Eo} AZZA4 T A EE 3
ajeFato] ol gk
spontaneous release: HIA|TF O 2 uljokEl FH A Fof| A ol
2 7
T~
maximal release: 1% Triton X-1002 *d7}s}o] ulokdt %
HA|Zol|A] ol 7k

— 1 HA

e 1}

FEH FALG AFEel AzF otvlmulo]lH A L
EQl. CEAS walsle Az obdlimutolg| 25 Az
3l HEK 293 A|ZFol| Aolsle] 7~10Y wiek ol =
2325 PEslo] A= obdlmulo|H 2 E A4S

Figutre 1. Expression of CEA in cultured dendritic cells. Transmitted
light micrograph of dendritic cells were cultured for 48 hrs after
infection with AdV-CEA at an MOT of 100 at 37°C (A). Same field
as in left panel under fluorescence detection using a fluorescein filter
set (B). CEA was expressed on the surface of DCs.
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Figure 2. Expression of AdV-CEA in dendritic cells. Protein extracts
of dendritic cells were analyzed by 8% SDS-PAGE gel and subjected
to Western blot analysis with an anti-CEA antibody. CEA was
expressed at 180 kDa.

A Az otdlieule]dlAE 58 ¥ TCIDs
(50% tissue culture infection dose) WHH O 2 Hlo]E] A
7HE 24 A 1x10°mle] G7HE Felsgi Az
& odliertelg|g 54 F CSTBLJ6 w2 E5
ZRE ZEg F5 AlFA fHlE FAL AlEd
CEAES sl & A =3 old|mrlo]#] A5 MOI 1002
2 37°CollA] 907 A A wiAIZl = CEAS] WHEl
= W ¥ Ao g It A3} CEAT AlEXH
o £x&ta 925 sl I (Fig. 1), Western blot
AW 0 Z CEA WS LoVo Al EFE 2T AE
sl3om -CEA IAIE o] 83}o] 180 kDa®] WH&-S &
ekl ch(Fig. 2).
IFN-v 48 FJZF ul= ZA ] 93 CEA 5o] A
4 W% %7} Ad-CEAS} CEA Felo| =& 742271
TA G AlEe & AEA WAAkS G5 a5 34
sl7] 93l HAAZ wpg-ollA] Feld vAAEE
CEA FE}o]| Z(EAQNTTYL)Z ZH2HAI7] A4 A2
Alg3 WollA AAFste] IFN-v Wd FZF] HIeE
ZA31ick IFNy 8 FZF s 2o E A
43k CEAR 72| g A GA| E7oll A= 17.870
+4.5 /10" Y ZF, CEA Heto|=g2 A7 444
FFoA] 201.670+26.8/10"8 Z(p<0.0002), &+ Ad-
CEAZ ZAAZ FAAAEFNAE 375.870£27.1/10°
2 ZT(p<0.000)E FoJstA B2 9l ch(Fig. 3, 4).
CEA 5o] AIZ 54 T AE WYs Z4. WAl
up-g-2oll A H2| g A EES CEA SEfo] E(EAQN-
TTYL)Z ZZAI7 FA4 AE2 A3 oA #=
slo] 15U 7F wiF & EL-48} CEA Jelo] = 7H2 EL4
FAAEE o] &slo] CEA Bo] AEEA TAE W
ZAs}9it}h. EL-40ll CEA Slelo]| =5 7H2A]71
A Zol| sl DCYHe HAAIZ ATl A= CEA
o] CTLe| K557 ¢ktort, Ad-CEAZ ZHAAI7
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Figure 3. Detection of antigen-specific CD8" T cells by ELISPOT
in the spleen cells of mice immunized with DCs that had been
infected AdV-CEA or pulsed with CEA peptide. Representa-
tive ELISPOT wells are shown after plate development. Cells are
incubated with DCs pulsing with 10ug/ml CEA peptide. These
spots were visualized and counted as described in the method.
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Figure 4. DCs infected with AdV-CEA induces CEA-specific CD8"
T cell responses in IFN-Y ELISPOT assay. Splenocytes from mice
immunized with DC mfccted AdV-CEA or pulsed with CEA peptide
were incubated with 10° DC pulsed with CEA peptide for 24 hrs.
Each bar represents the mean of the results from four micexS.D.
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Figure 5. Induction of the CTL response using dendritic cells pulsed
with CEA peptide. DCs pulsed with CEA peptide at 37°C and then
used as stimulators. Spleen cells of immunized mouse were used as
responders. Targets consisted of EL-4 unpulsed ot pulsed with 10ug/
ml of CEA peptide.

AGAEZ HARX ] Aol A 41.5%4.3% (p<0.002)
(E : T=1 : 100), DC/peptide® ™ F A7 Ag ol 4]
= 33.843.18% (p<0.0001) (E T=1: 10002 &+ &+ &
TFoll A T A|ZEof| &3t 254 & gl %‘e}ﬂli
E CEA Hglo] =7} 7‘1‘51 Xl ok EL45 ZAHAER
o] &3t 73§ E& TollA TAHIE &gk A|£E5A o] 1}
bz gioket. Ak AlE EA S Eel
g Ad-CEA Tl A& 27.0+2.32%, SJEbo] Eoll 2ol3) &
55 A5 19240.79%2 A4 o] AE = AckFig. 5).
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A B AA ZI A El|A] ofF A A -&eﬂF»M CEA
of] sk LH*J-% e =2 CEAd tdt &9 §=71
FH ol 99 CEAS 71202 0(}%1 E
Z<k 3Alol| A CEA Eo] CD4'9} CDS’
T Aﬂi H&%% 71'5—61 A7t HarE$ek(18). 3-S50l
CTL §XdA AHellA 71& 73 &Y zﬂx]/q] g
TFAG AEE o] &2 A|EA M X gl wo| o] &5
I glom APA HoflA] g EA Al ﬁ“~xl‘oL A Z9]
H

b oty Fee] WX Rel FOE WHoR AT

o] 918 977} =
7HAE BT-1 $4A9 §89 CEA 445 4447
avipox virusE FTAG Al Zol| HolAlA AT oA
CEA-5o| Al 54 TAHIEE F55 T2 (19),
CAP-1 Slelo] =9} L2 255 k. P NA|E9} 3
vaccinia virusel] CEA §-3ALE AFYAIA Folgt 3Lz
FH AZSA TAZE F5 5 doo] Ba=qd
(18.20).

B Aol s FAG AlE Al=zF Adeno-CEA2
Ho| 2715 &5lst "T‘X]“’ A Eof| A =3t Ad-CEA v}
o] 29} CEA Felo| =& ZHAAIZ F 72H7F vy ¢
3o in vivo 4ol A CEA 5‘0] AE ZA4 TAZY F 5
2= selelleh, 2A14 AEol 2% 77 Hololl T
ZHolu ok Holetx ¢#]A adenovirusd] Hol& nl-f-
29 I HE Bl F4 AL E52E GM-CSF, IL4
7b 23kl wiAollA] 79 o] vk Al fEE A Al
3ol 37°C Aol A oldl|info]# 9] Ho|7} A&HQI
Aoz gt ol A FAG AXZ] 3}
7b E & wiel] o] Ago] o, thi-Fo Alx WA
273 npP7IA R A A2 SAE B3kE =

oA SRR Kol gt wAsE o A
745t}

Th12] tiEH el #o]E7lelo g AdedZ [FN-1 =
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+ CEA Z<F 39 whilA & whalsl= 17} | =3} o}
tlenfol ] 27t FA1 4 °

Aol 9l &S A A} Rice 5 uk$-22] CEA pep-
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