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Immunocell Therapy for Lung Cancer: Dendritic Cell Based
Adjuvant Therapy in Mouse Lung Cancer Model

Seog Jae Lec', Myung Joo Kim, So Hee In, Soyoung Baek and Hyunah Lee

quban‘menl of Thoracic & Cardiovascular Surgery, Eulji University School of Medicine, The Cancer
Center, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seonl, Korea

ABSTRACT

Background: The anti-tumor therapeutic effect of autologous tumor cell lysate pulsed-
dendritic cells (DCs) was studied for non-immunogenic and immune suppressive lung
cancer model. To test the possibility as an adjuvant therapy, minimal residual disease
model was considered in mouse iz vivo experiments. Methods: Syngencic 3LL lung
cancer cells were inoculated intravenously into the C57BL/6 mouse. Autologous tumor
cell BLL) or allogeneic leukemia cell (WEHI-3) lysate pulsed-DCs were injected twice
in two weeks. Intraperitoneal DC injection was started one day (MRD model) after tu-
mor cell inoculation. Two weeks after the final DC injection, tumor formation in the
lung and the tumor-specific systemic immunity were observed. Tumor-specific lym-
phocyte proliferation and the IFN-r secretion were analyzed for the immune monitoring.
Therapeutic DCs were cultured from the bone marrow myeloid lineage cells with
GM-CSF and 114 for 7 days and pulsed with tumor cell lysate for 18 hrs. Results:
Compated to the saline treated group, tumor formation was suppressed in 3LL tumor
cell lysate pulsed-DC treated group, while 3LL-specific immune stimulation was mini-
mum. WEHI-3-specific immune stimulation occurred in WEHI-3 lysate-pulsed DC
treated group, which had no correlation with tumor regression. Conclusion: The data
suggest the possible anti-tumor effect of cultured DCs as an adjuvant therapy for mini-
mal residual disease state of lung cancer. The significance of immune modulation in
DC therapy including the possible involvement of NK cell as well as antigen-specific
cytotoxic T cell activity induction was discussed. (Immune Network 2005;5(1):36-44)
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shal ot #H S AP ES AEF O FE FTtste FA0
o vt A E ThE ol HlsiA E2 YEES B
olal AUtk A AEPOEE HA &, FEXE Y
WAMAAE Fo] AFEHI Qi Qoo wet IR
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AP A gl EF3t dWrH o= 27)d LAY
2| Zote HE A5 A8 SFe 43T E2 Aol
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(EGFR)° 2+-8-3}= “o| | AK(ressa)” 7} 7|5 o] 4 &
g-o] AZEACh =3 HY HEE 0]8-3 vaccine (BCG,
GM-CSF transfection), Muc-1, Mage-3 52| ¢
peptide vaccine, 2 A& Fo] A7H L Loy =
& whsl A A3 e EEHA g3 JTH25-32).
FAG AE g HAAME) X 59 73T Eidst
AT = Bt HY X]E‘?Qiiﬂ Mol = =4
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121 C57BL/6 mice (5~6 FH)S th3h
T S)EFH FAAT Micee &
o] §l=(specific pathogen -free, SPF) T &= 4
A5 E A4 A ILAR (Institute of Laboratory Animal
Resources) guideline®l] w2} AMS-= ok A3 717F 5 A}
59 52 AHEA AAANAL, 247 B o 21
FASAT Ee 52 AdS A&7 A dFY 5
S+ AS VIS AR

Al ¢k, RPMI-1640 medium, fetal bovine serum 2 penicil-
lin-streptomycin-> ¥|= GIBCO laboratories (Grand Island,
NY)ZHE FHstth oo AekE2 v= SIGMA
Chemical Co. (St.Louis, MO)ZH-E] 13} th; lipopoly-
saccharide (LPS, from E. Coli 055:B5), concanavalin A
(ConA), mitomycin-C. Carboxyfluorescein diacetate succini-
midyl ester (CFSE)= Molecular Probes Inc., Eugene, OR)
ZREH FJ3FATE (Flow cytometric phenotypingS $13}
o] BD-Pharmingen (Sandiego, CA, USA). 2 ¥-§ o}
2 FAES FYsI Y : fluorescein isothiocyanate
(FITC)-or phycoerythrin (PE)-labeled monoclonal Abs for
MHC class 1 (H-2Kb), MHC class 11 (IAb), CD4, CDS,
CD1lc, CD80 and CD86. Low-Tox-M X.A| ZLympho-
lyte-M-2 CEDARLANE (Ontario, Canada)®.Z%E T
=g

AN EZ. C57BL/6 syngeneic H| Y MEZFQl Lewis Lung
Carcinoma cell line (3LL) ¥ Balb/C syngeneic & & Al
¥ 39 WEHI3 cell lineg w= AXF 23 (ATCC,
Rockville, MD) . 25 E| 434t M E F9] v
RPMI-1640 medium (10% heat inactivated FBS, 2 mM
glutamine, 100 U/ml penicillin, 23] 3. 100 g/ml strep-
tomycine 37}t complete medium) 2.2 A 5 AT} A
HA =+ MEZHEH myeloidA AEZE £ 317] 9351
AH&-3+ &A= hybridoma cell linesoll A A A THGKL.S for
anti-L3T4, 53.672 for anti-Lyt-2, RA3 for anti-B220, J11d
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for anti-B cells/neutrophills). 2} A|XF= v]ar A X3 2
g (ATCC, Rockville, MD)2.Z ¥-¥ FU3IATh

AF 25 AR 2. FF 23 $ 42 dEF
7]01] T2 RPMI-16400.2 A o] 45 &8
ol Zof| A screen meshES 53 ©d A EZ WHEITH F
& Tris-buffered 0.15 M ammonium chloride solution
(PH 72008 Ao &afA71a Folsle 73 2=
hemocytometerol| 4| Al F=3t Atk M2 BEEL Trypan
Blue exclusion (routinely >90%)2.2 &13}%t}.

F4 FAA Al E (myeloid-DC) 2] Ex vivo B %, A3
o] & WA ZERE A&t 274 FAG AEY
Hj ke B A oA WME A Inaba et al4l). HOZ
Akt Bele T GAEE L3T4, Lyt-2, B220 2
B AX &A1 RAZ panningdle] T4 Al E(mye-
loid-lineage cells)Zt 2] 3k3 1x10%mle] Ao GM-
CSF ¢} IL-4 (1x10° units/mD)S ¥ 3 647t vl 3t
Hi ek 64 A tumor cell lysate S0ug/mlS ¥l 18A]3F ¢
Hj &S A . Tumor cell lysate= 3LL (H 4 AEF) H
WEHI-3 (84 AEF)S liquid nitrogen (-180°C)¥}
incubator (37°C)oll 4 freezing-thawing®} A4S A %
1,500 rpmoﬂH 1587 94 B8t ol 5
el & Bradford O 2 glte] g sttt wi
F19A FAG AEE AFo] A H (Table I) 2 syn-
geneic splenocyteE responderZ 3} autologous mixed
lymphocyte response (MLR) assayZ 7]%5 < 7434t
ES wf g T IL-10 B IL-129] &S ZA 3t 4
dAEE BAAT AF5E&SRE FAFE] fg 4
B AZE £% AZ S A NG B F 543
of FAME AY Adgd FEHAZL F(1x10°2000/
mouse) 2417+ ool AF HZFO T Tt
TE AL oY H (5§ FAG AE FYH. 0GR
3LL cells& 7%—%01 A (1x10° cells/100u/mouse) =
Fetdth A58 FAY AT FoE(1x10° DCs/
mouse), T A|E ‘7‘%} 24| 7F IFHH A&t AT A5
o A0 R 23] A5 FAF AEE EAUHE 54 }
ATHLDC). 2 FL salineS F o3k TF:LJJr UM E
SN O Z pulsingd}A] &2 A4 A E —roi——rL(UDC) L
Aot ME Gl YR pulsingdt FAG AE Fol
(WDO)S A4stith £ 342 vpA2t X5 25 &
FE FAAA st = 3LL HY A E FAF 21
AR7EA] AEAR S} NS AFF o, 2194
o doldle EE APTESS IMAA HAY 4 ¥
AAZ o] Fds §etoz HEAsATh FAHE HES 5
A% ME A5 §he-S Bl 459 vpe-2F ALl
Hol| AdE T =0l A3 M2 FA 3o
/\1 7-}7H 7"@4 —’F% e Zlo] B7bsste T4 34
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72 (Flow cytometric analysis). =%/ Al
/\]I,] _LZS:]E‘] 74}\11 o 7] H)-_LQ Yoon
T4 WS wth W GAAZE1x107 cells/
1o0) ¥F 242 w48 FASE FHIPBS with
0.1% sodium azide and 1% FBS (PBS-CS)ol F#A171 &

4°C oA 407 viFstAnt AMEE A S E]'\:r“’]'
2 total T cell 9%+ hamster anti-mouse CD3-FITC,
Z+Z; CD4"% CD8 T cell subsetS €38t rat anti-mouse
L3T4-PE, rat anti-mouse Lyt-2-PE, &4 2] M E 8Q1S
$$+ rat anti-mouse Mac3-PE. Negative control-> rat
IgG2b-PE (Pharmingen, San Diego, CA)$} hamster IgG-
FITC (Jackson ImmunoResearch Laboratories, Inc., West
Grove, PA). A7 AL 9] &9l -2 WH O Z Table
1o BEAE FAE AFESATH vl o] 2d & AExE
Al d3skar, 500ue] PBS-CSol & Flow cytometer
(FACSVantage, Becton-Dickson, Mountain View, CA)Z. -
AetAh S X G 1A1ZE o]ljof] Al sttt

FAZ XY cytokine BH 7% ) w4
AEo Aer 2 7|58 o =31 o ok =

of EulE IL-12 ¥ IL—IO«] %S ELISA assay kit (Becton
Dickinson, Sunnyvale, CA, USA)E ©]-8-3} =43} t}.
% W%k 79 $A% AE ST A WAL A
ytokine®] F& ZRa F Wkl Fol g Eo]
LAOTNS] FA AL 61 Fom Barge
Mg YR FH B Y 2R HEY A5
o MLRS7| Sstel B AR T 5 5ol
7% E7]—E &-Ql(immune monitoring)d}7] 9]k H]
E]—?Sﬂk]] ﬁ/_qg _,?_]o]—‘— Ntﬂo]\:} ‘63.:4— 3
boxyfluorescein diacetate succinimidyl ester (CFSE)E | 3
of AN T FAAF A9} o] uj AU (auto-
MLR), A4 A pulsing®ll AF&3 £ A E &3] Y
A7F2 A EZF2S #5319 (immune monitoring), &2
g Al o] 3 BT SR o]l Hlsl A
3l J=E flow cytometerZ =4 3l= WHS AHE-31S
o} A% v A EES HBSS (Gibco BRL Life Tech-
nologies, NY, USA)Oﬂ 5x10° cellsymlY] FEZ BH3o]
CFSE 0.5pM< #7138k 37°C Aol A 10—1—7P HE-S-A]
70 %, 5% FBS7} H7}E 712 HBSSZ 23] 413 %
2x10° cellymL®] FE = 24 well plateS] 7} wellol] 211
37°C, 5% CO, 2 715 Z7 oA 96AI7F v &kt v &k
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Table I. List of sutface marker antibodies for DC chat-
actetization

Antibodies  Fluorescence Specificity
CD4 PE Primed or unprimed T cells
CD8 PE Activated macrophages,
some dendritic cells
CDl11c FITC Dendritic cells, CD4-CD8"
intraepithelial lymphocytes
CD80 FITC B7-1 co-stimulatory molecule
CD86 FITC B7-2 co-stimulatory molecule
H2K" PE MHC class I molecule
IA° PE MHC class II molecule
H2b
1AP
CD86

CD11c
. UDC
CcD8 [ LbC
[ WDC
cD4
0 20 40 60 80 100

% cells expressing surface marker

Figure 1. Flow cytometric phenotyping of cultured-DCs. DCs
were cultured from the bone marrow of C57BL/6 mice with
GM-CSF and I1.-4 for 7 days (UDC) and pulsed with either 3LL
(LDC) or WEHI-3 (WDC) cell lysate. Cells were stained with
fluorescent labeled surface marker antibodies (Table I) and an-
alyzed with FACSVantage ™ (Becton-Dickson, Mountain View,
CA, USA) Antlgen presentation related markers like MHC class
I/11 (H2k JIA® ), co-stimulatory molecules B7; (CD80) and B
(CD86), as well as CD11c were also expressed in high level. Data
supported that the cultured cells were DCs.

T 1x10E 29T ﬁéﬂ o} 20pg/ml F A 24 well
platedl] A 37°C, 5% CO, L 7}5 2702 24X 7 wjj kst
35 d oA EHlH IFN-vE ELISA assay kit (Becton
Dickinson, Sunnyvale, CA, USA)Z =743} %t}

A A, In vivo H8 2 25T 6vHH o=, 2 B
B3t A Fo439 A2 analyses of variance
(ANOVA) using the Fisher protected least significant dif-
ference testS ©]-83FAT} P valueZ} 0.05 ©]3tY w FA
2 ool e Ao E AFsAT

Z ot

A8g FAG AXY WE
FAZ AE EY BAY 2H: vhg2d 254 AE
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Figure 2. IL-12 sectetion from the cultured-DCs. Cytokines se-
creted into the culture media of DCs wete determined by ELISA
(Becton Dickinson, Sunnyvale, CA USA). Amount of cytokines
(pg/ml) was converted to pg/1x10° cells using # of cells in 1ml
of culture media.

ZHRY g A A @Y (Table I) TS
flow cytometry= 438t <lstAnh g &0f 71A
S @33} MHC class I/, CDSO & 86°] 1L
T3, DC2 markerEZ €# 2 CDllcE Z ¢35 3
Aol F4A AN }ﬂ] 2 3y Eo] A " 7]%
S7kl ol & 35S sk AH. CD8O ( BT. o
do] o7t FUHH = A 9ol T AE &
singoll o3t FFS> A A FUrhFig. ).
FAA AEQ Cytokine £H]: viYd 88 Fx4
AEE IL-128 Evste A5 FA AEZE g1y
AchFig. 2). L AE F &Y pulsingol <J3) IL-129)
2H7L S7hSHE AR BARAL, FAY ALTF
shelol SJaiAE ok Fadhe S Ry IL-
127} F450] A W(ThyTe)TAF ] Bejats A
o2 4eA o], FR FA AL gt A9t A5
ARE AT F Us AR AZHET
FAY AL A 9 ©F IR 34 B
(Auto-MLR): C57BL/6 v}-9-2~0) A 2} F gt v % Qo+
£ & C57BLI6 PH3-229] ZFEREH B3AI A4
Aﬂ;j_gjr 71-o] HH o]:—g}_o:] EQ_‘: u ;q- /(ﬂﬁg] Z:)\l gl-%
S CFSE assay 2 #2390 vl dd 24 A E= 9
ﬂ AE] TS FE8A HIULDC) 2 A Al
F(WDC) &3l "HAjel o3 TAXC= foeh Wt
= UERA 2ttFig. 3).
He vA ZARd RHAAN FAG AEY F¢ &
374- Lewis lung carcinoma (3LL) M| 355 FA}SE 24A|7F
BE 4dFY 1402 23 HYELL) Ee gt
(WEHI—3) AE gajdo g gt FA AEZ X8

& ¥ 2% Fol RE AY 5B AAAA 3 4
4 Aelas vz ane sH4 thFig. 4). 9 2
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Hu Aoz AA3 Foto] A FEE De Matos (42)=
Fasted vldd 7)ol whel A %3}kst 3 th(Table D). A
gladsnto 7 X838 %A u) 2 (saline)ol] BlF| 4%
100 -
—a— DC
—0— LDC
% 80 ::ﬁgmy
j=)]
£ 60
©
&
T 40
=
s
2 20 4
F b v
Y Y X
0 ; ; ;
1:1 2:1 5:1

Responder : Stimulator (DC) Ratio

Figure 3. Iz vitro induction of autologous -lymphocyte prolifera-
tion (Auto-MLR) by cultured myelo1d—DCs As a responder
CFSE labeled splenocytes (2x107 cells/well) from the syngeneic
C57BL/6 mice were co-cultured with mitomycin-C treated DCs
(stimulator) pulsed with 3LL (LDC) or WEHI-3 (WDC) cell
lysates for 96 hrs. Decreased fluorescence intensity of prolif-
erating splenocytes were detected by ﬂow cytometer. The con-
centrations of DCs were 2x10°, 1x10° and 4x10" for the ratio
of responder: stimulator 1 © 1, 2 1 and 5 : 1 respectively. The
proliferative response was proportional to the DC concentrations.
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Figure 4. Gross findings of lewis lung

WE H!_DI: carcinoma formed in the C57BL/6

mouse lung. Representative lung tissues

D c & ﬁ * were obtained from naive mice (Naive)

control mice treated with saline (Sa-
line), and mice treated with unpulsed-
DC (DC), 3LL lysate pulsed-DC (LLC-

Miiiam |]|;!I'|ﬁ|H1l!ll|l!'|||1|1|,!l'!ll.'|i1ITﬁ]E.'| DC), and WEHI-3 lysate pulsed-DC

(WEHI-DC), respectively.

Table II. Seimiquantitiative rating system of pulmonary Lewis lung carcinoma in C57BL/6 mice

Grade  Score

Description of pulmonary tumor burden

No tumor mass or colonies are observed grossly or microscopically. No enlargement of lung was observed.

I 0

11 1 Tumor mass or colonies account for less than 10% of the pulmonary mass.

111 2 Tumor mass or colonies account for approximately 10~50% of the pulmonary mass.
v 3 Tumor mass or colonies covered over 50% of pulmonary mass.

\% 4 Death by heavy tumor burden.
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Table III. Quantitation of anti-tumor effect of DCs for lewis lung carcinoma formed in lung

Grade (score) of tumor burden’

Mean score of

DC Treatment No. of mice rumor burden” P value’
1 (0) I (1) 1 (2) v (3) V 4
Naive 3 3 1.00£0.00 -
Saline 2 1 3 2.331+0.33 -
Unpulsed DC 1 2 2 1 6 1.67£0.56 0.46
LCC-DC 3 3 6 1.50£0.22 0.07
WEHI-DC 3 2 1 6 1.67£0.33 0.25

“ Pulmonary metastatic tumor burden is classified according to the subjective grading system (Table 2), " P values of <0.05 are considered

significant in comparison to control (saline-treated) mice group.

80 -
HE Naive
[ saline
2 [ UDC
@ o {| 2 LDC
O BN WDC
()}
£
b=
5 40 -
b=
[
o
S 20
B
[
media 3LL-lysate WEHI-lysate ConA

In vitro Stimulators

Figure 5. Splenocyte proliferations induced by tumor cell lysates.
CESE labeled splenocytes from the Lewis lung carcinoma bearing
and tumor cell lysate pulsed-DC treated mice were cultured with
3LL and WEHI-3 cell lysates or ConA for 96 hrs to observe
the proliferations. Splenocytes were prepared from the naive mice
(Naive), control mice treated with saline (Saline), and mice treated
with unpulsed-DC (UDC), 3LL lysate pulsed-DC (LDC), and
WEHI-3 lysate pulsed-DC (WDC), respectively.

Hl 5o T A 54 ¥ 02 FAF AE Fofd ¢
g vl Sold §e uhs ks #58 F dd W
of A7t Ak A

< mediatt W2 2T A AR A I

o] W9 kg0l -

At Faet E59 A AL Gl Bk utk
&2 A7F A Gl o WS R %58, allo-
geneic W Wh3-o] oidES AAbSHATE o] A=
TG A GA matel BEAdS BolA dATHFg. 5).
T F9 So] IFN-v2H] g: oA Erlahe
IFN-ve A4 Axe) g 248 71700A 4 92
< B9ete AoE dHA AT@s). TFE LA
A FAS AR ARZE vk BIFAEE TF A

5000 -
I Naive
[ Saline
4000 - N UDC %
[ LDC
—_ = WDC . *
£ 3000 - * *
te)] *
[=%
-
I *
=2 2000
5
*
1000 * ¥
0 iDI
Media 3LL-lysate WEHI-lysate ConA

In Vitro Stimulators

Figure 6. IFN-r secretions induced by tumor cell lysates from
the splenocytes. Splenocytes from the Lewis lung carcinoma
bearing and tumor cell lysate pulsed-DC treated mice were
stimulated with 3LL and WEHI-3 cell lysates or ConA for 24
hrs to observe the IFN-r secretion into the culture media which
is quantitated by ELISA. Asterisks (*) indicate that the concen-
trations of IFN-Y secreted from each tumor cell lysate pulsed-
DC treated group were higher than that of saline treated group
with statistical significance (P<0.05).
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