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Dendritic Cell Based Cancer Immunotherapy: in vivo Study
with Mouse Renal Cell Carcinoma Model
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The Cancer Center, 'Division of Hematology and Oncology, Samsung Medical Center, Sungkynnkwan
University School of Medicine, Seonl, Korea

ABSTRACT

Background: As a potent antigen presenting cell and a powerful inducer of antigen
specific immunity, dendritic cells (DCs) are being considered as a promising anti-tumor
therapeutic module. The expected therapeutic effect of DCs in renal cell carcinoma was
tested in the mouse model. Established late-stage tumor therapeutic (E-T) and minimal
residual disease (MRD) model was considered in the 7z wivo experiments. Methods:
Syngeneic renal cell carcinoma cells (RENCA) were inoculated either subcutaneously
(E-T) or intravenously (MRD) into the Balb/c mouse. Tumor cell lysate pulsed-DCs
were injected twice in two weeks. Intraperitoneal DC injection was started 3 week (E-T
model) or one day (MRD model) after tumor cell inoculation. Two weeks after the final
DC injection, the tumor growth and the systemic immunity were observed . Therapeutic
DCs were cultured from the bone marrow myeloid lineage cells with GM-CSF and IL-4
for 7 days and pulsed with RENCA cell lysate for 18 hrs. Results: Compared to the
saline treated group, tumor growth (E-T model) or formation (MRD model) was
suppressed in pulsed-DC treated group. RENCA specific lymphocyte proliferation was
observed in the RENCA tumor-beating mice treated with pulsed-DCs. Primary cytotoxic
T cell activity against RENCA cells was increased in pulsed-DC treated group.
Conclusion: The data suggest the possible anti-tumor effect of cultured DCs in
established or minimal residual disease/metastasis state of renal cell carcinoma. Systemic
tumor specific immunity including cytotoxic T cell activity was modulated also in
pulsed-DC treated group. (Immune Network 2004;4(1):44-52)
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. 2 C57BL/6 mice (5~65 %)
Bio-Link (5% +74)°1A 79354tk Micew
£ Wdto] §li=(specific pathogen-free, SPF) &=
AR RSgATLE HAPsE AT4EdA  ILAR
(Institute of Laboratory Animal Resources) guideline®l tw}
2t AbSE A A3 1 Ats et =& AT EA AF
A Z AL, 1243 8: Zﬂ% A3 ATE E 55
RS AFs7] X* dF A AE 71HE ARG
Al €k, RPMI-1640 medium, fetal bovine serum 2 peni-
cillin-streptomycin< ¥|= GIBCO laboratories (Grand Is-
land, NY)olA FY43tATE ofef o AlfEL H=
SIGMA Chemical Co. (St. Louis, MO)oll A 18}l Th;
lipopolysaccharide (LPS, from E.Coli 055:B5), conca-
navalin A (ConA), mitomycin-C. [methyl-SH]thymidine (6.7
Ci/ mmol) and [SICr]—sodium chromate (400~ 1200 Ci/g)<
u]== NEN (Wilmington, DE) A%< A}&3}th Flow
cytometric phenotypingS ¢34 BD-PharMingen (San
Diego, CA, USA)AA T2 22 AL +YA
t}.: fluorescein isothiocyanate (FITC)- or phycoerythrin
(PE)-labeled monoclonal Abs for MHC class I (H-2K%),
MHC class 11 (IAd), CD3, CDll1c, CD80 and CDS86. IgG,
Mac3. Dendritic cell marker®] NLDC145 3} A+ Serotec
(Oxford, England)ll A 3tk Lympholyte®-M%
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CEDARLANE® (Ontario, Canada)oll A T 3} % th.

M EZ. Balb/coll 4 Qo7 217 A9 M 3 F(renal cell
adenocarcinoma line)$! RENCAE v|= glA}2 ot M.D.
Anderson ¢F AIE} 2] Dr. L J. Fidleroll AlA A& kch A
EF9] vl %L RPMI-1640 medium (10% heat inactivated
FBS, 2 mM glutamine, 100 U/ml penicillin, Z2] 3. 100y
g/ml streptomycins 3 7}3F complete medium) 2.2 A
HA AFH =5 Al XA myeloidAl Al ZE #8371
#8te] A8 &A= hybridoma cell linesol] Al AT}
(GK1.5 for anti-L3T4, 3.168 for anti-Lyt-2, RA3 for anti-
B220, J11d for anti-B cells/neutrophills). Zt Al ¥+ &=
A ETTATd 94 AR A AlTLdAY e
o= A EF S F(ATCC, Rockville, MD)ol A 13}
o}

AF 25 AX 29 AF 83 T 42 gEHE S FA
7o ©7] RPMI-1640°.2 A
B 2] A] screen meshS 3|
& JL+= Tris-buffered 0.15 M ammonium chloride solution
(pH 7.2)0.2 Ao &3A7]a Folde 3 AE=
hemocytometerol| X A3t Atk Al X AEE2 Trypan
Blue exclusion (routinely >90%)2.2 22138} %t}
ZF44 $A4 A E(myeloid-DC) 2] Ex vivo H] %, 47
o g HAEERH AFets A FAG AEY
<GS & AP M HE AT Inaba et al.(23) W=
At Bele T4 9AHEES L3T4, Lyt-2, B220 2
B Al &4 9} ¥ A Z panningdte] F44 Al E(myeloid-
lineage cells)?+ ¥2]3}1 1x10%mle] A Eo GM-CSF
9} IL-4 (1x10° units/m) S P32 6L 7+ ¥l Fatqek ) &
6 Al RENCA cell lysate 50pg/ml-& 231 18A]1ZF ¢ uj
3FATE Tumor cell lysates= RENCA cellS liquid
nitrogen (-180°C)¥} incubator (37°C)| A]  freezing-
thawing? 4 713 3 1,500 rpmoll A 15837 94 £z
ate dojzl 5ol @ d FE Bradford W oR
lete] AZFeATh. FAG AEY Ass FE3H7]
213l tumor cell lysate9} 7 B F 3 LPS (100 ng/ml)ES
Fol 18A17F T w3tk vk 8G A FAY MEE
5o} 3Ed Y (Table I) B allogeneic splenocyteS respon-
derZ 3} mixed lymphocyte response (MLR) assayZ 7]
s AT A58 02 FAFSY] 98k FAE Al
3% tumor cell lysate$} $HA| v gt & F83t] FAE
e Aggel FHA2 $(5x10°/2000/mouse) 247
ojyfel AF EFoE Foqsith

ZTEAXE o] 2 A58 FAF AX F9. sidd
RENCA cells& AFo] oak(27)g A& =d: 1x10°
cells/mouse) == AW W@ HAo] vlAx ZFL 2 5%
10° cells/mouse) £ ©] A 3tAt. A 8§ FAF AT
o]=(5%10° DCs/mouse), 271 A8 BdoME FU4

Table 1. List of surface marker antibodies for DC characteri-
zation

Antibodies  Fluorescence Specificity

IeG FITC B cells

CD3 FITC Primed or unprimed T cells

Mac3 PE Activated macrophages,
some dendritic cells

CDl11c FITC Dendritic cells, CD4CD8"
intraepithelial lymphocytes

NLDC145 FITC Dendritic, interdigitating cells

CD80 FITC B7-1 co-stimulatory molecule

CD86 FITC B7-2 co-stimulatory molecule

H2k PE MHC class T molecule

1A PE MHC class 1T molecule
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E3d3 A (Flow cytometric analysis). 52|34
T e g Az 28F A4 7] ¢ E9 Yoon T
2)(25) W& wakeh v G A LE(1x10° cells/100
W) B4 BAZ B4 A ol FASS G APBS
(0.1% sodium azide$} 1% FBS7} £3+% PBS-CS)ol|
A7 Z 4°Coll A 4087 vl Tk total T cell S 93
hamster anti-mouse CD3&-FITC, Z+ZF CD4% CD8 T cell
subset2 3} rat anti-mouse L3T4-PE, rat anti-mouse
Ly-2-PE, 84 oiAAE s 9% rat anti-mouse
Mac3-PE. Negative control was set using rat IgG:,-PE
(PharMingen, San Diego, CA) and hamster IgG-FITC
(Jackson ImmunoResearch Laboratories, Inc., West Grove,
PA). A M E9] &l 2 WH O Z Table I9] &%
AR A E AT W Fol B F AEE A}
a1, 500p12] PBS-CS®l #°] Flow cytometer (FACSV-
antage, Becton-Dickson, Mountain View, CA)Z &2 3} %
o 242 AE A 1R ol ol Al dsk it

G 927 F4 g WG A% A2 Vss &
A7) skl e A5 F T 5ol °HY 75 SVt
£ 915ty sk vl d A e F4S Selse=
Af otk mjF AEY 75 &S 93 MLR assay=



96 well flat-bottomed microtiter plated] B HZ (R,
responder: 2x10° cells/well) ¢} mitomycin-CE A g8
R4} A E(S, stimulator)S R : S ratio 1: 1~1 : 102] H]
E2 96AI7F o] Hj gt & responder celld] =2 A=
g =439tk &, AXE 37°C, humidified, 5%-CO;
conditioned airz= 71 9] 1ncubator°ﬂ A wj kst Al E 43
18417+ Aol 1uCi¢] [H]-thymidines 2-& 3 9647t Hj
& Al F ol A glass fiber filterZ A 5 58 3}17] 9]3}]
PhD® cell harvester (Cambridge Technology, Inc., Camb-

ridge, MA, USA)S o]&3&tdth Al 27} 349 filterS
scintillation cocktailell ¥ o], WAleY AEE liquid

scintillation counter (Beckman LS 6500, Fullerton, CA)=
24U A T E% Sol WY ZE 415
e HIZ ATF2x10° cells/100u/well)o]  tumor
cell lysate 20ug/mlS 23 MLR assayol A9} 22 WH
oz v M2 F4s SHsA

A3 HAAE 7% 3. FAGNE A5 F FE4
ZoF 5 o] A3 Al E(cytotoxic T cell, CTL) 42 Yoon
5@25)°] 7] @8k WS A8 Effector cell (E)
 Hg 7} CTLEFS- 9] % 5o ﬁl‘} Sl RENCA
AE T vEo] BluTo @ et Al EQICT26E

ol FEZ ZH3th Nay''CrOsE label® 7 A i(l
x10* cells/100u) 8} 10019] effector Al £5 o7

2 419 96 well round bottom microtite plateol] A 4A] 7+
HE-3-A1Z1 % 1,500 rpmoll A 1023 94 EEste] 45
Ag FHIth ALEE target Al E A o] Y FT A
%9 WAlsS Wallac 1470 Wizard™ gamma counter
(Finland) 2 274 &t} Label® %24 A E2HE 2
Z o] 'cr WS - 2)(spontaneous release, SR)$} total
release (TR)= Bl % == 1 N HCIZ * g3 & Z}z+
BRIHAT, AL A5 5L okl 4L olgshel Lhehy
At

experimental cpm - SR cpm
%100

% Cytotoxicity =
TR cpm - SR cpm

EA AE. Invivo 23 & 218G 4~7pg]H o2 39

A wrEst At A4 +249 9 A2 analyses of var-

iance (ANOVA) using the Fisher protected least significant

difference testE ©]-&-3FTh P value7} 0.05 ©]3td o &
AF fregel g Ao AYHAT
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Figure 1. In vitro induction of allogeneic-lymphocyte proliferation
by ex o cultured myeloid-DCs from the bone matrow of Balb/c
mice. As a responder, splenocytes (2X10° cells/well) from
C57BL/6 mice were co-cultured with mitomycin-C treated DCs
(stlrnulator) from Balb/ <, mice. The concentrations 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. The response of
splenocyte proliferation stimulated with LPS-modulated DCs was
stronger than the proliferation with DCs. Data represent the
meantSE of 3 different experiments.
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Figure 2. Flow cytometric phenotyping of cultured-DC. DCs
were cultured from the bone marrow of Balb/c mice with
GM-CSF and I1.-4 for 7 days and pulsed with RENCA cell lysate.
Cells were stained with fluorescent labeled surface marker
antibodies (Table I) and analyzed with FACSVantageTM (Becton-
Dickson, Mountain View, CA, USA). Expression of MHC class
I (H2k- ) was over 95%. Other antigen presentation related
markers like MHC class 11 (IA- ) co-stimulatory molecules Br
(CD80) and B7, (CD86), as well as CD11c were also expressed
in high level. Data supported that the cultured cells were DCs.
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Figure 3. Growth retardation of sub-cutis inoculated tumors in
established therapeutic model. Mean tumor volume*SE of 7
mice were observed. Three weeks after the RENCA cell s.c.
inoculation, two injections of 2~3%10° DCs were resulted in the
statistically significant (asterisk: P<0.05) regression of tumor
growth. Data represent the one out of three different exper-
iments with similar trend.

120x10% §
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=
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Figure 4. DC induced systemic immune modulation in estab-
lished therapeutic model: induction of splenic T cell prolife-
rations. Splenocytes from the tumor bearers treated with DCs
were stimulated with T cell mitogen, ConA. T cell proliferations
were significantly (asterisk means P<0.05) increased in DC
treated group (750% increase of saline group). Data represent the
meanESE of 7 mice for each group, which is the result of one
out of three different experiments with similar trend.
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Figure 5. Cytotoxic T cell activity specific for RENCA cells in the established therapeutic model. Splenocytes from the DC treated
mice (effector cells) were co-cultured for 4 hr w1th *'Cr-labeled target tumor cells, RENCA or CT26 in different effector: target tumor
ratio. The number of target tumor cells was 1X10 / well. The primary CTL response was obtained without z witro induction procedure.
RENCA specific cytotoxic splenocyte activity was induced in RENCA cell lysate pulsed-DC treated group. Cytotoxicity against CT26
was negligible. Data represent the mean®SE of 7 mice for each group which is the result of one out of three different experiments

with similar trend. A) RENCA specific cytotoxicity in different effector :

target (E - T) ratio. B) Response observed against specific

tumor target RENCA and non-specific tumor target CT26 at the E : T ratio 100 : 1

Saline injected group

Pulsed-DC treated group

Figure 6. Pulmonary tumor nodules in minimal residual disease
(MRD) model. Picture represents the pulmonary tumor formation
in RENCA MRD model treated with DCs. After the elimination,
lung and heart were fixed and stained with Bouin's solution to
clarify the nodules. Tumor burden was quantified by counting the
tumor nodules. Overall data were represented in Table II.
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Table II. Pulmonary tumor burden in minimal residual disease
(MRD) model.

Treatment
Tumor Burden
Saline Pulsed-DC
+++ 4/10 (40%) 1/14 (7%)
++ 4/10 (40%) 1/14 (7%)
+ 1/10 (10%) 4/14 (29%)

9/10 (90%) 6/14 (43%)

- 1/10 (10%) 8/14 (57%)

After 24 hr of intravenous inoculation of RENCA cells Balb/c
mice were treated with DCs for twice by one-week interval.
Therapeutic DCs were myeloid-DC pulsed with RENCA cell
lysate. Experiments were repeated three times. In each experi-
ment 4~5 mice were enrolled in each group. Before the end of
the experiments, two mice were dead in saline group and one
mouse was dead in DC treated group. The quantification of
tumor burden was standardized by counting the tumor nodules
found in the lung. +++: Number of pulmonary tumor nodule
>30, ++ = 10~30, +: < 10, -
observed by eyes.

: No tumor nodules

AEZ A TFolA saline?t F43 thzaol] vl
lysateol] ®H-5-3 HIZT S4E0] 368 7T
RENCA cell §°] CTLY] 49 Z7I1E FAFAE A
B oo uR 27] Wik AN AH AKFg. 8).
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Figure 8. Cytotoxic T cell actlvlty specific for RENCA cells in the MRD model. Splenocytes from DC treated mice (effector cells)
were co-cultured for 4 hr with - Cr labeled target tumor cells, RENCA or CT26 in different effector: target tumor ratios. The number
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with similar trend. A) RENCA specific cytotoxicity in different effector: target (E - T) ratios. B) Response observed against specific
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Figure 7. DC induced systemic immune modulation in MRD
model: induction of RENCA-specific splenic lymphocyte
proliferations. Splenocytes from the tumor bearers treated with
DCs were stimulated with T cell mitogen, ConA or RENCA cell
lysate (20 ug/ml). RENCA specific lymphocyte proliferations
were significantly (asterisk, P<0.05) increased in DC treated
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+SE of 4~5 mice for each group which is the result of one
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