
Abstract. Background: We investigated whether GM-CSF/IL-
4 is the most efficient cytokine combination for differentiating
dendritic cells (DC) in terms of its ability to elicit an antitumor
immune response. Materials and Methods: Two experimental
models were examined: C57BL/6 mice bearing MC38 cells and
Balb/c mice bearing cachexia-inducible Colon-26 cells. After
immunization with DC pulsed with whole tumor cell lysate,
tumors were inoculated into the subcutis. Results: C57BL/6
mice immunized with lysate-pulsed DC effectively rejected the
MC38 challenge and detectable MC38-specific cytotoxic
lymphocytes (CTL) were observed. However, even those groups
immunized with lysate-pulsed DC exhibited no protective
immunity against Colon-26 challenge in Balb/c mice.
Unexpectedly, mice inoculated with lysate-unpulsed DC
showed an acceleration of cachectic progression (p=0.031)
compared to control mice. Conclusion: We speculate that GM-
CSF/IL-4-induced DC promotes Th2-dominated immunity in
Balb/c mice. Consideration might be given to which
combination of cytokines is appropriate for the ex vivo
differentiation of DC in tumor immunotherapy. 

Dendritic cells (DC) are potent antigen-presenting cells that

elicit antitumor immune responses. Only a trace population

of DC are found within nucleated cells, even in lymphoid

tissue (1-3). For this reason, it has been difficult to study the

application of DC to immunotherapy. Fields et al. have

reported on a culture method to develop DC from murine

bone marrow cells (BMC) using granulocyte/macrophage

colony stimulating factor (GM-CSF) and Interleukin-4 (IL-

4) (4). As a result, the cytokines GM-CSF/IL-4 are often

used to induce DC differentiation in in vitro cultures in DC-

based immunotherapy (5,6).

DC, induced with GM-CSF/IL-4 from murine BMC, have

been reported to induce potent and specific antitumor

immunity in the tumor-bearing host when they are pulsed

with whole tumor cell lysate (7). However, it is not clear

whether the combination of GM-CSF/IL-4 is the most

efficient cytokine combination for differentiating DC in

terms of its ability to elicit an antitumor immune response.

The cytokine microenvironment plays a key role in DC

differentiation. Different cytokines and/or cytokine

combinations produce different DC lineages or subsets,

leading to functional diversity. This diversity might influence

the differentiation of naive CD4+ T cells into Th1 or Th2

cells, through the presentation of environmental peptides

on class II MHC molecules on the DC surface (8,9). A shift

in immune response towards Th2 results in a progression of

the immunosuppressive state and inhibits Th1-type

responses in the antitumor immune system (10-12). One of

the purposes of immunotherapy is to improve immune

status by creating Th1 dominant conditions for inducing

sufficient CTL activity (13). A shift in the Th1/Th2 balance

is also affected by the genetic characteristics of host

immunity. C57BL/6 and Balb/c mice are predisposed

towards Th1 and Th2 immunity, respectively (14). 

In the present paper, the antitumor effects of DC induced

with GM-CSF/IL-4 were studied using two experimental

models: MC38 adenocarcinoma cell (MC38) challenge in

C57BL/6 mice and clone 20 of Colon 26 adenocarcinoma

cell (C26) challenge in Balb/c mice. It is well known that

inoculation with C26 potently induces obvious cachexia

leading to death in Balb/c mice (15,16). We studied whether

GM-CSF/IL-4-induced DC pulsed with tumor lysate can

prime the immune response in the C57BL/6 mouse model.

Then we investigated the role of these DC in tumor growth

and cachexia in Balb/c mice bearing C26.
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Materials and Methods

Animals. C57BL/6 (H-2Kb) and Balb/c (H-2Kd) mice (7 to 8 weeks

old, female) were purchased from Saitama Experimental Animals

Supply (Saitama, Japan) and kept under specific pathogen-free

conditions. All animals were between 10 and 14 weeks of age at the

start of each experiment.

Media and cytokines. Complete media (CM) consisted of RPMI

1640 (Sigma, St. Louis, MO, USA) supplemented with 10 % heat-

inactivated fetal bovine serum (FBS, Hyclone, Logan, UT, USA),

25 mmol/L HEPES (MAB Corp, MA, USA), 2-mercaptoethanol

(5x10-5 mol/L), 2 mmol/L L-glutamine and antibiotics (Penicillin-

Streptomycin, GIBCO BRL, Rockville, MD, USA). Recombinant

murine GM-CSF was a generous gift from Kirin Brewery Co. Ltd.

(Gunma, Japan). Recombinant murine IL-4 was purchased from

PharMingen (San Diego, CA, USA). 

Tumor cell lines. MC38, a weakly immunogenic tumor produced in

the C57BL/6 strain (17), was provided by Dr. S. Honma (Jikei

Medical School, Tokyo, Japan). B16.F10, a spontaneous melanoma

cell line of C57BL/6 mouse origin, was kindly provided by PhD. T.

Matsuzaki (Yakult Central Institute, Tokyo, Japan) (18). Both

tumor lines were maintained in DMEM supplemented with 10%

FBS at 37ÆC in a fully humidified atmosphere of 5 % CO2. C26

undifferentiated tumor cells, induced by the carcinogen N-nitroso-

N-methylurethan in the Balb/c strain (19,20), were maintained in

RPMI with 10% FBS.

Preparation of DC from murine bone marrow. According to the

method described by Miyagi (21), murine BMC were prepared

from bone of the femur and tibia. BMC were seeded at 1 x 106

cells/ml in CM with a combination of GM-CSF (20 ng/ml) and IL-

4 (20 ng/ml) in 100-mm Petri dishes (Corning, Corning, NY, USA).

Cells were incubated at 37ÆC in a fully humidified atmosphere of

5% CO2. After 4 days of culture, non-adherent and loosely

adherent cells were collected after gently swirling the dishes. DC

were isolated from collected cells through positive selection using

anti-CD11c MicroBeads and magnetic cell sorting (MACS;

Miltenyl Biotec, Bergisch Gladbach, Germany), in accordance with

the manufacturer’s instructions. 

Phenotyping of DC by flow cytometry. The cell surface molecules on

cultured DC were assayed using a FACScan flow cytometer (Becton

Dickinson, Mountain View, CA, USA). Cell phenotype was

determined with direct or indirect immunofluorescence using affinity-

purified monoclonal antibodies (mAb). Primary mAb: Anti-CD4

(IgG2b, clone GK1.5), anti-CD8· (IgG2a, clone 53-6.7) and anti-Gr-

1 (IgG2b, clone RB6-8C5), were purchased from PharMingen.

Specific fluorescein isothiocyanate (FITC)-labeled mAb: anti-IAb

(IgG2a, clone AF6-120.1) was obtained from PharMingen. Anti-H-

2Kb (IgG2a, clone CTKb), anti-CD80 (IgG2a, clone RMMP-1) and

anti-CD86 (IgG2a, clone RMMP-2) were obtained from CosmoBio

(Tokyo, Japan). Specific phycoerythrin (PE)-labeled mAb: anti-

CD11c (IgG, clone HL3) was from PharMingen. FITC-labeled goat

anti-rat IgG (heavy chain and light chain specific) was purchased

from Caltag Labs (Burlinegame, CA, USA). 

Tumor antigen pulsing of DC. Day 4 DC were recultured with

freeze-thawed tumor lysate, in a proportion of three tumor cells

to one DC, in CM with GM-CSF/IL-4, as described previously

(7). Unpulsed DC were also incubated in CM with GM-CSF/IL-4.

After 18h of culture, DC were harvested, washed and

resuspended in Hanks buffer salt solution (HBSS, GIBCO BRL)

for further study. 

In vivo immunization and tumor challenge in C57BL/6 mice.
C57BL/6 mice were subcutaneously immunized twice over two

weeks in the left flank with either 1 x 105 MC38 tumor lysate-

pulsed DC, 1 x 105 unpulsed DC, 3 x 105 MC38 tumor lysate, or

HBSS. Fourteen days following the final immunization, all mice

were challenged with 1 x 106 viable MC38 by s.c. injection into the

right flank. The length (a) and width (b) of the tumors were

measured with vernier calipers in a blinded, coded fashion, twice

a week. Tumor volume (mm3) was calculated using the formula

ab2/2. Tumor incidence was considered positive when the tumor

volume exceeded 50 mm3. 

Cytotoxicity assays of tumor lysate-pulsed, DC-treated C57BL/6
mice. Splenocytes were obtained from mice effectively

immunized with tumor lysate-pulsed DC and who remained

tumor-free 30 days after challenge with a lethal dose of MC38

tumor cells. Splenic T cells were purified using nylon wool

columns (about 75% CD3+ by FACS analysis). The T cells (1 x

106 cells/ml) were cocultured for 5 days with MC38 tumor cells

(1 x 105 cells/ml) which were inactivated by pretreatment with

mitomycin C (4 mg/1 x 107 cells/ml, Kyowa Hakko Kogyo, Tokyo,

Japan) in IL-2-containing medium at a responder to stimulator

ratio of 10:1. After 5 days of restimulation, T cells were collected

and examined for cytolytic activity using a LDH Cytotoxicity

Detection Kit (Takara, Shiga, Japan). The percentage of specific

lysis was calculated as described previously (22). All cytotoxicity

determinations were performed in triplicate, with specified E:T

cell ratios.

In vivo immunization and tumor challenge in Balb/c mice. As

described above, Balb/c mice were immunized twice with either 1 x

105 C26 tumor lysate-pulsed DC, 1 x 105 unpulsed DC, 3 x 105 C26

tumor lysate or HBSS. Fourteen days following the final

immunization, each group of mice was challenged with a lethal

dose of 1 x 106 viable C26 by s.c. injection into the right flank. Body

weights, tumor sizes and survival rates were monitored.

Statistical analysis. All results are shown as the mean ± SD.

Fisher’s exact probability test was used to determine significant

differences in tumor incidence. Significant differences in body

weight in C26-bearing Balb/c mice were determined by the

Student’s t-test. The Kaplan-Meier and log-rank test were used

for survival analysis. 

Results

Morphological and phenotypical features of DC from C57BL/6
BMC cultured with GM-CSF/IL-4. On day 4 of culture, a

sufficient number of mature DC, identified by the presence of

continually extending and retracting processes called veils on

their surface, were generated. 2.37 ± 0.60 x 106 DC were

obtained from a 1 x 107 BMC culture in the presence of GM-

CSF/IL-4. Flow-cytometric analysis revealed the hallmark
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features of mature DC, that is a high expression level of surface

MHCs, co-stimulatory and CD11c molecules, all of which are

requisites for T-cell activation. This is shown in the histograms

(Figure 1). Mature DC induced with GM-CSF/IL-4 expressed

neither CD4 nor CD8· molecules on their cell surface.

Antitumor immunity of lysate-pulsed DC in C57BL/6 mice.
According to the method reported by Fields (7), we first

tried to ascertain the immunological effect of DC induced

with GM-CSF/IL-4 and pulsed with tumor lysate by using

C57BL/6 mice (Th1-type) and syngeneic MC38. Naive

Hikino et al: GM-CSF and IL-4-induced Dendritic Cells
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Figure 1. Flow cytometric analysis of DC induced by GM-CSF/IL-4 from
BMC on day 5. A high expression of surface MHC, costimulatory and
CD11c molecules was observed. Very few mature dendritic cells expressed
CD8·. The thick-lined histograms show the surface expression of
indicated markers. The thin-lined histograms indicate results obtained
from isotype-controlled staining.



C57BL/6 mice were primed with DC pulsed with MC38

tumor lysate and challenged with s.c. injection of viable

MC38. Subcutaneous immunization of mice with lysate-

pulsed DC resulted in a strong rejection of subsequently

inoculated MC38. Immunized mice remained tumor-free for

at least 50 days after inoculation (Figure 2). On the

contrary, all control mice treated with HBSS had formed

large tumors (over 50mm3) by day 20 after tumor challenge

(p=0.001). Other groups immunized with unpulsed DC or

tumor lysate alone showed only partial host protective

immunity against MC38 challenge. In a separate

experiment, immunization of C57BL/6 mice with MC38

tumor lysate-pulsed DC did not have a significant effect on

the growth of subcutaneously inoculated B16.F10 melanoma

cells, which are unrelated syngeneic tumor to C57BL/6 (data

not shown). 

Evaluation of tumor-specific CTL activity in C57BL/6 mice
treated with tumor lysate-pulsed DC. We evaluated the

tumor-specific CTL activity of spleen cells isolated from

tumor-rejected mice after vaccination with MC38 tumor

lysate-pulsed DC. As shown in Figure 3, these effector T

cells specifically lysed MC38, but not B16.F10. However, the

magnitude of CTL activity was not as high as previously

reported (7).

Vaccination with C26 lysate-pulsed DC in Balb/c mice. All

C26-bearing Balb/c mice, even those in the lysate-pulsed DC

group, showed local tumor growth, piloerection, asthenia,

wasting of muscle tissue and drastic weight loss, before

dying from cachexia. There were no significant differences

in the growth rate of tumors among each group (Table I).

Priming with lysate-pulsed DC failed to provide protective

immunity against C26. Unexpectedly, progressive weight

loss was noted to start on day 9 after tumor inoculation in

unpulsed DC-treated tumor-bearing mice, even though

tumor volume was still as little as 0.2% of their body weight.

The mice in this group exhibited significant weight loss in

comparison to control mice on day 16 after tumor

inoculation (p=0.031, Figure 4). Death due to cachectic

progression was first observed on day 17 and the mean

survival time was 19.2 days. There was a trend toward

shorter survival rates in the unpulsed DC group than in

control mice (p=0.079, Figure 5).
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Table π. Subcutaneous tumor volume (mm3) in mice bearing C26. 

Days after day 9 day 12 day 16

inoculation

control 30.8±7.8 73.4±26.6 156.6±48.2

lysate 57.0±13.9 153.7±52.2 216.9±53.8

unpulsed DC 47.6±27.3 142.7±74.1 244.0±119.4

lysate-pulsed DC 33.3±11.9 107.6±38.0 216.9±53.8

C26 tumor cells (1x106) were inoculated into the subcutis of all mice

on day 1. Tumor formations were observed around day 4 after

inoculation. Tumor volume (mm3) was calculated using the formula

(length) x (width)2 /2. Each value represents the mean ± SD. There

were no significant differences in tumor volumes among all groups.

Figure 2. C57BL/6 mice were immunized with DC pulsed with MC38
tumor lysate. Controls were unpulsed DC, lysate alone and HBSS. All
mice were challenged with a lethal subcutaneous MC 38 tumor injection
into their right flank. Tumor incidence (>50 mm3) was monitored at
indicated intervals (in days) after injection. Data are reported in terms of
results obtained from six or more mice per group.

Figure 3. Generation of tumor-specific CTL in tumor-free mice after
immunization with lysate-pulsed DC. Details of the CTL assay are
described in Materials and Methods. CTL killed 14% of MC38 cells, but
no B16.F10 cells, at an E:T cell ratio of 100:1. Results are presented as
the mean value ± SD of triplicate measurements.



Discussion

We have shown that DC pulsed with MC38 tumor lysate

exhibits potent antitumor activity against a lethal MC38 tumor

challenge. Moreover, tumor-specific CTL induction has been

detected in C57BL/6 mice following immunization. Using whole

tumor lysate as an antigen source carries the advantage that

lysate-pulsed DC can present a number of distinct peptides and,

therefore, augment the clonal variety of the CD4+ helper and

CD8+ cytotoxic T cell subpopulations (23,24). Although host-

derived CD8+ T cells are the most important cells in tumor

rejection, CD4+ T cells also play a pivotal role in potent

antitumor immunity (7,25,26). Presentation of MHC class II-

restricted epitopes and concurrent activation of CD4+ T cells

appears to be necessary for in vivo priming of the CD8+

cytotoxic T cell response (13,27,28). 

In the experiment using Balb/c mice, mice immunized

with unpulsed DC were less able to prevent C26-induced

cachectic progression in comparison with control mice. In

addition, these mice exhibited slightly shorter survival

rates, which is associated with the degree of cachexia (20).

Although the mechanism of C26-induced cachexia has not

been clarified, tumor-derived IL-6 is thought to be a

critical factor, albeit not the only factor, in the

pathogenesis of C26-induced cachexia. Rincon et al.
showed that IL-6 is a key cytokine in polarizing naive

CD4+ T cells toward the Th2 phenotype (29). IL-6

triggers a small amount of IL-4 production by CD4+ T

cells, resulting in an up-regulation of IL-4 production by

Th2 cells and a dramatic reduction of INF-Á in an

autocrine fashion (29,30). DC diversity is also associated

with a Th1/Th2 immune balance. CD8·, one of the surface

markers of a DC subpopulation, contributes to naive

CD4+ T cell differentiation. CD8·- DC induce the

development of a Th2-type immune response, while

CD8·+ DC direct the polarization of Th1-type immunity

(31). Furthermore, Sato et al. have reported that a

cytokine combination of GM-CSF, IL-3 and IL4 (Th2-

biasing conditions), generates a DC subset which facilitates

the differentiation of IL-4-producing Th2 cells from BMC

culture. On the other hand, the combination of GM-CSF,

IL-3 and IL-12 (Th1-biasing conditions) generates a DC

subset which promotes the differentiation of INF-Á-

producing Th1 cells (8,32). In light of these results, there is

a possibility that tumor-derived IL-6 and DC-induced Th2-

dominated immunity synergistically accelerate cachexic

progression in mice with C26 tumors (13,33). 

Protective immunity of lysate-pulsed DC against lethal

C26 challenge in Balb/c mice was not observed. The potency

of CTL activity induced by lysate-pulsed DC was low, even

in C57BL/6 mice. It is likely that the amount of tumor

antigen isolated from tumor lysate was not sufficient for the

induction of intense CTL activity (23). Furthermore, Balb/c

mice are reported to exhibit lower levels of CTL generation

in in vitro culture systems, compared with Th1-type C57BL/6

mice (8). Th1-dominated immunity is crucially important to

the generation of tumor-specific CTL activity, while DC-

induced Th2-dominant conditions might result in a

deleterious suppression of effective CTL development in

Balb/c mice (34,35).
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Figure 4. Effects of DC on the body weight of C26-bearing Balb/c mice. Mice
were immunized with C26 tumor lysate-pulsed DC twice in the subcutis of their
right flank. Following this, they were challenged with a lethal injection of C26
viable cells into their left flank, as described in Materials and Methods. By day
16, the average body weight of the unpulsed DC-treated groups was significantly
lower than that of the age-matched control groups (*p<0.05). Six mice were
examined from each group. Each point represents the average weight ± SD.

Figure 5. Survival curves of C26-bearing Balb/c mice in four treatment
modality groups. Survival was checked every day after tumor inoculation
and a mean survival time (MST, in days) was determined. The mean
survival of mice from unpulsed DC groups was shorter than that of the
control groups (p=0.079). Six mice from each group were examined. 



The cytokine profile of cancer patients is consistent with

the Th2 phenotype and restoration of the Th1/Th2 balance

and/or intensification toward the Th1 phenotype is crucial

to improve anti-tumor immunity (13,36). In this regard, 

our results have important implications for clinical

immunotherapy involving tumor lysate-pulsed DC.

Consideration might be given as to whether the cytokines or

cytokine combinations used for ex vivo DC differentiation

are appropriate before DC-based immunotherapy is

clinically applied.
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