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ABSTRACT. We cocultured cytokine-induced killer (CIK) cells with dendritic
cells (DCs) in vitro and investigated their proliferation, immunophenotype
changes, secretory cytokine levels, and their antitumor effects on acute
myeloid leukemia (AML) cells. DCs and CIK cells were acquired from
healthy human peripheral blood mononuclear cells and cocultured as an
experimental group, while CIK cells were cultured alone as a control group.
Cell numbers were counted by trypan blue staining, cytotoxic activity
was measured by a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay, cell phenotypes were detected by flow cytometry, and
secreted levels of INF-y and IL-12 were determined by enzyme-linked
immunosorbent assay. The proliferation activity in the experimental group
was noticeably higher than in the control group (P < 0.05). Under the
same conditions, the ratio of CD3*CD56* and CD3*CD8* double-positive
CIK cells was significantly elevated when cocultured with DCs (P < 0.05).
Compared with the control group, the experimental group had significantly
higher levels of secreted INF-y and IL-12 in the supernatants after 3 days
(P < 0.01 and P < 0.05, respectively). The antitumor effect of DC-CIK
cells against leukemia cells was much higher than that of CIK cells at an
effector-target ratio ranging from 2.5:1 to 20:1 (P < 0.05), and this effect
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was positively related to the effector-target ratio. The proliferation activity, level
of secretory cytokines, and antitumor effect against AML cells of DC-CIK cells
were significantly higher than in CIK cells. This study provides a theoretical
and experimental basis for clinical immunotherapy using DC-CIK cells.

Key words: Cytokine-induced Kkiller cells; Dendritic cells; DC-CIK;
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INTRODUCTION

Hematological malignancies are malignant cancers that affect the blood, bone marrow, and
lymph nodes (Maciejewski and Haferlach, 2012). Traditional treatments for hematological malignancy
comprise chemotherapy, radiotherapy, immunotherapy, and bone marrow transplant. Chemotherapy
and radiotherapy are common approaches to tumor treatment. However, healthy cells are also damaged
during such treatments, which eventually leads to a weaker immune system. This diminishes patients’
ability to counteract the tumor cells. Moreover, bone marrow transplant involves a high degree of risk.
Therefore, immunotherapy is attracting increasing attention (Stamatovic et al., 2011).

Dendritic cells (DCs) are the main antigen-presenting cells (APCs) in the human body;
they can present antigens to T lymphocytes and induce cytotoxic T cell responses in vivo and in
vitro. Of all the APCs, only DCs have the ability to induce primary immune responses in resting
naive T lymphocytes. DCs not only induce T cell activation but also play important roles in the
immune tolerance and functions of B cells. Cytokine-induced killer (CIK) cells are a type of
common antitumor immunocompetent cells. They exhibit strong proliferation capacity and high
antitumor activity in vitro, and they are particularly effective against multidrug-resistant tumor cells
(Yamaguchi et al., 2003). Previous studies have shown that when DCs are cocultured with CIK
cells in vitro, they can promote the proliferation of CIK cells and enhance their cytotoxic effects
against tumor cells (Marten et al., 2001b). Further, when DCs and CIK cells are cocultured with
some antigen peptides, the ability of the DC-CIK combination to destroy some tumor cells lacking
specific antigens is enhanced. Hence, the combined use of CIKs and DCs in the treatment of
malignant tumors provides tumor patients relief from the partial immune anergy of T cells, thereby
enhancing the antitumor effect. Indeed, DC-CIK immunotherapy has already been applied to the
treatment of many types of cancers such as melanoma, prostate cancer, and renal cell carcinoma
(Fujii et al., 1999; Rieser et al., 1999; Burch et al., 2000; Geiger et al., 2000; Toungouz et al., 2001).

The combined use of CIKs and DCs has a significant antitumor effect, but it is not known
whether it is effective against acute leukemia. In this study, we adopted combinations of several
cytokines to induce DCs and CIKs from peripheral blood and then cocultured the cells. The proliferative
activities, phenotypes, and the cytotoxic effect against acute myeloid leukemia (AML) cells of the DC-
CIK cells were then examined. Our objective was to provide an experimental basis for the future
clinical application of the DC-CIK combination in immunotherapy against hematological malignancy.

MATERIAL AND METHODS
Main reagents

Roswell Park Memorial Institute (RPMI) 1640 culture medium was bought from Gibco
(Grand Island, NY, USA). Recombinant rhGM-CSF and rhiIL-2 were purchased from Shanghai
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Huaxin Biological Technology Co., Ltd. Recombinant rhiL-4, rhIFN-y, and rhTNF-a were provided
by Shanghai Chong Heng Biotechnology Co., Ltd. CD3*, CD3*CD4*, CD3*CD8"*, and CD3*CD56*
antibodies labeled with fluorescence molecules for flow cytometry assays and an enzyme-linked
immunosorbent assay (ELISA) kit for detecting cytokines (IL- 12, IFN-y) were obtained from R&D
Systems. Mouse anti-human CDla, CD14, and HLA-DR, and fluorescein isothiocyanate-labeled
rabbit anti-rat conjugated second antibody were purchased from the Chinese Academy of Medical
Sciences, Tianjin Institute of Hematology.

Sources of target cells

Leukemia cell samples were obtained from patients at the department of hematology in
our hospital. The target cells were acquired from leukemia patients whose blood samples had been
subjected to diagnostic criteria after performing comprehensive analyses of the clinical symptoms,
signs, and peripheral blood cytology. The morphological characteristics of the bone marrow cells,
the bone marrow biopsy results, and the cellular immunology and molecular cell biology detection
results were also scrutinized. Written informed consent was obtained from the patients and
approved by the local institutional ethics committee.

Culture and amplification of CIK cells

Peripheral blood was collected from healthy blood donors and mononuclear cells were
separated by centrifugation using a lymphocyte separating medium. All the samples were incubated
in a humidified incubator at 37°C in 5% CO, for 2 h; then, non-adherent cells were collected and
the cell density was adjusted to 3 x 10¢/mL with RPMI 1640 complete medium before culturing on
a 24-well plate. rhIFN-y (10 U/mL) was added to the culture, which was incubated at 37°C in 5%
CO, for 24 h. Next, CD3 monoclonal antibody (50 ng/mL) and rhIL-2 (300 U/mL) were added, and
the medium was replaced with fresh medium comprising 300 U/mL rhIL-2 every 3 days. Human
experiments were performed in accordance with the ethical standards provided by the responsible
committee of the institution and in accordance with the Declaration of Helsinki (as revised in
Edinburgh 2000). All human subjects gave their informed consent.

In vitro culture of DCs

The cell density of adherent cells was adjusted to 1 x 10¢/mL with medium containing 1000
U/mL rhGM-CSF and 500 U/mL rhiL4. The cells were then cultured on 24-well culture plate at 37°C
in 5% CO,, and half the medium was changed for fresh medium containing cytokines every other
day. The cytokine rhTNF-a (50 U/mL) was added to the culture medium to induce dendritic cell
maturation for 72 h before harvesting the cells for subsequent experiments.

DC-CIK cells coculture

DCs were collected and counted; then, they were co-cultured with CIKs at a ratio of 1:5
with CIK cell culture medium. The initial cell density was 5 x 10° cells/mL, and the medium was
replaced with fresh CIK cell culture medium every 2 or 3 days.
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Analysis of cytotoxicity activity

The frozen acute leukemia cells were resuscitated and used as the target cells. CIK cells
and the cocultured DC-CIK cells were used as the effector cells. The effector and target cells were
inoculated onto the culture plate at ratios of 2.5:1, 5:1, 10:1, and 20:1. Some wells containing only
effector cells or target cells were set as controls. There were three parallel wells for each effector-
target ratio. The culture plates were placed in a humidified incubator at 37°C in 5% CO, for 48
h. Then, 20 pL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added to
each well and incubated for another 4 h before adding 100 pL dimethyl sulfoxide to each sample
and subsequently stirring sufficiently. Next, an enzyme mark instrument was applied to measure
the absorbance value of the liquid culture medium at 570 nm for cytotoxicity rate analysis.

Cytotoxicity rate (%) = [1 - (effector-target group A - effector group A)/target cell A] x 100%.

Analysis of immunophenotypes

Flow cytometry was applied to investigate the immunophenotypes of the CIK and DC-CIK
cells, and the immunophenotypes of the DCs were detected by an indirect immunofluorescence assay.

Detection of cytokines

A double sandwich ELISA method was used to analyze the expression of IL-12 in the
supernatants according to manufacturer instructions provided with the ELISA kit.

Statistical analysis

All data were analyzed using SPSS13.0 statistics software, and the results are shown as
means + standard deviation (SD). Comparison between groups was conducted by the double t-test
and P < 0.05 was considered statistically significant.

RESULTS
Observation of proliferation in the CIK and DC-CIK cells

No obvious differences were observed in the multiplication of DCs and CIK cells during
the first 2 days of coculture. Afterwards, with the extension of culture time, the proliferation rate of
the DC-CIK cells was significantly higher than that in the homologous CIK cells. Cell viability was
determined using the trypan blue exclusion method. As shown in Table 1, the total cell number in
the CIK control group increased by 28.7 + 4.95 fold after 12 days and 45.63 + 4.59 fold after 15
days, while in the DC-CIK experimental group, the increase was 42.7 + 4.89 fold after 12 days and
63.56 + 3.76 fold after 15 days. The results were analyzed and the difference between the two
groups was statistically significant (P < 0.05).

Detection of immunophenotypes in the CIK and DC-CIK cells

Immunophenotype analysis of the CIKs indicated that, when cultured alone, the proportions
of CD3*CD8" and CD3*CD56" increased gradually with increasing culture time. Under the same
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conditions, the proportions of both CD3*CD8* and CD3*CD56* double-positive cells in the DC-CIK
group was noticeably higher than in the control group when CIK cells were cultured alone (P <
0.05) (Table 2).

Table 1. Relationship between cell proliferation rate and culture time (means * s).

Group Number of cases Multiplier

12d 15d
CIK 20 28.7+4.95 45.63 +£4.59
DC-CIK 20 42.7 £ 4.89* 63.56 + 3.76*

CIK = cytokine-induced killer; DC = dendritic cells; d = day, *P < 0.05.

Table 2. Phenotype changes in the CIK and DC-CIK cells (%, means * s).

Group Culture time
Control (MNC) 3d 6d
CIK DC-CIK CIK DC-CIK
CD3+ cells 58.19 + 2.89 63.48 + 3.57 7242 +4.68 78.24 £ 3.78 81.63 £7.32
CD3+CD4+ cells 37.84 £2.97 18.58 + 2.04 19.85 + 3.55 20.42 +2.26 21.94 +£4.34
CD3+CD8+ cells 26.39 +3.48 39.86 + 3.58 58.42 + 4.12* 63.56 + 5.45 76.28 + 5.54*
CD3+CD56+ cells 4.03+0.98 23.42+5.17 36.38 + 2.42* 35.21+2.65 49.56 + 2.98*

CIK = cytokine-induced killer; DC = dendritic cells; MNC = mononuclear cells; d = day, *P < 0.05, DC-CIK vs CIK under
the same conditions.

Cytotoxic activity of the DC-CIK and CIK cells

The analysis results showed that both CIK and DC-CIK cells powerfully inhibited the growth
of various kinds of AML cell subtypes when the effector-target ratio was in the range 2.5:1 to 20:1.
As can be seen from Table 3, the cytotoxic activity was obviously related to the effector-target ratio
and increased with increase in the effector-target ratio. The cytotoxic activity of the DC-CIK cells
against various kinds of AML cell subtypes was markedly higher than that of the CIKs under the same
conditions (P < 0.05). However, there were no significant differences in the cytotoxic activity of CIK
cells (or CD-CIK cells) on the different AML cell subtypes at the same effector-target ratio (P > 0.05).

Table 3. Cytotoxic activity of the CIK and DC-CIK cells when cultured with AML cells (%, means + s).

Group Target cells Number of cases Effect of effector-target ratio
2.5:1 5:1 10:1 20:1

CIK AML-M1,2 16 11.27 £5.35 15.93£4.23 21.83+3.84 30.23+3.94
AML-M3 18 13.15£3.12 18.21 £2.01 23.42+4.29 33.09 +5.21
AML-M4,5 20 16.02 £ 1.98 19.23 £ 3.51 26.32 +3.52 36.13+5.97
AML-M6 14 12.32+4.54 16.83 £ 3.92 23.63 +5.09 30.41+3.33

DC-CIK AML-M1,2 16 18.43 £4.24 24.91+3.92 31.58 + 2.09 42.84 £2.57
AML-M3 18 19.56 + 3.32 28.03 +2.91 34.14 +4.97 45.82 +3.97
AML-M4,5 20 23.06 + 3.65 30.11 +4.94 36.19 +5.24 49.57 +£3.02
AML-M6 14 18.97 £5.43 26.91 +3.57 34.98 +2.21 41.57 £3.07

CIK = cytokine-induced killer; DC = dendritic cells; AML = acute myeloid leukemia, P < 0.05, DC-CIK vs CIK under the
same conditions
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Measurement of cytokine levels

The supernatants of the DC-CIK cells were collected for the measurement of IFN-y and
IL-12 cytokine expression levels after 3 days of coculture. The results showed that the levels of
IFN-y and IL-12 in the DC-CIK group were markedly elevated compared with the CIK group (P <
0.05, P < 0.01) (Table 4).

Table 4. Comparison of secreted cytokine levels between CIK and DC-CIK cells (means + s).

Group Number of cases IFN-y (pg/mL) IL-12 (pg/mL)
CK 16 246.64 + 84.16 12.08 + 0.84
DC-CIK 18 542.16 + 198.25* 72.48 £ 10.09**

CIK = cytokine-induced killer; DC = dendritic cells, *P < 0.05, **P < 0.01.
DISCUSSION

CIK cells are a kind of cytotoxic T lymphocyte that can be induced by various cytokines such
as IL-2 and IFN-y, and also by the CD3 monoclonal antibody; they destroy various tumors and their
cytotoxic capacity is not restricted by the major histocompatibility complex (Nagaraj et al., 2004).
The homing process of CIKs takes place in the spleen and lymph nodes, and they can specifically
localize to tumor tissues to exert a partial antineoplastic effect (Gritzapis et al., 2002). DCs, the
most effective antigen-presenting cells in vivo, are distributed widely in different tissues of the body
except for the testis and brain (van den Broeke et al., 2003). DCs take up exogenous antigens with
the help of their receptors and can combine with class | major histocompatibility complex molecules
on the surface of those antigens, thereby stimulating the activation of naive CD8* T cells and CD4*
T cells. Apart from inducing antigen-specific cytotoxic T lymphocytes, DCs can directly or indirectly
influence the proliferation of B cells and activate humoral immune responses (Cao, 2003). To date,
DC-based antitumor immunotherapy has been applied to the treatment of cancers like melanoma,
prostate cancer, renal cell carcinoma, chronic myeloid leukemia, and solid tumors (Fuijii et al.,
1999; Rieser et al., 1999; Burch et al., 2000; Geiger et al., 2000; Toungouz et al., 2001). It has been
reported that the secretion of cytokines by CIKs and DCs promotes their proliferation when DC
cells are incubated together with CIK cells; the cytotoxic effects are enhanced and the innate and
acquired immune activation of the organism is activated. Therefore, the combined application of
CIKs possessing cytotoxic activity and DCs possessing the capability of presenting tumor antigens
may enhance the antitumor effect, which has great potential for the treatment of malignant tumors.

Marten et al. (Marten et al., 2001a) found that coculturing CIK cells with homologous DCs
greatly promoted the secretion of IL-12, thereby enhancing the cytotoxic activity of CIKs against
tumor cells. In keeping with that finding, in our study the levels of IFN-y and IL-12 in the DC-CIK
group were markedly elevated compared with the CIK group. CD3*CD8* and CD3*CD56* T cells
are major members of the human immune system, and play an important role in killing tumor cells
and virus-infected cells. In our study, compared with the CIK cells cultured alone, the proportion of
CD3*CD8* and CD3*CD56* double-positive cells in the CIKs cocultured with DCs was significantly
higher under the same conditions, suggesting that the DC-CIK cells have a more powerful antitumor
effect. Preclinical studies have shown that CIK cells in leukemia patients can kill autologous and
xenogenous leukemia cells and clear residual leukemia cells (Linn and Hui, 2003). In our study,
the AML cell subtypes (AML1 to AML6) acquired from leukemia patients were set as target cells,
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and the results showed that the cytotoxic activity of the DC-CIK cells against various kinds of AML
cell subtypes was significantly higher than that of the CIK cells under the same conditions. Our
research indicated that the co-cultured DC-CIK cells not only had a higher proliferation rate but also
possessed strong cytotoxic activity against tumor cells such as AML cells.

Combined treatment with CIKs and DCs can greatly enhance the antitumor capacity of
CIKs and improve the specificity of CIKs acting against target cells; it is expected to become
the optimal option for the immunotherapy of hematological malignancy. This study suggests that
the proliferative activity of DC-CIK cells and their cytotoxic activity against various kinds of AML
cell subtypes are significantly higher than in CIKs under the same conditions, which provides a
theoretical and experimental basis for the application of DC-CIK cells co-cultured in vitro to the
immunotherapy of hematological malignancy.
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