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Abstract

In recent years, the clinical trials on applying cytokine induced killer (CIK) cells to solid tumor
therapy have been launched worldwide. CIK cells are a heterogeneous subset of ex-vivo expanded
T lymphocytes, they present a mixed T-NK phenotype and are endowed with a MHC-unrestricted
antitumor activity, which have showed great advantages in clinical treatment compared with
other adoptive immunity therapies, therefore, they are more and more widely used in adoptive
immunotherapy of tumors. CIK cells can be used alone or in combination with surgery radiotherapy
and chemotherapy for comprehensive treatment. In the present article, we keep a track of research
progress both home and abroad, review the main functional characteristics of CIK cells, briefly
introduce the source phenotype activation and amplification of the CIK cells, and summarize their
targeting and anti-tumor mechanisms new techniques and methods and current status of international

clinical trials from several aspects.
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Introduction

There are several ways for the treatment of solid
tumors recent years, and adoptive immunotherapy
holds great promise in the scenario of potential new
approaches refractory to conventional therapies.
Crucial issues for all adoptive immunotherapy
strategies include the obtainment of sufficient
numbers of immune effectors, recognition of tumor
targets and possible restriction to specific HLA-
haplotypes. Cytokine-induced killer (CIK) cells were
first reported in the world by Schmidt-Wolf [1]for its
high proliferative capacity and high cytotoxicity in
1991. Compared with LAK and TIL cells, CIK cells
demonstrate a stronger activity of tumor destruction.

This paper introduces and summarizes the basic and
clinical research for the treatment of malignant tumor
by CIK cells and raises some problems, which provide
an evidence for CIK cell therapy for cancer in the
future.

The targeting and anti-tumor
mechanism of CIK cells

Tumor targeting characteristic of CIK
cells

CIK cells are equipped with tumor targeting
ability, homing to the tumor site when injected to
the normal tissues or through vascular perfusion.
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Fig. 1 CIK cells homing to tumor site [2].

Some scholars abroad have taken advantage of the
characteristic of CIK cells to establish a “vehicle”,
carrying virus accurately locate to tumor tissue in the
immunodeficiency mice model. In China, there are
fewer studies about the trend migration to tumor of
CIK cells, and we have mainly focused on the study of
distribution pattern of CIK cells in the body.

The team of Ryosei Nishimura had evaluated CIK
cell accumulation into tumor sites in their research in
2008 [2]. They found that the donor derived CIK cells
in the allogeneic mice homed to and proliferated in
secondary lymphoid organs, followed by the infiltration
of gut and skin (Fig. 1). The similar work has also been
done by a Chinese research team, who had established
the xenografts in nude mice model, injected the
fluorescent dye CIK cells labeled Dil to the nude mice
through the tail vein, and observed the trend migration
to tumor of CIK cell in vivo imaging system. The
result also showed the phenomena of tumor targeting.

Though lots of data have shown that CIK cells did
home to the tumor tissue, there are no clear evidences
explaining the result. Some antigen molecules
expressed on the surface of CIK cells are considered
to be related to the recognition of tumor cells. For
example, the NK cell receptors like NKG2D, and the
T cell receptors like TCR, respectively bind to the
molecules expressed on tumor cells.

Anti-tumor mechanism of CIK cells

The ability to efficiently kill tumor cells is the
ultimate basic ability requested to immune effectors
candidate for adoptive immunotherapy. Researchers
home and abroad have confirmed the killing ability of
CIK cells by lots of experiments (Fig. 2). CIK cells,
a kind of heterogeneous cells, endowed with a MHC-
independent tumor killing capacity against both solid
and hematologic malignancies, are a mixed cell group
which contains CD3" CD56" and CD3" CDS8 cells
and the main effect cells are CD3" CD56" cells. The
antitumor activity is mainly, even if not exclusively,
associated with the CD3" CD56" fraction [3]. CD3"
CD56" cells only contains 1%~5% in peripheral blood
lymphocytes, however, the cells can be acquired

rapidly under the certain condition of the cultivation,
generally the quantity of the cells can reach more than
1000 times after 20 d cultivation in vitro, and when we
inject the cells back to the body, with the help of IL-
2, they can still be further proliferated. There are still
evidence shows that in the process of culturing CIK
cells, CD3" cells, that is T cells, amplify rapidly, while
the anti-T cells are eliminated gradually. Pievani etc.
purified the mononuclear cells after 2 weeks cultivation
by using the immune magnetic beads technology [4],
confirmed that the CD3" CD56" CIK cells account
for 85% of the total number of all the culture cells.
According to the method above, we could get a large
quantity of CIK cells, which can be applied to clinical
therapy in malignant tumor.

At present, it is considered that the anti-tumor
mechanism of CIK cells may have the following
aspects:

(1) When CIK cells are activated, the combination
capacity of lymphocyte function associated antigen
(LFA-1) and intercellular surface adhesion molecule-1
(ICAM-1) is transformed from low affinity to high
affinity, discharging toxic particles such as n-methyl
carbonyl sulfur - left-handed - lysine methyl ester.

(2) CIK cells may also be activated by the
combination of CD3" and its receptor on the cell
surface, CD3" connected with T cell receptor (TCR)
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Fig. 2 The tumor killing ability of CIK cells [2].
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participate in the signal transmission, also triggers
the release of the toxicity of cytoplasmic granules to
produce soluble tumor effect.

(3) CIK cells themselves can secrete cytokines like
IL-2, IL-6, TNF and GM-CSF, which can kill target
cells alone or raise the activity of effect cells in high
concentrations relatively.

(4) CIK cells can also induce the apoptosis of tumor
cells. CIK cells can activate apoptosis genes in tumor
cell, improving the gene expression of FLIP, Bcl-2,
Bcl-xl, DADI and surviving [5].

(5) CIK cells express much more FasL (Fas ligand),
which can couple to the Fas expressed on the surface
of tumor, induce the apoptosis of tumor cells.

(6) The NKG2D molecule expressed on the surface
of CIK cells helps to recognize and kill the tumor cells,
by interacting with MHC-unrestricted ligands on tumor
cells [6]. NKG2D belong to the c-type lectin activating
receptor family and it is located within the NK gene
complex [7]. NKG2D has a co-stimulatory role on
conventional T lymphocytes, while on CIK cells it
acquires a tumor-receptor function, following the ex-
vivo activation with IL-2 and up-regulation of the
DAP10 adaptor molecule [6], its artificial inhibition
with blocking Abs or siRNA experiments confirmed
that CIK-induced cytolysis is mediated by NKG2D
rather than T-cell receptor (TCR) Besides, NKG2D,
NKp30, DNAM-1 and the LFA-1/ICAM-1 complex
also have been recently described as implicated in
tumor recognition [7]. The main ligands recognized by
NKG2D are MHC related molecules A and B, stress-
inducible proteins expressed, almost exclusively,
by malignant tumor cells regardless of the original
histotype [4].

The preparation of CIK cells

The cellular characteristics of CIK cells

One of the important limitations in clinical
trials of several adoptive immunotherapy
strategies is the obtainment of enough numbers
of anti-tumor immune effectors and their in-
vivo persistence after infusion into the patients.
It is worth mentioning that, the important
and positive characteristics of CIK cells are
their easy, and relatively inexpensive, ex-
vivo expansion [8]. CIK cells can come from
autogenous and allogeneic normal tissues or

from different tissues in one body, which makes
them the relatively convenient way to get.

CIK cells from autogenous and allogeneic
normal tissues

Patients with malignant tumor have different
degrees of impaired immune function; the
number of CD3" CD4" CD8" cells is obviously
reduced. The ways treating patients with
autologous CIK cells expanded in vitro show
great security, can avoid other diseases caused
by cross infection. Researchers like Schmidt-
Wolf treated tumor patients by CIK cells
induced from their own CIK cells in peripheral
blood lymphocyte, finding that the interferon
(IFN) in serum, granulocyte-macrophage
colony-stimulating factor (GM-CSF) and TNF
levels increased significantly in patients during
treatment and the proportion of CD3" cells in
peripheral blood in patients increased as well.
However, as we all know, cancer patients are
equipped with immune tolerance in different
degrees, and the more serious the patients are,
the more obviously decline of their immune
function. So the application of allogeneic CIK
cells replacing the patient’s own CIK cells
become one of the ways to solve this problem.
And sometimes in terms of activation and
amplification, allogeneic CIK cells are far
superior to CIK cells from patients themselves.

CIK cells from different tissues

CIK cells precursors are CD3" T lymphocytes,
they can be not only classically expanded
starting from peripheral blood mono-clear cells
(PBMC) but may also be generated from bone
marrow or umbilical cord blood precursors [9].
In order to obtain the best quality of CIK cells,
we can choose appropriate ways and methods
to get the CIK cells according to the actual
situation.

CIK cells from peripheral blood lymphocytes
(PBL)

CIK cells can be generated by in vitro
expansion of peripheral blood lymphocytes
(PBL) with anti-CD antibodies, IL-2 and other
cytokines. This is a relatively general way to
obtain abundant number of CIK cells. In such
culture, more than 1000 fold expansion of cells
can be achieved over 21-day in vitro culture.
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Among expanded CIK cells, the cells with the
greatest cytotoxicity against tumor cell lines
express both the T-cell marker CD3 and the NK
cell marker CD56. Though CD3" CD56 cells
are rare in uncultured PBLs, consistent with the
phenotype of resting naive and memory T cells,
after culture in this way, CD3" CD56" effector
cells can be propagated in a shorter time.

CIK cells from umbilical cord blood

Umbilical cord blood have advantages of
alternative sources, weak immunogenicity, easy
ways to take and rich in hematopoietic stem
cells and mononuclear cells, and the content of
CD34" cells in umbilical cord blood are higher
and purer which equipped with higher capability
of proliferation than the cells from bone marrow
and peripheral blood. After culturing, the CD3"
CD56" cells in umbilical cord blood (the main
effector of CIK cells) amplified more than
900 times, and CD3" CD8" T cells increased
significantly, CD3" CD16" CD56" cells
increased in the same time, the results showed
that umbilical cord blood can produce CIK cells
and amplify potential is extremely strong, the
killing activity of amplified CIK cells is also
higher than peripheral blood CIK cells [10]-[13].
Comprehensive the above research results, that
is derived from umbilical cord blood CIK cells
1s more suitable for clinical treatment.

CIK cells from bone marrow

The proliferation ability of CIK cells from
bone marrow is a bit poorer than CIK cells from
peripheral blood, but there are no significant
differences in cell toxicity, compared with
peripheral blood CIK cells. Linn, etc. had
made a collection of bone marrow samples
from patients with acute myelocytic leukemia
to induce CIK cells, and found that CIK cells
obtained in this way is not much difference in
activation, amplification and the capability of
killing target cells.

In conclusion, these four kinds of ways can be
referred to as a source of precursor cells of CIK
cells to collect and culture. Before treatment
we should choose the appropriate acquisition
methods according to the actual circumstances
of the laboratory, training experience, especially
the willingness of the patients and family

members.

The role of biomolecules in CIK cells
culture

The effect of Dendritic Cell

Many laboratories use Dendritic Cell (DC) and
CIK cells co-culture in order to improve the treatment
effect:

(1) DC is a kind of strong antigen presenting cells,
it can present information of antigen to T cells, which
significantly enhance the activity of CIK cells; (2)
After 24 h mixed culture with DC and CIK cells, the
secretion of IL-12 amount to 6.93 times of CIK cells
in separate culture; (3) DC antigen presenting function
can extend the time of secreting IFN-y of CIK cells
and increase the production of IFN-y, 3~5 times that
of pure CIK cell culture; (4) Increase CD3", CD4" and
CD3" CD8 and CD3" CD56" cells and decrease CD4"
CD25" Treg cells; (5) The associated antigen of tumor
is obviously drop, and the life quality of patients with
tumor improved significantly; (6) The efficiency of
killing tumor is higher than that of pure CIK cells in
the treatment group, and no obvious toxic effect.

The role of cytokines

IL-2, IL-7, IL-15 play, an important role in
maintaining the cytotoxic activity of killer cells.
Growth factor from stem cell can be coordinated with
IL-2 promoting the cell proliferation to increase the
stimulation effect of IL-2. Compared with the effect of
applying IL-15 , the synergy of FMS tyrosine kinase-3
ligand and IL-15 can significantly increase the number
of CD34 " NK cells, and meanwhile it can increase the
CD34 " hematopoietic stem cells on the expression of
IL-2/IL-15 R. The latest research report also showed
that IL-15 can effectively augment the number of
culture CIK cells, in the treatment of acute myeloid
leukemia, leiomyosarcoma and rhabdomyosarcoma
achieved encouraging results.

The role of the thymus globulin

Thymus globulin (TG) is a kind of polyclonal
antibody IgG. It is generally believed the thymus
globulin can replace CD3 monoclonal antibody
and combine with IFN IL-2, achieving the goal of
effectively amplify CIK cells. The researchers assessed
the ability of killing target cells of CIK cells induced
by thymus globulin, results showed that the cells can
be more effective in killing K562 tumor cells, and can
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Table 1 Published studies of CIK clinical trials in adoptive immunotherapy

Disease Patients Type of CIKs Toxicity Clinical responses Ref.
Colorecta.l and 10 Autologous Fever: 3 CR (1) SD (3) [14]
renal carcinoma
NHL; Renal ) )
carcinoma; HCC 12 Autologous Fever: 2 CR(3); SD (2) [15]
Autologous
Advanced NSCLC 59 (+ Chemotherapy) None relevant Improved PFS and OS [16]
HCC (adjuvant setting) 85 Autologous None relevant Reduced recurrence rate [17]
Gastric cancer Autologous Reduced Tumor Markers; Improved
(Stage IV) 37 (+ Chemotherapy) None relevant QOL [18]
Transient Fever Reduced tumor volume (3);
HCC 13 Autologous (most of pts) Im-proved symptoms; [19]
[most ot pts Decreased HBV-DNA load

produce a lot of active IL-12 p40.

Clinical Studies

The clinical translation of adoptive immunotherapy
with CIK cells as treatment for patients with malignant
tumors is currently the key of question of the clinical
trials and their number has increased in the very recent
years. Here are two trials with CIK cells for solid
tumors that have currently been published in Europe
or U.S. One is the clinical experience [14] included
10 patients with metastatic renal carcinoma, colorectal
cancer and lymphoma. Circulating CIK cells persisted
for up to 2 weeks after the infusion, and there is no
relevant associated toxicities were found. The results
turn out that one patient with lymphoma got a complete
response, compared to the six patients had progressive
diseases and three did not experience any change. The
other important experience is to confirm the safety
and feasibility of this immunotherapy approach along
with demonstration of initial clinical activity. The
clinical translation of adoptive immunotherapy with
CIK cells as treatment for patients with solid tumors is
currently the object of clinical trials and their number
has increased in the very recent years. Nowadays a
higher number of clinical studies have been recently
performed. Table 1 represents some clinical trials with
CIK cells for the treatment of solid tumors.

The studies above confirmed the high safety
of CIK cells applied in adoptive immunotherapy
which suggested its clinical activities. It
is difficult to draw a clear statement about
tumor response or impact on survival for the
heterogeneity in methods and standards of
response assessment. Recently, it has created
an international registry of CIK cells (IRCC)

to collect data and report the results about the
CIK therapy for cancer on a global scale, which
makes great help to assess the response of the
experiment and provide a useful tool to analyze
past and future results, is crucial to obtain
objective and reliable conclusion on the effect
of CIK cells as adoptive immunotherapy for
cancer.

The existing problems and
prospect for the future

Cancer immunotherapy has been considered
a promising approach for a very long time
and CIK cells represent a realistic tool in the
scenario of cancer adoptive immunotherapy
strategies. Their easy and inexpensive ex-vivo
expansion, along with the MHC-unrestricted
tumor killing ability may overcome some crucial
problems which have limited the diffusion and
clinical translation of other immunotherapy
approaches. That is to say CIK cells offer a safe
and effective approach to treat the malignant
tumor.

CIK cells have been applied in some areas
like leukemia, lymphoma and solid tumor
treatment; however, the treatment effect is
limited. An effective way to solve the problem
is the genetic engineering modification of CIK
cells. To achieve the purpose of removal of
tumor is need to get a lot of CIK cells. Foreign
scholars such as Marin have delivered encoded
anti-CD33-C and anti-CD33-CCD28-0X4-C
receptor gene SFC retrovirus to CIK cells,
results show that the transgenic cells have
greatly improved the anti-leukemia activity,

http://www.nanobe.org



Nano Biomed Eng 2014,Vol. 6, Issue 2

65

and increased cell killing activity to different
sources of acute myelogenous leukemia, and
can release high levels of cytokines.

In terms of the clinic trials, there still exist
some problems. In recent years, clinical
trials about the application of CIK cells for
solid tumor therapy are carried out at home
and abroad. Internationally, Schmidt-Wolf at
Stanford university in California first reported
the CIK cells treatment, other European
countries, such as Britain, Italy, France,
Germany, Asia such as Japan, South Korea,
Singapore, India and Australia and the other
countries have successively reported basic
research and clinical trials. However, compared
to the international countries, China is the
country who have carried out the most of clinic
trials, and published the most of papers. CIK
cells treatment first applied in domestic cities
such as Beijing, Shanghai, Tianjin, Harbin,
Guangzhou, Shenzhen, which have a large
number of reports of clinical application. Why
such a big difference of CIK therapy practice
between Chinese and western countries? I think
the reasons can be summarized as follows: (1)
First of all, thanks to the national policy, CIK
cell therapy was referred to as a third category
of clinical technology by the ministry of health;
(2) The second, China’s population base is so
big that lead to a high rates of tumor; (3) In
addition to the public hospital, part of the army
universities and hospital are open to the society;
(4) Medical market makes the international
capital and some domestic companies, investors
and so on are racing to develop the areas; (5)
Some organization driven by interests, without
any basic research, even in the absence of the
basic theory and practice, direct transition to
the clinical treatment; (6) Medical management
regulation is missing or not in place with other
technical problems, for example, a lot of clinical
research have no effective register, are lack
of academic argumentation and high quality
clinical trial scheme, resulting in unconvincing
clinical data and having difficulty in solving
some specific clinical practical problems.
According to the problem above, the researchers
in the future should take all these into
consideration and make a great effort to develop
the CIK cell therapy for cancer.
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