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Abstract— Cytokine-induced killer (CIK) cells areeffector immune cells with anti-tumor potency of T lymphocytes

as well as non-major histocompatibility complex restricted elimination of natural killer cells. Preclinical models have

shown that CIK cells have strong anti-tumor killing capacity against a variety of blood cancers and solid tumors. Clini-

cal studies confirm the advantages of CIK cells, including the safety of CIK cell therapy in patients with advanced can-

cer. A preeminent property of CIK cells, which may help them to overcome some of the limitations of other adoptive

immunotherapy strategies, is their ability to be expanded ex vivo to high numbers. Their robust in vitro proliferation

provides adequate quantity for multiple adoptive infusions. The tumor-killing capacity of CIK cells is mainly based on

the interaction between NKG2D molecules on CIK cells and MIC A/B or ULBP molecules on tumor cells. Moreover,

CIK cells have a reduced allo-reactivity across HLA-barriers. This review summarizes the clinical applications of CIK

cells and updates of combining CIK cells with other therapies. This review highlights the benefits of CIK cell use in

clinical treatment of cancer.
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INTRODUCTION

In spite of the burst in the development and applica-
tion of new targeted approaches for cancer, still many
cancers remain poorly treatable. In recent trends of
adoptive cellular therapy, the application of cytokine-
induced killer (CIK) cells has been seen as an innova-
tive strategy with encouraging anti-cancer potency.
CIK cells activated in vitro can co-possess properties of
T cells and NK cells, displaying both potent anti-
tumor ability of T lymphocytes and also non-major
histocompatibility complex (MHC) restricted tumor
cell killing of natural killer (NK) cells (Laport et al.,
2011). CIK cells are a heterogeneous cell population
that include CD3+CD56* cells, CD3-CD56* NK cells and
CD3*CD56" T cells. Preclinical studies in mouse mod-
els have indicated that CIK cells have strong antitu-
mor immunity against blood cancers and solid tu-
mors. Clinical studies further confirm the benefit and

safety of CIK cell therapy in patients with malignant
disease (Jiang et al., 2013).

CIK cells have the potential to overcome the main bar-
riers which have hindered the “bench to bedside” ap-
plications of adoptive immunotherapy. Part of their
appeal is the ease by which they can be isolated, the
low-cost of expansion and their robust proliferation
from mononuclear blood cells. Since CIK cells can be
grown to high cell numbers, this allows for multiple
adoptive infusions (Sangiolo, 2011). NKG2D mole-
cules expressed on CIK cells play an important role in
the effector-target interaction by binding to MIC A/B
or ULBPs molecules expressed on tumor cells. Finally,
since CIK cell recognition of cancer cells occurs in a
non-HLA restricted fashion, CIK cells can be used
widely for clinical applications involving allogeneic
cell transplant (Sangiolo, 2011). It is not surprising,
given the advantages mentioned above, that CIK cells
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have been currently implemented in numerous clinical
trials for a number of neoplastic diseases (Guo and
Han, 2015). This review summarizes the advantages of
CIK cells among other immunotherapies and provides
updates of recent CIK cell trials for cancer, particularly
in combination with other therapies.

CIK cell treatment of varied types of cancer

The CD3*CD56*-expressing cell population of CIK
cells is responsible for the anti-tumor cytolytic activity.
The main mechanism of CIK activation is via ligation
of the surface activating receptors, e.g. NK group 2,
member D (NKG2D), DNAX accessory molecule 1
(DNAM-1) and lymphocyte function-associated anti-
gen 1 (LFA-1). LFA-1 interacts with its ligand on tu-
mor cells to link effector-target binding; signals
through NKG2D and DNAM-1 lead to full CIK cell
activation. Upon stimulation, CIK cells induce granule
exocytosis, cytokine secretion and cancer cell cytotox-
icity (Pievani et al., 2011).

CIK cell therapy in the treatment of hematological
malignancies

CIK cells generated from bone marrow of acute mye-
loid leukemia (AML) samples not only show cytotox-
icity against autologous AML targets but also allo-
geneic cognate malignant cells. In mouse models, al-
though donor splenocytes induced a strong graft vs.
host disease (GVHD), CIK cells did not. As a result, the
infusion of CIK cells helped to prolong survival time
of murine leukemia-bearing mice. Interestingly, the
Linn et al. realized that CIK cells could interact with
dendritic cells (DC) to enhance the cytolytic activity
against target cells (Linn and Hui, 2003). Laport et al.
explored the cytotoxic capability of CIK cells and
showed that CIK cell-mediated adoptive immunothe-
rapy is safe and induces only a low incidence of
GvHD. Thus, the use of CK cells in adoptive immuno-
therapy is a promising way to enhance graft-versus-
tumor responses (Laport et al., 2011).

Introna et al. showed they can produce CIK cells from
very low quantity of nucleated cells isolated from cord
blood. CIK cells in the study showed direct cytotoxici-
ty against several tumor cell lines, including B lym-
phomas, T lymphomas and myeloid leukemias. In
accordance with other research studies, CIK cells were
shown to highly express cytolytic granules, such as
perforin, granzyme and NKG2D molecule. Nowadays,
CIK cells are easily generated under GMP standards;
therefore, it is possible that in the near future there
may be increased clinical applications of CIK cells in
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leukemia following cord blood transplantation
(Introna et al., 2006).

Co-incubation CIK cells and chronic lymphocytic leu-
kemia (CLL) cells accelerated ICAM-1 expression and
apoptosis ratio of CLL targets. These effects were
mainly reliant on CIK cell-mediated secretion of IFN-
gamma (IFN-g) secretion, an important cytokine in
modulating expression of adhesion molecules on CLL
cells (Kornacker et al.,, 2006a). Clinically, CIK cells
were applied to treat autologous advanced recurrent
acute myeloid leukemia (AML) patients. Expectedly,
the leukemic cell signal dropped to almost undetecta-
ble level. Analysis of AML-derived CIK cells showed
that they were capable of secreting high levels of type
I immune-promoting cytokines (interleukin-2 (IL-2),
IFN-g and tumor necrosis factor-alpha (TNF-a))
(Wang et al., 2013b). In the trend of clinical studies,
CIK cells demonstrated an important influence on the
treatment of hematological malignancies, which are
based on some critical parameters, including remis-
sions, survival durations and quality of life. Further
research needs to be done to elucidate the parameters
for optimal application schedule of CIK in clinical
practice (Schmeel et al., 2014).

CIK against lung adenocarcinoma

CIK cells were able to improve the immune function
of lung cancer patients (Jin et al., 2013). It is well-
known that the first signal for CIK cell activation is
based on the interaction between MHC class I chain-
related gene A (MICA) expressed on the tumor cell
and its related ligand on the effector cell. Chen et al.
explored the clinical significance of MICA expression
in patients with advanced non-small cell lung cancer
(NSCLC) and the efficacy of CIK therapy. The authors
found that MICA expression correlated with the stage
of lung cancer. Moreover, patients who were treated
with CIK cell therapy and who had high MICA ex-
pression showed enhanced overall survival compared
to those with low expression (Chen et al., 2013). Wang
et al. systemically evaluated randomized controlled
trials of CIK cells for the treatment of NSCLC. In that
analysis, CIK cell therapy significantly improved the
objective response rate and overall survival. Interes-
tingly, the authors concluded that CIK cell adoptive
therapy combined with other therapies should have
great superiority in enhancing patient survival as well
as anti-tumor immunity. Moreover, the innovative CIK
cell therapy did not present any evidence of major
adverse events in the NSCLC patients (Wang et al.,
2014a).
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The standard protocol for culturing CIK cells entails
growing mononuclear cells (MNC) in a time-
dependent manner with 3 kinds of stimulants, includ-
ing IFN-g, anti-CD3 monoclonal antibody and IL-2
(widely used cytokine which is refreshed all through-
out the culture period). Although the role of IL-2 is in
maintaining the proliferative signal in effector cells, its
use in the clinical setting is controversial (Wang et al.,
2014b). For that reason, many researchers have re-
placed or combined IL-2 with IL-15. For instance, Wei
et al. stimulated the CIK cells by combining IL-2 and
IL-15 to achieve enhanced cytotoxicity against lung
cancer cells since IL-15 offers an alternative stimulant
for the expansion of CD3*CD56* subset and enhanced
cytotoxicity against tumor cells. In a tumor-bearing
mouse model, the transfusion of CIK cells cultured in
IL-2 & IL-15 conditioned medium showed significant
tumor regression (Wei et al., 2014).

CIK applications for the treatment of gastrointestin-
al malignant diseases

After activation, CIK cells induce target cell apoptosis
which can be easily observed through the appearance
of cell-death markers, such as condensed chromatin,
disintegration of the nucleolus, vacuoles in the cytop-
lasm and “apoptotic bodies”. Sun et al. demonstrated
the apoptotic events which occurred in a gastric can-
cer cell line following interaction with CIK cells, via
scanning electron microscope and transmission elec-
tron microscopy (Sun et al.,, 2005). Gene expression
analysis also showed that C-myc and Bcl-2 were sig-
nificantly down-regulated, and that expression of Bax
was increasingly up-regulated as time of co-culture
increased (Sun et al., 2005).

During the differentiation process, the quantity of CIK
cells reaches the maximal peak between days 14 to 21;
the maximal cytotoxic activity is also reached at this
time. Therefore, CIK cells should be collected between
the 14 to 21 days culture period for the highest quanti-
ty and quality. During this time, there is a harmonious
balance between differentiation status, cytotoxic activ-
ity and survival time, which are optimal factors for
clinical applications of CIK cells. Given the advantages
of CIK cells, researchers have begun to evaluate CIK
as an innovative addition to conventional therapies to
reduce the adverse effects of standard therapies. Jiang
et al. investigated the effects of chemotherapy plus
CIK cells in advanced gastric cancers patients (Jiang et
al., 2006). The results showed that tumor markers in
peripheral blood were significantly decreased. Addi-
tionally, there were other encouraging results, includ-
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ing improved host immune function, augmented cura-
tive effect, increased survival time, and improved
quality of life in CIK + chemotherapy treated patients,
compared to those treated with chemotherapy alone
(Jiang et al., 2006). The more frequent the CIK cell
transfusion, the lower the risk of death in gastric can-
cer patients (Jiang et al., 2010).

One of the worst side effects of traditional therapies
for cancer is that they do not specifically target cancer
cells. Repeated schedule treatments often increase the
risk of creating a new malignant subpopulation with
therapy-resistant characteristics. Oxaliplatin (L-OHP)
is a platinum-based antineoplastic agent used in can-
cer chemotherapy. Inappropriate treatment of gastric
cancer with oxaliplatin can produce oxaliplatin-
resistant cancer cells; however, the combination of
oxaliplatin and CIK cells was shown to reverse che-
moresistance (Zhao et al., 2010). In vitro studies have
shown that combination of CIK cells and L-OHP could
significantly enhance anti-tumor killing activity, even
of oxaliplatin-resistant cells. Moreover, in vivo results
have also demonstrated enhanced synergetic effects
against oxaliplatin-resistant cells when the two thera-
pies were combined (Zhao et al., 2010). In another
study S-1 (Tegafur, Gimeracil, and Oteracil Potassium
Capsules) plus CIK were evaluated in patients with
advanced pancreatic cancer. In these patients, serum
CA19-9 levels significantly decreased and the time to
progression was longer. Clinically, the side effects fre-
quently associated with chemotherapy, including non-
hematological toxicity, fatigue and non-infective, were
significantly decreased in the combined therapy
groups (Wang et al., 2013a).

One of the main issues, particularly for cell-based im-
munotherapies in cancer treatment, which needs to be
satisfactorily resolved is the issue of safety. And how
can effector cells that are transfused into the patient's
body by cell-based immunotherapy be rendered more
efficient than traditional therapies? How can they
augment traditional therapies? Jakel et al. summa-
rized recent clinical studies which applied CIK cells
for the treatment of gastric, pancreatic, hepatocellular
and colorectal cancer. Cytotoxic cells were grafted by
various routes, including intravenously, intraperito-
neally, or via the common hepatic artery. In all the
studies, the side effects and toxicity of CIK cell thera-
py were mild. In cancer patients, malignant cells can
create a micro-environment with components prevent-
ing the effector cell penetration. However, CIK cells
represent an effective way to activate the immune sys-
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tem to overcome the barriers and destroy cancer cells.
Not surprisingly, the combinational therapy (of CIK
cell therapy with conventional adjuvants) can be high-
ly effective over a single therapy, as demonstrated in
GI cancer (Jakel et al., 2014).

CIK therapy in treating patients with liver cancer

Before CIK cells, other kinds of effector cells were
used in adoptive cellular therapy (ACT), namely lym-
phokine-activated killer (LAK) cells and tumor-
infiltrating lymphocytes (TIL). The main common fea-
tures of TIL and LAK cells are that they can specifical-
ly recognize the cancer cell targets and induce cell kill-
ing. However, the biggest obstacle to their clinical use
is their limited in vitro proliferation. CIK cells, howev-
er, maintain their robust proliferation during in vitro
culture and have potent anti-tumor cytotoxicity.

Liver cancer is one of the most fatal cancers, and is
strongly associated with chronic infection of HBV or
HCV. Among primary liver cancers, hepatocellular
carcinoma (HCC) represents the major histologic type.
Wan, et al. used autologous CIK cells to develop an
alternative adoptive therapeutic strategy for HCC pa-
tients. The author cultured CIK cells from healthy do-
nors and HCC patients and found that after 21 days of
incubation, CD3/CD56 double-positive cells signifi-
cantly increased. The in vitro and in vivo assays af-
firmed CIK cells originating from HCC patients elimi-
nated autologous tumor cells much better than auto-
logous LAK cells and PBMC cells (Wang et al., 2002).

Zhang et al. investigated CIK treatment of post-
operated HCC patients who expressed multidrug-
resistant (MDR) proteins. The authors found a high
number of activated lymphocytes infiltrated in the
liver cancer tissue via immunohistochemistry. CIK
cells effectively lysed MDR HCC cells; moreover, CIK
cells were a safe adoptive immunotherapy without
side effects (Zhang et al., 2005). Ma et al. compared
the outcome of HCC treatment with or without CIK
cell intervention. The group receiving CIK had signifi-
cantly favored outcomes and the treatment also dimi-
nished HBV-DNA content and AFP level (Ma et al,,
2012).

Combination CIK and other targeted therapy

CIK cell adoptive transfer is increasingly playing an
important role in cancer treatment. Combining CIK
cells with other established therapies represents a
highly promising approach among immunotherapy
strategies for cancer treatment.

Biomed Res Ther 2016, 3(3): 533-541

CIK cell with dendritic cell (DC)

While CIK cells may forcefully destroy cancer cells in
vitro; in vivo results may not reflect the potential im-
pact of CIK cells. Part of the reason is that once CIK
cells are injected into the body, they need the support
other immune cells, e.g. antigen-presenting cells.
Dendritic cells (DC) are professional antigen-
presenting cells with the ability to synergize the im-
mune system and induce appropriate regulatory me-
chanisms. For these reasons, DC have garnered inter-
est from many researchers. Of further interest is the
combination of CIK and DC in cancer therapy. The
relationship between DC and CIK cells is not a one-
way interaction but one that is reciprocal For instance,
when CIK cells are activated by DC, they secrete fac-
tors which further enhance the activating status of DC
(Li et al., 2009).

After co-culture with CIK cells, DC show up-
regulation of co-stimulatory and antigen-presenting
molecules, as well as IL-12 secretion; this feedback
leads to enhanced cytotoxic activity of CIK cells
against the malignant cells (Marten et al., 2001). Stu-
dies have reported from DC-CIK cell co-culture dis-
tinct changes in expression of surface molecule mark-
ers on both cell populations (Nagaraj et al., 2004).
Wongkajornsilp et al. pre-incubated CIK cells with
tumor's RNA-primed DCs and showed an enhanced
cytolysis of the osteosarcoma (Wongkajornsilp et al.,
2005). The existence of many immune components in a
tight microenvironment is one of many reasons why
the immune system may fail to adequately destroy
tumor cells. For effective osteosarcoma cytolysis, CIK
cells had to be kept at limited cell density with the
help of tumor antigen presentation on DC
(Wongkajornsilp et al., 2005).

When Wei et al. compared cord blood DC-CIK cells,
cord blood CIK cells and peripheral blood DC-CIK
cells, he found that the proliferation capability of cord
blood DC-CIK cells was the highest (Wei et al., 2008),
as was their activity against all subtypes of acute leu-
kemia cells (Wei et al., 2010). This suggests the possi-
bility of using cord blood-derived MNC cells to diffe-
rentiate DC and CIK cells for treatment application,
opening up the prospect of treatment for patients with
leukemia after hematopoietic stem cell transplant. One
issue of concern for the acquisition of immune cells
from cancer patients is that the low number of cells
that can be obtained. Typically, from patient samples
there are not sufficient enough precursor cells to ex-
pand to high enough numbers during ex vivo stimula-
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tion. The low numbers of acquired immune cells are
likely are result of advanced disease stage and re-
peated chemotherapy or radiation therapy. Some pa-
tients deny acquisition of their immune cells based on
a fear that blood collection may not be safe.

In their studies, Wang et al. showed that semi-
allogeneic DC-CIK cells were superior to autologous
CIK cells and DC-CIK cells in terms of anti-tumor ac-
tivity, IFN-g secretion, ratio of CD3*CD56* cells, and
promotion of cell proliferation. Furthermore, semi-
allogeneic DC-CIK cells reduced IL-4/IL-10 secretion,
decreased the number of CD4+*CD25+ cells, and les-
sened cell apoptosis (Schmidt et al., 2004; Wang et al.,
2010). In clinical trials, Yang, et al. performed a paired
study between chemotherapy plus DC + CIK cells ver-
sus control (chemotherapy alone) in patients with ad-
vanced NSCLC. DC-activated CIK cells significantly
enhanced antitumor activity, increased the ratio of
CD3+CD56* cells, promoted cell proliferation, lessened
cell apoptosis, and increased overall survival rates
(Yang et al., 2013). These data are in harmony with
results from other studies, which showed that DC-CIK
therapy increased the survival rates and progression
free survival, compared to placebo, no intervention,
conventional treatments, or other complementary and
alternative medicines (Chen et al., 2014). Yuanying et
al. also showed that combining cryosurgery, chemo-
therapy or DC therapy with activated CIK immuno-
therapy can help prolong the median overall survival
of patients (Yuanying et al., 2013).

For DC, the selection of antigens for inducing matura-
tion play a role in educating effector cells to destroy
cancer cells expressing that antigen. Tumor antigens
may be derived from RNA or protein. The selection of
suitable antigens depends on the cancer type. There is
a method to help acquire the cancer type-independent
tumor antigens (protein antigens) from tumor lysis.
Wang et al. used CIK cells co-cultured with DCs
pulsed with complete retinoblastoma antigens (DC-
Ag). CIK cells showed enhanced differentiation and
cytotoxicity even on carboplatin-resistant RB cells;
DC-Ag-CIK mixture had little effect on normal retina
(Wang et al., 2013c).

In the case of cancer patients forced to transplant im-
mune cells more than once, patients can have adverse
side effects if using effector cells like LAK for infusion.
However, CIK cell transfusion has no harmful side
effects. Zhao et al. withdraw peripheral blood mono-
nuclear cells (PBMC) and expanded DC-CIK cells,
then transfused multiple infusions in cancer patients.
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He found the cellular immunity was improved as the
numbers of infused cytotoxic T lymphocytes (CTL)
were increased (Zhao et al., 2015).

CIK with specific antibodies

One of the most widely targeting strategies is cancer
cell specific antibody carrying radioactive particles
(used in radiotherapy) or drug precursors (used in
chemotherapy). Today, the use of bi-specific antibo-
dies (bsAb) have been studied in anti-cancer immuno-
therapy. The benefits of this strategy is that antibodies
can be designed to have specific recognition sequences
of antigens on cancer cells; the bi-specific antibody
also provides binding sequences of effector cells. The
specific recognition results in increased cohesion be-
tween cancer cells and immune cells, thereby inducing
targeted and prolonged cell killing activity.

Cancer cells have the ability to maintain growth in the
patient's body without being diminished by the im-
mune system, partly due to the fact that cancer cells
originate from normal cells. Once mutation have ac-
cumulated enough, cancer cells form a microenviron-
ment which protects them against the infiltration of
immune cells. The difference between a malignant cell
and normal cell can be abnormal expression, mainly
overexpression, of growth factor receptor molecules
on the cell surface, which have an important role in
promoting cancer cell replication. Chan et al. collected
cancer cells and autologous CIK cells from ovarian
cancer patients. CIK cells with enhancement by bi-
specific antibodies against cancer antigen-125 and
Her2 showed a significant increase in the mean per-
cent lysis of ovarian cancer cells. The same result was
duplicated in a mouse model; CIK cells with bi-
specific antibodies had significant reduction in tumor
burden and improvement in survival (Chan et al,
2006). In another study, both anti-tumor activity and
CIK cell proliferation were increased when redirected
to breast and ovarian cell tumor targets with bsAb
(Kornacker et al., 2006b).

In order to combine the benefits of antibody and CIK
cells, researchers have designed CIK cells with a chi-
meric receptor specific for a desired antigen, i.e. chi-
meric antigen receptor (CAR). This can be done easily
using molecular biology tools. CAR-CIK cells, which
are activated by corresponding antigens, can be acti-
vated immediately without waiting for the second
signal (classic TCR). This overcome obstacles in the
tumor microenvironment where the second or third
signal is difficult to express due to the presence of
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immunosuppressive factors. Although CAR gene
transfer into CIK cells is possible, whether modified-
CIK cells maintain the same properties as the parental
cell needs to be evaluated. Marin et al. redirected CIK
cells with CAR specific for CD19. The modified-CIK
cells maintained the presentation of chemotactic mole-
cules, such as CXCR4, CCR6 and CCRY7. The modified
CIK cells transmigrated through endothelial cells and
showed B-ALL cell cytotoxicity (Marin et al., 2006). In
another study, Yoon et al. electroporated to CIK cell
Her-2/neu-CAR. Compared with Herceptin (monoc-
lonal antibody specific for Her-2/neu) CAR-CIK led to
significant inhibition of Her-2/neu-positive tumor
growth (Yoon et al., 2009).

Tumors contain a small subpopulation with stem cell
characteristics, called cancer stem cells (CSC). Stem
cells are of tumor origin, maintain tumor growth, and
show metastatic capability. Many cancer studies have
focused on identifying the CSC characteristics. Huang
et al. bound CD133-CAR to the CIK cells and found
that these BsAb-CIK cells inhibited the survival of
CD133 (high). CSCs eliminated pancreatic and hepatic
cancer cells in vitro as well as in tumor-bearing nude
mice (Huang et al., 2013).

The international registry on CIK cells (IRCC)

Many studies on CIK cells have been published, in-
cluding clinical trials involving large numbers of pa-
tients around the world with different cancer types.
The studies were initiated based on the recognition of
the certain advantages of CIK cells, particularly com-
bined with standard cancer therapies, in eradicating
disease. However, these studies are international and
ideally require development of an organized registry
to collect and evaluate data from all the clinical trials
that have utilized CIK cells. From there, clinicians,
researchers and patients will have meaningful data to
compare and choose appropriate treatments
(Hontscha et al., 2011).

An international registry on CIK cells has recently
been established. With statistics from clinical trials, the
registry appears to set the systemic standard that pub-
lications must follow. The outcomes of the CIK cell
treatment have been documented, which include in-
creased overall survival rate, improved quality of life,
minor adverse reactions, and importantly, enhanced
immunologic effects, including accelerated cytotoxic T
cell subsets and cytokine secretion, and decreased tu-
mor markers and viral infection. There are now over
45 studies present in the database reported on 22 dif-
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ferent tumor entities altogether enrolling around 3,000
patients. CIK cells have gained major strides as a
promising immunotherapy platform in oncology
(Schmeel et al., 2015).

CIK in GvHD

After transplantation, donor cell rejection may occur,
or sometimes GVHD, wherein the graft cells attack the
recipient’s. The latter case is very hazardous since pa-
tients often experience immunosuppressive episodes
before cell transplantation. This makes the patient sus-
ceptible to infectious agents since they are unable to
activate appropriate immune responses. The attack of
exogenous immune cells in an immuno-deficient body
may cause impaired quality of life and even fatality
for some patients. In cancer patients, optimal effector
cell transplant involves achieving graft-versus-tumor
responses with minimal GvHD. Reports have demon-
strated that CIK cells show strong lytic activity against
several tumor targets with acceptable GvHD, even
when a large number of effector CIK cells are trans-
planted. The mechanism of reduction in GvHD is re-
lated to the ability of CIK cells to produce high levels
of IFN- v (Baker et al., 2001). This results from the fact
that IFN-vy, or type II interferon, play a crucial role in
immune systems with the most potency of immuno-
modulation (Schoenborn and Wilson, 2007; Schroder
et al., 2004). Besides, CIK cells have shown slow divi-
sion rate and high susceptibility to apoptosis, while
demonstrating low infiltration into GvHD target tis-
sues (Nishimura et al., 2008) and inducing low tissue
damage (Zhang et al., 2015).

CIK with regulatory T cells (Tregs)

The immune system is comprised of a coordinated
network of cells, specialized to activate immune fac-
tors when the body is infected by infection or cancer,
thereby destroying harmful agents to cells, tissues,
organs and the whole body. When an immune reac-
tion occurs effectively, the pathogen is eliminated.
However, the body can also be damaged in the
process; thus, immune regulation is also needed to
minimize overactivation that can result in autoim-
munity. CD4*CD25* regulatory T (Treg) cells are pro-
fessional regulatory cells which play an important role
in maintaining a balanced immune system. The exis-
tence of Treg cells in cell culture suspension can be a
mechanism of immune suppression, and result in the
strong inhibition of anti-tumor effector cells.

In CIK cell culture, one of the most important compo-
nents needed for the differentiation of CIKs is IL-2.
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Signaling pathway through IL-2 receptor plays an im-
portant role in maintaining the proliferative and cyto-
toxic properties of CIK cells. The IL-2 receptor is ex-
pressed by many different effector cells and activation
can be induced by exogenous IL-2. MNC cultured
with exogenous IL -2 could be induced to proliferate
and differentiate into various effector cell populations,
including Treg cells (Koreth et al., 2011; Matsuoka et
al., 2013). Although CIK cells in culture suspension
may increase in cell number, their cytotoxic activity
has been shown to be significantly reduced, which
may adversely affect the success of ACT (Sakaguchi et
al., 2009; Sakaguchi et al., 2008). After Treg depletion
at the start of CIK cell culture, however, the prolifera-
tion and cytotoxicity of cytotoxic cells are significantly
increased, and CIK-mediated suppression of lung can-
cer cells both in vitro and in vivo are enhanced (Li et
al., 2007).

CONCLUSION

CIK adoptive immunotherapy has increasingly be-
come a popular and effective new platform in cancer
treatment, with numerous CIK clinical trials con-
ducted worldwide to treat various cancers. Specifical-
ly, the ease of generating large amounts of CIK cells
and their MHC-unrestricted tumor killing had led to
their favorable use in cancer clinical translational stu-
dies. CIK have been successively studied in vitro and
in vivo against a variety of cancers, and have consis-
tently been shown to be effective killers. More investi-
gations of CIK cells, particularly in the combination
setting, i.e. synergized with conventional chemothera-
py, targeted therapies and other immunotherapy ap-
proaches, are encouraged. Given their advantageous
properties, it is evident that CIK cells will continue to
show promise in anti-tumor adoptive immunotherapy.
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