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Abstract— In recent years, the combination of gene and immunotherapy for cancer treatment has been regarded as
innovative and promising; together, both therapies can help overcome limitations associated with conventional
treatments. In order to augment anti-cancer efficacy and to maintain the specificity of antibody therapy, chimeric an-
tigen receptor (CAR)-modified T cells, directed toward tumor-specific antigens, have emerged as a novel and prom-
ising therapeutic platform. CARs consist of a B cell receptor (BCR)-derived extracellular domain and T cell receptor
(TCR)-associated signaling elements. Cytokine-induced killer (CIK) cells are the effector immune cells that can be
activated ex vivo and possess both the anti-tumor potency of T lymphocytes and the non-major histocompatibility
complex-restricted elimination of natural killer cells. With their pre-eminent ability for robust proliferation, CIK
cells may overcome the main limitations of adoptive immunotherapy strategies. CIK cells have strong tumor cell kill-
ing capacity; they are effective against a wide variety of malignant tumors and have been shown to be safe in cancer
patients. This review summarizes the characteristics of CARs which make them attractive for in cancer treatment
strategies. In addition, the role of CIK cells and the advantages of combining CIK cells with CAR-based therapy will
be discussed. Scientific evidence to support their combined therapeutic application will be highlighted, with a focus
on how their innovative combination may be translated into cancer clinical trials.
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T CELL RECEPTOR (TCR) AND CHI-
MERIC ANTIGEN RECEPTOR (CAR)

For the immune cells, receptors play an important role
in receiving signals and transferring intracellular and
extracellular information; cells can interact and re-
spond to stimuli via receptor engagement. For T cells,
conventional T cell receptors (TCRs) have been stu-
died for a long time. TCRs are a critical and indis-
pensable component in the activation of T cells; their
engagement leads to the generation of an immune re-
sponse to eliminate pathogenic cells, including cancer
cells (Davis et al., 2003). After interacting with major
histocompatibility complex (MHC) molecule-linked

antigens, TCR signaling occurs via the CD3-derived
intracellular domain, which is a complex of 1 yand 16
chain, and 2 € and 2 ( chains (Birnbaum et al., 2014). In
order for the TCR interaction/engagement to be robust
enough to elicit T cell activation, the additional en-
gagement of the CD4 or CD8 co-receptorsis
required(Kim et al., 2003). Moreover, to maintain
long-term T cell stimulation strong enough to destroy
malignant cells, T cells also express co-stimulatory
molecules, such as CD28 or 4-1BB (CD137), which
play a role in promoting expression of anti-apoptotic
and pro-survival factors (e.g. BCL-2, BCL-XL, and
BCL2A1) (Pardoll, 2012).
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One of the significant differences between TCRs and
chimeric antigen receptors (CARs) is the difference in
affinity; the latter shows greater affinity maturation
(increased affinity for antigen) due to its B cell recep-
tor (BCR)-derived extracellular domain (Stone et al.,
2015). However, affinity is not as important in the clin-
ical context since expression of tumor target antigens
are typically low. The weak interaction between TCR
and antigen-MHC complex allows continuous TCR
stimulation (serial triggering) to adequate levels of
activation for T cells to perform their functions
(Valitutti et al., 1995). Another important considera-
tion about TCRs is how to increase the expression of
CD3 molecules instead of increasing affinity. This is
because CD3 has such a pivotal role in TCR-based
signaling pathways (Ahmadi et al., 2011).

The application of conventional TCRs for adoptive T
cell therapy has many problem:s still, which need to be
resolved. Negative selection in the thymus makes en-
dogenous peripheral T cells exhibit low affinity
against self-peptide/MHC antigens. This limits the
effectiveness of TCR-based therapies due to the reduc-
tion of antitumor responses. Conversely, engineered
manipulation of affinity of a TCR to that of an antibo-
dy can yield cross-reactivity with self-peptides
(Cameron et al., 2013). To solve the problem of cross-
reactivity and to enhance the therapeutic effects of
adoptive T cell therapy using TCRs, it is necessary to
identify potential target antigens as well as manipu-
late the affinity of individual TCRs through in silico
proteome research (Schumacher and Schreiber, 2015).

The task to gather all the molecules to activate T cells
requires each component being in good operating
condition, so that they all have good spatiotemporal
cooperation with each other. Another issue to keep in
mind when using engineered TCRs to target cancer-
associated antigens is the risk of mispairing with en-
dogenous TCR chains, which results in the impossibil-
ity to recognize or kill cancer cells (Kuball et al., 2007).
An “all in one” strategy to address the above is the use
of CARs because CARs entail a combination of mul-
tiple components on a single molecule. CARs includes
an extracellular domain, designed based on the anti-
body structure’s specific association with the antigen
of interest, a CD3 zeta chain-derived transmembrane
domain, and an intracellular domain which attaches
immunoreceptor tyrosine-rich activation motif (ITAM)
molecules and co-stimulatory molecules. With the na-
ture of antibody molecules, the interaction of a CAR
and its target has much higher affinity than that of a
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TCR and the same antigen. Thus, the identification of
antigens on the cell surface of cancer cells by CARs is
an important direction in T cell therapy research
(Kalos et al., 2011).

The TCR-based antigen recognition is HLA-
dependent, i.e. the protein antigens have to be
processed into peptide fragments, then presented on
the cell surface by HLA molecules (Zikherman and
Au-Yeung, 2015).Oneway cancer cells evade immune
surveillance and targeting is through HLA down-
regulation. This significantly reduces the magnitude
and capacity of antitumor immune responses. In con-
trast, CAR-based recognition is independent of HLA
restriction, so this strategy not only expands the target
antigen sources; besides the polypeptides, CARs can
also identify the molecular composition of lipids and
carbohydrates and thus, can increase the scope of ap-
plication to cancer patients, independent of their HLA
haplotypes (Jensen and Riddell, 2015).

GENETICALLY MODIFIED T LYM-
PHOCYTES WITH CHIMERIC ANTI-
GEN RECEPTOR (CARS): HOPE FOR
ADVANCED CANCER PATIENTS

While traditional cancer treatments pose the risk of
creating malignant cells resistant to therapies, they
have to face the risk of negatively impacting the body.
Thus, immunotherapy has emerged as an extremely
excellent candidate cancer treatment, given its ability
to activate the immune system to specifically and ef-
fectively destroy cancer cells. Immunotherapy is con-
sidered effective, but effector cells need to be activated
to perform the function. The activation may come
from the interaction between the HLA-antigen mole-
cules expressed on antigen-presenting cells (APCs)
and receptors expressed on cytotoxic cells (e.g., TCR
on T lymphocytes), simultaneously with engagement
between co-stimulatory molecules on APCs and CD28
on T cells. In vivo, tumors seem to essentially prevent
effector cell stimulation through immunosuppressive
cytokines and Tregs, in the tumor milieu, which extin-
guish immune responses and reverse APCs and T cells
into an anergic state. While the immune system is
waiting for being appropriately activated to destroy
the cancer, the cancer cells may have already downre-
gulated HLA expression, resulting in insufficient sig-
nal for cytotoxic cell activation (Seliger, 2008). To re-
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duce dependence on APCs and HLA molecules, ge-
netically modified T lymphocytes with CARs can be
used.

A CAR construct contains 4 regions, including an
extracellular target binding domain, hinge region,
transmembrane domain, and intracellular signaling
domain. region has an important role in the activation
of T cells to destroy target cells without requiring any
co-stimulatory signals. The extracellular domain is
comprised of a light and heavy chain of single chain
variable fragment (scFv) derived from monoclonal
antibody molecules, with the aim of directly recogniz-
ing tumor-associated antigen (TAA) (Stewart-Jones et
al., 2009). The hinge (or extracellular spacer) region is
responsible for targeting epitopes with different dis-
tance from the cell membrane (Guest et al., 2005). The
transmembrane domain anchors CAR to the cell sur-
face, and the intracellular domain stimulates signal
cascades expressing factors for T lymphocyte prolife-
ration and persistence, and function against the target
cell (James et al., 2008). Although most TCRs and
BCRs only recognize peptide fragments that have
been processed, the CAR-based recognition can identi-
fy all proteins, carbohydrates and lipids on the cell
surface (Mezzanzanica et al.,, 1998; Pule et al., 2005;
Westwood et al., 2005; Wilkie et al., 2008). Additional-
ly, this identification is non-MHC-restricted which
expands the potential application of CARs. CAR-
based therapy is the quintessential achievement in
cellular immunology, synthetic biology and cell-
processing technology (Chinnasamy et al, 2013;
Hudecek et al., 2013; Zhang et al., 2007b).

CAR studies have been extensively conducted to im-
prove CAR-generating technology.Scientists have di-
vided CAR into 3 different generations based on intra-
cellular domain components. The 1st generation CARs
only mediate ITAM-based signaling, which limit T cell
proliferation and persistence. However, 2~ and 3+
generation CARs combine one or more co-stimulatory
molecules, respectively, such as CD27, CD28, CD134
(OX40), and CD137 (4-1BB). In the near future, the 4t
generation will soon appear with the design of an
extracellular domain utilizing fully human antibody
(ADb), unlike the majority of CARs that contain scFv
from murine or humanized Ab (Kochenderfer et al.,
2010; Till et al., 2008).

The transfer of CAR-encoding genes into T cells is eas-
ily achieved through viral-based methods (Colovos et
al., 2012). Retroviral and lentiviral vectors have been
proven safe from clinical studies conducted over long
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periods of time (McGarrity et al., 2013). Moreover, the
requirement of transient expression of a transgene
with viral-based methods can be easily resolved with
Ad5/F35 adenoviral vectors (Schroers et al., 2004). The
concern about viral-based gene transfer methods be-
ing possibly inserted into the cell genome can be
solved by the use of non-viral based approaches (Pike-
Overzet et al, 2007). Gene transfer by transpo-
son/transposase system, titled Sleeping Beauty or pig-
gyBac, allows for the persistent high-level gene ex-
pression (Huang et al., 2008; Jin et al., 2011; Nakazawa
et al., 2011; Singh et al., 2008). In cases where the tar-
get antigen is also expressed on normal cells, RNA
electroporation can be used to create transiently ex-
pressed CARs with almost 100% transduction efficien-
cies (Birkholz et al., 2009; Zhao et al., 2010). Another
approach is to use retro-transposon systems which
have also shown encouraging results. Genetically
modified T cells with CARs, overall, represent a safe
and long-term expression approach. The disadvantag-
es of non-viral based gene transfer methods are the
relatively low gene transfer efficiency, prolonged ma-
nipulation time, and creation of effector cells with ex-
hausted and/or anergic conditions; all of these factors
can significantly reduce the efficacy of immunothera-
py (Manuri et al., 2010).

Once it was recognized that effector cells, particularly
lymphocytes, play an important role in destroying
cancer cells (Rosenberg, 2001), the first clinical studies
being initiated were those involving the use of donor
lymphocyte infusion (DLI) in cancer therapy. The use
of lymphocytes without selecting for those with spe-
cific effects on cancer cells has led to a significant risk
of Graft versus Host Disease (GvHD) induction
(Takami et al., 2005). The rapid discovery of TAAs,
which include tissue-specific antigens, differentiation
antigens and ubiquitously expressed antigens, has
paved the way for immunotherapies based on geneti-
cally engineered T lymphocytes (Kessler and Melief,
2007). However, these self-origin TAAs imply the low
incidence of immune reaction due to the low avidity
of cytotoxic effector lymphocytes and the inhibitory
effect of regulatory T cells resulting from tolerance
(Chicaybam et al., 2011).

Although a wide variety of monoclonal antibodies has
been approved and translated into the clinic for cancer
treatment, it is generally accepted that T cells possess
stronger anti-tumor activity than antibodies. It is ob-
vious that effector T cells, as flexible cells, can pene-
trate into tumor tissues, then expand and generate
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memory cells (Hillerdal and Essand, 2015). Adoptive
cell therapy (ACT) involves a process of tumor-
reactive cell isolation (from the host), ex vivo stimula-
tion and infusion of effector cells back into the host.
However, it is still unclear that which kind of T cells
should be used. Moreover, regarding to the isolation
and expansion of naturally occurring TAA-specific T-
cell clones, there are many obstacles related to tech-
nique, time and labor (Rosenberg et al., 2008).

Gene therapy has provided a great application in
many fields of medicine, including cancer therapy,
and continues to garner great interest. To augment the
efficacy but keep the specificity of antibody-mediated
immunity, CAR-modified T cells directed toward tu-
mor-specific antigens are now emerging as a novel
and promising therapy. As previously highlighted, the
assembly of CAR from a BCR-derived extracellular
domain and TCR-associated signaling elements
(Sadelain et al., 2003) gives CAR T cells the combined
advantages of both cellular and humoral immunity.
This dual strategy in immunotherapy potentially al-
lows for targeting any tumor with a high level of spe-
cificity (Biagi et al., 2011; Eshhar et al., 1993; Irving et
al., 1993; Letourneur and Klausner, 1991).

Upon exposure to cognate antigen, CAR T cells secrete
cytotoxic factors leading to cancer cell destruction.
Cancer cells have the ability to turn down the expres-
sion of surface molecules to prevent recognition by
antibodies and killing by the perforin/granzyme me-
chanism. By inhibiting these mechanisms, cancer cell
apoptosis is affected (minimized), in addition, resis-
tance to antibody and complement is elevated. How-
ever, activated CAR T cells are stimulated to secrete
cytokines which are responsible for anti-tumor im-
mune responses (Biagi et al., 2007; Dotti and Heslop,
2005; Kohn et al., 2011; Rossig and Brenner, 2004). En-
gineered T cells, therefore, have a superior advantage
over native T cell in that the selection and expansion
procedure take places quickly and the immune re-
sponse is durable. Together, use of this type of thera-
py can significantly improve clinical outcome of ad-
vanced cancers (June, 2007).

Using transducer TCRs, the risk to form hybrids with
endogenous TCRs can easily occur, causing false rec-
ognition and stimulating the process of destroying
normal cells. In the case of modified T cells, effector
cells can be designed with a multitude of signaling
domains, requiring multiple simultaneous receptor-
ligand interactions to trigger target cell killing activity.
In addition, they are also designed to operate efficient-
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ly in the immunosuppressive tumor milieu. The value
of chimeric receptors in CAR T cells is that the binding
affinities of the extracellular domain, i.e. scFvs, are
much more effective (Beckman et al., 2007; Richman
and Kranz, 2007). In the case of target antigens also
expressed on normal cells (but at a different level than
cancer cells), CAR T cells can be designed with scFv
having suitable yet varying affinities. In essence, they
can potentially discriminate between cells with low
and high antigen expression, then destroy the malig-
nant cells (Alvarez-Vallina and Russell, 1999;
Chmielewski et al., 2004; Westwood et al., 2009). Kill-
ing cancer cells can initiate the process of antigen
spreading; a diversified source of cancer antigens is
released and respectively activates a rich source of
immune cells that can destroy several targets on the
tumor cells (Hombach et al., 1999).

As mentioned above, the intracellular domain of chi-
meric receptors has a communicative role to the nuc-
leus through transcription factors to activate mechan-
isms to destroy the target cell (Eshhar et al.,, 1996).
CARs of the 1st generation only contain ITAM-bearing
receptors, which alone induce poor cell proliferation,
suboptimal cytokine secretion, and transient antitu-
mor reaction (Brocker, 2000; Brocker and Karjalainen,
1998). Full T cell activation, however, requires at least
2 signals: the first is the interaction of the TCR/CD3
complex with MHC-peptide complex, the latter is the
costimulatory signal through CD28-B7 interaction
(Shirasu and Kuroki, 2012). That is the reason which
prompted the generation of the 2nd and 3rd genera-
tions CARs, which feature the addition of more costi-
mulatory domains (Van Gool et al., 1996). It has been
shown that the relative position between the CD28
domain, the CD3 zeta chain and the trans-membrane
domain have an impact on the activity of the modified
T cells (Geiger et al.,, 2001). Many studies have also
shown that the 2nd and 3rd generations have syner-
gistic action on cell proliferation (Beecham et al., 2000;
Mabher et al., 2002), secretion of cytokines leading to
activation of antitumor immune responses (Haynes et
al.,, 2002b; Hombach et al., 2001a; Hombach et al.,
2001b), facilitation of the persistence of effector T cells
(Finney et al.,, 2004; Kowolik et al., 2006), and en-
hancement of antitumor activity (Brentjens et al., 2007;
Haynes et al., 2002a; Vera et al., 2006).

To date, one of the major causes of adoptive cell ther-
apy failure is that after infusion in the body, effector
cells cannot overcome the inhibitory tumor microenvi-
ronment. In the process of formation and develop-
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ment of tumors, cancer cells have developed and per-
fected mechanisms of immune tolerance. They have
become formidable to the immune system even to the
point of immune modulation through multiple me-
chanisms of action, including interacting with mole-
cules on the cell surface or through soluble factors
(Rabinovich et al.,, 2007). The immunosuppressive ef-
fects of tumors facilitate the proliferation of Tregs and
almost entirely extinguishes any immunity induced
by the adoptively transferred cells as they try to pene-
trate the tumor (Loskog et al., 2006; Zou, 2006).

For gene therapy, one of the major benefits is the abili-
ty to design therapeutic genes for transfer into the de-
sired cells, including T cells. The immunosuppressive
microenvironment of the tumor is clear and irreversi-
ble, so a new approach in line with the actual situation
is to turn inhibition signals into activating ones. One
way is to create chimeric receptors having an inhibito-
ry extracellular domain but an intracellular signaling
domain derived from costimulatory molecules. This
relatively new approach has shown encouraging re-
sults for cell surface molecules, such as CTLA-4 (Shin
et al., 2012), PD-1 (Ankri and Cohen, 2014), and inhibi-
tory cytokine receptors (Leen et al., 2014).

The 3t generation CARs were created by combining
costimulatory molecules from the tumor necrosis fac-
tor receptor superfamily (Croft, 2009; Greenwald et
al., 2005). This combination does not impede but ra-
ther augments T cell functions, including proliferation
(Hombach and Abken, 2007), cytokine secretion, sur-
vival (Redmond et al.,, 2009), and antigen-specific tu-
mor cell lysis (Melero et al., 2008; Milone et al., 2009;
Stephan et al., 2007; Wang et al., 2007; Zhang et al.,
2007a; Zhao et al., 2009). However, there is evidence
indicating that CARs with a tripartite signaling do-
main can automatically trigger and producing large
amounts of cytokines, which are toxic to the organ
systems and ultimately limit the ability of their clinical
application (Cartellieri et al., 2010).

Recombinant gene technology has enabled CAR T cell
research to advance. The infusion of CAR T cells using
murine-derived scFv into the body can activate the
immune system to eliminate effector cells before they
can reach the cancer cells. To overcome this obstacle,
human-associated antibodies to construct novel CARs
are now widely studied (Morgan et al., 2010). Mod-
ified CARs help T cells maintain persistence and func-
tion to destroy cancer cells. Sometimes, grafted cells
mistakenly destroy normal cells based on the expres-
sion of certain molecules on the cell surface. This oc-
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curs since cancer cells, as cells derived from normal
cells, have self-proteins and similar marker expression
as normal cells. This feature allows them to progress
beyond detection by the immune system. However, it
poses the risk of autoimmunity, when T cells are tar-
geted against proteins shared by tumors and normal
cells. Thus, the possibility of autoimmunity is present
and the impact is incalculable. For complete control
and timely intervention in the event undesired reac-
tions occur, transduced cells should be introduced
with inducible suicide genes (Ramos and Dotti, 2011).
This approach includes the thymidine kinase gene of
Herpes Simplex Virus (HSV-TK) (Borchers et al,
2011), Casp9 suicide system (Ciceri et al., 2009; Di
Stasi et al., 2011; Tey et al., 2007), human CD20 (Vogler
et al,, 2010), and mutant human thymidylate kinase
(mTMPK). The above causes cell sensitivity to the cor-
responding prodrugs: ganciclovir (GCV), nontoxic
AP1903 drug (Hoyos et al., 2010), monoclonal antibo-
dy Rituximab, or zidovudine (AZT) (Sato et al., 2007).

Many research studies have shown that combinatorial
strategies with novel therapies improve traditional
therapies, and are more effective at eliminating cancer.
Specifically, non-myeloablative chemotherapy or ra-
diotherapy prior to CAR-engineered T cell infusions
have obtained many promising results (Dudley et al.,
2008; Kalos et al., 2011; Rosenberg et al., 2011). At the
present, the tumor microenvironment is a heterogene-
ous population of malignant cells and normal cells,
along with the presence of a variety of cytokines (in-
cluding pro-inflammatory and immunosuppressive
ones). In particular, it has been documented that the
tumor environment contains an abundant presence of
Tregs and immunosuppressive cytokines. Non-
myeloablative chemotherapy or radiotherapy at tumor
sites helps promote immunity by deletion of Tregs
cells (Curiel et al.,, 2004) and elimination of cytokine
sinks (Gattinoni et al., 2005). A more useful impact of
preconditioning is the induction of tumor cell death,
leading to antigen spreading, and subsequently induc-
ing a variety of immune responses on multiple tumor
targets (Russo et al., 2000).

There have been many studies on the route for T cell
administration to determine which route enables ef-
fector cells to reach tumor sites most effectively. The
routes of infusion have included intravenous injection,
subcutaneous injection, intraperitoneal injection (into
the abdominal cavity), intranodal injection (into
lymph nodes near the tumor), and intratumoral injec-
tion. With the advancement of transgenic technology,
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T cells can be designed and modified with chemokine
receptors which promote mechanisms of stem cell/T
cell homing. Another approach is by binding to CAR
T cells growth factor receptors which facilitate migra-
tion to the tumor microenvironment (Hillerdal and
Essand, 2015).

Recent data show that more than 30 clinical trials us-
ingg. CAR T  cells are being evaluated
(www.clinicaltrials.gov). These studies show the
available application of CAR-based adoptive cell
transfer for the treatment of a variety of cancers
(Cheadle et al., 2012). Although CAR T cells show
strong potential in cancer treatment, many areas still
remain to be investigated, including the selection and
optimization of CAR T cell generation, the optimal
tumor associated antigens (TAA), and components of
CAR signaling to best promote persistence, function
and survival of modified T cells. In addition, the de-
sign of homing and suicide genes are also important
to achieve optimal function in vivo at the tumor envi-
ronment (Han et al., 2013).

CYTOKINE-INDUCED KILLER (CIK)
CELLS AND SYNERGISTIC EFFECT
OF COMBINATION OF CARS AND CIK
CELLS

All kinds of immune cells have been tested for adop-
tive cell therapy, T lymphocytes have been widely
studied; these include tumor infiltrating lymphocytes
(TILs) and lymphokine-activated killer (LAK) cells.
However, the applicability of the aforementioned cell
types for clinical trials is not suitable due to low num-
ber cell isolation, insufficient proliferation, and high
cytokine concentrations needed for cell maintenance.
The tumor microenvironment contains diversified
immunosuppressive cells, soluble ligands, and cyto-
kines; these include Tregs, myeloid-derived suppres-
sor cells (MDSCs), TAMs, interleukin (IL)-10, and
transforming growth factor (TGF)-beta. All of these
makes the space in the tumor microenvironment
cramped, contributing to the reduction of effector-to-
target ratio and thus reduction to eradicate the cancer,
particularly advanced stage. For positive clinical out-
come to be achieved, T lymphocytes must satisfy these
requirements: have adequate number, traffic to tumor,
expand in vivo, and persist long enough to induce an-
ti-tumor responses. In the case of CAR T cells, they
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also need to efficiently and safely introduce the thera-
peutic gene(s); the engineered T cells must also ex-
pand to sufficient numbers.

CIK cells have generated significant attention because
they are a type of T lymphocytes with a non-MHC
restricted killing capacity of NK cells (Laport et al.,
2011). CIK cells are very suitable for ACT since they
are easily activated in vitro. While CIK cells are a hete-
rogeneous cell population, CD3*CD56* cells are consi-
dered primarily responsible for the function of CIK
cells. CIK cell-based preclinical and clinical studies
have shown antitumor responses in many blood can-
cers and solid tumors (Guo and Han, 2015; Jiang et al.,
2013).

The addition of basic cytokine activated T cells with
low concentrations of cytokines, including interferon
(IFN)-gamma, anti-CD3 mAb and IL-2, CIK cells can
be obtained easily in a short time (within 2-3 weeks
from blood mononuclear cells) when cultured ex-
vivo(Sangiolo, 2011). Notably, only IL-2 is required to
maintain the proliferation of CIK cells during the time,
and can be replaced by other cytokines with similar
function, such as IL-15. Effector cell number after the
differentiation process dramatically increases, creating
adequate quantities of immune effectors for multiple
adoptive infusions, and thereby overcoming the main
limitation of adoptive immunotherapy strategies us-
ing LAK cells or TILs. Similar to NK cells, CIK cells
express NKG2D molecules responsible for interacting
with MIC A/B or ULBP molecules on tumor cells, thus
causing MHC-unrestricted tumor cell killing. This is
beneficial since cancer cells are able to evade T-cell
mediated killing through downregulation of their
MHC expression. Another important characteristic to
consider, in the context of CIK research, is that CIKs
have reduced alloreactivity across HLA-barriers,
which may result from their ability to secrete abun-
dant IFN-gamma. This property adds significant value
to the use of CKs in translational medicine, especially
after allogeneic hematopoietic cell transplant
(Sangiolo, 2011).

Studies of CIKs are continue to increase and are now
included, as a standard, among clinical trial data and
statistical studies related to cancer treatments. To date,
there are more than 45 CIK studies in the database,
covering 22 different tumor entities and with 3000 pa-
tients enrolled. CIK therapy has shown improvement
of clinical responses with minor side effects. Molecu-
larly, CIK cells can change into numerous immunolog-
ic subsets and cytokine secretion. Thus, CIKs
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represent a new type of T cells with great promise for
cancer immunotherapy (Hontscha et al., 2011; Schmeel
et al., 2015).

The unique advantages of CAR and CIK cells, and
their combination, were first studied and highlighted
by Marin et al. in 2006. CIK cells are akin to cytotoxic
T lymphocytes activated ex vivo and there is a risk
they may identify and destroy normal cells of the
body. To avoid adverse events related to “on-target
off-tumor toxicity”, CIKs should be engineered to rec-
ognize their targets but cause minimal damage to
normal cells. This can be solved by use of either APCs,
such as dendritic cells, or CIK cells-transducedtumor
antigen-encoded gene transfer. Each strategy has its
own advantages and disadvantages. With the latter
strategy, we do not need to isolate a differentiated cell
type but rather can focus on the culture and manipula-
tion of CIK cells. In a study using CIK cells transduced
with anti-CD19 receptor for the treatment of B-ALL in
vitro, the data showed that engineered CIK cells
present chemotactic activity through chemokine re-
ceptor expressions, increasing their ability to migrate
to B-ALL cells, and finally triggering cancer cell killing
(Marin et al., 2006).

In a study evaluating a 2d generation CAR, the intra-
cellular signaling domain of the CAR was modified to
contain the co-stimulatory molecules 4-1BB or CD28.
The results showed that effector cells increased pro-
duction of a variety of immune-stimulatory cytokines,
such as IL-2, tumor necrosis factor (TNF)-alpha, TNEF-
beta, IL-5, IL-6, and IL-8. Moreover, there was a signif-
icant reduction of IL-10 production, which significant-
ly increased tumor cytotoxicity (Marin et al., 2007).
There have been studies evaluating the efficacy of 3+
generation CAR CIK cells at promoting destruction of
acute myeloid leukemia (AML) targets. These CIK
cells were genetically modified with chimeric recep-
tors specific for the CD33 antigen. Anti-CD33 CIK cells
not only affect the phenotype and function of the orig-
inal cells, but also release high levels of antitumor cy-
tokines and maintain long-term killing activity (Marin
et al., 2010). However, the choice of anti-CD33 chimer-
ic receptor is not ideal as it has been documented that
CIK cells transduced with CD33 show toxicity against
normal hematopoietic progenitor cells. Thus, to im-
prove clinical applicability, different antigens should
be utilized instead; a suitable antigen can be interleu-
kin three receptor alpha (IL3RA) or CD123, which is
overexpressed on the bulk AML population. Data
showed that CD123-specific CARs maintain their cyto-
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toxicity profile towards AML targets while sparing
normal hematopoietic stem/progenitor cells (HSPCs)
(Tettamanti et al., 2013).

Monoclonal antibodies for cancer therapy have been
used for some time, such as Herceptin for human epi-
dermal growth factor receptor 2 (HER2)/neu positive
breast cancer treatment. The establishment of CAR-
CIK cells recognizing HER2/neu led to significant in-
hibition of tumor growth in a xenograft model. Effec-
tor cells are transduced easily (with more than 95%
efficiency) by RNA electroporation. In vitro, these
CAR-CIK cells promoted IFN-gamma, GM-CSF and
TNF-alpha production, and eliminated tumor cell
lines overexpressing HER2 (Yoon et al., 2009).

To date, there is still controversy about whether 2nd or
3rd generation CARs will fare better in clinical trials.
Hombach et al. compared CIK cells modified with
CARs of 1%, 2rd and 3 generations. The results
showed that CD28 and OX40 CARs produced the
highest IFN secretion and were the most superior in
redirecting tumor cell elimination. Moreover, CD28-
zeta-OX40 CAR accelerated CIK cell terminal matura-
tion due to increased activation-induced cell death
(AICD). Even the CD28-zeta CAR was more efficient
than the CD28-zeta-OX40 CAR in increasing antigen-
independent target cell lysis (Hombach et al., 2013).

CONCLUSION

With the advancement of virology, molecular biology,
gene-transfer methods and T cell expansion, engi-
neered T cell therapy has emerged as a burgeoning
choice of treatment in both hematological and solid
malignancies. The field of CAR T cell therapy and its
application has witnessed tremendous progression
within a comparatively short period of time. CAR T
cell adoptive transfer has many advantages, including
the particular advantage of robust in vivo cell expan-
sion and long-term persistence. Technological im-
provements in CAR T cells manipulated with bi-
specific Ab or Ab-drug conjugate represent promising
avenues in cancer treatment.

Several questions which need to be addressed for
CAR T cell technology include: (i) a careful study of
antigen expression to select ideal and novel CAR T
cell constructs (to identify unique tumor antigens so as
to avoid damage to normal tissues; (ii) evaluation of
the susceptibility of particular tumor types to CAR T
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cells; (iii) development of a more competent and safer
architecture of CAR, i.e. new generation CARs; and
(iv) randomly conducted clinical trials to demonstrate
sufficient clinical benefit.

CAR-CIK cells have gradually become a realistic new
option of cancer immunotherapy. CAR-CIK has been
successively studying in vitro and in vivo as a potential
effective platform against a wide variety of can-
cers.Although many obstacles and questions still need
to be resolved for CAR-CIK, it is believed, due to the
strong anti-cancer activity, that CAR-CIK immunothe-
rapy will soon become a widespread clinical strategy
for cancer therapy.
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