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Abstract— Cytokine-induced killer (CIK) cells are T effector cells generated by monocytes cultured and stimulated

by cytokines. CIK cells were studied for more than 20 years ago. They can cause lysis of tumor cells that of both au-

tologous and allogeneic origins, so that they were used in cancer treatment. This review aimed to summarize ad-

vancements of CIK cells and their current clinical applications in cancer treatment. In general, CIK cells were widely

clinically used for recent 5 years. They gave promising results in hepatocellular carcinoma, lung cancer, breast cancer,

renal cancer, and treatment. Looking into the future, CIK cell based immunotherapy will become an important tool in

cancer treatment.
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INTRODUCTION

Adoptive cell therapy of cancer demonstrated in mice more
than 50 years ago (Mitchison, 1955). During 50 years, some
adoptive cell therapies were developed with many bright
results in both pre-clinic and clinic. To date, more than
10.000 patients with cancer were treated by adoptive cell
therapies. Most of them used CIK cell therapy and dendritic
cell (DC) therapy. Different to DCs that cause tumor antigen-
specific immune responses, CIK cell therapy can create non-
antigen specific immune responses. CIK cells possess non-
MHC-restricted cytolytic activities against to cancer cells.
From some particular mechanisms of cancer cell recognition,
CIK cells can detect and attack cancer cells. This review
summarizes some characteristics of CIK cells and an update
of clinical applications of CIK cells in cancer treatment.

CIK CELL PHENOTYPES

CIK cells are a heterogeneous population of T lymphocytes
with NK phenotypes and functional properties. This cell
population was named “cytokine induced killer” cells be-
cause they were generated under effects of cytokines. These
CIK cells can cause toxic malignant cells followed the man-
ner of MHC-unrestricted cytotoxicity. CIK cells were pro-

duced by incubation of peripheral blood monocytes in me-
dium plus with INF-gamma, mAb anti-CD3 and IL-2
(Schmidt-Wolf et al., 1991). After 2-3 weeks of culture, CIK
cells are expanded in vitro from few to more than 1000 fold
(Marin et al., 2006; Pals et al., 2007; Thorne et al., 2006).

As heterogeneous population, CIK cells contain at least 3 cell
sub-populations included CD3*CD56*, CD3*CD56;, CD3-
CD56* with largest population CD3*CD56*. Some studies
determined anti-tumor activity in CIK cells belongs to frac-
tion CD3*CD56" (Edinger et al., 2003; Pals et al., 2007). In
fact, in the human body, this population always exists with
phenotype of lymphocytes accounting from 1-5% of T cells
(Maccalli et al., 2007). With this phenotype, CIK cells hold
both lymphocytes and natural killer cells activities.

In vitro, CIK cells easily were produced by culture of periph-
eral blood mononuclear cells in medium plus with INF-
gamma on day 0, and anti-CD3 OKT3 (50 ng/ml) and IL-2
(500 IU/mL) on the next day, followed by the addition of IL-2
during the culture. INF-gamma was used to increase the
cytotoxicity of CIK cells, while anti-CD3 acted as a mitogen-
ic agent on T cells. The cocktail with INF-gamma, anti-CD3
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and IL-2 holds an important role that triggers the T cell ex-
pansion and increases the T cell cytotoxicity. So that by the
in vitro cell culture, CIK cells were expanded with a large
amount and high activity of T cells and NK cells. Some stud-
ies showed that CIK cells produced IL-2, IL-7 and IL-12. So
that to produce CIK cells, besides IL-2 addition, some au-
thors used IL-7 and IL-12 also could produce high anti-
tumor activity CIK cells (Farag et al., 2002; Huang et al,,
2006). To date, almost studies used CIK cells were induced
from peripheral blood, but CIK cells also can be produced
from bone marrow and cord blood (Alvarnas et al., 2001;
Introna et al., 2006).

MECHANISM OF ANTI-TUMOR ACTIVITY

The mechanism of anti-tumor activity of CIK cells has not
completely clarified. However, some pathways related to
this activity were identified. It is showed that CIK cells sig-
nificantly inhibited the anti-tumor activity when they were
blocked lymphocyte function associated antigen -1 (LFA-1)
and cell adhesion molecule -1 (ICAM-1) (Schmidt-Wolf et al.,
1996; Schmidt-Wolf et al., 1993). In fact, CIK cells were treat-
ed with dibutyryl (db)-cAMP that prevents the conversion of
LFA-11 into a high affinity receptor for ICAM-1, were inhib-
ited to release perforin and granzyme (Mehta et al., 1995).

Another mechanism also was detected about tumor recogni-
tion of CIK cells that similar in NK cells. CIK cells recognize
the tumor antigen via NKG2D. NKG2D (Natural killer
group 2 member D) is one member of the c-type lectin-
activating receptor family. NKG2D is expressed on all NK
cells. Ligands for NKG2D were restrictedly expressed in
malignant cells (Diefenbach et al., 2000; Jamieson et al.,
2002). When induced with IFN-gamma, IL-2 and anti-CD3,
NKG2D was highly expressed in CIK cells. Interaction be-
tween NKG2D and tumor antigen that expressed in tumor
cells will cause the cytolytic effect by perforin and granzyme
release of CIK cells.

Besides the recognition of CIK cells by NKG2D, CIK cells
also specifically attack tumor cells by another mechanism.
Recent studies showed that co-culture of CIK cells and in-
duced DCs that can present tumor antigen can enhance the
CIK cells to attack tumor cells (Marten et al., 2001; Nagaraj et
al., 2004; Ziske et al., 2001).

CLINICAL TRIALS

CIK cells were used in clinical trials for some diseases (Table
1, 2). Particularly, CIK cell therapy in combination with some
conventional therapies or dendritic cells was studied in
Phase III of lung cancer, in Phase IV of hepatocellular carci-
noma. Moreover, CIK cell therapy also used in clinical trials
for other cancers such as ovarian cancer, colorectal cancer,
renal cancer, leukemia, breast cancer...

Biomed Res Ther 2014, 1(2):71-77

In HCC, to increase the efficacy of trans-catheter arterial
chemoembolization (TACE) on HCC treatment, Hao et al.
(2010) combined TACE and CIK cells. The results showed
that the efficacy of TACE was significantly improved. Wang
et al. (2013) showed that the disease control rate was 67.7%
in patients transfused with CIK cells (Wang et al.,, 2013).
Similarly, in HCC patients, Huang et al. (2013) showed that
CIK cell immunotherapy was valuable therapeutic strategy
to prevent recurrence and metastasis in HCC patients after
TACE and RFA (Huang et al., 2013). Effects of CIK cell trans-
fusion caused a significant increased of CD3+, CD4+,
CD4+CD8+ and CD3+CD4+ T cells (Ma et al., 2012), im-
proved the immunological status in HCC patients (Shi et al.,
2004), reduce the level of serum AFP and anti-HBV and de-
crease the 1-year recurrence rate of patients with HCC after
curative TACE plus RFA (Pan et al., 2010).

CIK cells represent a promising immunotherapy for the
treatment of gastrointestinal tumors (Jakel et al., 2014). Ad-
juvant transfusion of CIK cells prolongs DFS in patients with
colorectal cancer from 29.35 + 6.39 % in control without CIK
cells to 59.65 + 24.80 % with CIK transfusion, and no imme-
diate adverse reactions to the CIK cell transfusions (Zhu et
al., 2013). DC/CIK therapy also reduced the risk of post-
operative disease progression with an increased OS
in gastric and colorectal cancer patients (Gao et al., 2014).

Table 1. Clinical trials in the world

Region Name Number of Studies

East Asia 32
Europe 1
North America 5
Southeast Asia 4
World 43

DC-CIK cell therapy markedly prolongs survival time en-
hances immune function and improves the efficacy of
the treatment of breast cancer patients. In treated patients,
the percentage of T cells(CD3*, CD4*and CD4'CD8),
CD16* monocytes, and CD3*CD56* natural killer T cells, the
levels of interleukin-2, interleukin-12, tumor necrosis factor-
a, interferon-y, and nucleolar organizer region protein in the
peripheral blood of cancer patients was significantly in-
creased (Wang et al., 2014b). DC-CIK was feasible and effec-
tive in treating advanced renal cancer (Kim et al., 2014; Su et
al., 2010). Wang et al. showed an objective response rate
(ORR) of 39% and a disease control rate (DCR) of as 75%. No
clinically significant side effects were observed (Wang et al.,
2014a). In another study, Zhan et al. combined CIK cells with
DCs and showed that TL-pulsed DC-CIK cells could prevent
recurrence/metastasis and increase the overall survival rate
after surgery in localized or locally advanced renal carcino-
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ma with the overall survival rates significantly higher in the
DC-CIK group and IFN-a group than that in the control
group (Zhan et al., 2012).

CIK cells also were successfully used in ovarian cancer
treatment. Liu at al. (2014) transfused CIK cells in a clinical
with 94 patients with IIB-IV grade ovarian cancer. They
showed that a median PFS were 37.7 months in the treat-
ment group and 22.2 months in the control group. After 2
courses of CIK cells transfusion, the proportion of
CD4CD25CD127 regular T cells in the peripheral blood sig-
nificantly decreased (Liu et al., 2014).

In lung cancer, CIK cells have important effects on anti-
tumor in both early-stage disease (I-IIIA) (Li et al., 2012) and
advanced stage disease (IIIB-V) (Li et al., 2012; Shi et al,,
2012; Zhong et al., 2011). By the research with 87 paired pa-
tients, Li et al. (2012) suggested that CIK cell immunothera-
py could improve the efficacy of conventional chemothera-
py in NSCLC patients, and increased frequency of CIK
cell treatment could further enhance the beneficial effects.
Yang et al. (2013) also confirmed that CIK cells plus DC
could increased the 1- and 2-year overall survival rates up to
57.2 compared to 27.0 % in control (Yang et al., 2013).

Biomed Res Ther 2014, 1(2):71-77

Recent studies used CIK cells to target cancer stem cells
(CSCs). Gammaitoni et al (2013) demonstrated that CIK tu-
mor killing activity against melanoma CSCs was intense and
comparable with results reported against differentiated met-
astatic melanoma cells. CIK cell transplantation resulted in
delayed tumor growth, increased necrotic areas, and lym-
phocyte infiltration at tumor sites (Gammaitoni et al., 2013).

CONCLUSION

Immune therapies are promising therapies for cancer treat-
ment. CIK cells hold high anti-tumor activity in MHC unre-
stricted manner. These cells are easily produced with a large
amount from peripheral blood by cultured peripheral blood
mononuclear cells with INF-gamma, IL-2 and anti-CD3. CIK
cells have used to treat several cancers with good results.
Especially, CIK cells based therapy clinically studied in
phase IV in hepatocellular carcinoma, and phase III in lung
cancer. From these results, it hopes that CIK cell therapy
rapidly pushes into routine application in lung cancer or
hepatocellular carcinoma in the near future.

Table 2. Clinical trials with CIK cell therapy in cancer treatment

Registered Titles Phase Intervention
number
NCT01828008 TREATMENT OF CD20 ANTIBODY PLUS CIK FOR 1/11
PATIENTS WITH REFRACTORY LYMPHOMAS
NCTO01783951  STUDY OF S-1 PLUS DC-CIK FOR PATIENTS WITH /11 Mononuclear cells were collected aseptically with blood

NCTO01781520

NCT01906632

NCT01758679

NCTO01898793

NCT01186809

ADVANCED GASTRIC CANCER

StuDY OF S-1 PLUS DC-CIK FOR PATIENTS WITH
UNRESECTABLE LOCALLY ADVANCED
PANCREATIC CANCER

GENE EXPRESSION PROFILING OF MALIGNANT
TUMOR PREDICT THE THERAPEUTIC RESPONSE
OF DC-CIK IMMUNOTHERAPY

A CLINICALTRAIL OF IODINE[1311] METUXIMAB
INJECTION WITH CIK CELLS FOR PREVENTING
HEPATOCELLULAR CARCINOMA

CYTOKINE-INDUCED MEMORY-LIKE NK CELLS IN
PATIENTS WITH RELAPSED AND REFRACTORY
AML

CYTOKINE INDUCED KILLER (CIK) CELLS IN
LEUKEMIA PATIENTS (CIK2)

cell separator composition aphaeresis 3 days before admin-
istrating S-1 , and cultured DC-CIK cells for 10 days. Cells
were infused back to the patients in 3 times.

/11 Mononuclear cells were collected aseptically with blood
cell separator composition aphaeresis 3 days before admin-
istrating S-1, and cultured DC-CIK cells for 10 days. Cells

were infused back to the patients in 3 times.

/1 The patients with malignant tumor are treated with den-
dritic cells (DC) plus cytokine induced killer cells (CIK)

v The present clinical trial is intended to examine the efficacy
and safety of radioimmunotherapy via intravenous infusion
of licartin plus sequential immunotherapy of CIK cell in the
controls of discase progression, effective prolonging of
recurrent time and prevention of recurrence or metastasis
of primary hepatocellular carcinoma.

I Patients under-go CIML NK' cell infusion over 15-60
minutes on day 0. Interleukin-2: Patients receive
aldesleukin SC every other day for 2 weeks starting on day
1 (total of 7 doses)

11 In vitro expanded CIK cells
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Table 2. Clinical trials with CIK cell therapy in cancer treatment (continued)

Registered Titles Phase Intervention
number
NCTO01655628  METASTATIC NASOPHARYNGEAL CARCINOMA i Patients will maintain autologous CIK cells for 8 cycles (every 4
weeks).
NCTO00185757 ~ CYTOKINE INDUCED KILLER CELLS AS POST- I The initial dose utilized will be 1x10” expanded cells/kg. The
TRANSPLANT IMMUNOTHERAPY FOLLOWING dose will be increased to 5x107 expanded cells/kg and 1x10°
ALLOGENEIC HEMATOPOIETIC CELL expanded cells/kg in successive escalations based on no signifi-
TRANSPLANTATION cant infusional toxicity or GVHD in the recipients
NCT01868490 THE ADOPTIVE IMMUNOTHERAPY FOR SOLID TUMORS /11 CIK cells at least 10° CIK cells, IV on day 0, 14, 28
USING MODIFIED AUTOLOGOUS CYTOKINE-
INDUCED KILLER CELLS
NCT01929499  EFFICACY OF ADJUVANT CYTOKINE-INDUCED KILLER il After colectomy, patients will accept adjuvant chemotherapy for
CELLS IN COLON CANCER (CIKCC) 6 months, that is 6-8 cycles of CapeOX regimens, or 10-12
cycles of mFolfox6 regiments, followed by 6-8 cycles of cyto-
kine-induced killer cells (CIK) therapy at least 2 weeks later.
NCT00815321 AUTOLOGOUS CYTOKINE INDUCED KILLER CELLS I CIK cells will be infused into patients at regulaf 3-weekl)l'uinter-
vals for 4 infusions. The target cell dose per infusion is10™ CD3
(CIK) FOR CHRONIC MYELOID LEUKEMIA (CML) cells.
PATIENTS ON STANDARD DRUG THERAPY
NCTO01914263 SAFETY STUDY OF CORD BLOOD-DERIVED CYTOKINE- I The eligible patients are infused a single dose of 8x10” CIK cells.
INDUCED KILLER CELLS IN PATIENTS WITH SOLID
TUMOR AFTER RADICAL RESECTION
NCTO01392989  POSTT-PLANT INFUSION OF ALLOGENEIC CYTOKINE i Target dose of 2 5 x 10° CD34" cells/kg of recipient body
INDUCED KILLER CELLS AS CONSOLIDATIVE weight plus an additional 2.10” mononuclear cells.
THERAPY IN MYELODYSPLASTIC
SYNDROMES/MYELOPROLIFERATIVE DISORDERS
NCT00394381 AUTOLOGOUS CYTOKINE-INDUCED KILLER CELL /11 Autologous CIK cells will be infused at timed intervals after
ADOPTIVE IMMUNOTHERAPY FOR ACUTE autologous transplant for AML for group 1 patients, and with or
MYELOID LEUKEMIA AND MYELODYSPLASTIC without some cytoreduction treatment for group 2 patients
SYNDROME
NCT01902875 PRECONDITIONING CHEMOTHERAPY COMBINATION /11 Peripheral blood mononuclear cell are separated before chemo-
WITH CYTOKINE INDUCED KILLER CELL (CIK) therapy, and before each CIK cell transfusion. CIK cells are
IMMUNOTHERAPY transfused on D7, D14, D21 (with simultaneous transfusion of
IL-2 2 million units).
NCT01592422 MAINTENANCE THERAPY WITH AUTOLOGOUS I Subjects receive autologous CIK cell infusion every month in the
CYTOKINE-INDUCED KILLER CELLS FOR SMALL absence of disease progression or unacceptable toxicity.
CELL LUNG CANCER
NCTOI481259 1 ENANCE THERAPY WITH AUTOLOGOUS 11/11 Subjects receive autologous cytokine—induced killer cell infusion
every 21 days in the absence of disease progression or unac-
CYTOKINE-INDUCED KILLER CELLS FOR ceptable toxicity.
NONSQUAMOUS NON-SMALL CELL LUNG CANCER
NCTO01871480  CIK CELLTRANSFUSION PLUS GEFITINIB AS SECOND OR i CIK cells: intravenous infusions; D14-16; one cycle every
THIRD-LINE TREATMENT FOR ADVANCED month, at least 6 cycles; Gefitinib treated with 250mg for daily
ADENOCARCINOMA NON-SMALL CELL LUNG oral administration in the absence of disease progression or
CANCER unacceptable toxicity.
NCT00460694  ALLOGENEIC CYTOKINE-INDUCED KILLER /11 Infusion of allogeneic CIK cells
IMMUNOTHERAPY FOR RELAPSE AFTER
ALLOGENEIC MARROW TRANSPLANT FOR
HAEMATOLOGICAL MALIGNANCIES (ALLOCIK)
NCT01631357 STUDY OF CHEMOTHERAPY COMBINATION WITH 11/111 Cytokine-induced killer cell + glsplatm + paclitaxel. CIK cells:
intravenous infusions; 5-6 X 10” CIK cells, days 14 and 15; one
AUTOLOGOUS CYTOKINE-INDUCED KILLER CELL cycle every month; at least 6 cycles.
IMMUNOTHERAPY TO TREAT LUNG CANCER (CIK)
NCT00769106  STUDY OF CYTOKINE-INDUCED KILLER CELL (CIK) 11 CIK cell treatment every two weeks, for 4 cycles

TREATMENT IN PATIENTS AFTER RESECTION OF
LIVER CANCER (HCC-CIK)
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Table 2. Clinical trials with CIK cell therapy in cancer treatment (continued)

Registered Titles Phase Intervention
number

NCT01924156 DCVACCINE COMBINED WITH CIK CELLS IN 1/11 Adenovirus-transfected autologous DC + CIK cells
PATIENTS WITH RENAL CELL CARCINOMA

NCT01240005 CYTOKINE INDUCED KILLER CELLS STIMULATED BY 1/11 Renal cell carcinoma patients were treated with three intravenous
DC IMMUNOTHERAPY FOR RENAL CELL infusions of DC activated CIK cells at 1-day intervals.
CARCINOMA

NCT01898663 DCSVACCINE COMBINED WITH CYTOKINE-INDUCED 1711 Adenovirus-transfected autologous DCs + CIK cells
KILLER CELLS IN PATIENTS WITH HIGH-RISK
SOFT TISSUE SARCOMA

NCT01821495 STUDY OF DC-CIK TO TREAT NPC I Dendritic and Cytokine-induced Killer Cells

NCT00862303 DC VACCINE THERAPY COMBINED WITH CYTOKINE- /11 Patients receive autologous dendritic cells (DC) loaded with autol-
INDUCED KILLER CELL IN TREATING PATIENTS ogous tumor lysates (DC vaccine) by endemic injection and infu-
‘WITH RENAL CELL CARCINOMA sion of CIK cells.

NCTO01894373 AUTOLOGOUS CYTOKINE INDUCED KILLER CELLS /11 Induced Killer (CIK) cells Procedure: Infusion of autologous CIK
(CIK) FOR PATIENTS WITH SEVERE PSORIASIS cells

NCTO01235845 DENDRITIC CELL (DC) ACTIVATED CYTOKINE- /11 Dendritic cells pulsed With tumor lysates were injected back into
INDUCED KILLER CELL (DCIK) COMBINED the patient intradermally close to a lymph node, DC vaccinations
WITH DC TREATMENT FOR GLIOMA will be given every week for a total of four vaccinations.

NCT00477035 POST-TRANSPLANT AUTOLOGOUS CYTOKINE- /11
INDUCED KILLER (CIK) CELLS FOR TREATMENT
OF HIGH RISK HEMATOLOGIC MALIGNANCIES

NCT01821482 A STUDY OF DC-CIK TO TREAT HEPATOCELLULAR 11 After complete resection or TACE, patients will receive 3 cycles of
CARCINOMA DC-CIK (every 4 weeks)

NCTO01839539 STUDY OF DC-CIK TO TREAT COLORECTAL CANCER II After neoadjuvant and (or) adjuvant chemotherapy or (and) radio-
therapy according to NCCN guidelines, patients will receive 2-3
cycles of DC-CIK treatment (every 4 weeks).

NCTO01498055 AUuTOLOGOUS CIK CELLS INFUSION FOR THE 11/111

TREATMENT OF LUNG CANCER: A
RANDOMIZED CONTROLLED STUDY
NCT01749865 CIK TREATMENT FOR HCC PATIENT UNDERWENT 11 CIK Cells treatment for 4 cycles
RADICAL RESECTION
NCT01395056 STUDY OF CHEMOTHERAPY WITH ADOPTIVE /1 All the patients enrolled will be given standard cyclophosphamide
CELLULAR THERAPY WITH DC-CIK CELLS IN combined thiotepa and carboplatin chemotherapy and cellular
TRIPLE NEGATIVE BREAST CANCER PATIENTS therapy. Cellular therapy consisting of one cycle of chemotherapy
(DCCIK) followed by an apheresis and ex vivo cultures to generate DC and
CIK, followed by low-dose Oral Cyclophosphamide
NCTO01956630 CLINICAL STUDY OF DC PLUS CIK FOR PATIENTS /11 Patients received four subcutaneous injections of 2-5X107 cells of
WITH RELAPSE ACUTE LEUKEMIA AFTER ALLO- DCs at the groin, axilla, and neck respectively on days 7, 9, 11, and
HSCT 13 and i.v. infusions of 2-15X10e9 CIK on days 11 and 13 per
cycle.
NCT01691625 CONCURRENT CHEMORADIATION WITH OR 1/11 Mononuclear cells were collected aseptically with blood cell sepa-
WiTHOUT DC-CIK IMMUNOTHERAPY IN rator composition apheresis 3 days before concurrent chemoradia-
TREATING LOCALLY ADVANCED ESOPHAGEAL tion, and cultured DC-CIK cells for 10 days. Cells were infused
CANCER back to the patients in 3 times between the Chemoradiation inter-
mittent period.
ABBREVIATIONS Competing interests

CIK: Cytokine-induced killer; DC: Dendritic cell; HCC:
Hepatocellular carcinoma; ICAM-1: Cell adhesion molecule -
1; LFA-1: Lymphocyte function associated antigen-1, MHC:
Major histocompatibility complex; NK: Natural killer cells;
NKG2D: Natural killer group 2 member D; TACE: Trans-
catheter arterial chemoembolization
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