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Purpose: In cytokine-induced killer (CIK) cell therapy, the phenotypes and the numbers of
CIK cells have a great influence on the therapeutic effects. This study aimed to investigate the
effects of different ex vivo cell culture methods on the proliferation and cytotoxicity of CIK
cells that were obtained from gastric cancer patients.

Patients and methods: CIK precursor (Pre-CIK) cells were collected by either hydroxyethyl
starch (HES) sedimentation (HES method, unpurified group) or Ficoll-Hypaque density gradient
centrifugation (Ficoll method, purified group). Cell number, collection time, and morphology
of Pre-CIK cells in the two groups were determined. The proliferation ability, cytokines, phe-
notypes, and cytotoxicity of CIK cells in the two groups were evaluated ex vivo and in vivo.
Results: In this study, the number of Pre-CIK cells in the unpurified group was significantly
higher than that in the purified group (P<<0.05). Numbers of erythrocytes, platelets, and granulo-
cytes were reduced significantly following the purification step (<<0.05). Compared to CIK cells
in the purified group, those in the unpurified group showed more active proliferation, accompanied
by higher percentages of CD8*, CD3-CD56%, and CD3*CDS56* cells, which were responsible for
cytotoxicity of CIK cells (P<<0.05). This research also showed that the levels of interferon-y,
interleukin-2, and tumor necrosis factor-o., which can enhance the proliferation and cytotoxicity
of CIK cells, were significantly increased in the unpurified group (P<<0.05). Furthermore, CIK
cells in the unpurified group also showed stronger anti-tumor effects against gastric cancer cells
than those in the purified group, both ex vivo and in vivo (P<0.05).

Conclusion: The removal of Ficoll-Hypaque purification step reduces the time and cost of
the Pre-CIK separation and provides more CIK cells with higher cytotoxicity, which is of great
importance in the clinical application of CIK cell therapy.
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Introduction

Gastric cancer caused 723,000 deaths worldwide in 2012 and was reported to be the
third leading cause of cancer death, according to World Cancer Report, 2014.!2 Early
gastric cancer is prone to be misdiagnosed due to the lack of clinical manifestation,
and the 5-year survival rate of gastric cancer patients at advanced stage is <20%.>*
At present, surgery, radiotherapy, and chemotherapy are the three most widely used
therapeutic methods for gastric cancer.>* It has been widely reported that the efficacy
of these therapeutic approaches was not satisfied for malignant tumor patients, as they
were not able to completely eradicate small lesions and metastatic cells, which most
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likely cause cancer reccurence.** Moreover, drug resistance
and severe adverse reactions limited the application of these
treatment approaches.>>> Therefore, it is imperative to
develop a more effective and safer therapeutic approach.

In the past few years, cellular immunotherapy using
cytokine-induced killer (CIK) cells,’ tumor-infiltrating
lymphocytes,® and other immune cells”® for cancer treat-
ment has been increased rapidly.>*** Compared with other
immune cells, CIK cells exhibit a greater proliferation capa-
bility, broader anti-tumor spectrum, and stronger anti-tumor
ability.>31%1" CIK cells primarily consist of CD3*CD56*
subset and are induced by interferon (IFN)-y, anti-CD3
monoclonal antibodies, and interleukin (IL)-2 ex vivo.>**!10
CIK cells can migrate to the tumor site, where they directly
contact the tumor cells and induce tumor cell apoptosis
through FasL- and perforin-mediated pathways.'> On the
other hand, they also secrete cytokines such as IL-2, tumor
necrosis factor (TNF)-o, and IFN-y to enhance their tumor
cell-killing effects.'? It has been found that the cytotoxicity
of CIK cells was not affected by immune inhibitors such as
CsA and FK506.2!%13 The anti-tumor activity of CIK cells
is mostly major histocompatibility complex-unrestricted,
through activating NK-cell receptors such as DNAX acces-
sory molecule-1, NKp46, NKG2D, and NKp30.!4!> A number
of clinical studies have reported considerable curative effects
of CIK cells in multiple solid tumors, including gastric,
colon, and other cancers, without causing severe adverse
reactions.>%*!" However, the therapeutic effects among differ-
ent studies varies a lot, which may be affected by cell number,
phenotypes, and secreted cytokines and other factors.!!
After ex vivo culture and proliferation, the numbers and
phenotypes of CIK cells varied among individuals and among
studies using different culture methods. Therefore, suitable
ex vivo cell culture methods are critical to obtain a greater
number of CIK cells with higher cytotoxicity, by which to
promote the clinical application of CIK cell therapy.

At present, Ficoll-Hypaque density gradient centrifuga-
tion is the most common method of isolation of CIK precursor
(Pre-CIK) cells."” In this method, Ficoll-Hypaque purification
step was designed to remove red blood cell (RBC), platelet
(PLT), and neutrophil (NEUT), because it was generally
believed that purified mononuclear cells would give the most
effective reinfusion product of CIK cells. However, the exact
effects of removed cells, such as RBC, on the proliferation
and anti-tumor ability of CIK cells have not been verified in
previous work. Several research studies have reported that
the presence of human, mouse, or sheep RBC in cultures
of peripheral blood lymphocytes influenced T- and B-cell
activities, such as lymphocyte (LYM) proliferation, secretion

of cytokines such as IL-2, TNF-a, and IFN-y, B-cell cloning
efficiency, antibody synthesis, and activity of natural killer
cells by direct contact.'®2?? In addition, Yannelli et al’s
research showed that autologous RBC enhanced the genera-
tion and cytotoxicity of lymphokine-activated killer (LAK)
cell in IL-2-induced culture.” Shau et al also found that
the addition of RBC at the initiation of cytotoxicity assays
significantly potentiate NK cell-mediated cytotoxicity?*
(Figure 1). Similarly, RBC may also promote the prolifera-
tion and anti-tumor effect of CIK cells. If these assumptions
are confirmed, it will not be necessary to remove RBC, and
probably the Ficoll-Hypaque purification step can be omitted;
correspondingly, time-consuming and expenses for the
preparation of CIK cells would be reduced. In other words,
greater numbers of CIK cells with higher cytotoxicity could
be obtained from peripheral blood without Ficoll-Hypaque
purification. To address this issue, we explored the effects of
RBC on the biological characteristics of CIK cells derived
from Pre-CIK cells of gastric cancer patients with or with-
out Ficoll-Hypaque purification, including the proliferation
capacity, cell phenotype, cytokine secretion, and cytotoxicity
against gastric cancer cells ex vivo and in vivo (Figure 2).

Patients and methods

Patients
Patients with advanced gastric cancer were recruited for
this study in Liaocheng People’s Hospital from May 2012
to June 2015. Patients were enrolled in this study following
the listed criteria: 1) patients were diagnosed and confirmed
as stages III or IV gastric cancer by histopathological
examination, according to the American Joint Committee
on Cancer tumor node metastasis Staging Classification
(Figure S1); 2) participants were all primary gastric cancer
patients without previous tumor history; 3) patients did
not have serious heart, lung, liver, and kidney dysfunc-
tion; 4) patients were not in pregnancy and lactation;
5) expected survival time was over 6 months; 6) white
blood cell counts were over 3x10%L; and 7) patients did
not have a serious autoimmune disease. Informed con-
sent in accordance with the Declaration of Helsinki were
obtained from all patients, and this study was approved by
the Ethics Committee of Liaocheng People’s Hospital. A total
of 46 patients were included in the study and were randomly
distributed into two groups after chemotherapy (Table 1).
Peripheral blood samples were collected from all subjects,
and Pre-CIK cells were isolated through Ficoll-Hypaque density
gradient centrifugation for 25 patients (Ficoll method, purified
group) and through hydroxyethyl starch (HES) sedimentation for
the remaining 21 patients (HES method, unpurified group).
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Figure | Schematic diagram of immune regulation of RBC.'*22 RBC can recognize antigen, remove circulating immune complex, and enhance the phagocytic activity of
macrophages. RBC also affects T, LAK, B, and NK cell activity, such as lymphocyte proliferation and cytokine secretion (IL-2, TNF-0,, and IFN-y), LAK proliferation, cytotoxic
activity against cancer, B-cell clonogenic capacity, antibody synthesis, and cytotoxic activity of natural killer cell via direct contact.

Abbreviations: LAK cell, lymphokine-activated killer cell; NK cell, natural killer cell; CIC, circulating immunocomplex; SOD, superoxidase dismutase; NKEF, natural
killer enhancing factor; TNFIF, tumor necrosis factor inducing factor; PIF, phagocytosis inhibitory factor; ROS, reactive oxygen species; T upregulation; |, downregulation;

IFN, interferon; IL, interleukin; TNF, tumor necrosis factor; RBC, red blood cell.

Pre-CIK cell collection

Pre-CIK cell collection using HES method

(unpurified group)

Peripheral blood sample was collected 2 weeks after chemo-
therapy and diluted by equal volume of 0.9% NaCl. About
50 mL of 6% HES (Voluven; Fresenius Kabi, Bad Homburg,
Germany) was added and allowed to stand for 30 minutes at
room temperature; then the liquid supernatant was transferred

Supernatant Bottom layer cells

into a 50 mL centrifuge tube and centrifuged at 2,500 rpm
for 5 minutes. Cells from the bottom of centrifuge tube were
collected and washed twice with 0.9% saline.

Pre-CIK cell collection using Ficoll method

(purified group)

Cells that were collected by using HES method were further
applied to Ficoll-Hypaque (GE Healthcare Bioscience,
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Figure 2 Flow diagram of preparation of CIK cells following two protocols (hydroxyethyl starch sedimentation or Ficoll-Hypaque density gradient centrifugation).
The proliferation, phenotypes, cytokines secretion, and cytotoxicity of CIK cells in the two groups were evaluated.
Abbreviations: HES, hydroxyethyl starch; PB, peripheral blood; PBMC, peripheral blood mononuclear cell; CIK cells, cytokine-induced killer cells.
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Table | Clinical characteristics of patients with advanced gastric cancer in the two groups

Characteristics Total Unpurified group Purified group r P-value
(n=46) (n=21) (n=25)

No % No %

patients patients
Sex
Men 33 15 714 18 72.0 0.002 0.966
Women 13 6 28.6 7 28.0
Age (years)
<60 21 10 47.6 I 44.0 0.060 0.806
>60 25 I 524 14 56.0
Tumor site
Gastric cardia 32 14 66.7 18 72.0 0.153 0.695
Gastric body 14 7 333 7 28.0
Tumor size (cm)
<5 33 ) 714 18 720 0.002 0.966
>5 13 6 28.6 7 28.0
ECOG
| 39 18 85.7 21 84.0 0.000 1.000
2 7 3 14.3 4 16.0
Histologic differentiation
Moderately differentiated 35 16 76.2 19 76.0 0.000 0.988
Poorly differentiated I 5 338 6 24.0
Surgery
Yes 34 16 7,602 20 80.0 0.097 0.755
No I 5 338 5 20.0
Tumor stage
11l 40 18 85.7 21 84.0 0.000 1.000
v 6 3 14.3 4 16.0
Chemotherapy regimen
Folfox4 40 19 90.5 21 84.0 0.044 0.834
DCF 6 2 9.5 4 16.0

Abbreviations: ECOG, Eastern Cooperative Oncology Group; Folfox, 5-fluorouracil+oxaliplatin+calcium folinate; DCF, docetaxel+cisplatin+5-fluorouracil.

Uppsala, Sweden) purification procedure to further remove
RBC, PLT, and granulocytes. The cell suspension was slowly
and carefully transferred into a tube containing 25 mL Ficoll
paque (1.077 g/mL) with a pipette tip against the inner wall of
tube. After centrifuged for 30 minutes at 1,700 rpm at 20°C,
the clouding layer containing peripheral blood mononuclear
cells (PBMCs) at the middle level was collected and washed
twice with 0.9% saline.

Culture of CIK cells

Both unpurified and purified Pre-CIK cells were cultured
in serum free aim v medium (AIM-V) complete medium
(Thermo Fisher Scientific, Waltham, MA, USA) at a con-
centration of 5x10° cells/mL. Cells were incubated for 2
hours at 37°C with 5% CO,. Non-adherent cells were col-
lected and cultured at a concentration of 3x10° cells/mL in
AIM-V complete medium containing 1,000 U/mL rhIFN-y
and 5% inactivated human serum with 5% CO, at 37°C.
After 24 hours of incubation, monoclonal antibody against
CD3 (OKT-3, 50 ng/mL; PeproTech Inc., Rocky Hill,
NJ, USA), IL-1a (100 U/mL; PeproTech Inc.), and rhIL-2

(300 IU/mL; PeproTech Inc.) were added. Medium with IL-2
was changed every 2—3 days.

Preparation of RBC, PLT,and NEUT

RBC, PLT, and NEUT were isolated by using Ficoll-Hypaque
density gradient centrifugation. A centrifuge tube containing
5 mL of Ficoll and 10 mL of 0.9% saline diluted peripheral
blood (volume ratio 1:2) was centrifuged at 1,300 rpm for
20 minutes at 20°C. The granulocyte layer was collected
from the RBC pellet by aspiration and then washed twice
by centrifugation at 1,300 rpm for 7 minutes. The residual
erythrocytes were then removed by lysis in 0.6 M KCI
aqueous solution (NEUT preparation).? RBC fraction was
also isolated by aspiration method and washed thrice in PBS
for subsequent test (RBC preparation).” The upper layer
containing PLT was isolated and washed twice in PBS for
the follow-up study (PLT preparation).

Culture of gastric cancer cells

Human gastric cancer cell lines (SGC7901 and BGC823)
were purchased from the Shanghai Cell Research Institute
(Shanghai, China) and cultured in Central Laboratory of
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Liaocheng People’s Hospital. DMEM (Thermo Fisher
Scientific) was used for gastric cancer cell culture.

Comparative evaluation of Pre-CIK cell

collection

To evaluate the efficiency of different methods for Pre-CIK
cell separation, cell numbers of RBC, PLT, PBMC, and
NEUT, volume of blood, and separation time were deter-
mined and compared between the two groups.

Proliferation and phenotype analysis of
CIK cells

After ex vivo culture, proliferative ability of CIK cells was
evaluated by staining with trypan blue and counting; mor-
phology of Pre-CIK and CIK cells separated following two
protocols were observed in a light field under microscope;
phenotype of CIK cells was also analyzed by antibody stain-
ing for cell surface markers. About 5x10° CIK cells were col-
lected and resuspended in PBS and stained with monoclonal
antibodies against CD3, CD4, CD8, CD56, and CD25 (BD
Biosciences, Franklin Lakes, NJ, USA) at 4°C for 30 minutes.
Cell subset populations were counted and analyzed by using
flow cytometry (BD Biosciences).

Cytokine production of CIK cells

Same number of CIK cells from two groups was cultured in a
complete medium at a density of 2x10° cells/mL for 48 hours.
The supernatant was collected and analyzed for IFN-y, IL-2,
TNF-a, and IL-10 by using enzyme-linked immunosorbent
assay kit (R&D Systems, Inc., Minneapolis, MN, USA).

Cytotoxicity assay of CIK cells

The target cells, SGC7901 and BGC823 cells, were seeded
into 96-well plate (100 uL/well) at a density of 1x10%/mL, and
100 pL of CIK cells was co-cultured in each well as effector
cells (effector cells:tumor cells =5:1, 10:1, 20:1). Simplex
effector cells or target cells were cultured separately as con-
trols. Each group consisted of five parallel wells as repeats.
After cultured for 12 and 24 hours, 10 UL cell counting kit-8
(CCK-8) (Beyotime, Shanghai, China) was added to treat
cells for 2 hours, and absorbance (A) was measured at the
wave length of 450 nm by an automatic microplate reader.
Cytotoxicity rate (CR) was calculated as follows: CR =[1-
(A experiment—A effect)/A target]x100%.

Effect of RBC, PLT,and NEUT on the
biological activity of CIK cells

In this study, the proliferative activity, cytokine secretion,
and cytotoxicity of CIK cells were found to be significantly

improved, and RBC, PLT, and NEUT counts were sig-
nificantly decreased when the purification step was used.
In order to further investigate the underlying mechanism
of the enhancement effects on the generation and cyto-
toxicity of CIK cells, the removed types of cells, which
included RBC, PLT, and NEUT, were respectively
co-cultured with PBMCs before induction. PBMCs at a
concentration of 2x10° cells/mL were cultured in sic-well
plates in AIM-V complete medium containing 1,000 U/
mL rhIFN-y. RBC, PLT, and NEUT were respectively
mixed with PBMCs in each well at multiple concentra-
tion ratios (RBC:PBMC =10:1, 20:1, 50:1; PLT:PBMC
=10:1, 20:1, 50:1; NEUT:PBMC =1:2, 1:1, 2:1). Cells
obtained in unpurified group were set as positive con-
trol with same culture conditions and same number of
PBMC:s. The proliferative capacity, phenotypes, cytokine
production, and cytotoxicity of CIK cells in each group
were analyzed. All cells involved in these experiments
were derived from the same donor, in order to exclude
individual differences.

Establishment of nude mouse xenograft

tumor model

Female BALB/C nu/nu nude mice (n=60, 46 weeks, 17-20 g)
were housed under specific pathogen-free condition and
reared at room temperature (23°C+2°C) with day-night cycle
of 12 hours light and 12 hours dark. All animal experiment
processes were performed following the regulations of the
Animal Ethics Committee of Liaocheng People’s Hospital,
Liaocheng, Shandong. Nude mice were subcutancously
injected with 1x107 BGC823 cells at logarithmic growth
phase on the right side. Solid tumor growth was monitored
every other day for 1 week, and a nude mouse gastric cancer
xenograft model was successfully established with tumor
formation rate at 100%.

In vivo inhibition of tumor growth by CIK

cells

A total of 60 mice were randomly assigned to six groups
with 10 in each group and were treated with corresponding
cells: group 1 (control group), PBS; group 2, CIK cells from
purified group; group 3, CIK cells co-cultured with RBC
(RBC:PBMC =10:1); group 4, CIK cells co-cultured with
RBC (RBC:PBMC =20:1); group 5, CIK cells co-cultured
with RBC (RBC:PBMC =50:1); group 6, CIK cells from
unpurified group. When tumor size reached 70 mm?, mice
were intravenously injected with 0.1 mL of cell suspension
at a concentration of 1x10%/mL for each injection thrice every
other day.
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The tumor size was measured every 5 days with a vernier
caliper. The animals were sacrificed 4 weeks after final
injection, and tumors were eviscerated and weighed. Tumor
volume (TV) was calculated as follows: TV (mm?) = width? x
length/2. Implantation effects were evaluated by inhibition
ratio (%): inhibition ratio = ([average tumor weight of control
group — tumor weight of experimental group]/average tumor
weight of control group)x100%.

Statistical analysis

Student’s #-test or ? test was applied to analyze the gathered
data. Statistical results are shown as percentages in the form
of mean =+ standard deviation. All analyses were performed
by SPSS 21.0 (IBM Corporation, Armonk, NY, USA) and
GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA,
USA). P<<0.05 was considered statistically significant.

Results

Patient characteristics

Clinical characteristics (age, sex, tumor site, tumor size,
histological differentiation, tumor stage, and chemotherapy
regimen) and blood routine indexes (white blood cell
[WBC], RBC, PLT, NEUT, monocyte [MNC], and LYM)
of gastric cancer patients in two groups are presented in
Tables 1 and 2. Patients in the two groups did not show dif-
ference in clinical characteristics and blood routine indexes
(P>0.05).

As shown in Table 3, more PBMCs were obtained by
HES method (unpurified group) than Ficoll method (purified
group), but the difference was not significant (P>0.05); RBC,
PLT, and NEUT numbers were significantly reduced after the
purification step (P<<0.05); compared to purified group, cell
processing time was significantly decreased in the unpurified
group (P<<0.05). These results indicate that the elimination

Table 2 The blood routine indexes including WBC, RBC, PLT,
NEUT, MNC, and LYM of gastric cancer patients in the two
groups

Characteristics Unpurified Purified P-value
group group

Number 21 25

WBC counts (x107/L) 5.05+1.20 4.94+1.33 0.765
RBC counts (x10'%/L) 4.35+0.60 4.28+0.53 0.680
PLT counts (x10%/L) 194.2172.3 197.3162.5 0.877
NEUT counts (x107/L) 3.13£0.76 3.21£0.82 0.742
MNC counts (x107/L) 0.29+0.07 0.28+0.07 0.593
LYM counts (x10°/L) 1.44+0.33 1.41+£0.38 0.759

Abbreviations: WBC, white blood cell; RBC, red blood cell; PLT, platelet;
NEUT, neutrophil; MNC, monocyte; LYM, lymphocyte.

Table 3 Comparative analysis of Pre-CIK separation methods

Characteristics Unpurified Purified P-value
group group

Number 21 25

Running time (min) 49+7 102£10 <0.001

Volume of blood (mL) 51.945.0 52.1+54 0.886

PBMC counts (x107) 8.2+1.7 7.3t1.6 0.069

PLT counts (x10?) 4.2+1.1 1.9+0.5 <0.001

RBC counts 4.4£1.1 (x10%) 0.7£0.2 (x107) <0.001

NEUT counts 1.5+0.4 (x10%) 0.5+0.2 (x107) <0.001

Abbreviations: Pre-CIK, cytokine-induced killer precursor; RBC, red blood cell;
PLT, platelet; NEUT, neutrophil; PBMC, peripheral blood mononuclear cell.

of Ficoll-Hypaque purification step could save the sepa-
ration time of Pre-CIK as well as reduce cell loss.

Proliferation analysis of CIK cells

The proliferative capacity of CIK cells were determined by
expansion folds. Pre-CIK cells were evenly seeded and pro-
liferated rapidly in clonal manner (Figure 3A and B). Images
showed that the morphology of Pre-CIK and CIK cells in
the two groups was similar, while the number of CIK cells
in the unpurified group was greater than that in the purified
group (Figure 3C and D). The amplification folds of all cells,
CD3" subset, and CD3*CD56" subset in unpurified group was
significantly higher than that in purified group (Figure 3E-G;
Table 4), which indicates that skipping Ficoll-Hypaque puri-
fication step may promote CIK cell proliferation.

Phenotypic analysis of CIK cells

In ex vivo culture, CIK cell phenotypes were evaluated before
and after induction. No significant differences were observed
between the two groups before induction (Figure 4A,
P>0.05). After induction, the percentages of CD3*, CDS8*,
and CD3*CD56" subsets were significantly increased, while
the percentages of CD4*, CD3 CD56*, and CD4*CD25*
subsets were significantly decreased in both the groups
(Figure 4B-D, P<<0.05). In addition, after induction, the per-
centages of CD8*, CD3-CD56" and CD3*CD56" cells, which
were identified as the main subsets responsible for CIK cells
cytotoxicity, were significantly higher in the unpurified group
than those in the purified group (Figure 4B, P<<0.05).

Cytokine production of CIK cells

In this study, the secretion of IL-2, IFN-y, and TNF-a in
unpurified group was significantly increased compared with
purified group (P<<0.05), whereas no significant difference
in IL-10 was observed between the two groups (P>0.05,
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Figure 3 Cell morphology and growth curve of Pre-CIK and CIK cells in the two groups. There were no significant differences in the morphology of Pre-CIK and CIK cells
between the two groups, but more CIK cells were obtained in the unpurified group. (A) Morphology of Pre-CIK in purified group. (B) Morphology of Pre-CIK in unpurified
group. (C) Morphology of CIK in purified group. (D) Morphology of CIK in unpurified group. The growth curve of total cells and CD3* and CD3*D56" subsets in the two
groups were portrayed respectively (E-G, purified group: n=25; unpurified group: n=21). Scale bar: 50 um.

Abbreviations: U-CIK, CIK cells in unpurified group; CIK cells, cytokine-induced killer cells; Pre-CIK cells, CIK precursor cells.

Figure 5). These results suggest that CIK cells in the purified
group have stronger cytokine secretion ability, which may
enhance the anti-tumor effect of CIK cells.

Cytotoxicity of CIK cells against gastric
cancer cells

To assess the anti-tumor activity of CIK cells derived from
Pre-CIK cells obtained following two different protocols,
cytotoxicity of CIK cells against gastric cancer cells
(SGC7901 and BGC823) was tested by using CCK-8 kit
(Promega Corporation, Fitchburg, WI, USA). Results showed
that CIK cells in both the groups exhibited strong cytotoxic
activity against SGC7901 and BGC823 cells, and cytotoxicity
was improved as the effector: target cell ratio and co-culture
duration increased (P<<0.05). Moreover, the cytotoxicity

Table 4 Cell expansion obtained from the two groups

against SGC7901 and BGC823 cells in unpurified group was
more significantly enhanced compared with purified group
(P<0.05), which suggests that the tumor-cytotoxicity of
CIK cells was significantly enhanced when Ficoll-Hypaque
purification step is omitted (Figure 6).

Effect of RBC, PLT, or NEUT on the
biological activity of CIK cells

In order to explore the underlying mechanism of the
enhancement effects of purification-removed cells on CIK
cell generation and cytotoxicity, RBC, PLT, or NEUT were
respectively co-cultured with PBMCs in different propor-
tions. Compared to purified group, when PBMCs were
co-cultured with PLT or NEUT, no obvious difference was
found in CIK cell proliferation, phenotypes (CD3*, CD4*,

Groups Before cell culture (day 0) After cell culture (day 18)

No cells, meantSDx10’ No cells, mean+SDx10’

Total CD3" CD3*CD56* Total CD3* CD3*CD56*
Unpurified group 8.24+1.67 4.41+1.17 0.1240.03 3.76x1.16 3.43£1.03 0.91+0.28
Purified group 7.33t1.64 4.01+1.24 0.13+0.03 2.54+0.87 2.2140.64 0.4940.13
Fold increase Fold increase = after/before
Unpurified group 46 (28-112)* 78 (39-145)* 758 (381-1,432)*
Purified group 35 (22-91) 55 (29-124) 376 (195-809)

Note: Compared between the two groups, *P<<0.05.
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Figure 4 Phenotypes of CIK cells before and after ex vivo cell culture and induction. No significant differences were observed before ex vivo induction between purified and
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Abbreviations: CIK cells, cytokine-induced killer cells; Pre-CIK, CIK precursor.
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Figure 6 Comparison of cytotoxicity of CIK cells against gastric cancer cell lines SGC7901 and BGC823 in purified and unpurified groups. The tumoricidal effect was more
significant with the increase of effector cells:target cell ratio and co-culture time (n=10 in each group, P<<0.05). CIK cell cytotoxicity against SGC7901 (A and B) and BGC823
(C and D) cells in the unpurified group were significantly higher than that in the purified group at effector cells:target cells ratio of 20:1 and 50:1 (P<<0.05). Compared between

the two groups, *P<<0.05.
Abbreviation: CIK cells, cytokine-induced killer cells.

CD8*, CD3°CD56* CD3*CD56*, and CD4*CD25%),
cytokine secretion (IFN-y, IL-2, TNF-o, and IL-10), and
tumor cytotoxicity (Figures S2 and S3, P>0.05), while
PBMCs co-cultured with RBC (RBC:PBMC =20:1 and
RBC:PBMC =50:1) produced higher percentages of CD8",
CD3-CD56", and CD3*CD56" cells (Figure 7A, P<<0.05).
Moreover, RBCs were also able to enhance tumor cytotox-
icity (RBC:PBMC =20:1 and RBC:PBMC =50:1, P<<0.05)
and secretion of IFN-y, IL-2, and TNF-o in CIK cells in
a dose-dependent manner (Figure 7B-D, IFN-y and IL-2,
RBC:PBMC =10:1, P>0.05, RBC:PBMC =20:1 and
RBC:PBMC =50:1, P<<0.05; TNF-o, RBC:PBMC =10:1
and RBC:PBMC =20:1, P>0.05, RBC:PBMC =50:1,
P<0.05).

We further investigated whether cell to cell direct contact
was necessary for the enhancement of CIK cell generation

and cytotoxicity by RBC. RBC and PBMC in costar transwell
chambers can either be separated by a membrane or directly
contacted during cell culture (RBC:PBMC =50:1). Our
research showed that when PBMCs and RBCs were directly
contacted, the proliferation, the percentages of CD8* and
CD3*CD56" subsets, cytokine secretion (IFN-y, IL-2, and
TNF-av), and cytotoxicity of CIK cells were significantly
improved (Figure 7E-H, P<<0.05), which verified the
promotion effect of RBC in enhancing cytotoxicity of
CIK cells, which may require direct contact between RBC
and PBMC.

Inhibition of tumor growth by CIK

therapy in nude mouse xenograft models
Gastric cancer mouse models were treated with CIK cells,
and those in the control group were injected with PBS
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Figure 7 RBC effects on the biological characteristics of CIK cells. RBC in different concentration was co-cultured with PBMC respectively (RBC:PBMC =10:1; 20:1; 50:1). CIK
cell proliferation activity (A), the percentages of CD8*, CD3CD56%, and CD3*CD56" subsets (B), CIK cell cytokine secretion (IFN-y, IL-2, and TNF-o) (C), and cytotoxicity
(D) were significantly increased in the presence of RBC during the culture period of CIK (n=10 in each group, P<0.05). The effect of RBC-PBMC contact on the generation
of human CIK cells was also evaluated in this study. Ficoll-Hypaque-purified mononuclear cells obtained from gastric cancer patients were cultured at the bottom chamber
of 0.4 um transwell plates at a density of 3x10¢%mL. Autologous RBC in a RBC:PBMC ratio of 50:1 were added into wells either at the top (uncontacted) or at the bottom
(contacted) during cell culture. CIK cell proliferation (E), the percentages of CD8" and CD3*CD56" subsets (F), CIK cells cytokine secretion (IFN-y, IL-2, and TNF-a) (G),
and cytotoxicity (H) were significantly increased when PBMC contacted RBC during cell culture (n=10 in each group, P<<0.05). *P<<0.05.

Abbreviations: CIK cells, cytokine-induced killer cells; U-CIK, CIK in unpurified group; R:M, RBC:PBMC; E:T, effector cells:target cells; PBMC, peripheral blood mononuclear
cell; RBC, red blood cell.
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nude mouse xenograft models were measured in both the groups. Statistical analysis shows that the co-culture group (RBC:PBMC =20:1, 50:1) and unpurified CIK showed a
better therapeutic potential against cancer than purified CIK in vivo (n=10 in each group, P<<0.05). Compared with the control group, *P<<0.05; Compared with the purified

group, *P<<0.05.

Abbreviations: CIK cells, cytokine-induced killer cells; U-CIK, CIK in unpurified group; R:M, RBC:PBMC; RBC, red blood cell; PBMC, peripheral blood mononuclear cell.

instead. Tumor weight in mice treated by purified or unpu-
rified CIK cells was significantly lower compared with
the control group (Figure 8A, P<<0.05). Compared with
mice treated by purified cells (group 3), those treated by
co-cultured cells (group 4) and unpurified cells (group 5)
showed higher tumor inhibition rates (Figure 8B, group 3,
P>0.05; groups 4 and 5, P<<0.05). After treatment, tumor
in the control group was found to be grown rapidly, while in
groups 2—6, tumor growth rate was slow; the TV showed a
tendency toward better efficacy in the co-culture group and
unpurified group compared with purified group (Figure 8C,
group 3, P>0.05; groups 4-6, P<<0.05). In general, CIK cells
in co-culture groups and unpurified CIK cells showed better
therapeutic potential against gastric cancer than purified CIK
cells in vivo.

Discussion
In tumor immunotherapy, CIK cells have been widely used
to treat malignant tumor.>>**>3! In a clinical study of hepa-
tocellular carcinoma (HCC), routine treatment combined
with CIK cell immunotherapy significantly increased the
recurrence-free and overall survival rate of HCC patients.>?’
It was also reported in malignancy patients that adoptive CIK
cell immunotherapy significantly improved patients’ immune
function.>?¢ Other studies also showed that autologous, allo-
geneic, or umbilical cord blood-derived CIK cells were safe
and effective for patients with hematologic tumors.>?*3! All
the above studies indicate that CIK cell immunotherapy is a
promising approach for malignant tumors.

The anti-tumor efficiency of CIK cells is regulated by
multiple key factors.!*!%3! First, to ensure the anti-tumor
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effect of CIK cells, sufficient number of cells is required.'”
Second, as CD8* and CD3*CD56" subsets are mainly
responsible for tumor cytotoxicity of CIK cells and were
also found closely related to cancer patients’ survival, their
proportion among obtained cells are of great importance.
Moreover, the levels of secreted IL-2, [IFN-y, and TNF-o are
also responsible for tumor cytotoxicity of CIK cells.** All
these factors could be affected by the process of obtaining
CIK cells, which makes cell isolation and cultural condi-
tion optimization necessary in CIK cells immunotherapy.'’
At present, Ficoll-Hypaque density gradient centrifugation
is the most commonly used method for Pre-CIK cell collec-
tion. This purification step was designed mainly to eliminate
RBC, PLT, and NEUT.? RBCs are the major component
of peripheral blood, and RBC number is 1,000 times the
number of WBCs.* In cell immunology research studies,
people revealed that RBCs also possess immunomodulatory
effects, such as antigen recognition, removing circulating
immune complex, and enhancing the phagocytic activity of
macrophages.'®!” In a human lymphocyte ex vivo transfor-
mation study, T-cell mitogen phytohemagglutinin-induced
proliferation was increased with the presence of autologous
RBC.?3 Lymphocyte death analysis revealed that the
improved T-cell proliferation induced by RBC was the result
ofareduction in activation-induced cell death or apoptosis.*
RBCs can enhance T-cell proliferation presumably through
CD2 and CDS58 interaction;*® it can also inhibit activated
T-cell apoptosis and facilitate their entrance into cell cycle
possibly through reducing the production of reactive oxygen
species and acrolein formation, which were produced upon
T-cell activation and may enhance T-cell death.?*3

This research aimed to investigate the effects of different
Pre-CIK cell isolation methods and optimize CIK cell
culture condition. We evaluated and compared the volume
of collected blood, the total amount of RBC, PLT, PBMC,
and NEUT and time consumption for Pre-CIK cell collection
following two protocols. More Pre-CIK cells were obtained
by using HES method than Ficoll in our study. Omitting
Ficoll-Hypaque purification step was advantageous in time
and cost-saving, and no detrimental effect was observed.
Numbers of RBC, PLT, and NEUT were reduced signifi-
cantly after Ficoll-Hypaque purification. In this study, unpuri-
fied CIK cells showed better multiplication compared to those
obtained in the purified group. To explore which subgroup
of cells was responsible for the enhancement of CIK cell
proliferation and tumor cytotoxicity, RBC, PLT, and NEUT
were respectively co-cultured with PBMC before induction.
Compared with the purified group, the proliferation and
cytotoxicity of CIK cells were significantly improved in the

RBC and PBMC co-cultured group, and this enhancement
depended on the direct contact of RBCs and PBMCs.

RBC has been reported to promote CD8* T-cell expan-
sion ex vivo.?*3¢ CD8" T cells activated in the presence of
RBC showed more restrained apoptosis and more active
proliferation than CD4* T cells.’’ In addition, RBC sig-
nificantly enhances NK cell-mediated cytotoxicity, which
may be related to NK cell enhancement factor presented
at RBC cytoplasm.?* In this study, the proportions of both
CD8" and CD3*CD56" subsets were increased significantly
in both the groups after ex vivo culture (P<<0.05), and those
in the unpurified group were higher than that in the purified
group (P<<0.05). Previous studies suggested that CD4* and
CD3-CD56" subsets might not be crucial for tumor cytotox-
icity of CIK cells.!®!” In our study, the percentages of CD4*
and CD3-CD56" subsets were decreased in both the groups
(P<<0.05), while the percentage of CD3-CD56" subset in the
unpurified group was higher than the purified group (P<<0.05).
Furthermore, CD4*CD25* subset (regulatory T cells, Tregs)
had a negative impact on CIK anti-tumor activity;*® in our
study, the percentage of Tregs in both the groups was also
significantly reduced (P<0.05). However, we did not find
obvious differences between the two groups.

Cytokines such as I[FN-y, IL-2, and TNF-o. play important
role in the anti-tumor process of CIK cells.* IFN-y produced
by T and NK cells is essential in the immune regulation,
such as the activation and differentiation of B cells, NK
cells, T cells, and macrophages.* IL-2 is an important
immunomodulatory cytokine identified as “T-cell growth
factor,” and it has different stimulatory effects on NK, CIK,
and B cells.*** It was also shown that IL-2 signaling has
an important role in CIK cell survival and differentiation,
and CIK cell phenotype could be varied depending on the
IL-2 level."*! TNF-a is a pleiotropic cytokine secreted by
activated lymphocytes and MNCs and is pivotal in inflam-
mation, immune regulation, and cell apoptosis.*! Research
suggested that TNF-o can induce tumor cell apoptosis and
enhance the anti-tumor ability of CIK cells.?*3*% Further-
more, accumulating evidences indicated that IL-10 has
a negative effect on immune responses against tumors,
which suggests that a high level of IL-10 may suppress
tumor-cytotoxicity of CIK cells.?? In this study, the levels
of IFN-y, IL-2, and TNF-o were increased with the pres-
ence of autologous RBCs in unpurified group, whereas
no significant difference was found in IL-10, which was
consistent with the research of Yannelli et al, Kalechman et
al, and Bate and Kwiatkowski.?*** They found that when
lymphocytes were co-cultured with autologous RBC, they
expressed more IL-2 receptor but released less lymphokine
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including IFN-y, IL-2, and TNF-o.?*>4 All these results
suggest that RBC may enhance the generation and cyto-
toxicity of CIK cells by promoting IFN-y, IL-2, and
TNF-a secretion. Although CIK cells obtained from both
the groups exhibited potent cytotoxic activities against
gastric cancer cells, both ex vivo and in vivo, CIK cells
in unpurified group showed higher anti-tumor activity,
which may be associated with the higher percentages
of the CD8*, CD3-CD56%, and CD3*CD56" subsets.

Limitations

The enhancement effect mechanism of RBC on the gen-
eration and cytotoxicity of CIK cells need to be further
investigated, which will be valuable for CIK immuno-
therapy application in the future. Moreover, regardless
of the impressive clinical outcomes of adoptive CIK cell
immunotherapy in the treatment of malignant tumors, its
clinical application was limited by low specificity. Recently,
novel immunotherapy strategies have been developed. One
approach is using antibody to block immune checkpoints
such as programmed death 1, lymphocyte activation gene
3, and T-cell immunoglobulin domain and mucin domain-
3.446 These immune checkpoints are responsible for tumor
immune escape in many malignancies, thus they are designed
as targets for cancer immune therapies.*® Clinical work has
proved the effectiveness of immune checkpoint blockade,
and research studies also have demonstrated an improved
antitumor activity of CIK cells with inhibitory receptor
blockade.*** Therefore, the combination of CIK cells with
checkpoint inhibitors could be a novel immunotherapy
strategy for cancer treatment.

Conclusion

Different techniques for the collection of Pre-CIK cells
influence the biological activities of the obtained CIK
cells. In this research, Pre-CIK cells were partially lost fol-
lowing Ficoll-Hypaque purification step, while unpurified
method was more effective in improving the proliferation
and anti-tumor efficacy of CIK cells, which suggests that
the purification step maybe neither required nor advised.
Elimination of this step not only reduces the time and cost
of Pre-CIK cell separation but also provides more CIK
cells with higher cytotoxicity after activation. In addition,
our data indicated that RBC may promote proliferation,
cytokine secretion, and cytotoxicity of CIK cells in a dose-
dependent manner by having direct contact with PBMC
during CIK cell culture. Therefore, we speculate that these
enhancement effects of HES protocol (unpurified method)
on the generation and cytotoxicity of CIK cells may relate

to the direct contact between RBC and PBMC. Underlying
mechanism will be further investigated in the future, which
may contribute to the clinical application protocol of CIK
cell immunotherapy.
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IV: any T; any N; M1

Figure S1 American Joint Committee on Cancer TNM staging classification for stomach carcinoma.

Notes: TI, Tumor invades lamina propria or submucosa; T2, tumor invades muscularis proporia; T3, tumor invades subserosa; T4a, tumor invades visceral peritoneum
(serosa); T4b, tumor invades adjacent structures; NO, no regional lymph node metastasis; N |, metastasis in 1-2 regional lymph nodes; N2, metastasis in 3—6 regional lymph
nodes; N3 metastasis in 7 or more regional lymph nodes; M0, no distant metastasis; M1, distant metastasis.
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Figure S2 Effects of PLT on the biological characteristics of CIK cells. PLT in different concentration was co-cultured with PBMC, respectively (PLT:PBMC =10:1; 20:1; 50:1).
There were no obvious differences in CIK cell proliferation (A), phenotypes (CD3*, CD4*, CD8', CD3-CD56*, CD3*CD56", and CD4*CD25%) (B), cytokine secretion (IFN-y,
IL-2, TNF-q, and IL-10) (C), and cytotoxicity (D) between co-culture group and purified group (n=10 in each group, P>0.05).

Abbreviations: PLT, platelet; CIK cells, cytokine-induced killer cells; PBMC, peripheral blood mononuclear cell; U-CIK, CIK in unpurified group; P:M, PLT:PBMC; E:T,
effector cells:target cells; IFN, interferon; IL, interleukin; TNF, tumor necrosis factor.
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Figure S3 Effects of NEUT on the biological characteristics of CIK cells. NEUT in different concentration was co-cultured with PBMC, respectively (NEUT:PBMC =2:1;
1:1; 1:2). No significant difference was observed in CIK cell proliferation (A), phenotypes (CD3*, CD4*, CD8, CD3 CD56* CD3*CD56% and CD4*CD25") (B), cytokine
secretion (IFN-y, IL-2, TNF-0, and IL-10) (C), and cytotoxicity (D) between co-culture group and purified group (n=10 in each group, P>0.05).

Abbreviations: NEUT, neutrophil; CIK cells, cytokine-induced killer cells; PBMC, peripheral blood mononuclear cell; U-CIK, CIK in unpurified group; N:M, NEUT:PBMC;
E:T, effector cells:target cells.

OncoTargets and Therapy

Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open
access journal focusing on the pathological basis of all cancers, potential
targets for therapy and treatment protocols employed to improve the
management of cancer patients. The journal also focuses on the impact
of management programs and new therapeutic agents and protocols on

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

Dove

patient perspectives such as quality of life, adherence and satisfaction.
The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

2672

submit your manuscript

Dove

OncoTargets and Therapy 2018:1 |


http://www.dovepress.com/oncotargets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 


