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T cells in patients with non-small cell lung cancer
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Abstract. Previous studies have reported that regulatory
T cells (Tregs), which are physiologically engaged in the main-
tenance of immunological self-tolerance, have a critical role in
the regulation of the antitumor immune response. Targeting
Tregs has the potential to augment cancer vaccine approaches.
The current study therefore aimed to evaluate the role of cyto-
kine-induced killer (CIK) cell infusion in modulating Tregs in
patients with non-small cell lung cancer (NSCLC). A total of
15 patients with advanced NSCLC were treated by an infusion
of CIK cells derived from autologous peripheral blood mono-
nuclear cells (PBMCs). By using flow cytometry and liquid
chip analysis, subsets of T cells and natural killer (NK) cells
in peripheral blood, and plasma cytokine profiles in the treated
patients, were analyzed at 2 and 4 weeks after CIK cell infusion.
Cytotoxicity of PBMCs (n=15) and NK cells (n=6) isolated
from NSCLC patients was evaluated before and after CIK cell
therapy. Progression-free survival (PFS) and overall survival
(OS) were also assessed. Analysis of the immune cell popula-
tions before and after treatment showed a significant increase
in NK cells (P<0.05) concomitant with a significant decrease in
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Tregs (P<0.01) at 2 weeks post-infusion of CIK cells compared
with the baseline. NK group 2D receptor (NKG2D) expres-
sion on NK cells was also significantly increased at 2 weeks
post-infusion compared with the baseline (P<0.05). There was
a positive correlation between NKG2D expression and the
infusion number of CIK cells (P<0.05). When evaluated at
2 weeks after CIK cell therapy, the cytotoxicity of PBMCs and
isolated NK cells was significantly increased compared with
the baseline (P<0.01 and P<0.05). Correspondingly, plasma
cytokine profiles showed significant enhancement of the
following antitumor cytokines: Interferon (IFN)-y (P<0.05),
IFN-y-inducible protein 10 (P<0.01), tumor necrosis factor-a
(P<0.001), granulocyte-macrophage colony-stimulating factor
(P<0.01), monocyte chemotactic protein-3 (P<0.01) and inter-
leukin-21 (P<0.05) at 2 weeks post-infusion, compared with
the baseline. At the same time, the expression of transforming
growth factor-p1, which is primarily produced by Tregs, was
significantly decreased compared with the baseline (P<0.05).
Median PFS and OS in the CIK cell treatment group were
significantly increased compared with the control group (PFS,
9.98 vs. 5.44 months, P=0.038; OS, 24.17 vs. 20.19 months,
P=0.048). No severe side-effects were observed during the
treatment period. In conclusion, CIK cell therapy was able
to suppress Tregs and enhance the antitumor immunity of
NK cells in advanced NSCLC patients. Therefore, CIK cell
treatment may improve PFS and OS in patients with advanced
NSCLC. CIK cell infusion may have therapeutic value for
patients with advanced NSCLC, as a treatment that can be
combined with chemotherapy and radiotherapy.

Introduction
Regulatory T cells (Tregs) have a critical function in controlling

adaptive immune responses and maintaining self-tolerance.
Tregs interact with various immune cell types, some of which
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may be found in the tumor environment (1,2). Thus, Tregs may
have an important impact on cancer immune escape. Recruit-
ment of Tregs by tumors has been reported to be one aspect of
immune escape (2), so targeting these cells may provide a mech-
anism by which antitumor immune function can be restored.
A variety of agents targeting Tregs have been developed for
this reason. These include conventional chemotherapy, which
affects Tregs together with other cell types, as well as other
strategies aimed at Tregs directly, including the use of specific
monoclonal antibodies for CD25 (a depleting antibody), CTLA4
(a blocking antibody), GITR (an agonistic antibody) and OX40
(an agonistic antibody) (1,3,4). However, many current immu-
notherapeutic strategies that target Tregs may have a negative
effect on effector immune cells (3,5), which may result in the
therapy being unsuccessful. If immunotherapy is to become a
viable option in the treatment of cancer, immunotherapeutic
strategies that target Tregs must also have a positive effect on
effector cells, shifting the balance in favor of immunity.

Cytokine-induced killer (CIK) cells are heterogeneous
in vitro-expanded T lymphocytes, with a natural killer
(NK)/T phenotype and major histocompatibility complex-unre-
stricted antitumor ability. These biological features of CIK
cells make them appealing for adoptive immunotherapy and
they have previously displayed encouraging results, which was
indicated by the prolonged survival time following their use in
tumor therapy (6-8).

Lung cancer is one of the most common malignancies and
the leading cause of cancer-related mortality worldwide (9).
Approximately 80% of all lung cancer cases are non-small
cell lung cancer (NSCLC) (10,11) and the majority of patients
have been diagnosed in the advanced stage (12). At present the
primary method for clinical treatment of advanced NSCLC is
drug treatment, including chemotherapy and biological therapy
(which may involve tumor specific monoclonal antibodies,
molecular targeted drugs or antiangiogenic drugs). However,
great toxicity is exhibited during chemotherapy and great
individual differences of clinical antitumor therapeutic effect
with drug treatment. Highly heterogeneous tumor cells could
occur in a series of evolutionary changes in the molecular
level, subcellular, cell, tissue and organ levels in order to adapt
(resistance) or find (transfer) a new living environment under
the external pressure (such as chemotherapy, targeted therapy
and radiotherapy). Despite developments in cancer treatment
and the introduction of novel drugs, advanced lung cancer
remains associated with poor prognosis. Adoptive immu-
notherapy, as a new approach to treat solid tumors, has been
reported to hold great potential compared with other traditional
treatments (13-20). Adoptive CIK cell transfer, as one type of
adoptive immunotherapy, has displayed antitumor effects in
various malignant tumor types, including NSCLC (17-21).

Considering the importance of targeting Tregs in cancer
immunotherapy, the current study aimed to determine whether
CIK cell therapy was able to affect Tregs and effector cells in
NSCLC patients. A possible mechanism of adoptive CIK cell
therapy was also explored, which has not yet been elucidated.

Materials and methods

Patient characteristics. A total of 30 patients with stage III-IV
NSCLC and similar clinical characteristics, who were
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hospitalized in the Guangzhou Institute of Respiratory Diseases
(Guangzhou, China) between July 2009 and December 2013,
with or without CIK cell therapy, were enrolled in this study
and randomly assigned to the CIK cell treatment group or
non-CIK cell treatment group (n=15 per group). Clinical
information, including sex, age, tumor histology and clinical
stage are presented in Table I. Patients received chemotherapy
before CIK cell immunotherapy.

Inclusion criteria were as follows: i) Pathological
or radiographic confirmation of stage III-IV NSCLC
tumors; ii) Karnofsky performance status (22) =50; iii) life
expectancy =3 months; and iv) hemogram (hemachrome
>80 g/1; white blood cell count, >3x107/1), blood urea nitrogen,
serum creatinine, alanine aminotransferase, aspartate amino-
transferase and alkaline phosphatase were close to normal
levels. Rejection criteria were as follows: i) Patients without
consent for treatment; ii) patients who had other immune system
disorders; and iii) patients who had been treated with steroids
within the past 6 weeks.

All patients gave their informed consent prior to inclusion
in the study. The study was approved by the Ethics Committee
of the First Affiliated Hospital of Guangzhou Medical Univer-
sity (Guangzhou, China).

Preparation of CIK cells and treatment. Peripheral blood
mononuclear cells (PBMCs) were collected with a COBE
spectra blood cell separator (Terumo BCT, Inc., Lakewood,
CO, USA). PBMCs (5.0x10° cells/ml) were cultured with
TexMACS GMP medium (Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany) in the presence of 1.0x10° U/l human
interferon (IFN)-y (Shanghai Fosun Pharmaceutical Group Co.,
Ltd., Shanghai, China). The cells were incubated for 24 h in a
humidified atmosphere containing 5% CO, at 37°C. Monoclonal
antibody against CD3 (MAB100; 50 pg/l; R&D Systems, Inc.,
Minneapolis, MN, USA) and 5.0x10° U/l recombinant human
interleukin (IL)-2 (Shandong Quangang Pharmaceutical Co.,
Ltd., Jinan, China) were added after 24 h culture at 37°C. The
medium was changed every 3 days with fresh IL-2 supplement.
Cells were collected after 2 to 3 weeks of culture. Cell pheno-
types of CIK cells were assessed by flow cytometry.

CIK cells were delivered once a day for 3 consecutive days
as a course of treatment. The number of cells was between
2x10° and 6x10° for each infusion.

Trypan blue assay. The cell suspension and the 0.4% trypan
blue solution (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) were added in equal parts (100 ul) and 10 ul of
this content was transferred to a Neubauer chamber for
counting the four lateral quadrants under an inverted light
microscope. The viability calculation was made according to
the following formula: percentage of viable cells (%) = (live
cells/total cells) x 100. The cells were assessed for viability
using the trypan dye-exclusion test and the viability of CIK
cells detected by trypan blue was 94.0+3.6%.

Bacteria, fungi and endotoxin assays. CIK cells were checked
twice (the first day of culture and after 2 weeks of culture)
for bacteria, fungi or endotoxins. Detection was performed
in the Clinical Laboratory of the First Affiliated Hospital of
Guangzhou Medical University.
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Table I. Patient characteristics.

Chemotherapy
and CIK cell ~ Chemotherapy

Characteristic therapy (n=15) (n=15)
Mean age (range) 59.3 (52-68) 59.5 (51-73)
Sex

Male 8 8

Female 7 7
Karnofsky performance 65+10.2 62+9.6
status
Stage

I 6 5

v 9 10
Pathology type

Adenocarcinoma 10 10

Squamous cell carcinoma 5 5

CIK, cytokine-induced killer.

Bacteria and fungi detection. A BacT/ALERT 3D 240
Microbial Detection System (bioMerieux, Inc., Durham, CA,
USA) for detection of bacteria and fungi was used. CIK cell
culture medium was collected aseptically and injected into
BacT/ALERT SA (258789) and BacT/ALERT SN (258790;
both from bioMerieux, Inc.) culture bottles. Bottles were
detected by the microbial detection system for bacteria and
fungi. The microbial detection system utilized a colori-
metric sensor and reflected light to monitor the presence
and production of CO, dissolved in the culture medium. If
microorganisms were present in the test sample, CO, was
produced as the organisms metabolize the substrates in the
culture medium. When the microorganisms produced CO,,
the color of the gas-permeable sensor installed in the bottom
of each culture bottle changed from blue-green to yellow.
The lighter color resulted in an increase of reflectance units
monitored by the system. Bottle reflectance were monitored
and recorded by the instrument every 10 min. Over the course
of 7 consecutive days, lack of bacteria and fungi growth was
regarded as a negative result. All CIK cells infused were
negative for bacteria, fungi.

Endotoxin detection. The Limulus Amoebocyte Lysate (LAL)
assay was used. CIK cell culture medium was collected asepti-
cally and assayed using Endochrome-K lysate (Charles River
Laboratories, Saint-Germain-Nuelles, France) with depyroge-
nated glass tubes, pipettes and pipette tips. Microplates were
analysed using a FLUOstar Omega microplate reader with
MARS data analysis software (BMG Labtech, Ortenberg,
Germany) and observed at 405 nm with an optical density
value of 0.1 as per manufacturer's recommendations. The
control standard endotoxin was used to construct standard
curves as described for the kinetic turbidimetric LAL assay.
The endotoxin level of CIK cells suspension <0.5 EU/ml indi-
cated a negative result. All CIK cells infused were negative for
endotoxins.
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Isolation of NK cells. Peripheral blood samples (2-3 ml)
were used to purify NK cells using a negative selection NK
cell isolation kit (Miltenyi Biotec GmbH) according to the
manufacturer's protocol. Purified NK cells were subsequently
cultured in TexMACS GMP medium and used in a cytotox-
icity assay.

Cytotoxicity assay. Human lung cancer cell line A549 were
purchased from the American Type Culture Collection
(Manassas, VA, USA). Effector cells (CIK cells, PBMC or
NK cells) were co-cultured with target cells (A549 cells) at
effector-to-target (E:T) ratios of 10:1 or 20:1 in TexMACS
GMP medium. Target cells without effector cells were used
as a negative control. Furthermore, TexMACS GMP medium
without any cells was used as a blank control. Cell Counting
Kit-8 (Beyotime Institute of Biotechnology, Jiangsu, China)
analysis was used to measure the cytotoxicity of effector cells
according to the manufacturer's instructions.

Flow cytometry. CD3 FITC (IM1650, 20 ul/test), CD4
FITC/CD8PE/CD3PC5 (6604727, 20 ul/test), CD3
FITC/CD16+56 PE (07735, 20 pl/test), CD16 FITC/CD56
PE/CD3 ECD (A07728, 20 pl/test), NKG2A PE (IM3291U,
20 ul/test), CD3 ECD (A07748, 10 ul/test), CD56 PC5 (A07789,
10 ul/test), NKG2D PE (A08934, 20 ul/test), CD4 FITC
(A07750,20 ul/test), CD127 PE (IM1980, 20 pl/test), CD25PC5
(IM1646, 10 pl/test), IgG1 FITC (A07795, 20 ul/test), IgGl
PE (A07796, 20 pl/test), IgG1 ECD (A07797, 10 ul/test), and
IgGl1 PC5 (A07798, 10 ul/test), were purchased from Immu-
notech (Beckman Coulter, Inc., Brea, CA, USA) and used
for flow cytometry according to the manufacturer's protocol
using an EPICS-XL flow cytometer (Beckman Coulter,
Inc.). For antibody staining, antibodies were combined with
5x10° leucocytes according to the manufacturer's instructions.
A total of 100 ul of the test sample was mixed with antibodies
and vortexed gently prior to incubation for 15 min at room
temperature (18-25°C) away from light. After incubation, a
total of 0.5 ml of OptiLyse C (Ref. A11895) was added and
vortex immediately for 1 sec. Samples were incubated for
10 min at room temperature (18-25°C) protected from light.
PBS (0.5 ml) was added and the samples were left to incu-
bate for at least 5 min at room temperature away from light.
Subsequently, samples were centrifuges for 5 min at 300 x g
at room temperature, the supernatant was removed by aspira-
tion and the cell pellet was resuspended in 4 ml PBS. The
samples were then centrifuged for 5 min at 300 x g at room
temperature prior to removal of the supernatant by aspira-
tion. The cell pellet was resuspended in 0.5 or 1 ml of PBS
made up with 0.1% formaldehyde. Samples were analyzed
in the flow cytometer (EPICS-XL; Beckman Coulter, Inc.).
For evaluation of the immune status of CIK cells, cluster
of differentiation CD3*, CD4*, CD8*, CD3*CD56"* and
CD3'CD(16+56)* cells were respectively determined. For
evaluation of the immune status of NSCLC patients, CD3",
CD4*, CD8*, CD4*/CD8*, CD3*CD56*, CD3"CD(16+56)*,
CD3°CD(16+56)*NKG2A*, CD3:CD(16+56)*NKG2D*,
CD3-CD16%™CD56Me" CD3-CD56%™CD16"¢! cells ratio and
CD4*CD25*CDI127* Treg cells were determined from periph-
eral blood 1 day before immunotherapy, and at weeks 2 and 4
after immunotherapy. Cells were stained according to the
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manufacturer's directions. Data were analyzed using Expo32
analysis software (V1.2; Beckman Coulter, Inc.).

Evaluation of plasma cytokines. Plasma levels of cytokines,
including IFN-v, IFN-a, IFN-y-inducible protein 10 (IP-10),
monocyte chemoattractant protein (MCP)-1, macrophage
inflammatory protein-la, tumor necrosis factor (TNF)-a,
transforming growth factor (TGF)-f3, MCP-3, granulo-
cyte-macrophage colony-stimulating factor, IL-4, IL-6, IL-8,
1L-10, IL-12, IL-15, IL-17, IL-18 and IL-21, were measured
in all patients in the CIK cell group before CIK cell therapy,
and at weeks 2 and 4 after cell therapy. Bio-Plex Pro magnetic
bead-based assays were utilized on the Bio-Plex platform
(Bio-Rad Laboratories, Inc., Hercules, CA, USA), according to
the manufacturer's instructions. Bio-Plex Manager software,
version 6.0 (Bio-Rad Laboratories, Inc.) was used for bead
acquisition and analysis.

Therapeutic effect evaluation. Overall survival (OS) was
defined as the time from the diagnosis of metastatic NSCLC
to patient death. Progression-free survival (PFS) was defined
as the time that elapsed from the date of diagnosis to the date
of the first event.

Adverse effects. Side-effects of fever, insomnia, anorexia, joint
soreness and skin rash were recorded during the experimental
period.

Statistical analysis. Alldataare presented as the mean +standard
deviation. All statistical analyses were performed using SPSS
v21.0 (IBM SPSS, Armonk, NY, USA). T and NK cell subsets,
cytokines and cytotoxicity were analyzed with either paired
t-tests or non-parametric Wilcoxon signed-rank tests based
upon the normality of data. Kaplan-Meier analysis with the
log-rank test was used to compare PFS and OS between patient
groups. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Induction of CIK cells. In order to generate CIK cells in vitro,
non-adherent PBMCs were separated and cultured in the pres-
ence of IFN-y, CD3 monoclonal antibody and IL-2. At day 7
of cell culture, the cell area was ~3-fold larger than on day 1.
Multiple cells formed clusters and gathered into cell aggregates.

Proliferation and phenotype of PBMCs after CIK cell
induction varied between individuals. The total cell number
had increased significantly (mean, 8.18-fold) by day 21 after
CIK cell induction compared with before treatment (P<0.001;
Fig. 1A). The number of CD3*CD56" cells had increased
significantly (range, 23.28 to 138.55-fold; mean, 51.56-fold) by
day 21 after CIK cell induction compared with before treat-
ment (P<0.01; Fig. 1B). The proportion of CD3*, CD3*/CD8*
and CD3*/CD56* cells had significantly increased by day 21
compared with before treatment (all P<0.01; Fig. 1C), whereas
the proportion of CD3*CD4* T cells and CD3"CD16/56*
NK cells significantly decreased during CIK cell culture
(P<0.001 and P<0.05, respectively; Fig. 1C). Viability of CIK
cells detected by trypan blue was >90% (data not shown). A
cytotoxicity assay indicated that the cytotoxicity of PBMCs
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Figure 1. PBMC properties before and after CIK cell induction. (A) Total
number of PBMCs, (B) number of CD3*CD56* cells and (C) phenotypic
analysis of PBMCs before and at day 21 after CIK cell induction (n=15).
(D) Cytotoxicity of PBMCs against A549 target cells at ET ratios of 10:1 and
20:1 before and at day 21 after CIK cell induction (n=15). Data are presented
as the mean + standard deviation. PBMC, peripheral blood mononuclear cell;
CIK, cytokine-induced killer; E:T, effector-to-target.

against A549 cell lines by day 21 after CIK cell induction (E:T
ratio, 10:1 or 20:1) was significantly increased compared with
that of PBMCs before treatment (P<0.001; Fig. 1D). Cytotox-
icity was also significantly increased at an E:T ratio of 20:1
compared with a ratio of 10:1 (P<0.001; Fig. 1D).

Dynamic changes in Treg and NK cell subsets. In the current
study, to investigate changes within Tregs and NK cell
subsets, blood samples were collected before CIK cell therapy
(baseline) and at 2 and 4 weeks after CIK cell therapy. It was
found that the proportion of Tregs was significantly reduced at
week 2 compared with the baseline (9.99 vs. 9.26%; P<0.01),
and remained low at week 4 (Fig. 2A). The percentage of
NK cells significantly increased by week 2 compared with
the baseline (P<0.05; Fig. 2B). This was accompanied by
a significant increase in NKG2D expression in NK cells at
week 2 compared with the baseline (Fig. 3A). The increase
in NKG2D expression was positively correlated with the
number of CIK cells infused (P<0.05; Fig. 3B). CD3*, CD4",
CD8*, CD4*/CD8*, CD3*CD56*, CD3"CD(16+56)*NKG2A*,
CD3-CD16%"CD56"¢" and CD3-CD569™CDI16"¢" cell ratios
were also measured but no significant differences were
observed during the therapy (data not shown).



EXPERIMENTAL AND THERAPEUTIC MEDICINE 14: 831-840, 2017

A P=0.010

15+ P=0.005

[]
[} 'Y

73 '00:!‘ .:' &
8 aad
g 104 o: -:- .:A
T A
Q L = ‘A
B 5 - .
s

0 T T T

Before 2 Weeks 4 Weeks

Therapy with CIK cells

835

60 P=0.023
™ A
S 40
< o
E* . "ug®
2 .. hdyah
Z 204 ege— bCHa
" gt
oo L aa,
oy A
0 T T T
Before 2 Weeks 4 Weeks

Therapy with CIK cells

Figure 2. Dynamic phenotypic change of immunocytes in the peripheral blood of non-small cell lung cancer patients before and at 2 or 4 weeks after
administration of CIK cells. (A) Percentage of Treg/CD4" cells (n=15). (B) Percentage of NK cells (n=15). NK cell, natural killer cell; CIK, cytokine-induced

killer; Treg, regulatory T cell.

A 110~ P=0.017
£
2 £ 100-
2 = I.:.. .'l:'l. a tasy,
8 o LY L —“
¥ f 904 —e— A
Z 0 - Ayd
B 2 . u
o U 804 .. -
S
82 70- . .
5Z
o

60 T T T

Before 2 Weeks 4 Weeks

Therapy with CIK cells

B

~ 207 r=0.526 .

:C:_ P=0.044

X 154

W

3 $e o /.

5 T .l//f//’( ¢

G 10 :.. .

5

g s

£

=1

=
0 T T 1
-10 0 10 20

Increase in percentage of NKG2D
expression on NK cells (%)

Figure 3. NKG2D expression on NK cells in peripheral blood before and at 2 or 4 weeks after CIK cell therapy. (A) Percentage of NK cells with NKG2D
expression (n=15). (B) Relationship between the number of CIK cells infused and the percentage of NKG2D expression on NK cells (n=15). NK cell, natural

killer cell; CIK, cytokine-induced killer; NKG2D, NK group 2D receptor.

Cytotoxicity of PBMC or isolated NK cells. Cytotoxicity
results with PBMC (n=15) and isolated NK cells (n=6)
from NSCLC patients before or after CIK cell therapy are
shown in Fig. 4. Cytotoxicity of PBMC and isolated NK
cells at 2 weeks after CIK cell thwerapy was significantly
increased compared with the baseline (P<0.05). However,
there were no significant differences in the cytotoxicity of
PBMC or isolated NK cells at 4 weeks compared with the
baseline (Fig. 4).

Evaluation of cytokines in the plasma of CIK cell therapy
patients. Cytokine levels were evaluated in order to identify
those that may be involved in the changes of Tregs and NK cells
following CIK cell therapy. There were significant increases in
IFN-y (P<0.05), IP-10 (P<0.01), TNF-a (P<0.001), GM-CSF
(P<0.01), MCP-3 (P<0.01) and IL-21 (P<0.05) at 2 weeks after
CIK cell therapy compared with the baseline (Fig. SA-F). For
all these cytokines, the levels decreased towards baseline levels
by week 4. The opposite trend was observed for plasma TGF-3
levels, which significantly decreased at week 2 compared with
the baseline (P<0.05) and increased towards baseline levels
by week 4 (Fig. 5G). IL-4 and IL-10 were only detected in a
small number of samples. For all other cytokines evaluated, no
significant differences were found between the baseline and
2 or 4 weeks after therapy (data not shown).
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Figure 4. Cytotoxicity of PBMCs (n=15) and NK cells (n=6) against A549
target cells at E:T ratio of 10:1 before and at 2 or 4 weeks after cytokine-induced
killer cell induction. Data are presented as the mean + standard deviation.
PBMCs, peripheral blood mononuclear cells; NK cell, natural killer cell; E:T,
effector-to-target.

Evaluation of survival. Median PFS for patients in the CIK
cell therapy group and control group were 9.98 months (range,
4.2-43.7 months) and 5.44 months (range, 1.9-27.7 months),
respectively. Median OS rates for patients in the CIK
cell group and control group were 24.17 months (range,
11.3-51.5 months) and 20.19 months (range, 12.5-44.0 months)
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Figure 5. Plasma cytokine profiles of non-small cell lung cancer patients before and at 2 or 4 weeks after cytokine-induced killer cell treatment. Antitumor cyto-
kines (A) IFN-y, (B) IP-10, (C) TNF-a, (D) GM-CSF, (E) MCP-3, (F) IL-21 and (G) TGF-p1 were evaluated (n=15). IFN-v, interferon-y; IP-10, IFN-y-inducible
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respectively. Median PFS and OS were significantly increased

Discussion

in patients who were given CIK cell therapy plus chemotherapy

compared with chemotherapy alone (control group; P=0.038

and P=0.048, respectively; Fig. 6).

Adverse effects. No adverse effects were observed in the CIK cell
therapy group, with the exception of 5 patients who experienced
transient fever; one case had a temperature of 38.5°C, whereas
the other four cases had temperatures of <38°C. All patients with

fever recovered within 24 h without additional treatment.

Previous results indicate that an imbalance between immune
suppression and antitumor immunity can promote tumor
growth. If immunotherapy is to become a viable option in the
treatment of cancer, this imbalance in favor of tumor growth
needs to be addressed.

CD4*CD25"FOXP3* Tregs account for 5-10% of all
T lymphocytes in healthy individuals (23). Evidence suggests
that Tregs contribute to immune suppression by dampening the
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antitumor immunity elicited by CD4* T cells, CD8* T cells,
dendritic and NK cells (24-27). Treg accumulations in tumors
and peripheral blood have been linked to unfavorable disease
outcomes of tumor invasion, recurrence and shortened survival
for many human solid tumors, including hepatocellular
carcinoma, ovarian carcinoma, pancreatic ductal carcinoma,
cervical cancer, NSCLC and breast cancer (28-33). In these
tumors, Tregs suppress antitumor immunity and mediate
immune tolerance that favors tumor growth. In this context,
Treg could be viewed as a major component of immune
evasion from the host immune system and may be used as a
marker for poor prognosis. Indeed, reducing Treg function
and/or numbers in patients with cancer may result in more
effective immune-based therapies, alone or in combination
with traditional chemotherapeutics. Numerous preclinical and
clinical reports support the notion that elimination of Tregs is
crucial to various cancer therapies (34-37).

Previous studies have demonstrated that human
peripheral CD4*CD25* Tregs can be accurately identi-
fied and purified using surface expression of CDI127, as
an alternative to the transcription factor FOXP3 (38-43).
Therefore, CD4*CD25*CD127%™ Tregs were used to represent
CD4*CD25*FOXP3* Tregs in the current study.

A number of therapeutic approaches are aimed at inhibiting
immune suppression within the tumor microenvironment.
Specifically, therapies have been developed to deplete major
immunosuppressive cell types and a number of direct and
indirect methods aimed at depleting Tregs within the tumor
microenvironment already exist (44-50). These include specific
depletion with monoclonal antibodies (anti-CD25) (49) and
depletion with the use of chemotherapeutics, which includes
cyclophosphamide (51-54). This remains an area of active
research. A major therapeutic challenge remains, however,
which is the small number of methods that are able to target
Tregs effectively in the clinic.

It is well-established that Tregs are able to affect CIK cells,
cytotoxic T cells and NK cells, but data on CIK cell potential
activity against Tregs are generally absent, let alone data on
the specific effects of CIK cells on Tregs in NSCLC patients.
In the current study, it was found that CIK cell infusion was
able to downregulate Tregs in the circulation of 15 patients
with NSCLC at week 2 post-infusion, and maintained a lower
level at 4 weeks post-infusion. Therefore, the present findings

suggested that CIK cell infusion is an effective method for
targeting Tregs in NSCLC patients, which may have a poten-
tial application in therapeutic settings.

The ideal therapeutic strategies that target suppression
factors should also have a positive effect on the effector cell
compartments, in order to shift the balance in favor of immu-
nity. NK cells are critical for tumor immunity and provide
‘spontaneous cytotoxicity’ against tumor cells as part of
innate immunity. NK cells have the capacity to detect changes
in transformed cells even in the absence of inflammatory
signals. These changes are recognized by NK cells through
their inhibitory and activating receptors (55). NK cells mediate
innate immunity and have an important role in cancer immu-
nosurveillance. NK cells are able to recognize tumor cells, due
to their decreased HLA expression, and induce lysis before
they grow into larger tumor aggregates (14,56,57). According
to the current data, NK cells (CD3-CD56*CD16%) increased at
the same time that Tregs decreased, at 2 weeks after CIK cell
therapy.

Expression of activating or inhibitory receptors on NK
cells enables self- and non-self-recognition. Depending on the
balance between inhibitory and activating signals engaged
by ligands expressed on tumor cells, NK cells are triggered
to kill or to ignore target cells. NKG2D is an activating
receptor expressed on the surface of NK cells, which has an
important role in immune responses, including those against
tumors (57,58). Data from the current study indicated that
expression of activating NK cell receptors, such as NKG2D,
increased, whereas expression of inhibitory receptors, such
as NKG2A (data not shown), did not vary with CIK cells
therapy, suggesting that CIK cell therapy is able to activate
NK cells in NSCLC patients. By inducing the upregulation
of activating receptors on NK cells, CIK cell therapy may
enhance antitumor immunity. A positive correlation was also
observed between NKG2D expression and the number of CIK
cells infused. This implied that increased CIK cell infusion
may contribute to stronger NK activity on tumor cells. Based
on previously published data, the alteration of NK cell recep-
tors may be induced by cytokines, including IL-2 (59,60) and
IFN (61). Therefore, cytokines of CIK cells may contribute to
the enhancement of NKG2D expression in NK cells.

In vitro cytotoxicity assays demonstrated that the antitumor
activity of PBMC from 15 NSCLC patients was significantly
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increased at 2 weeks after CIK cell therapy. Cytotoxicity assays
of isolated NK cells were similar to those of PBMC assays,
although it was only possible to obtain enough p-NK cells to
perform this test in 6/15 NSCLC patients. It was indicated that
the antitumor efficacy of immune cells, including but not limited
to NK cells, from NSCLC was enhanced by CIK cell therapy.

The results of the current study indicated significant
increases in plasma IFN-vy, IP-10, TNF-a, GM-CSF, MCP-3
and IL-21 levels in patients at 2 weeks after CIK cell therapy.
The general trends were initial increases after treatment
was initiated and a subsequently decrease to approximate
pre-therapy levels after 4 weeks. Increased levels of cytokines
in the serum of patients who received CIK cell infusion
suggests the presence of CIK cell-induced T helper 1 (Thl)
cell responses. Since Thl responses seem to be essential in
cancer immunotherapy (62,63), this may indicate a therapeutic
potential of CIK cell therapy. It was not possible to determine
how Tregs and TGF-f} interact with each other in the blood
from the current results. However, previous results suggest that
reduction of either Tregs or TGF-f} may contribute to down-
regulating harmful tumor suppression, which may favor tumor
progression (64-68). In conjunction, serum cytokine profiles
suggested that antitumor immunity is enhanced at 2 weeks
after CIK cell treatment.

In the current study, infusion of CIK cells was associated
with minimal toxicity, and evidence of a disease response was
observed. PFS and OS were prolonged in NSCLC patients
treated with CIK cells compared with the control group. These
results suggest that CIK cell immunotherapy plus chemotherapy
for NSCLC has more potential benefits than chemotherapy
alone.

To the best of our knowledge, this is the first report to
evaluate the role of CIK cell therapy in modulating Tregs in
patients with NSCLC. The interaction of CIK cells and regula-
tory T cells in the tumor microenvironment requires further
research. Improved understanding of the cellular cross-talk
between Tregs and CIK cells will aid future therapeutic
manipulation of Tregs in cancer treatment.

In conclusion, the current study suggests that CIK cell
therapy can reduce Tregs, increase activating NK cells, create
an antitumor cytokine environment and contribute to improved
PFS and OS in NSCLC patients. These results highlight the
potential benefits of combining conventional chemotherapy
and CIK cell treatment as an approach for reducing Tregs and
improving clinical outcomes for NSCLC patients. Further
understanding of the underlying mechanism of CIK cell
therapy and its effects on Tregs could enhance future thera-
peutic approaches.
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