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Abstract. Despite advances in the development of treatment 
methods, glioma remains among the cancer types with a high 
rate of mortality. Therefore, significant efforts are made to 
develop novel strategies for the treatment of glioma. Ineffective, 
long-term cancer chemotherapy can lead to multidrug resis-
tance (MDR), which is one of the most common reasons for 
the failure of chemotherapy. The present study investigated 
the effects of cytokine‑induced killer cells (CIK) on reversing 
MDR in cisplatin-resistant U87MG cells (U87MG/DDP). 
Mononuclear cells were isolated from the peripheral blood of 
healthy individuals and cultured in vitro in the presence of a 
combination of cytokines to generate CIK for the treatment 
of U87MG/DDP. An MTS assay, flow cytometric analysis of 
apoptosis, ELISA, western blotting and reverse transcription 
quantitative polymerase chain reaction were used to investigate 
the MDR-reversing effects of CIK as well as the underlying 
mechanisms. The results showed that cisplatin sensitivity and 
the apoptotic rate following cisplatin treatment were increased, 
P‑glycoprotein expression was decreased and the intracel-
lular rhodamine‑123 content was increased in U87MG/DDP 
co‑cultured with CIK. In addition, the present study also iden-
tified increased mRNA and protein expression levels of MDR 
gene 1 (MDR1), MDR‑associated protein 1 (MRP1), B-cell 
lymphoma 2, Survivin and glutathione S-transferase‑π, while 
the phosphorylation of AKT and the transcriptional activity 
of nuclear factor‑κB in CIK co‑cultured U87MG/DDP was 
decreased. These results indicated that pre‑treatment with CIK 
reversed the MDR of U87MG/DDP, and that CIK‑induced 

apoptosis of U87MG/DDP was associated with the inhibition 
of Akt/NF‑κB. These findings suggested that treatment with 
CIK may be an effective method to enhance the sensitivity of 
patients with glioma to chemotherapy.

Introduction

Chemotherapy is one of the most important methods for the 
clinical treatment of glioma. However, drug resistance of 
glioma cells is gradually induced with the long‑term appli-
cation of chemotherapeutic drugs, eventually resulting in 
treatment failure. Multidrug resistance (MDR) is the main 
form of drug resistance in glioma (1,2). The MDR gene medi-
ates this process and constitutes the classic pathway of drug 
resistance. The MDR gene has now a the major prognostic 
factor for patients with glioma. Therefore, the reversal of drug 
resistance is an urgent issue to be addressed in the treatment 
of glioma and may improve treatment outcomes.

With the advances in immunology, molecular biology 
and oncology, adoptive immunotherapy has attracted large 
amounts of attention as an important treatment method for 
tumors following chemotherapy (3,4). Phytohemagglutinin 
(PHA) as a polyclonal activator of cells can induce the transfor-
mation of immature lymphocytes into lymphoblasts, followed 
by proliferation, release of lymphokines and enhanced phago-
cytosis of macrophages (5). Conventional cytokine‑induced 
killer cells (CIK) are a type of immunological effector cells 
with potent killing ability. They are derived from human 
peripheral blood mononuclear cells following stimulation 
with anti‑CD3 monoclonal antibody, interleukin (IL)‑1, IL‑2 
and interferon (IFN)‑γ under in vitro conditions, simulating 
the in vivo physiological environment (6,7).

In the present study, CIK were generated by stimulating 
peripheral blood mononuclear cells with PHA, IL‑2 and 
IFN‑γ. The potency of these CIK against a cisplatin‑resistant 
U87MG glioma cell line (U87MG/DDP) was studied and the 
mechanisms of action were investigated. CIK were cultured 
in order to provide not only sufficient quantities of highly 
efficient killer cells for future implementation of tumor 
biotherapy, but also a novel method for the adoptive immuno-
therapy of glioma.
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Materials and methods

Preparation and culturing of cells. Mononuclear cells 
were isolated from peripheral blood obtained from healthy 
volunteers using density‑gradient centrifugation (speed, 
800  x  g; duration, 20  min) with lymphocyte separation 
medium (density, 1.077±0.002). The mononuclear cells were 
re‑suspended in cell culture medium (Beyotime Institute of 
Biotechnology, Shanghai, China) to a density of 4.0x106/ml. 
On day 0, the cells were co‑stimulated with PHA (25 µg/ml; 
Sigma‑Aldrich, St. Louis, MO, USA) and IFN‑γ (300 U/ml; 
R&D Systems, Inc., Minneapolis, MN, USA) for culture in an 
incubator at 37˚C with an atmosphere containing 5% CO2 for 
24 h. On day 2, IL‑2 (1,000 U/ml; R&D Systems, Inc.) was 
added. The medium was replaced with medium containing 
IL‑2 (1,000 U/ml) once every three days until the effector cells 
were harvested on day 20. The U87MG cells and U87MG/DDP 
cell lines were obtained from Tongpai Biological Technology 
Co., Ltd. (Shanghai, China).

ELISA assay. A total of 5x105 CIK were harvested and cytokine 
secretion by the CIK was detected by ELISA (R&D Systems). 
For this, 3x105 cells were seeded into wells of a six‑well micro-
plate and incubated overnight. Medium without fetal calf serum 
was added and the secretion of IFN‑γ, IL‑2, IL‑6 and IL‑12 was 
measured 72 h later following the manufacturer's instructions.

MTS assay. Cells in the logarithmic growth phase were seeded 
in a 96‑well microplate at 100 µl/well (5x104 cells/ml) and 
cultured overnight to allow for cell attachment. Subsequently, 
0, 0.1, 0.5, 1, 5, 10, 50 and 100 µM cisplatin (Sigma‑Aldrich) 
was added. The effector (CIK)/target (U87MG/DDP) ratio (E/T 
ratio) was 10:1 and 20:1. After continuous culture for 72 h, the 
medium was removed. MTS (Promega Corporation, Madison, 
WI, USA) was added in accordance with the manufacturer's 
instructions and incubation was continued for 4 h. Finally, the 
optical density (OD) at 490 nm wavelength was detected using 
a microplate reader (Multiskan® Spectrum; Thermo Scientific, 
Rockford, IL, USA). The inhibition rate of cisplatin on the 
cells was calculated as follows: Inhibition rate = (1‑ODexperimental 

group/ODcontrol group) x100%. Displaying the cisplatin concentration 
on the abscissa and the inhibition rate on the ordinate, the curve 
was plotted and fitted to obtain the IC50 value. The reversal fold 
(RF) was calculated as RF = IC50 (CIK-treated group)/IC50 
(control group).

The cells were divided into the following treatment groups: 
Parental group, U87MG cells; Group I, U87MG/DDP; Group II, 
U87MG/DDP with 10:1 CIK; Group III, U87MG/DDP with 
20:1 CIK. The following assays were performed on 10:1 and 
20:1 mixtures of glioma and CIK cells.

Flow cytometry. After treatment with cisplatin and CIK for 
72 h, the tumor cells were collected and stained with fluorescein 
isothiocyanate (FITC)-conjugated Annexin V/propidium iodide 
(PI) away from light for 15 min. Apoptosis was then detected 
by flow cytometry (BD FACSAria™; BD Biosciences, Franklin 
Lakes, NJ, USA). The apoptotic rate was calculated using 
FACSDiva software version 8.0 (BD Biosciences).

After treatment with CIK for 72 h, the tumor cells were 
collected and cultured with phycoerythrin‑P‑glycoprotein 

(P-gp) or rhodamine (Rh)‑123 antibody away from light for 
30 min. P‑gp and Rh-123 expression in these cells was detected 
using flow cytometry and the P‑gp- or Rh‑123‑positive rate was 
calculated using FACSDiva software.

For cell cycle analysis, cells were treatment with CIK for 
72 h and the tumor cells were collected and incubated with 
PI away from light for 30 min. The cell cycle was determined 
by flow cytometry and calculated using ModFit3.0 software 
(Verity Software House, Topsham, ME, USA).

Western blot analysis. After treatment with CIK for 72 h, 
the tumor cells were collected and lysed using lysis buffer 
(Beyotime Institute of Biotechnology) to extract the total 
proteins. The concentration was measured using a BCA Protein 
assay kit (Beyotime Institute of Biotechnology). Proteins 
(100 µg) were separated using 12% SDS‑PAGE and transferred 
onto a polyvinylidene difluoride membrane. After blocking in 
5% skimmed milk powder at room temperature for 1 h, the 
membrane was incubated with MDR1 [cat. no. sc-55510; mouse 
immunoglobulin (Ig)G], MDR-associated protein (MRP)1 
(cat. no. sc-365635; mouse IgG1), B-cell lymphoma 2 (Bcl‑2; 
cat. no. sc-7382; mouse IgG1), survivin (cat. no. sc-374616; mouse 
IgG1), glutathione S-transferase (GST)‑π (cat. no. sc-374171; 
mouse IgG1), nuclear factor‑κB (cat. no. sc-292436; rabbit IgG), 
total‑AKT (cat. no. sc-5298; mouse IgG1) and phosphorylated 
(p)‑Akt (cat. no. sc-293125; mouse IgG1) primary antibodies at 
4˚C overnight (dilution, 1:2,000; all obtained from Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA). β‑actin (cat. no. sc-8432; 
mouse IgG1) served as an internal control (dilution, 1:5,000; 
Santa Cruz Biotechnology, Inc.). After washing the primary 
antibodies off with 10% phosphate‑buffered saline (three 
washes), the membrane was incubated with horseradish 
peroxidase‑conjugated goat anti‑rabbit immunoglobulin G at 
room temperature for 1 h. After washing, the immunoreactive 
bands were developed by enhanced chemiluminescence (EMD 
Millipore, Billerica, MA, USA) and the film was obtained from 
SiDaTe (Suzhou, China). The relative expression was repre-
sented as the ratio of target protein and β‑actin bands.

Reverse-transcription quantitative polymerase chain reac-
tion (RT-qPCR) assay. After treatment with CIK for 72 h, the 
tumor cells were collected to extract the total RNA from each 
group using the TRIzol reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA) according to the manufacturer's instruc-
tions. The cDNA was obtained through reverse transcription 
using a real‑time PCR kit (Tiangen Biotech Co., Ltd., Beijing, 
China) and an ABI7500 Real-Time PCR system (Applied 
Biosystems Life Technologies, Foster City, CA, USA). After 
denaturation at 94˚C for 5 min, 35 cycles of amplification were 
performed under the following conditions: 95˚C for 15 sec, 
65˚C for 40 sec and 72˚C for 90 sec; followed by extension 
at 72˚C for 5  min after these cycles. The oligonucleotide 
sequences (Sangon Biotech Co., Ltd., Shanghai, China) were 
as follows: MDR1 forward, 5'‑AAA​AAG​ATC​AAC​TCG​TAC​
CACTC‑3' and reverse, 5'‑GCA​CAA​AAT​ACA​CCA​ACAA‑3'; 
MRP1 forward, 5'‑GTG​GAA​TTC​CGG​AAC​TAC‑3' and 
reverse, 5'‑CGG​AGG​TCG​TGC​AGG​CCG‑3'; GST‑π forward, 
5'‑CTG​GAA​GGA​GGA​GGT​GGTG‑3' and reverse, 5'‑GAC​
GCA​GGA​TGG​TAT​TGG​AC‑3'; Survivin forward, 5'‑CGA​
GGC​TGG​CTT​CAT​CCACT‑3' and reverse 5'‑ACG​GCG​CAC​
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TTT​CTT​CGCA‑3'; Bcl‑2 forward, 5'‑GGC​TGG​GAT​GCC​
TTT​GTG‑3' and reverse, 5'‑GCC​AGG​AGA​AAT​CAA​ACA​
GAGG‑3'; GAPDH forward, 5'‑GGA​GCG​AGA​TCC​CTC​
CAA​AAT‑3' and reverse, 5'‑GGC​TGT​TGT​CAT​ACT​TCT​
CATGG‑3'. The PCR products were quantified using the 2‑ΔΔCt 
method.

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation. SPSS 21.0 software (International Business 

Machines, Armonk, NY, USA) was used for analysis. One‑way 
analysis of variance was used for comparison and P<0.05 indi-
cated a statistically significant difference.

Results

Cell cytokine secretion by CIK. The cell cytokine secretion 
of CIK was detected using an ELISA assay. The CIK mainly 
produced IFN‑γ, IL‑2, IL‑6 and IL‑12 at the end of the 

Figure 1. Cytokine secretion levels of INF‑γ, IL‑2, IL‑6, IL‑10 and IL‑12. The cytokine secretion by CIK after 24 and 72 h was analyzed by ELISA. Each 
experiment was performed three times and the control group was formed of unstimulated mononuclear blood lymphocytes. Values are expressed as the 
mean ± standard deviation. *P<0.05; **P<0.01. IFN‑γ, interferon‑γ; IL, interleukin; CIK, cytokine-induced killer cells.

Figure 2. Effects of CIK on MDR reversal in U87MG/DDP cells. The MDR reversal effect of CIK cells on the U87MG/DDP and U87MG cells was assessed 
using an MTS assay. Values are expressed as the mean ± standard deviation (n=5). P<0.05, groups I, II and III vs. the parent group; groups I and II vs. group III; 
group I vs. group II. Groups: Parent group, native U87MG cells; I, U87MG/DDP; II, U87MG/DDP with 10:1 CIK; III, U87MG/DDP with 20:1 CIK. MDR, 
multidrug‑resistance; CIK, cytokine-induced killer cells; U87MG/DDPs, cisplatin-resistant U87MG cell line.

Figure 3. Effect of CIK on apoptosis induction in U87MG/DDP cells. (A) Apoptosis of U87MG/DDP cells incubated with CIK was assessed using flow 
cytometric analysis. (B) Quantified apoptotic rates. Values are expressed as the mean ± standard deviation (n=3). *P<0.05; **P<0.01 vs. Group I. Groups: I, 
U87MG/DDP; II, U87MG/DDP with 10:1 CIK; III, U87MG/DDP with 20:1 CIK. CIK, cytokine-induced killer cells; U87MG/DDP, cisplatin-resistant U87MG 
cell line; FITC, fluorescein isothiocyanate; PI, propidium iodide. *P<0.05 and **P<0.01 vs. Group I.

  A   B
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culturing period. Cytokine secretion levels in each group were 
assessed prior to and after inductive cytokine treatments. As 
shown in Fig. 1, the levels of IFN‑γ, IL‑2, IL‑6 and IL‑12 were 
slightly enhanced following culture for 72 h.

Effects of CIK cells on MDR reversal in U87MG/DDP cells. 
The viability of U87MG/DDP cells treated with cisplatin at 
various concentrations (0, 0.1, 0.5, 1, 5, 10, 50 and 100 µM) for 
72 h was assessed and the effects of co-incubation with CIK 
on MDR reversal in U87MG/DDP were evaluated using an 
MTS assay. As shown in Fig. 2, the cytotoxicity of cisplatin to 
group-II cells was higher than that to group-I cells, while that to 
group-III cells was even higher, indicating an MDR-reversing 
effect of CIK on U87MG/DDP.

CIK induce apoptosis in U87MG/DDP. To investigate the 
effects of CIK on apoptosis, Annexin  V‑FITC/PI double 
staining was employed. As shown in Fig. 3, the apoptotic 
rate in group II was higher than that in group I, while that in 
group III was even higher. This indicated that co-culture with 
CIK increased the apoptotic rate of U87MG/DDP.

CIK induce Rh‑123 production and reduce P‑gp expression in 
U87MG/DDP. The intracellular Rh‑123 content and expres-
sion of P‑gp were analyzed by flow cytometry. As shown 
in Fig. 4, the intracellular Rh‑123 content in group II was 
increased compared with that in group I, and the expression of 
P‑gp in group II was lower than that in group I; these effects 

were even more marked in group III. These results indicated 
that co-incubation with CIK increased the intracellular Rh‑123 
content, while having an inhibitory effect on P‑gp expression 
in U87MG/DDP cells.

CIK reduces MDR‑associated gene expression in 
U87MG/DDP. To further study the mechanism of the MDR 
reversal by CIK, the expression of MDR‑associated proteins 
and genes (MDR1, MRP1, Bcl‑2, Survivin and GST‑π) was 
analyzed by western blot and RT-qPCR analyses. As shown 
in Fig. 5, the protein and mRNA expression of these genes 
in group II was lower than that in group I, while it was even 

Figure 5. Effects of CIK on MDR‑associated proteins and genes in U87MG/DDP cells. (A) U87MG/DDP cells were treated for 72 h, and the protein expres-
sion of MDR1, MRP1, Bcl‑2, Survivin and GST‑π was assessed using western blotting. (B) mRNA levels of MDR1, MRP1, Bcl‑2, Survivin and GST‑π were 
assessed by reverse transcription‑quantitative polymerase chain reaction assays in cells. GAPDH served as an internal reference. Values are expressed as the 
mean ± standard deviation (n=5). *P<0.05 and **P<0.01. Groups: I, U87MG/DDP; II, U87MG/DDP with 10:1 CIK; III, U87MG/DDP with 20:1 CIK. CIK, 
cytokine-induced killer cells; U87MG/DDP, cisplatin-resistant U87MG cell line; MDR, multidrug‑resistance; MRP, MDR‑associated protein; Bcl-2, B-cell 
lymphoma 2; GST, glutathione S‑transferase.

Figure 4. Effects of CIK on intracellular Rh‑123 content and P‑gp expression in U87MG/DDP cells. (A) Effects of CIK on P‑gp expression in U87MG/DDP 
cells. (B) Effects of CIK on the intracellular Rh‑123 content of U87MG/DDP cells. Values are expressed as the mean ± standard deviation (n=3). *P<0.05 
and **P<0.01 vs. Group I. Groups: I, U87MG/DDP; II, U87MG/DDP with 10:1 CIK; III, U87MG/DDP with 20:1 CIK. CIK, cytokine-induced killer cells; 
U87MG/DDP, cisplatin‑resistant U87MG cell line; P-gp, P-glycoprotein; Rh, rhodamine. 

  A   B

  A   B

Figure 6. Effects of CIK on the AKT/NF‑κB signaling pathway in 
U87MG/DDP cells. The protein expression of total‑AKT, p‑AKT and 
NF‑κB was assessed by western blot analysis. Groups: I, U87MG/DDP; II, 
U87MG/DDP with 10:1 CIK; III, U87MG/DDP with 20:1 CIK. CIK, cyto-
kine‑induced killer cells; U87MG/DDP, cisplatin-resistant U87MG cell line; p, 
phosphorylated; NF, nuclear factor.



MOLECULAR MEDICINE REPORTS  12:  7027-7032,  2015 7031

lower in group III, indicating an inhibitory effect of CIK on 
the expression of MDR‑associated genes in U87MG/DDP.

The NF‑κB/AKT signaling pathway is involved in the MDR 
reversal of CIK. It has been reported that activation of NF‑κB 
followed by Akt phosphorylation has a role in the regulation 
of cell survival, apoptosis and drug resistance  (8,9). The 
present study therefore investigated whether the intracellular 
AKT/NF‑κB signaling pathway was involved in the effects of 
CIK on MDR. The expression of NF‑κB and AKT was assessed 
by western blot analysis. As shown in Fig. 6, co-incubation 
with CIK decreased the phosphorylation of AKT, but did not 
affect total‑Akt expression. Furthermore, the expression levels 
of NF‑κB were decreased in U87MG/DDP co-incubated with 
CIK. These results suggested that CIK induced apoptosis and 
MDR reversal by inactivation of NF‑κB via the Akt/NF‑κB 
pathway.

Discussion

Due to the insidious onset of glioma and high degree of malig-
nancy, most patients are already in intermediate‑to-advanced 
stage at the time of diagnosis, which is characterized by 
a low rate of applicability of resection and frequently 
occurring post‑operative local recurrence and metastasis. 
In addition, the poor immune function in patients with 
intermediate‑to‑advanced stage glioma further results in poor 
clinical efficacy (10,11). Accordingly, it is of high importance 
to identify novel treatment protocols, improve the quality of 
life in patients with intermediate‑to-advanced stage glioma 
and to increase their survival rate. In recent years, biotherapy 
has attracted increasing attention as a treatment option for 
glioma (12,13).

Based on the enormous potential of immune cells in tumor 
treatment, biotherapy has become a novel and increasingly 
emphasized means of comprehensive tumor treatment. CIK 
have the potent anti‑tumor activity of T cells as well as the 
non‑major histocompatibility complex‑restricted cytotoxicity 
of natural killer cells with a high proliferation rate and fewer 
toxic/side effects (14). As experimental and clinical studies 
have confirmed the efficacy of CIK on malignant tumors, 
CIK have rapidly become a focus of tumor immunotherapy 
research. A significant difference in cisplatin sensitivity with 
10:1 and 20:1 mixtures of glioma and CIK cells was identi-
fied.

Given the fact that the mechanisms of the drug resistance 
of glioma cells are closely associated with MDR genes, effec-
tive downregulation of these genes is the primary approach 
to reverse drug resistance  (15‑17). MDR1 is expressed in 
normal tissue and cell types. P‑glycoprotein (P‑gp), encoded 
by MDR1, is embedded in the cell membrane surface to form 
an efflux pump. P‑gp can also effect the secretion and trans-
port of lipids and exert additional functions, among which 
antiport predominates (18,19). The physiological significance 
of P-gp is to prevent cytotoxicity resulting from intracellular 
accumulation of endogenous or exogenous lipid‑soluble 
substances, including certain cellular metabolites, toxicants 
and other substances in order to maintain a relatively stable 
intracellular milieu. Certain lipid‑soluble and naturally 
derived drugs can induce P‑gp expression to easily cause 

the development of multi‑drug resistance. Rh‑123 is a classic 
substrate for the examination of P‑gp activity; the in vivo elim-
ination of Rh‑123 is only correlated with P‑gp activity and can 
therefore be used to determine intracellular drug concentra-
tions (20). CIK can effectively downregulate the expression of 
intracellular MDR1 and P‑gp, while upregulating Rh‑123 (21).

MRP1, a member of the adenosine triphosphate (ATP) 
binding cassette transporter protein super‑family, can 
upregulate the expression of ATP‑dependent GST‑π to excrete 
conjugated anions from the cells and have a role in the clear-
ance of exogenous toxins (22,23). In the present study, CIK 
effectively downregulated the expression of intracellular 
MRP1 and GST‑π, which may represent one of the mechanisms 
for the reversal of tumor drug resistance. Bcl‑2 and Survivin 
are two common anti‑apoptotic proteins, which are signifi-
cantly upregulated in drug-resistant tumor cells compared 
with non-resistant tumor cells. The present study confirmed 
that co-culture with CIK downregulated Bcl‑2 and Survivin 
levels and increased apoptosis in U87MG/DPP. Furthermore, 
co-culture with CIK downregulated the expression of NF‑κB 
and p‑Akt in U87MG/DPP, suggesting that the activity of this 
signaling pathway was decreased and that NF‑κB and p‑Akt 
signaling pathways were involved in CIK‑mediated reversal of 
drug resistance.

The drug resistance of glioma is the underlying cause of 
the limited efficacy of clinical treatments. Identifying effec-
tive reversal methods is therefore a contemporary issue to 
be addressed. The results of the present study showed that 
co-culture with CIK was able to reverse the resistance of 
glioma cells to the chemotherapeutic drug cisplatin in vitro. 
This enhancement of the sensitivity of glioma cells was 
mediated via the NF‑κB and p‑Akt signaling pathways, the 
induction of apoptosis and the reduction of the expression 
of MDR-associated genes. Future clinical studies should 
continuously aim to discover and explore methods with 
enhanced effectiveness in order to provide novel approaches 
for the development of clinical treatments to overcome drug 
resistance. CIK as a novel therapeutic have been employed in 
the clinical treatment of tumors due to their high tumoricidal 
activity, low side effects and other characteristics. Given the 
promising application prospect of this method, it is necessary 
to perform more in‑depth studies.
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