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Abstract. Cytokine‑induced killer (CIK) cells are a group 
of heterogeneous immune cells which can be isolated from 
human peripheral blood mononuclear cells and have demon-
strated therapeutic benefit both in hematologic malignancies 
and solid tumors, including colorectal cancer. However, 
poor tumor‑targeted migration has limited the clinical 
efficacy of CIK cell treatment. The chemokine‑chemokine 
receptor (CK‑CKR) axis serves a role in the tumor‑directed 
trafficking capacity of immune cells. Investigating the 
relationship between CKR profiles on the surface of CIK 
cells and chemokine expression levels in the tumor micro-
environment may improve CIK cell therapy. In the present 
study, the spectrum of chemokine expression levels in 
tumor tissues from patients with colorectal cancer (CRC) 
and CKR expression profiles in CIK cells obtained from the 
same individuals with CRC were investigated. The results 
showed that chemokine expression levels in tumor tissues 
exhibited variability and cell line heterogeneity. However, 
the expression levels of a number of chemokines were similar 
in different CRC donors and cell lines. Expression levels of 
CXCLL10, CXCL11 and CCL3 were significantly higher in 
most tumor tissues compared with adjacent normal tissues 
and highly expressed in most CRC cell lines. In accordance 
with chemokine expression levels, CKR profiles on the 
surface of CIK cells also showed donor‑to‑donor vari-
ability. However, concordant expression profiles of CKRs 

were identified in different patients with CRC. CXCR3 and 
CXCR4 were highly expressed on the surface of CIK cells 
through the culture process. Importantly, the expression 
levels of all CKRs, especially CCR4, CXCR4 and CXCR3, 
were notably decreased during the course of CIK cell 
expansion. The changing trend of CKR profiles were not 
correlated with the chemokine expression profiles in CRC 
tissues (CCL3, CXCL12 and CXCL10/CXCL11 were highly 
expressed in CRC tissue). Re‑stimulating CIK cells using 
chemokines (CCL21 and CXCL11) at the proper time point 
increased corresponding CKR expression levels on the 
surface of CIK cells and enhance tumor‑targeted trafficking 
in vitro. These results demonstrated that modification of the 
CK‑CKR axis using exogenous recombinant chemokines at 
the proper time point enhanced CIK cell trafficking ability 
and improved CIK antitumor effects.

Introduction

Colorectal cancer (CRC) is one of the most common 
malignant tumors and ranked the second leading cause of 
cancer‑associated mortalities worldwide in 2018 (1). Current 
treatment methods targeting CRC primarily include surgery 
assisted by radiotherapy and chemotherapy; however, high 
metastasis and recurrence rates remain primary causes of 
the high mortality associated with CRC (2). Cancer immu-
notherapy has received much attention and has become the 
focus of cancer therapy. Cytokine‑induced killer (CIK) cell 
therapy has demonstrable therapeutic benefits, preventing 
cancer recurrence, increasing the quality of life of patients 
with cancer and extending the progression‑free survival 
period; therefore, it has been extensively studied and applied 
in cancer therapies (3).

CIK cells are a group of heterogeneous cells obtained 
from the coculture of human peripheral blood mononuclear 
cells (PBMCs) and various cytokines, such as CD3McAb, 
interleukin (IL)‑2, interferon (INF)‑γ and IL‑1α (4). CIK cells 
expressing CD3 and CD56 membrane proteins function as 
natural killer (NK) T cells. These CIK cells possess both the 
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strong antitumor activity of T lymphocytes and the non‑major 
histocompatibility complex restricted tumor‑killing activity 
of NK cells (5‑8). CIK cells can specifically target the tumor 
and this may be associated with the corresponding associa-
tion between the chemokine expression profile of cancer cells 
and the chemokine receptor (CKR) expression profile in CIK 
cells (9).

Chemokines have similar structures and functions and their 
molecular weights primarily range from 8‑14 kDa. Chemokines 
stimulate chemotactic functions in several cell types, including 
neutrophils, lymphocytes and monocytes (10,11). During the 
antitumor immune response of the body, chemokines can 
mediate the targeted migration of immune cells in the blood 
and lymph nodes to tumor locations to function in the tumor 
immune response. This targeted migration has become a new 
focus of research (12).

The present study investigated the concordance between 
the chemokine expression profiles of tumor tissues from 
patients with CRC and the CKR expression profiles of the 
surface of CIK cells obtained from the peripheral blood from 
patients with CRC. The present study aimed to increase the 
tumor‑targeted migration ability of CIK cells through regula-
tion of the chemokine‑CKR axis in CRC.

Materials and methods

Clinical tumor and normal tissue samples. Tissue samples 
were collected from a total of 36 patients with histologi-
cally confirmed CRC at The Affiliated Hospital of Kunming 
University of Science and Technology, China. Tumor stage 
was classified according to the 7th edition of the Union 
for International Cancer Control (UICC)/American Joint 
Committee on Cancer TNM staging system for CRC (13). 
Among the 36 patients, 24 patients diagnosed with stage I‑II 
and 12 patients diagnosed with stage III‑IV. Tumor tissue and 
the corresponding normal tissue were collected at the same 
time from 7 patients who underwent surgical resection. The 
remaining 29 patients underwent digestive endoscopic resec-
tion and only tumor tissues were collected (Table I). Fresh 
tissues were washed with RPMI‑1640 medium within 30 min 
of removal (HyClone; GE Healthcare Life Sciences) to remove 
traces of blood and the samples were cut into pieces for RNA 
extraction immediately, or stored in liquid nitrogen at ‑196˚C. 
Blood samples from 20  patients with CRC (male:female, 
12:8; median age ± standard deviation, 57±19 years) and 10 
from healthy donors (male:female,5:5; median age ± standard 
deviation, 55±10 years) were also collected to cultivate CIK 
cells (Table I). The present study was approved by The Ethics 
Committee of the First People's Hospital of Yunnan Province 
and all patients provided written informed consent.

CRC cell lines. The CRC cell lines DLD1, HCT116, SW480, 
SW620, HT29, LOVO and LS174T were purchased from the 
Typical Culture Preservation Committee Kunming Cell Bank, 
Kunming Institute of Zoology, Chinese Academy of Sciences. 
All of the cell lines were cultured in RPMI‑1640 (Hyclone; 
GE Healthcare) containing 10% fetal bovine serum (FBS; 
Biological industries) and antibiotics (100 U/ml penicillin and 
100 µg/ml streptomycin, Biological Industries) in a humidified 
incubator with 5% CO2 at 37˚C.

RNA extraction and detection of chemokine expression 
profiles in tissues and cells using RT‑qPCR. Total RNA was 
extracted from tissue samples and cells using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). The concentra-
tion and purity of total RNA samples were verified using a 
NanoDrop 2000 (Thermo Fisher Scientific, Inc.). RNA was 
reverse transcribed into cDNA using a GoScriptTM Reverse 
Transcription system (Promega Corporation) according to 
the supplied instructions. In brief, 5 µg RNA was mixed 
with the primers and nuclease‑free water completely and 
heated in a 70˚C heat block for 5 min. The RNA was then 
placed in ice water for ≥5 min. Then the reverse transcription 
reaction mixture was prepared. The reverse transcription 
mix was combined with 5 µl of RNA and primer mix and 
the following temperature protocol were used: Annealing at 
25˚C for 5 min, extension at 42˚C for 1h and then inactiva-
tion of reverse transcriptase at 70˚C for 15 min. The cDNA 
was then used to measure the expression levels of CCL3, 
CCL5, CCL17, CCL19, CCL21, CCL22, CXCL10, CXCL11 
and CXCL12 in CRC tumor and adjacent samples, as well 
as in CRC cells using SYBR Fast qPCR Master mix (Kapa 
Biosystems; Roche Diagnostics) and a Roche LightCycler 480 
(Roche Diagnostics). The sequences of the primers used for 
RT‑qPCR are shown in Table II (Takara Biotechnology Co., 
Ltd.). GAPDH was used for data normalization or reference 
of chemokines expression level in the CRC cell lines. The 
qPCR mixture was comprised of 10 µl 2x KAPA SYBR 
FAST qPCR Master mix, 0.4 µM each primer, 0.5 µl cDNA 
and PCR‑grade water in a final reaction volume of 20 µl. The 
thermocycling conditions were as follows: Pre‑incubation at 
95˚C for 3 min, amplification at 95˚C for 10 sec, 56˚C for 
20 sec and extension/data acquisition at 72˚C for 30 sec, for 
a total of 40 cycles. The melt curve was as follows: 95˚C for 
5 sec, 65˚C for 1 min, with a continuous increase in tempera-
ture from 65‑97˚C at the rate of 0.02˚C/sec with 10 signal 
acquisitions per degree; and cooling at 40˚C for 10 sec. The 
2‑ΔΔCq method was used for data analysis (14).

Extraction of CIK cells. Blood samples from healthy donors 
or patients with CRC were processed using Ficoll‑Hypaque 
density gradient centrifugation (Beijing Solarbio Science 
and Technology Co., Ltd.) to obtain PBMCs. After washing 
in RPMI‑1640 medium, 2x106  cells were resuspended in 
RPMI‑1640 medium containing 10% FBS, 2  mM gluta-
mine, 100 IU/ml penicillin and 100  IU/ml streptomycin 
in a cell culture f lask. After incubation for 24  h with 
1,500 IU/ml INF‑γ (Shanghai ChemoWanbang Biopharma 
Co., Ltd.; cat. no. S10980084), 5,000 IU/ml IL‑2 (Beijing 
T&L Biotechnology Co., Ltd; cat. no. TL‑104) and 100 ng/ml 
anti‑CD3 antibodies (1:10,000; Wuhan Institute of Biological 
Products Co., Ltd.; cat.  no.  S19990012) were added and 
maintained at 37˚C in humidified atmosphere of 5% CO2 for 
2 days. Then fresh culture medium containing 5,000 IU/ml 
recombinant human (rh)IL‑2 was added every 2 to 3 days. 
In some assays, the recombinant chemokine ligand CCL21 
(100 ng/ml) or CXCL11 (10 ng/ml) (PeproTech, Inc.) was 
added during the culture process. The cells were main-
tained at 37˚C in a humidified atmosphere of 5% CO2. After 
13 days, cells were harvested for flow cytometry or Transwell 
analysis.
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Detection of the targeted migration ability of CIK cells using 
a Transwell assay. To assess the effects of CRC cells with 
different expression levels of chemokines on the targeted 
migration ability of CIK cells, DLD1 (low expression of 
chemokine CCL21 and CXCL11), SW480 (high expression of 
chemokine CCL21) and HT29 (high expression chemokine 
of CXCL11) were used. In brief, 200 µl CIK cell suspension 
containing 5x105 cells was inoculated in the top chamber of 
a 24‑well Transwell plate (5 µm; Corning Inc.) and 600 µl 
CRC cell suspension (DLD1, SW480 or HT29) containing 
5x105 cells was added to the bottom chamber and placed in an 
incubator at 37˚C with 5% CO2 for 24 h. Then the number of 
CIK cells that had migrated to the bottom chamber was imaged 
and counted using a flow cytometer. To assess the effects of 
different concentrations of recombinant human chemokine 
proteins on the targeted migration ability of CIK cells, 200 µl 
CIK cell suspension containing 5x105 cells was inoculated in 
the top chamber of a Transwell plate and 600 µl of RPMI‑1640 
contained 10% FBS and either rhCCL21 (final concentration 
100 or 10 ng/ml) or rhCXCL11 (final concentration 10 or 
0.1 ng/ml) was added to the bottom chamber. To assess the 
effects of the chemokine pretreatment of CIK cells on the 
expression levels of CKRs and cell‑targeted migration ability, 
after culturing the CIK cells for 12 days, either rhCCL21, (final 
concentration of 100 ng/ml) or rhCXCL11 (final concentration 

10 ng/ml) was added to the CIK cell culture system. After 
culturing the cells for another 2 days, 200 µl CIK cell suspen-
sion containing 5x105 cells was collected and inoculated in the 
top chamber of a Transwell plate and 600 µl of RPMI‑1640 
containing 10% FBS and either rhCCL21 (final concentration 
100 ng/ml) or rhCXCL11 (final concentration 10 ng/ml) was 
added to the bottom chamber. The control was composed of 
CIK cells without pretreatment with the recombinant chemo-
kine. Cells were placed in an incubator at 37˚C with 5% CO2 
for 24 h. After the top chamber of the Transwell was discarded, 
the number of CIK cells that had migrated to the bottom 
chamber was imaged and counted using a flow cytometer.

Detection of the CKR expression profiles in CIK cells 
using flow cytometry. For CIK cells harvested on days 7, 
14, 21 and 28 were washed twice with washing buffer (PBS 
buffer containing 0.5% BSA), blocked with blocking buffer 
(PBS containing 2% BSA) for 10 min at 4˚C and washed 
twice again. Then the washed CIK cells were stained with 
5  µl of the following monoclonal antibodies in 100  µl 
blocking buffer (PBS containing 1% BSA) for 30  min at 
4˚C, washed twice, resuspended in 100 µl PBS buffer and 
analyzed via flow cytometry. The following antibodies were 
used and diluted 1:20 in blocking buffer (PBS containing 
1% BSA): CD3‑FITC (cat.  no.  11‑0036‑42), CD56‑APC 

Table I. Clinicopathological characteristics of patients with CRC and healthy control individuals.

	 Sample used for	 Sample used for CIK cell culture and chemokine
	 chemokine detection	 receptor detection
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Characteristic	 Patients with CRC (n=36)	 Patients with CRC (n=20)	 Healthy control (n=10)

Age, n (%)			 
  ≤60 years	 20 (55.6)	 11 (55.0)	 6 (60.0)
  >60 years	 16 (44.4)	 9 (45.0)	 4 (40.0)
Sex, n (%)			 
  Male	 18 (50.0)	 12 (60.0)	 5 (50.0)
  Female	 18 (50.0)	 8 (40.0)	 5 (50.0)
Tumor site, n (%)			 
  Colon	 14 (38.9)	 6 (30.0)	‑
  Rectum	 22 (61.1)	 14 (70.0)	‑
UICC stage, n (%)			 
  I‑II	 24 (.66.7)	 12 (60.0)	‑
  III‑IV	 12 (33.3)	 8 (40.0)	‑
Histologic grade, n (%)			 
  Well	 1 (2.8)	 0 (0.0)	‑
  Moderate	 24 (66.7)	 14 (70.0)	‑
  Poor	 11 (30.5)	 6 (30.0)	‑
Tumor size, cm, n (%)			 
  ≤5 cm	 30 (83.3)	 16 (80.0)	 ‑
  >5 cm	 6 (116.7)	 4 (20.0)	‑
Lymph node metastasis, n (%)			 
  None	 32 (88.9)	 18 (90.0)	‑
  Present	 4 (11.1)	 2 (10.0)	‑

https://www.spandidos-publications.com/10.3892/ol.2020.11539
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(cat. no. 17‑0567‑42), CCR4‑PE (cat. no. 12‑1949‑41), CCR5‑PE 
(cat.  no.  12‑1956‑41), CCR7‑PE (cat.  no.  12‑1979‑42), 
CXCR3‑PE (cat.  no.  12‑1839‑42) and CXCR4‑PE 
(cat. no. 12‑9999‑41) antibodies, as well as the corresponding 
isotype controls IgG2a‑PE (cat. no. 12‑4321‑80), IgG1a‑PE 
(cat. no. 12‑4714‑82), IgG1a‑FITC (cat. no. 11‑4714‑81) and 
IgG1a‑APC (cat. no. 17‑4714‑82). All antibodies were purchased 
from eBioscience; Thermo Fisher Scientific, Inc. Data were 
obtained using a MoFlo flow cytometer (BeckmanCoulter, Inc.) 
and analyzed using Summit version 5.2 (Beckman Coulter, 
Inc.) and FlowJo version 10 software (Becton, Dickinson and 
Company).

Statistical analysis. GraphPad software version 5.0 (GraphPad 
Software) was used for statistical analysis. Analyses were 
performed using an unpaired Student's t‑test with Welch's 
correction and one‑way or two‑way ANOVA with Bonferroni's 
correction or Tukey‑Kramer post‑hoc tests where appropriate. 

The statistical test used for each figure is described in the 
corresponding figure legend. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Different levels of chemokine expression were detected in CRC 
tissues. The RT‑qPCR results revealed significantly higher 
expression levels of the chemokine ligands CCL3, CCL17, 
CCL22 and CXCL10 in cancer tissues (n=36) compared 
with adjacent normal tissues (n=7) (P<0.05, P<0.01, P<0.001 
and P<0.01, respectively), whereas other chemokine ligands 
(CCL5, CCL19, CCL21, CXCL11 and CXCL12) exhibited no 
significant differences between CRC tumor tissues and adja-
cent normal tissues (Fig. 1).

Chemokine expression profiles in different patients with CRC 
and CRC cell lines showed both common characteristics 
and donor‑to‑donor variation. The chemokine expression 
levels were evaluated in both the colon tumor tissues and 
corresponding adjacent normal tissues of 7 patients with CRC. 
In addition, 7 CRC cell lines (174T, HCT116, DLD1, SW620, 
LOVO, SW480 and HT29) were also evaluated. The data 
demonstrated that the expression levels of certain chemokines 
were concordant in the cancer tissues of different patients 
with CRC and different CRC cell lines. For example, CXCL11 
expression levels were significantly higher in 6/7 cases of 
cancer tissues from patients with CRC compared with normal 
tissues (all P<0.001; Fig. 2A) and highly expressed in 5/7 CRC 
cell lines chemokines were upregulated more than 5‑fold 
compared with GAPDH (Fig. 2B). Similarly, the expression 
levels of CCL3 were significantly higher in 4/7 cancer tissues 
compared with adjacent normal tissues (P<0.001; Fig. 2A) and 
3/7 CRC cell lines relative to GAPDH expression (>2‑fold of 
the CCL3/GAPDH expression ratio was the cut off value used. 
The expression ratio of CCL3/GAPDH in SW620, SW480 and 
HT29 was 2.00±0.15, 8.85±0.35 and 3.45±0.39, respectively; 
Fig 2B). In addition, CXCL10 expression levels were higher 
in 7/7 cases of CRC compared with adjacent normal tissue 
(CRC tissue vs. adjacent normal tissue; 6/7 samples P<0.001 
and 1/7 sample P<0.01) and 3/7 CRC cell lines (LOVO, 
SW480 and HT29) compared with GAPDH exhibited a 2‑fold 
change in the CCL3/GAPDH expression ratio. The ratio of 
CXCL10/GAPDH in LOVO, SW480 and HT29 was 3.69±0.23, 
3.42±0.37 and 2.41±0.09, respectively. The expression levels of 
CCL19 did not differ between all the cancer tissues and normal 
tissues. The same result was also observed in 6/7 CRC cell 
lines (with the exception of SW480). However, the chemokine 
expression profiles in cancer tissues from different patients 
with CRC and in different CRC cells showed heterogeneity 
(Fig. 2A and B).

CXCR3 and CXCR4 were more highly expressed on the surface 
of CIK cells derived from patients with CRC compared with 
those derived from healthy controls. On days7, 14, 21 and 28 
of culture of peripheral blood CIK cells from patients with 
CRC (n=20) and healthy individuals (n=10), CKR expression 
levels in CIK cells were detected using flow cytometry. The 
results indicated that the CIK cells derived from patients with 
CRC or healthy individuals showed similar CKR expression 

Table II. Primers used for reverse transcription‑quantitative 
PCR.

Gene	 Sequence, 5'→3'

GAPDH
  Forward	 TGACTTCAACAGCGACACCCA
  Reverse	 CACCCTGTTGCTGTAGCCAAA
CCL3
  Forward	 TGTTGCCAAACAGCCACAC
  Reverse	 CAGAGCAAACAATCACAAACACAC
CCL5
  Forward	 TCCCACAGGTACCATGAAGGTC
  Reverse	 GCAATGTAGGCAAAGCAGCAG
CCL17
  Forward	 CAGAGGGACCTGCACACAGA
  Reverse	 TTCAGCTTTCTAAGGGGAATGG
CCL19
  Forward	 ACCAGGCTTCCAGCTCCTCT
  Reverse	 ACCAGGCGGCTTTATTGGT
CCL21
  Forward	 GCCACACTCTTTCTCCTGCTTT
  Reverse	 ACTCTCCCTCCTCGGTCTCTCT
CCL22
  Forward	 GGTATTTGAACCTGTGGAATTGGAG
  Reverse	 CAGGCCCTGGATGACACTGA
CXCL10
  Forward	 TGCAAGCCAATTTTGTCCAC
  Reverse	 GACCTTTCCTTGCTAACTGCTTTC
CXCL11
  Forward	 GCTGTGATATTGTGTGCTACAGTTG
  Reverse	 TTGGGTACATTATGGAGGCTTTC
CXCL12
  Forward	 CCCTGCTTACCCGCAAAA
  Reverse	 CTTCAGAGGCAATCACAAAACC 
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profiles. CXCR3 and CXCR4 had higher expression levels 
on CIK cells compared with isotype, while the expression 
profiles of CCR4, CCR5 and CCR7 did not show significant 
changes compared with isotype (Fig. 3A). At the 4 time points 
examined, the expression levels of both CXCR3 and CXCR4 
were significantly higher in CIK cells from patients with CRC 
compared with those from healthy individuals (P<0.001). 
However, the expression levels of CCR4, CCR5 and CCR7 
in CIK cells from patients with CRC and healthy individuals 
differed over time; CCR4 expression levels on day 7 (P<0.01) 
and day 28 (P<0.05), CCR5 on day 28 (P<0.05) and CCR7 on 
day 7 (P<0.01), 21 (P<0.05) and 28 (P<0.05) were significantly 
higher in CIK cells from patients with CRC compared with 
those from healthy individuals (Fig. 3B).

Expression levels of CKRs on the surface of CIK cells decreased 
gradually during the expansion process. Analyses of the 
changing trends of the CKR expression profiles of CIK cells 
from patients with CRC (n=20) over time showed that CCR4 
and CXCR4 expression levels peaked on day 7 (11.06±2.020 
and 53.89±5.539%, respectively); then, CCR4 and CXCR4 
expression levels gradually decreased and reached their 
minimum values on day 28 (3.697±0.839 and 14.630±2.112%, 
respectively). The changes in expression levels of day 28 and 
day 7 in CCR4 and CXCR4, respectively were significant 

(P=0.015 for CCR4 and P<0.001 for CXCR4). Expression 
levels of CCR5, CCR7 and CXCR3 were detected on day 7 
(5.165±1.673, 8.663±1.810 and 57.040±5.486%, respectively) 
and then these expression levels reached their peak on day 14 
(7.855±2.521, 9.620±2.410 and 75.140±5.319%, respectively) 
and then gradually decreased. On day 28, the expression levels 
of CCR5, CCR7 and CXCR3 returned to levels similar to 
those on day 7 (4.913±1.006, 6.209±1.415 and 61.060±3.577%, 
respectively); however, the changes in expression levels of 
these 3 CKRs over time were not significant (Fig. 4).

CKR expression levels could be boosted by adding exogenous 
recombinant chemokines. CCL21 and CXCL11 were sepa-
rately added to the CIK cell culture system on days 5, 12, 19 
and 26. After culturing for another 2 days (to days 7, 14, 21 
and28, respectively), the CIK cells were collected and the 
expression levels of CCR7 (the corresponding ligand of CCL21) 
and CXCR3 (the corresponding ligand of CXCL11)  (15) 
were detected using flow cytometry. CCR7 expression levels 
on day 14 were significantly higher in CIK cells pretreated 
with CCL21 compared with CIK cells without pretreatment 
(8.350 vs. 4.235%; P<0.05), whereas CCR7 expression levels 
were not significantly increased at the 3other time points. 
CXCR3 expression levels were significantly higher on day 7 in 
CIK cells pretreated with CXCL11 compared with CIK cells 

Figure 1. Chemokine expression profiles of CRC tumor and adjacent tissues. The expression levels of chemokine ligands CCL3, CCL17, CCL22 and CXCL10 
in cancer tissues (n=36) was significantly higher compared with distant normal tissues (n=7). Meanwhile, the expression levels of other chemokine ligands 
(CCL5, CCL19, CCL21, CXCL11 and CXCL12) had no significant differences between CRC tumor sites and adjacent normal tissue. *P<0.05; **P<0.01; 
***P<0.001. The comparisons were performed by unpaired Student's t‑test with Welch's correction. CRC, colorectal cancer.

https://www.spandidos-publications.com/10.3892/ol.2020.11539
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without pretreatment (35.500 vs. 9.570%; P<0.05), whereas 
CXCR3 expression levels were not significantly increased at 
the 3 other time points (Fig. 5).

Boosting CKR expression levels enhances the tumor‑targeted 
trafficking ability of CIK cells. To explore the trafficking 
ability of CIK cells, a Transwell assay was performed and the 
CIK cells that migrated into the lower chamber were observed 
under a microscope (Fig. 6A) or counted using flow cytometry 
(Fig. 6B‑E). When the bottom chamber of the Transwell was 
inoculated with DLD1 cells with low CCL21 expression levels 
(CCL2‑L) and SW480 cells with high CCL21 expression levels 
(CCL2‑H), DLD1 cells had a significantly reduced effect on 
the chemotactic ability of CIK cells compared with that of 
SW480 cells (41,430±575 vs. 101,300±8,250; P<0.05; Fig. 6B). 
Similar results were obtained in experiments using different 
concentrations of recombinant CCL21 to influence the chemo-
tactic ability of CIK cells. When the CCL21 concentrations 
in the bottom chamber of the Transwell were 10 ng/ml and 

100 ng/ml, 10 ng/ml CCL21 had a significantly lower effect on 
the chemotactic ability of CIK cells compared with 100 ng/ml 
CCL21 (5,400±900 vs. 28,450±3,050; P<0.05; Fig. 6C). When 
the CCL21 concentration in the bottom chamber of the 
Transwell was 100 ng/ml, a significantly greater number of 
CIK cells cultured to day 14 migrated from the top to the 
bottom chamber pretreated with exogenous CCL21 vs. without 
CCL21 pretreatment (132,000±12,000 vs. 28,450±3,050; 
P<0.05; Fig. 6C).

When DLD1 cells with low CXCL11 expression levels 
(CXCL11‑L) and HT29 cells with high CXCL11 expression 
levels (CXCL11‑H) were separately inoculated in the bottom 
chamber in the Transwell assay, DLD1 cells had a signifi-
cantly reduced effect on the chemotactic ability of CIK cells 
compared with HT29 cells (40,500±1,500 vs.79,250±2,750; 
P<0.01; Fig. 6D). Similar results were also obtained using 
different concentrations of recombinant CXCL11 to influence 
the chemotactic ability of CIK cells. The addition of 0.1 ng/ml 
CXCL11 to the bottom chamber had a significantly reduced 

Figure 2. Chemokine expression profiles of patients with CRC and CRC cell lines. The expression levels of 9 chemokine ligands were detected in tumor and 
the paired adjacent normal samples from (A) 7 patients with CRC(CRC‑11, CRC‑12, CRC‑13, CRC‑14, CRC‑15, CRC‑34 and CRC‑36) and (B) 7CRC cell lines 
(DLD1, HCT116, SW620, SW480, HT29, LOVO and LS174T) using reverse transcription‑quantitative PCR. The expression levels of 3 chemokine ligands 
(CXCL11, CCL3 and CCL19) were consistently upregulated in the majority of the CRC patients compared with the adjacent normal samples and also in CRC 
cell lines relative to the house‑keeping gene GAPDH. Expression levels of CCL19 were not significantly different in tumor vs. paired adjacent normal samples 
and CRC cell lines relative to the house‑keeping gene GAPDH. However, the expression profiles of chemokines between patients with CRC and CRC cell 
lines were heterogeneous. The comparisons were performed using two‑way ANOVA analysis and Bonferroni's correction. *P<0.05; **P<0.01; ***P<0.001. CRC, 
colorectal cancer.
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effect on the chemotactic ability of CIK cells compared 
with of 10 ng/ml CXCL11 (51,250±1,750 vs. 84,000±600; 
P<0.05; Fig. 6E). At a CXCL11 concentration of 10 ng/ml in 
the bottom chamber, there was no significant increase in the 

number of CIK cells that migrated to the bottom from the top 
chamber pretreated with exogenous CXCL11 and cultured to 
day 14 vs. without CXCL11 pretreatment (114,500±11,500 vs. 
84,000±6,000, respectively; P>0.05) (Fig. 6E).

Figure 3. Expression levels of chemokine receptors on CIK cells generated from patients with CRC and healthy donors. (A) Analysis of the expression levels 
of CCR4, CCR5, CCR7, CXCR3 and CXCR4 on CIK cells via flow cytometry revealed that CXCR3 and CXCR4 had higher expression levels on CIK cells 
compared with isotype, expression profiles of CCR4, CCR5 and CCR7 did not show significant changes compared with isotype. (B) Dynamic changes of 
chemokine receptors CCR4, CCR5, CCR7, CXCR3 and CXCR4 of CIK cells on D7, 14, 21 and 28 were detected in patients with CRC and HD CIK cells via 
flow cytometry. The result revealed that expression levels of CXCR3 and CXCR4 were significantly higher on CIK cells cultured from CRC compared with 
HD at all the time points analyzed, while the expression levels of CCR4, CCR5 and CCR7 were significantly higher on CIK cells cultured from CRC compared 
with HD at different time points analyzed (CCR4 on D7 and D28; CCR5 on D28; CCR7 on D7, D21 and D28). All comparisons were performed using unpaired 
Student's t‑test with Welch's correction. *P<0.05; **P<0.01; ***P<0.001. CRC, colorectal cancer; HD, healthy donors; CIK, cytokine‑induced killer cell.

Figure 4. CKR expression level trends over time in culture. Levels of each CKR are shown at D7, 14, 21 and 28 for each CRC expansion. The expression levels 
of CCR4 and CXCR4 on the CIK cells peaked on D7 and gradually reduced over time in culture. A trend towards significantly reduced CKR expression levels 
was observed over the time points for CCR4 (D28 vs. D7: P=0.015) and CXCR4 (D28 vs. D7: P<0.001, D28 vs. D21: P=0.049 and D21 vs. D7: P=0.031). 
However, the changes in expression levels of these CCR5, CCR7 and CXCR3 over time were not significant. Comparisons were performed using one‑way 
ANOVA with Bartlett's correction. CKR, chemokine receptor; CRC, colorectal cancer; CIK, cytokine‑induced killer cell; D, day.
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Discussion

Due to their strong cell‑killing capacity and broad antitumor 

spectrum, CIK cells can effectively kill chemotherapy‑resis-
tant tumor cells. CIK cells exhibit clear efficacy regarding the 
clearance of minimal residual lesions of tumors and have few 

Figure 5. Expression of chemokine receptors on CIK cells could be elevated by corresponding recombinant chemokines. Chemokine ligands CCL21 and 
CXCL11 were added to the CIK culture process respectively to stimulate the expression level of corresponding chemokine receptors CCR7 and CXCR3 on 
CIK cells. As data showed that compared with the untreated group the percentage of CCR7(+) CIK cells was significantly enhanced after stimulation on D14. 
Similarly, chemokine ligand CXCL11 elevated the percentage of CXCR3(+) CIK cells after stimulation on D7. Comparisons were performed using two‑way 
ANOVA analysis and Bonferroni's correction *P<0.05. CIK, cytokine‑induced killer cells; D, day.

Figure 6. Chemokine ligand‑treated CIK cells showed greater migration in Transwell assay. (A) Treated or untreated CIK cells were added into the upper 
well and recombinant chemokine or tumor cells were added into the lower well of Transwell chamber. Numbers of migrated immune cells were imaged and 
counted using flow cytometry. (B) CRC cell lines with different chemokine ligand expression levels showed different abilities of CIK cell migration. CIK cells 
exhibited higher ability to migrate to SW480 (CCL21‑H) compared with DLD1 (CCL21‑L). (C) CIK cells exhibited higher ability to migrate with a higher 
concentration of recombinant CCL21 (100 ng/ml) compared with lower concentration of CCL21 (10 ng/ml). When the concentration of recombinant CCL21 
was the same (100 ng/ml), CIK cell pre‑treated with CCL21 exhibited higher ability to migrate to the lower chamber compared with untreated CIK cells. 
(D) CIK cells exhibited higher ability to migrate to HT29 (CXCL11‑H) than DLD1 CXCL11‑L). (E) CIK cells exhibited higher ability to migrate to higher 
concentration of recombinant CXCL21 (10 ng/ml) compared with lower concentration of CXCL21 (0.1 ng/ml). When concentration of recombinant CXCL21 
was the same (10 ng/ml), CIK cell pre‑treated by CXCL21 exhibited no significant ability to migrate to the lower chamber when compared with untreated CIK 
cells. Unpaired Student's‑tests were performed to analyze the data of (B) and (D). One‑way ANOVA and Tukey‑Kramer post‑hoc test was performed to analyze 
the data of (C) and (E). *P<0.05; **P<0.01. CIK, cytokine‑induced killer cells; L, low; H, high.
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side effects; therefore, CIK cells have become an extensively 
used treatment for adoptive cellular immunotherapy (16).

CRC is a common malignant tumor with global high 
morbidity and mortality rates. Most patients with CRC are 
already in the late stage at the time of diagnosis and because 
late‑stage tumor cells have already spread or metastasized in 
patients with late‑stage CRC, conventional surgery have little 
therapeutic benefit. In addition, patients may not be able to 
tolerate traditional radio‑or chemotherapy; therefore, CIK cell 
treatment may improve the quality of life of these middle‑ to 
late‑stage patients and extend patient survival time (17,18). In 
the clinic, however, patients with CRC who have received CIK 
cell treatment usually present with different clinic efficacies, 
whereas a number of patients do not experience any therapeutic 
benefit (3).

How to effectively promote the infiltration of immune‑reac-
tive cells into tumors is an important focus of cancer research 
in order to increase the efficacy of antitumor immune‑ther-
apies. Successful antitumor immunotherapy enhances the 
tumor‑targeted trafficking ability of immune cells but requires 
effective methods for in vitro activation of these cells (19).

Chemokines are important regulatory factors that direct 
immune‑reactive cells to tumors. By binding to corresponding 
CKRs on the target cell membrane, chemokines can induce the 
targeted migration of target cells (20). The interaction between 
chemokines released in an abnormal cancer microenviron-
ment and CKRs on the surface of CIK cells is an important 
factor that affects the tumor‑targeted migration ability of 
CIK cells (21). The concordance between these two variables 
directly affects the treatment effects of CIK cells  (22‑24). 
Currently, however, the CKR expression profiles of CIK cells 
derived from patients with autologous CRC and the underlying 
molecular mechanisms influencing the tumor‑targeted migra-
tion ability of CIK cells via CKR expression profiles remain 
unclear. In the present study, the chemokine expression profiles 
in tumor tissues from patients with CRC and the CKR expres-
sion profiles of the surface of CIK cells derived from the same 
donors were detected. The corresponding association between 
these profiles was analyzed to understand the effects of the 
concordance between the chemokine expression profiles in the 
cancer microenvironment and the CKR expression profiles on 
CIK cells on the tumor‑targeted migration ability of CIK cells. 
In addition, a simple modification of the chemokine‑CKR axis 
for increasing the tumor‑targeted migration ability of CIK 
cells was also investigated.

First, the chemokine expression profiles in CRC tissues 
and adjacent normal tissues were examined, as well as in CRC 
cell lines. The results reported that the chemokine expres-
sion profiles in the tumor tissues from patients with CRC 
and different CRC cell lines had common characteristics. 
CXCL10, CXCL11 and CCL3 were overexpressed in most 
CRC tumor samples and CRC cell lines. In contrast, CCL19 
was expressed at low levels in both the tumor and adjacent 
normal samples. This effect might be due to the regulation 
of cancer cell proliferation and invasion through the interac-
tion with CXCR3 and CXCR7 (25). However, the chemokine 
expression profiles of tumor tissues from patients with CRC 
and in different CRC cell lines had significant heterogeneity. 
Due to the fact that the different CRC cell lines were derived 
from CRC tumor tissues from different patients with CRC, 

the high heterogeneity of chemokine expression profiles 
in patients with CRC may be associated with pathological 
factors, such as tumor stage and metastasis. Whether this 
heterogeneity affects the response to CIK cell treatment 
requires evidence from clinical observational data obtained 
from large sample sizes.

Next, the present study examined the CKR expression 
profiles on the surface of CIK cells from patients with CRC 
and healthy individuals. The dynamic changes in CKR expres-
sion levels in CIK cells during the expansion process were also 
monitored. The results showed that CIK cells from the two 
sources had similar CKR expression profiles: CXCR3 and 
CXCR4 were notably more highly expressed on the surface 
of CIK cells compared with CCR4, CCR5 and CCR7. In addi-
tion, the CKR expression levels on the surface of CIK cells 
derived from patients with CRC were significantly higher 
compared with those derived from healthy individuals. The 
differences in expression levels of CXCR3 and CXCR4 were 
the most notable. These results were inconsistent with those of 
our previous work (26), which demonstrated that the increased 
expression levels of CKR on the surface of CIK cells did not 
differ significantly between patients with CRC and healthy 
individuals. It was hypothesized that certain factors, such as 
the culture condition, ethnicity and pathological stage, might 
be associated with these differences. The present results 
also differed from those described by Wang et al  (9), who 
reported a reduction in the expression levels of CKR on the 
surface of CIK cells in patients with CRC compared with cells 
derived from healthy individuals. It was hypothesized that this 
discrepancy between the present study and the aforementioned 
study may be due to the disparate in vitro activation times of 
the CIK cells used for CKR detection, donor resources, such 
as UICC stage and other parameters. Therefore, future studies 
with larger sample sizes are needed.

It is noteworthy that all the CKR expression levels 
declined during the CIK cell culture process in both the 
present study and in the other two aforementioned previous 
reports (9,26). Therefore, due to these consistent results, 
the present study aimed to enhance CKR expression levels 
during the course of CIK cell culture and enhance CIK cell 
trafficking ability. Further analyses between the chemokine 
expression profiles in tumor tissues from patients with CRC 
and the CKR expression profiles on the surface of CIK 
cells derived from the same patients demonstrated that the 
chemokine and CKR expression profiles were associated. 
CXCR3 expression levels were higher on the surface of 
CIK cells and the expression of its corresponding ligand, 
CXCL10, was also higher in CRC tumor tissues compared 
with normal tissues. In addition, the expression levels of 
CCR4 were higher on the surface of CIK cells and the 
expression levels of its corresponding ligands, CCL3 and 
CCL22, were also higher in CRC tumor tissues compared 
with adjacent normal tissues. It was hypothesized that the 
corresponding association between chemokines and CKRs 
was important for allowing CIK cells to migrate to tumor 
tissue in patients with CRC. Consistent with the present 
study, Wang et al (9) demonstrated that expression levels 
CXCL10 was elevated in CRC tumor tissues compared 
with paracancerous tissues and that the expression levels 
of its corresponding ligand, CXCR3, were also increased in 
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CIK cells derived from patients with CRC compared with 
PBMCs before activation. However, no corresponding asso-
ciation between chemokine and CKR expression profiles 
was observed in the present study. For example, CXCR4 
expression levels were elevated on the surface of CIK 
cells but the expression levels of its corresponding ligand, 
CXCL12, were lower in CRC tumor tissues compared with 
paracancerous tissues. In addition, CCR7 expression levels 
were higher on the surface of CIK cells, but the expression 
levels of its corresponding ligands, CCL19 and CCL21, 
were not significantly different between CRC tumor tissues 
and normal tissues. The discrepancy between cytokine 
expression levels from tumor tissue and CKRs from CIK 
cells might impair CIK cell tumor‑targeted migration and 
limit the clinic efficacy of CIK cells in CRC.

The expression levels of chemokines in CRC cells partially 
determine the targeted migration ability of CIK cells. Several 
studies have indicated that chemokines induce the targeted 
migration of lymphocytes (27‑30). Therefore, strategies to alter 
the local concentration of chemokines in tumors, increase the 
expression levels of CKR on the surface of immune cells and 
utilize the chemokine‑CKR axis to increase tumor‑targeted 
migration and infiltration of immune cells, such as lympho-
cytes, NK cells and CIK cells, into tumors may improve our 
theoretical understanding for treatment of cancer. For example, 
Pevida et al  (31) added the chemokine ligands CCL3 and 
CCL5 to NCTC2472 mouse fibrosarcoma cells to increase the 
expression levels of the corresponding receptor CCR1 on the 
cell surface. In our previous work (26), CD3/CD28 magnetic 
beads were added to a CIK culture system to stimulate the 
expression of CCR5, CCR7 and CXCR3 on the CIK cell 
surface.

As aforementioned, almost all the CKRs declined during 
the expansion process in the present study. To boost CKR 
expression levels in CIK cells, 2 chemokines (CCL21 and 
CXCL11) were selected. The results indicated that CCL21 or 
CXCL11 pretreatment significantly increased the expression 
levels of CCR7 or CXCR3 on the CIK cell surface. These results 
suggest that the addition of exogenous recombinant chemo-
kines during the culture process of CIK cells might increase 
the expression levels of ligands corresponding to chemokines 
on the surface of CIK cells. However, it was also observed 
that the expression levels of CCR7 were significantly higher at 
day 14 on the surface of CIK cells with CCL21 pretreatment 
vs. without CCL21 pretreatment, whereas CXCR3 expression 
levels were significantly higher at day 7 on the surface of CIK 
cells with CXCL11 pretreatment vs. without pretreatment. 
These results suggested that when adding exogenous recom-
binant chemokines to increase the expression levels of ligands 
corresponding to chemokines on the surface of CIK cells, 
different time points should be selected based on disparate 
chemokines.

Furthermore, the present study reported that increased 
CKR expression levels on the surface of CIK cells could 
enhance the tumor‑targeted migration ability of CIK cells. 
A significantly greater number of CIK cells had migrated 
to the bottom Transwell chamber after pretreatment with 
CCL21 vs. without treatment. However, CIK cells cultured 
to day 14 pretreated with CXCL11 did not exhibit increased 
CXCR3 expression levels because the CXCR3 expression 

levels in CIK cells can be boosted significantly with CXCL11 
on day7 but no statistical difference was observed at other 
time points. Therefore, the observed chemotactic ability was 
not significantly increased. These results further demon-
strated that the tumor‑targeted migration ability of CIK cells 
is chemokine‑CKR dependent and that it was feasible to 
increase the tumor‑targeted migration ability of CIK cells with 
chemokine pretreatment during the CIK culture process at the 
proper time point.

There are some limitations of the present study. CIK cells 
are a heterogeneous population, which compose various 
subsets, such as CD3(+)CD56(+) CIK, CD3(+) CD56(‑) T 
and CD3(‑)CD56(+) NK cells  (32). CD3(+)CD56(+) CIK 
cells appear to possess the most potent cytotoxicity and 
high impact on adoptive cellular immunotherapy  (33). 
However, other subtypes of CIK cells may have different 
immunologic functions. For example, alloreactivity against 
human leukocyte antigen‑mismatched PBMC is restricted 
to CD3(+)CD56(‑) CIKs  (34). Therefore, the association 
between chemokines and CKRs from various subsets of 
total CIK cells should be considered in future research. 
Then, the relative expression levels of chemokines in CRC 
cell lines were compared with GAPDH as a reference in 
the present study. However, GAPDH at the mRNA level in 
CRC sample was increased significantly compared with the 
paired non‑cancerous part (35). Therefore, it will be better 
to use a normal control cell line to measure differential 
CKR expression in CRC cell lines. Next, 2 chemokines 
(CCL21 and CXCL11) were selected to boost CKR expres-
sion levels during CIK cell culture process in the present 
study. However, whether these two chemokines affect the 
proliferation of CIK cells requires further study. Finally, the 
present study only measured chemokine expression levels in 
CRC and adjacent normal tissue using RT‑qPCR. It would 
be better to perform western blots to verify the results of the 
present study at the protein expression level.

Taken together, the results of the study demonstrated 
that CXCL10, CXCL11 and CCL3 expression levels were 
significantly higher in CRC tumor tissues compared with 
adjacent normal tissue. However, the levels of all CKRs of 
CIK cells, especially CCR4, CXCR4 and CXCR3, decreased 
considerably during the course of CIK cell expansion. 
Notably, re‑stimulating CIK cells with chemokines CCL21 
at day 14 and CXCL11 at day 7 significantly increased the 
corresponding CKR expression levels on the surface of CIK 
cells and enhanced tumor‑targeted trafficking in vitro. To the 
best of our knowledge, the present study is the first to show 
that, although adding exogenous recombinant chemokines 
to increase the impaired CKRs expression on the surface of 
CIK cells, different time points should be selected based on 
disparate chemokines. Therefore, evaluating the expression 
levels of chemokines in the CRC tumors and stimulating with 
proper exogenous recombinant chemokines at proper time 
point could increase corresponding CKR expression levels, 
enhance CIK cell tumor‑targeted trafficking and improve 
clinic efficacy.
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