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Summary
Purpose: To investigate the effect of cytokine-induced killer
cells (CIKs) immunotherapy on colorectal cancer cells and
the possible mechanisms using co-culture model of CIKs and
human colorectal cancer cells.

that of SW480 cells (p<0.05). Transwell assay showed that
the number of invasive cells in co-cultured CIK+SW480 cells
was less than that of SW480 cells (p<0.05). Hoechst staining
showed that the apoptosis rate of co-cultured CIK+SW480
cells was higher compared with that of SW480 cells (p<0.05).
Increased levels of IL-2 and IL-10 and decreased levels of
IGF-β and VEGF were found in the co-culture medium by
ELISA (p<0.05). Western blot results indicated that p-AMPK
and p-Akt were upregulated, whereas FoxM1 and p-mTOR
were downregulated in co-cultured CIK+SW480 cells compared with SW480 cells (p<0.05).

Methods: CIKs were induced by INF-γ, CD3 and recombinant human IL-2 culture system in vitro. A co-culture model
of CIKs and SW480 colorectal cancer cell line was established. The proliferation, invasion and apoptosis of SW480
cells were detected by CCK-8 (cell counting kit-8), transwell
assay and Hoechst staining, respectively. The contents of
IL-2, IL-10, insulin-like growth factor (IGF)-β and vascular
endothelial growth factor (VEGF) in the culture medium was Conclusions: CIKs inhibit the proliferation and invasion of
detected by ELISA (enzyme-linked immunosorbent assay). colorectal cancer cells through downregulating FoxM1 and
The expression levels of AMPK/Akt/mTOR signaling-related mTOR via AMPK/Akt/mTOR pathway.
proteins were detected by Western blot.
Results: CCK-8 assay showed that the proliferative ability Key words: CIKs, colorectal cancer, AMPK/Akt/mTOR pathof co-cultured CIK+SW480 cells was remarkably lower than way, immunotherapy

Introduction
Tremendous changes in lifestyle and dietary
habits, as well as deteriorating environment, all
contribute to the increased prevalence of malignancies [1]. Cancer-related death ranks second in global
mortality [2]. Colorectal cancer is a gastrointestinal
system cancer, which is manifested as insidious
onset, rapid progression, and short life expectancy
[3,4]. The current treatment of colorectal cancer is
still dominated by surgery resection, radiotherapy
and chemotherapy. Although chemotherapy for
colorectal cancer can prolong the overall survival
of patients, its bone marrow toxicity would lead to

immune suppression that can seriously affect clinical outcomes [5]. As a novel therapeutic approach
for colorectal cancer, biological therapy has been
well recognized in the clinical setting. Biological
therapy mobilizes natural defense in the body or
provides natural substances to obtain anti-tumor
effect [6-8].
CIKs are nonspecific cytotoxic cells produced
by peripheral blood mononuclear cells (PBMCs) after being stimulated with cytokines, such as CD3,
IFN-γ and IL-2 [9]. CIKs are mainly composed of
CD3+CD56+ T cells, which have a strong killing
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ability for malignant tumor cells. Functionally,
CIKs exert their anti-tumor effects via MHC (major
histocompatibility complex) restricted and MHC
non-restricted tumoricidal ways. The tumoricidal
capacity induced by CIKs has the characteristics
of rapid proliferation, broad killing spectrum, and
high killing activity [10,11]. It can directly kill tumor cells without damaging the immune function
of the body. Meanwhile, CIKs can also regulate and
enhance the immune function, which is the latest
method of adoptive immunotherapy for tumors.
Adenosine monophosphate (AMP)-activated
protein kinase (AMPK) is a highly expressed serine/threonine protein kinase complex. AMPK is
consisted of an α-catalytic subunit, a β-regulatory
subunit, and a γ-regulatory subunit.
Functionally, AMPK responds to various external stimuli of cells and maintains the balance of
intracellular supply and demand of energy, thereby
regulating cell metabolism [10,11]. Energy deficiency leads to AMPK activation, thereafter causing a series of anabolic pathways that consume
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abundant ATPs. Multiple ATP-producing catabolic
pathways are activated to maintain the balance of
energy metabolism in the body [14]. Among these
pathways, mTOR pathway responds to various
intracellular and extracellular stimuli and affects
physiological functions. AMPK regulates the phosphorylation of mTOR after receiving intracellular
nutrition signals, which in turn regulates protein
synthesis, cell growth and metabolism through
the mTOR pathway [15,16]. For example, AMPK
regulates proliferation of breast cancer by regulating s6rp via inhibiting mTOR pathway [17]. It is
reported that AMPK/mTOR pathway is activated
in multiple tumors, such as bladder cancer, breast
cancer, hepatocellular carcinoma, non-small cell
lung cancer, colorectal cancer, etc. [18-22]. The
above studies all suggested that AMPK/mTOR
pathway plays a crucial role in the progression of
various tumors.
In this study, CIKs were induced from human
PBMCs using culture system of INF-γ, CD3 and
recombinant human IL-2 in vitro [1]. The specific

Figure 1. CIKs identification and the effect on cell proliferation. (A) FCM results of CD3+CD56+ in CIKs. (B) FCM results
of CD4+CD8+ in CIKs. (C) FCM results of CD4+CD3+ in CIKs. (D) Cell proliferation in CIK+SW480 cells and SW480 cells.
*p<0.05, **p<0.01 compared with SW480 cells.
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effects of AMPK/Akt/mTOR pathway on regulating
CIKs-induced proliferation and invasion of SW480
cells were detected. Our results provide an experimental basis for the clinical treatment of colorectal
cancer.

Methods
Cell culture
Human colorectal cancer cell line SW480 was taken out from liquid nitrogen and immediately melted at
37°C water bath. Cells were centrifuged at 500 r/min
for 5 min. After discarding the supernatant, cells were
cultured in RPMI-1640 (Roswell Park Memorial Institute-1640) containing 10% FBS (fetal bovine serum) and
maintained in a 5% CO2 incubator at 37°C. Culture medium was replaced every 2 days.
CIKs were extracted from PBMCs and cultured in
RPMI-1640 containing 10% FBS. After cell density was
adjusted to 1×106/mL, CIKs were incubated with 1000 μ/
mL INF-γ, 50 ng/mL CD3 and 500 μ/mL IL-2 for 24 hrs.
Fresh medium containing 500 μ/mL IL-2 was replaced
every 3 days.

CIKs were identified using flow cytometry (FCM). Dualpositive rate of CD3+ CD56+ over 20% was considered as
successful isolation of CIKs.
Co-culture of CIKs and SW480 cells
SW480 cells were first seeded in the 6-well plates.
CIKs were collected and resuspended at a density of
5×109/mL. Forty μL of CIKs suspension were added in
each well and co-cultured with SW480 cells.
CCK-8 (cell counting kit-8) assay
Co-cultured SW480 cells and CIKs seeded into
6-well plates were used for detecting cell proliferation.
A hundred μL of CCK-8 solution (cell counting kit-8,
Dojindo, Kumamoto, Japan) were added in each well after
cell culture for 6, 24, 48, 72 and 96 hrs, respectively. The
absorbance at 450 nm of each sample was measure by a
microplate reader (Bio-Rad, Hercules, CA, USA).
ELISA (enzyme-linked immuno sorbent assay)

Culture medium was collected and contents of IL2, IL-10, TGF-β and VEGF were detected based on the
instructions of ELISA kit (R&D Systems, Minneapolis,
MN, USA). The absorbance at 450 nm of each sample
CIKs identification
was measure after termination of color developing for
After CIKs culture for 14 days, 5 mL of suspension 15 min.
was collected and centrifuged at 1000 r/min for 5 min at
room temperature. CIKs were resuspended in 100 μL of Hoechst assay
PBS (phosphate buffer saline) and incubated with CD3,
Cells were centrifuged, collected in a 1.5 mL tube
CD4, CD8 and CD56 in the dark at 4°C. Thirty min later, and fixed with 0.5 ml of fixation solution for 10 min.

Figure 2. Cytokine contents in culture medium. (A) IL-2 content in culture medium of CIK+SW480 cells and SW480
cells. (B) IL-10 content in culture medium of CIK+SW480 cells and SW480 cells. (C) TGF-β content in culture medium
of CIK+SW480 cells and SW480 cells. (D) VEGF content in culture medium of CIK+SW480 cells and SW480 cells.
**p<0.01 compared with SW480 cells.
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After washed with PBS twice, resuspended cells were
dropped on the slide, and incubated with 0.5 mL of Hoechst 33258 (Beyotime, Shanghai, China) for 5 min. Excessive liquid from the edge was cleaned and the slide was
air-dried. After incubated with a drop of antifade mounting medium, cell apoptosis was observed and captured
using an inverted microscope (Nikon, Tokyo, Japan).
Transwell assay
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Statistics
Graphpad Prism 5.0 (La Jolla, CA, USA) was used
for homogeneity and variance test. Data that satisfied
normality and variance homogeneity were compared using one-way ANOVA or t-test. Non-parametric test was
performed for data that did not satisfy normality and
variance homogeneity. p<0.05 was considered as statistically significant.

Cells were serum-starved for 12-24 hrs. Cells were
Results
digested and resuspended at a density of 1×104/mL. Two
hundred μL of cell suspension were added in the upper
Phenotype identification of CIKs
chamber and incubated for 48 hrs. Invasive cells were
observed using a light microscope (Olympus, Tokyo,
CIKs were extracted from PBMCs and incuJapan).
bated with INF-γ, CD3 and IL-2 for 14 days. Dual-

positive rate of CD3+CD56+ was detected using
FCM. FCM results showed that the positive rate of
Total protein was extracted from treated cells by CD3+CD56+ was 31.7%, which was higher than 20%,
RIPA (radioimmunoprecipitation assay) solution (Beyoindicating the successful isolation of CIKs (Figure
time, Shanghai, China). Protein sample was separated
1A-1C).
Western blot

by electrophoresis on 10% SDS-PAGE (sodium dodecyl
sulphate-polyacrylamide gel electrophoresis) and then
transferred to PVDF (polyvinylidene fluoride) membrane
(Millipore, Billerica, MA, USA). After the membranes
were blocked with skimmed milk, they were incubated
with primary antibodies (Cell Signaling Technology,
Danvers, MA, USA) overnight at 4°C. The membranes
were then washed with TBST (Tris-buffered Saline with
Tween 20) and incubated with secondary antibody at
room temperature for 1 hr. The protein blot on the membrane was exposed by chemiluminescence.

Effect of CIKs on proliferation of SW480 cells
CCK-8 assay demonstrated that CIKs remarkably inhibited the proliferative abilities of SW480
cells (p<0.05, Figure 1D).
Cytokine content in co-culture medium
ELISA results indicated that the content of IL-2
and IL-10 in co-culture medium were much higher

Figure 3. Effects of CIKs on cell apoptosis and invasion. (A) Hoechst staining of SW480 cells. (B) Hoechst staining
of CIK+SW480 cells. (C) Apoptotic rate of CIK+SW480 cells and SW480 cells. (D) Invasion of CIK+SW480 cells and
SW480 cells. **p<0.01 compared with SW480 cells.
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than that of SW480 culture medium (p<0.05, Figure Effect of CIKs on invasion of SW480 cells
2A and 2B). On the contrary, TGF-β and VEGF conTranswell assay elucidated that after cell cultent was decreased in co-culture medium (p<0.05,
ture
for 48 hrs, the amount of invasive cells in
Figure 2C and 2D).
CIK+SW480 cells was remarkably smaller than that
of SW480 cells, indicating that CIKs inhibited cell
Effect of CIKs on apoptosis of SW480 cells
invasion of colorectal cancer (p<0.05, Figure 3D).
To explore the effect of CIKs on regulating apoptosis of colorectal cancer, Hoechst staining was CIKs regulating colorectal cancer via AMPK/Akt/
performed. The data showed that uniform fluores- mTOR pathway
cence was seen in SW480 cells without obvious
In order to investigate the underlying mechaapoptosis (Figure 3A). However, dense and massive fluorescence could be seen in the nucleus or nism of CIKs in regulating colorectal cancer, procytoplasm in co-cultured CIK+SW480 cells (Figure tein expressions of some key factors were detected
3B). The apoptotic rate of CIK+SW480 cells was by Western blot. The data elucidated that p-AMPK
also remarkably elevated than that of SW480 cells and p-Akt were upregulated (Figure 4A-4D), where(p<0.05, Figure 3C).
as FoxM1 and p-mTOR were downregulated in co-

Figure 4. CIKs regulated colorectal cancer via AMPK/Akt/mTOR pathway. (A) Protein expressions of AMPK and p-AMPK in CIK+SW480 cells and SW480 cells. (B) Comparison of protein expressions of AMPK and p-AMPK in CIK+SW480
cells and SW480 cells. (C) Protein expressions of Akt and p-Akt in CIK+SW480 cells and SW480 cells. (D) Comparison of
protein expressions of Akt and p-Akt in CIK+SW480 cells and SW480 cells. (E) Protein expressions of FoxM1 and mTOR
in CIK+SW480 cells and SW480 cells. (F) Comparison of protein expressions of FoxM1 and mTOR in CIK+SW480 cells
and SW480 cells. **p<0.01 compared with SW480 cells.
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cultured CIK+SW480 cells compared with those of of cell proliferation, differentiation and organ deSW480 cells (Figure 4E and 4F).
velopment [31,32]. A large number of studies have
shown that FoxM1 is overexpressed in solid tumors, including pancreatic cancer, breast cancer,
Discussion
prostate cancer, glioma, liver cancer, and gastric
Colorectal cancer is a frequent disease, ranking cancer, suggesting its potential effect on tumor
fourth among all malignant tumors. There were promotion [33,34]. As a transcription factor, FoxM1
approximately 1.4 million new cases of colorec- is involved in tumor cell proliferation, invasion,
tal cancer worldwide in 2012 and is expected that metastasis, EMT (epithelial mesenchymal transithe number of new cases will exceed 2.4 million tion), and angiogenesis. Studies have shown that
by 2035 [23]. Studies have shown that males are Akt can regulate FoxM1 expression through Akt/
more frequently affected by colorectal cancer than FOXO3a/FoxM1 pathway [35].
CIKs are capable of killing tumor cells through
females [24]. Although researches on colorectal
cancer have been conducted for a long time, the a variety of anti-tumor mechanisms. The biologisurvival rate of colorectal cancer is still not satis- cal effects of CIKs on tumor cells and the underlyfactory due to primary treatment failure and tumor ing mechanisms are the focus of our research. In
recurrence. The 5-year survival rate of colorectal the present study, we found that co-cultured CIKs
and SW480 cells remarkably inhibited the prolifcancer is only about 50%.
AMPK/mTOR pathway is a well-studied path- eration and invasion of SW480 cells. Apoptosis
way. AMPK, as an intracellular energy receptor, of SW480 cells was inhibited by CIKs. Besides,
can sense intracellular AMP/ATP levels. Decreased contents of IL-2 and IL-10 in co-culture medium
intracellular ATP level stimulates AMPK phospho- were elevated, while contents of IGF-β and VEGF
rylation, which in turn leads to mTOR phospho- were decreased, indicating the inhibitory effect of
rylation. Subsequently, phosphorylation of s6rp CIKs on colorectal cancer. Furthermore, Western
induced by mTOR activation promotes cell prolif- blot results demonstrated that p-AMPK and p-Akt
eration, migration and invasion [26]. Studies have were upregulated, whereas FoxM1 and p-mTOR
shown that the function of AMPK/mTOR pathway were downregulated in co-cultured CIK+SW480
varies a lot in different cells. In papillary thyroid cells compared with those of SW480 cells, sugcancer, TMP21 regulates cell growth through in- gesting the crucial role of AMPK/Akt/mTOR pathducing cell autophagy via AMPK/mTOR pathway way in the proliferation and invasion of colorectal
[27]. In non-small cell lung cancer, Yuanhuacine cancer. Our results provide a theoretical basis for
(YC) upregulates AMPK phosphorylation and inhib- improving clinical outcomes of colorectal cancer
its mTOR phosphorylation, therefore inhibiting the patients.
proliferation, migration and invasion of tumor cells
[28]. Kim et al. found that DHA can induce necrosis Conclusions
of non-small cell lung cancer cells by activating
CIKs inhibit the proliferation and invasion
AMPK/mTOR pathway [29]. The above results indiof
colorectal
cancer cells through downregucated the significant role of AMPK/mTOR pathway
in different tumors. Relative studies demonstrated lating FoxM1 and mTOR via AMPK/Akt/mTOR
that AMPK/mTOR pathway affects proliferation, pathway.
migration, invasion, apoptosis, and autophagy in
colorectal cancer [30,31].
Conflict of interests
FoxM1 is a member of the Fox transcription
The authors declare no conflict of interests.
factor family, which participates in the regulation

References
1.

Schmidt-Wolf IG, Negrin RS, Kiem HP, Blume KG,
Weissman IL. Use of a SCID mouse/human lymphoma
model to evaluate cytokine-induced killer cells with potent antitumor cell activity. J Exp Med 1991;174:139-49.

2.

Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017.
CA Cancer J Clin 2017;67:7-30.

3.

Meyers BM, Cosby R, Quereshy F, Jonker D. Adjuvant chemotherapy for stage II and III colon cancer
following complete resection: A cancer care Ontario
systematic review. Clin Oncol (R Coll Radiol) 2017;29:
459-65.

4.

Chereches G, Barbos O, Buiga R et al. Biomarkers for

JBUON 2019; 24(1): 121

122

CIKs inhibit proliferation and invasion of colorectal cancer via AMPK/Akt/mTOR pathway
the early detection of relapses in metastatic colorectal
cancers. JBUON 2017;22:658-66.

5.

Auclin E, Zaanan A, Vernerey D et al. Subgroups and
prognostication in stage III colon cancer: Future perspectives for adjuvant therapy. Ann Oncol 2017;28:958-68.

6.

Vo MC, Nguyen-Pham TN, Lee HJ et al. Combination
therapy with dendritic cells and lenalidomide is an effective approach to enhance antitumor immunity in a
mouse colon cancer model. Oncotarget 2017;8:27252-62.

7.

Downs-Canner S, Magge D, Ravindranathan R et al.
Complement inhibition: A novel form of immunotherapy for colon cancer. Ann Surg Oncol 2016;23:655-62.

8.

Li S, Martin A. Mismatch repair and colon cancer:
Mechanisms and therapies explored. Trends Mol Med
2016;22:274-89.

9.

Cappuzzello E, Sommaggio R, Zanovello P, Rosato A.
Cytokines for the induction of antitumor effectors: The
paradigm of Cytokine-Induced Killer (CIK) cells. Cytokine Growth Factor Rev 2017;36:99-105.

10. Kornacker M, Moldenhauer G, Herbst M et al. Cytokine-induced killer cells against autologous CLL:
Direct cytotoxic effects and induction of immune accessory molecules by interferon-gamma. Int J Cancer
2006;119:1377-82.
11. Niu C, Jin H, Li M et al. In vitro analysis of the proliferative capacity and cytotoxic effects of ex vivo induced
natural killer cells, cytokine-induced killer cells, and
gamma-delta T cells. BMC Immunol 2015;16:61.
12. Vlachaki WJ, Robb JL, Cruz AM et al. AMP-activated
protein kinase (AMPK) activator A-769662 increases
intracellular calcium and ATP release from astrocytes
in an AMPK-independent manner. Diabetes Obes Metab 2017;19:997-1005.
13. Sinnett SE, Brenman JE. Past strategies and future directions for identifying AMP-activated protein kinase
(AMPK) modulators. Pharmacol Ther 2014;143:111-8.
14. Sarnowska E, Balcerak A, Olszyna-Serementa M, Kotlarek D, Sarnowski TJ, Siedlecki JA. [AMP-activated
protein kinase (AMPK) as therapeutic target]. Postepy
Hig Med Dosw (Online) 2013;67:750-60.
15. Varshney R, Varshney R, Mishra R, Gupta S, Sircar D,
Roy P. Kaempferol alleviates palmitic acid-induced lipid stores, endoplasmic reticulum stress and pancreatic
beta-cell dysfunction through AMPK/mTOR-mediated
lipophagy. J Nutr Biochem 2018;57:212-27.
16. Xu J, Ji J, Yan XH. Cross-talk between AMPK and mTOR
in regulating energy balance. Crit Rev Food Sci Nutr
2012;52:373-81.
17. Cai H, Zhang Y, Han TK, Everett RS, Thakker DR. Cationselective transporters are critical to the AMPK-mediated antiproliferative effects of metformin in human
breast cancer cells. Int J Cancer 2016;138:2281-92.
18. Massari F, Ciccarese C, Santoni M et al. Metabolic phenotype of bladder cancer. Cancer Treat Rev 2016;45:46-57.
19. Duchnowska R, Wysocki PJ, Korski K et al. Immunohistochemical prediction of lapatinib efficacy in advanced
HER2-positive breast cancer patients. Oncotarget
2016;7:550-64.
20. Gao M, Kong Q, Hua H et al. AMPK-mediated up-regulation of mTORC2 and MCL-1 compromises the anticancer effects of aspirin. Oncotarget 2016;7:16349-61.
JBUON 2019; 24(1): 122

21. Zhu J, Chen Y, Li Y et al. Gemcitabine induces apoptosis
and autophagy via the AMPK/mTOR signaling pathway
in pancreatic cancer cells. Biotechnol Appl Biochem
2018;65:665-71.
22. Wu XB, Liu Y, Wang GH et al. Mesenchymal stem
cells promote colorectal cancer progression through
AMPK/mTOR-mediated NF-kappaB activation. Sci Rep
2016;6:21420.
23. Rabeneck L, El-Serag HB, Davila JA, Sandler RS. Outcomes of colorectal cancer in the United States: No
change in survival (1986-1997). Am J Gastroenterol
2003;98:471-7.
24. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J et
al. Cancer incidence and mortality patterns in Europe: Estimates for 40 countries in 2012. Eur J Cancer
2013;49:1374-1403.
25. Adam R, Haller DG, Poston G et al. Toward optimized
front-line therapeutic strategies in patients with
metastatic colorectal cancer--an expert review from
the International Congress on Anti-Cancer Treatment
(ICACT) 2009. Ann Oncol 2010;21:1579-84.
26. Han J, Zhang L, Guo H et al. Glucose promotes cell proliferation, glucose uptake and invasion in endometrial
cancer cells via AMPK/mTOR/S6 and MAPK signaling.
Gynecol Oncol 2015;138:668-75.
27. Xu X, Gao H, Qin J, He L, Liu W. TMP21 modulates
cell growth in papillary thyroid cancer cells by inducing autophagy through activation of the AMPK/mTOR
pathway. Int J Clin Exp Pathol 2015;8:10824-31.
28. Kang JI, Hong JY, Lee HJ et al. Anti-tumor activity of yuanhuacine by regulating AMPK/mTOR signaling pathway and actin cytoskeleton organization in Non-Small
cell lung cancer cells. PLoS One 2015;10:e144368.
29. Kim N, Jeong S, Jing K et al. Docosahexaenoic acid
induces cell death in human Non-Small cell lung cancer cells by repressing mTOR via AMPK activation
and PI3K/Akt inhibition. Biomed Res Int 2015;2015:
239764.
30. Song X, Kim SY, Zhang L et al. Role of AMP-activated
protein kinase in cross-talk between apoptosis and
autophagy in human colon cancer. Cell Death Dis
2014;5:e1504.
31. Chen MB, Wei MX, Han JY et al. MicroRNA-451 regulates AMPK/mTORC1 signaling and fascin1 expression
in HT-29 colorectal cancer. Cell Signal 2014;26:102-9.
32. Ye H, Kelly TF, Samadani U et al. Hepatocyte nuclear
factor 3/fork head homolog 11 is expressed in proliferating epithelial and mesenchymal cells of embryonic
and adult tissues. Mol Cell Biol 1997;17:1626-41.
33. Priller M, Poschl J, Abrao L et al. Expression of FoxM1
is required for the proliferation of medulloblastoma
cells and indicates worse survival of patients. Clin Cancer Res 2011;17:6791-801.
34. Kim IM, Ackerson T, Ramakrishna S et al. The Forkhead
Box m1 transcription factor stimulates the proliferation of tumor cells during development of lung cancer.
Cancer Res 2006;66:2153-61.
35. Yung MM, Chan DW, Liu VW, Yao KM, Ngan HY. Activation of AMPK inhibits cervical cancer cell growth
through AKT/FOXO3a/FOXM1 signaling cascade. Bmc
Cancer 2013;13:327.

