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Abstract. Epithelial ovarian cancer (EOC) is the most lethal 
of all gynecologic tumors. Cancer spheroid culture is a widely 
used model to study cancer stem cells. Previous studies have 
demonstrated the effectiveness of cytokine‑induced killer (CIK) 
cell‑based therapies against cancer and cancer stem cells. 
However, it is not clear how EOC spheroid cells respond to 
CIK‑mediated cellular lysis, and the mechanisms involved have 
never been reported before. A flow cytometry‑based method 
was used to evaluate the anti‑cancer effects of CIK cells against 
adherent A2780 cells and A2780 spheroids. To demonstrate 
the association between hypoxia inducible factor‑1α (HIF1A) 
and intercellular adhesion molecule‑1 (ICAM‑1), two HIF1A 
short hairpin RNA (shRNA) stable transfected cell lines were 
established. Furthermore, the protein expression levels of 
hypoxia/HIF1A‑associated signaling pathways were evaluated, 
including transforming growth factor‑β1 (TGF‑β1)/mothers 
against decapentaplegic homologs  (SMADs) and nuclear 
factor‑κB  (NF‑κB) signaling pathways, comparing A2780 

adherent cells and cancer spheroids. Flow cytometry revealed 
that A2780 spheroid cells were more resistant to CIK‑mediated 
cellular lysis, which was partially reversed by an anti‑ICAM‑1 
antibody. HIF1A was significantly upregulated in A2780 
spheroids compared with adherent cells. Using HIF1A 
shRNA stable transfected cell lines and cobalt chloride, it was 
revealed that hypoxia/HIF1A contributed to downregulation 
of ICAM‑1 in A2780 spheroid cells and adherent cells. 
Furthermore, hypoxia/HIF1A‑associated signaling pathways, 
TGF‑β1/SMADs and NF‑κB, were activated in A2780 spheroid 
cells by using western blotting. The findings indicate that 
EOC stem‑like cells resist the CIK‑mediated cellular lysis via 
HIF1A‑mediated downregulation of ICAM‑1, which may be 
instructive for optimizing and enhancing CIK‑based therapies.

Introduction

Epithelial ovarian cancer  (EOC) remains the most lethal 
gynecological cancer threatening women worldwide, due to its 
late presentation, metastasis, recurrence and chemo‑resistance. 
Although various forms of therapy have been created, >70% of 
patients relapse within 18 months (1). Ovarian cancer stem 
cells are a specific population of tumor cells with tumor 
initiation and self‑renewal ability (2), which are potentially 
responsible for chemo‑resistance, invasion/metastasis, tumor 
immune privilege and poor prognosis (3).

Cancer multicellular spheroids cultured in suspension 
system or three‑dimensional culture are widely used approaches 
to investigate cancer stem cells. Numerous researchers have 
demonstrated that culturing cancer cells in suspension to 
form spheroids is a more accurate reflection and imitation 
of clinical cancer behavior in vitro than traditional adherent 
culture system  (4‑7). Cancer spheroids exhibit resistance 
to apoptosis‑inducing drugs (4), and have notably different 
metabolic profiles (5) and signaling pathways compared with 
individual cancer cells (6). 3D culture systems have gained 
increasing attention and recognition as tools for researching 
antitumor drugs, molecular regulation mechanisms in cancer 
stem cells and establishment of personalized cancer therapy (7).

The standard front‑line therapy for EOC is a combination 
of debulking surgery and platinum‑based chemotherapy. 
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Certain preclinical and clinical studies have reported the 
benefits of adoptive immunotherapy in EOC, including human 
leukocyte antigen‑restricted tumor infiltrating lymphocytes (8) 
and MHC‑independent immune effectors such as natural 
killer  (NK) cells  (9), lymphokine‑activated killer  (10) and 
cytokine‑induced killer (CIK) cells (11,12).

CIK cells are a heterogeneous population of CD3+CD56+ NK 
T cells that were first discovered in the 1990s (13). CIK cells 
are generated from human peripheral blood mononuclear 
cell (PBMCs) and can be easily expanded in vitro. Numerous 
basic research investigations and clinical studies have 
demonstrated the safety and efficiency of CIK‑based therapies 
in treating malignant tumors in vitro and in vivo, including the 
role of CIK in killing cancer stem cells (14).

In this study, it was aimed to identify the effects of CIK 
cells on ovarian cancer spheroid cells to determine the 
mechanism involved in resistance to CIK cells.

Materials and methods

Collection of PBMCs. This study was approved by the 
Institutional Ethics Committee of the International Peace 
Maternity and Child Health Hospital and Shanghai Red 
Cross Blood Center (Shanghai, China). Written informed 
consent was obtained from all participants. Criteria for donors 
were no history of chronic diseases (including diabetes and 
hypertension), viral infections (such as hepatitis), autoimmune 
diseases (including systemic lupus erythematous, rheumatoid 
arthritis and nephritis) and cancer.

Isolation of PBMC, culture and characterization of CIK cells. 
Blood samples (n=20) were collected at the Shanghai Blood 
Center between January 2016 and December 2016. The male 
to female ratio of donors was 1:1. Age range of donors was 
28‑42 years old. Peripheral blood (20 ml) was collected with 
EDTA anticoagulant from each donor and centrifuged at 
400 x g for 10 min to remove plasma at 4˚C. The blood cell pellet 
was resuspended in 20 ml phosphate‑buffered saline (PBS) 
and centrifuged at 800 x g for 15 min in Ficoll centrifuge tube 
at 4˚C. PBMCs at the interface were collected and resuspended 
in 40 ml PBS and centrifuged at 400 x g for 10 min at 4˚C. The 
cell pellet was resuspended in 40 ml PBS and centrifuged at 
400 x g for 10 min at 4˚C for the second time. PBMCs were 
adjusted to 1x106 cells/ml and cultured in 10 ml GT‑T551 
culture medium (Takara Bio, Inc., Otsu, Japan) supplemented 
with 10% fetal bovine serum (FBS; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), 1,000 U/ml interferon‑γ (Shanghai 
Chemo Wanbang Biopharma Co., Ltd., Shanghai, China) 
in T25 flask for 24 h at 37˚C with 5% CO2. Then cells were 
stimulated with 30 ng/ml anti‑CD3 antibody (cat. no. TL‑101, 
T&L Biological Technology, Beijing, China) and 1,000 IU/ml 
interlukin‑2 (IL‑2; Shanghai Huaxin High Biotechnology, Inc., 
Shanghai, China) to induce CIK cell proliferation. The cell 
culture was supplemented with 1,000 IU/ml IL‑2 every 2 days.

To characterize CIK cells induced from PBMCs, cells were 
harvested and suspended in ice cold PBS with 10% FBS. Then 
cells were stained with labeled primary antibodies according 
to the technical data sheet as follows: CD3‑fluorescein 
isothiocyanate (cat. no. 300305; 1:20; BioLegend, Inc., San Diego, 
CA, USA), and CD56‑allophycocyanin (cat. no. 362503; 1:20; 

BioLegend, Inc.) for 30 min at 4˚C. Then cells were washed 
in cold PBS and analyzed using a flow cytometer (Accuri C6; 
BD Biosciences, Franklin, Lakes, NJ, USA).

Cancer cell lines. A2780 epithelial ovarian cancer cell line was 
obtained from the Shanghai Cell Bank of Chinese Academy of 
Sciences (Shanghai, China) and cultured in Dulbecco's modified 
Eagle's medium (DMEM)/high glucose (Thermo  Fisher 
Scientific, Inc.) medium supplemented with 10%  FBS, 
streptomycin (100 U/ml) and penicillin (100 U/ml). Cancer 
spheroid cells were cultured in DMEM/F12 (Thermo Fisher 
Scientific, Inc.) medium supplemented with 10% knock‑out 
serum (Thermo  Fisher Scientific, Inc.), streptomycin 
(100  U/ml; Thermo  Fisher Scientific, Inc.), penicillin 
(100 U/ml; Thermo Fisher Scientific), 1X non‑essential amino 
acids (Thermo Fisher Scientific, Inc.), 1 mM sodium pyruvate 
(Thermo Fisher Scientific, Inc.), 20 ng/ml human recombinant 
epidermal growth factor, and 10 ng/ml basic fibroblast growth 
factor. Cobalt chloride (CoCl2; Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) was used to induce chemical hypoxia. 
Recombinant human transforming growth factor‑β1 protein 
(rhTGF‑β1; Abcam, Cambridge, UK) was used to treat cancer 
cells for 24 h and then used for subsequent experiments. All 
cells were incubated at 37˚C in an incubator containing 5% CO2.

Immunofluorescence (IF) staining. Aldehyde dehydrogenase 1 
family member A1 (ALDH1A1) and Nanog were identified 
by using the indirect immunofluorescent labeling technique. 
Cells (80% confluence) were fixed with 4% paraformaldehyde 
for 15 min at room temperature. After washing in PBS with 
0.1%  Tween‑20 three times, samples were permeabilized 
using PBS containing 0.25% Triton X‑100 for 10 min at room 
temperature. After washing in PBS with 0.1%  Tween‑20 
three  times, samples were blocked by PBS containing 
1%  bovine serum albumin (Yeasen, Shanghai, China), 
22.52 mg/ml glycine and 0.1% Tween‑20 for 30 min at room 
temperature, and then incubated with the following primary 
antibodies at 4˚C overnight: ALDH1A1 (cat. no. ab52492; 
1:200; Abcam) and Nanog (cat. no. ab109250; 1:200; Abcam). 
Subsequently, cells were incubated with secondary antibody 
conjugated to Alexa Fluor® 488 (cat.  no. A‑11008; 1:200; 
Thermo Fisher Scientific, Inc.). Cells were counterstained with 
DAPI (Thermo Fisher Scientific, Inc.) and examined under 
the fluorescence microscope (three fields of each sample were 
evaluated; Leica Microsystems GmbH, Wetzlar, Germany).

Flow cytometry‑based cytotoxic activity assay. Target 
cells (adherent cancer cells and cancer spheroid cells of 
80%  confluence) in 2  ml PBS were labeled with 5  µM 
fluorescent dye 5‑ or 6‑(N‑succinimidyloxycarbonyl) fluorescein 
3',6'‑diacetate (CFSE; Beyotime Institute of Biotechnology, 
Haimen, China) at 37˚C for 10 min and terminated by addition 
of 1 ml FBS. The fluorescence‑labeled cells were washed in 
PBS three times, resuspended in complete culture medium, and 
adjusted cell density to 1x106 cells/ml. CIK cells were collected, 
resuspended in complete culture medium and adjusted cell 
density to 1x107 cells/ml. To evaluate cellular lysis effects of 
CIK cells on cancer cells in different E:T and at different time, 
different number of CIK cells were mixed with 100,000 target 
cells (adherent cells and cancer spheroids) to set the ratio of 
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effector cells (CIK cells) to target cells (cancer cells)  (E:T) 
at 5: 1, 10:1 or 20:1. The death rate of target cells untreated 
with CIK cells was considered as the ratio of the spontaneous 
cell death. The mixture of target cells and CIK cells were 
centrifuged at 400 x g for 5 min and cultured at 37˚C for 4, 
24 and 48 h. To evaluate the death of cancer cells, propidium 
iodide (PI; 100 mg/ml, 20 µl/test; Sigma‑Aldrich; Merck KGaA) 
was used. Following addition of PI, cells were incubated at 4˚C 
for 15 min, washed in PBS, resuspended in 100 µl PBS, and 
then analyzed by flow cytometry (Accuri C6; BD Biosciences). 
Specific cytotoxicity  (%) was calculated according to the 
formula: Specific killing efficiency = (target cells from 
PI+/CFSE+ quadrant ‑ spontaneous death)/(100 ‑ spontaneous 
death) x 100 (12).

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was extracted 
from cultured cells using TRIzol (Thermo Fisher Scientific, Inc.). 
RT to produce cDNA was performed using PrimeScript™ RT 
reagent kit with gDNA Eraser (Takara Bio, Inc.) according to the 
manufacturer's instructions. qPCR reactions were performed 
using the SYBR Green Real‑time PCR Master Mix (Takara Bio, 
Inc.). PCR primers were designed according to cDNA sequences 
in the NCBI database. The following primers were used: 
18s RNA, forward 5'‑CGTTGATTAAGTCCCTGC CCTT‑3' 
and reverse 5'‑TCAAGT TCGACCGTCTTCTCAG‑3'; 
intercellular adhesion molecule (ICAM)‑1, forward 5'‑GAACC 
TTACCCTACGCTGCC‑3' and reverse 5'‑CAGTGCGGCAC 
GAGAAATTG‑3'; ICAM‑2, forward 5'‑GGTACACGTGAG 
GCCAAAGA‑3' and reverse 5'‑TTTCCACTGAGCCTGTT 
CGT‑3'; ICAM‑3, forward 5'‑CCCAAAATTGACCGAGC 
CAC‑3' and reverse 5'‑ACGTTGACGAAGAACGGGAT‑3'; 
HIF1A, forward 5'‑GCACAGGCCACATTCACGTA‑3' and 
reverse 5'‑GGCTGTGTCGACTGAGGAAA‑3'. Cycling 
conditions for the PCR machine were as follows: 95˚C for 5 sec, 
60˚C for 30 sec and 72˚C for 30 sec for 40 cycles. All reactions 
were performed in a 10 µl volume. Gene expression levels were 
evaluated using the ∆∆Cq method (15), standardized to levels of 
18s RNA amplification.

Western blot analysis. For western blotting, cells were 
lysed using RIPA (Yeasen) and protein concentration was 
determined by BCA Protein Assay Kit (Thermo  Fisher 
Scientific, Inc.). Lysates (10‑20 µg) were separated on by 
10% SDS‑PAGE gel and transferred to a polyvinyldifluoridine 
membrane (EMD Millipore, Biller ica, MA, USA). 
Membranes were blocked with 5% non‑fat milk in Tris‑HCl 
buffer solution containing 0.1% Tween‑20 (TBST) and were 
separately incubated in the following primary antibodies at 
4˚C overnight: ALDH1A1 (cat. no. ab52492, 1:1,000; Cell 
Signaling Technology, Inc., Danvers, MA, USA), Nanog 
(cat. no. ab109250, 1:1,000; Cell Signaling Technology, Inc.), 
β‑actin (cat. no. 66009‑1‑Ig, 1:20,000; ProteinTech Group, 
Inc., Chicago, IL, USA), ICAM‑1 (cat. no. ab53013, 1:1,000; 
Abcam), GAPDH (cat.  no.  30203ES10, 1:5,000; Yeasen), 
HIF1A (cat.  no.  WL01607, 1:500; Wanleibio Co., Ltd., 
Shanghai, China), phosphor‑mothers against decapentaplegic 
homolog  3 (phosphor‑SMAD3; cat.  no.  ab52903, 1:1,000; 
Abcam), SMAD3 (cat.  no.  9523, 1:1000; Cell Signaling 
Technology,  Inc.), phosphor‑SMAD2 (cat.  no.  ab188334, 

1:1,000; Abcam), SMAD2 (cat.  no.  5339, 1:1,000; Cell 
Signaling Technology, Inc.), TGF‑β1 (cat.  no.  ab64715, 
1:1,000; Abcam), phospho‑IκB kinase (Ikk)‑α/β (cat. no. 2697, 
1:1000; Cell Signaling Technology, Inc.), phosphor‑NF‑κB 
inhibitor (phosphor‑IκB; cat. no. 2859, 1:1,000; Cell Signaling 
Technology, Inc.), IκB (cat. no. 4812, 1:1,000; Cell Signaling 
Technology, Inc.), phosphor‑p65 (cat. no. 3031, 1:1,000; Cell 
Signaling Technology, Inc.), p65 (cat.  no.  8242, 1:1,000; 
Cell Signaling Technology, Inc.), and vascular endothelial 
growth factor A (VEGFA; cat. no. ab52917, 1:1000; Abcam). 
Following washing with TBST, membranes were incubated 
with horseradish peroxidase‑conjugated anti‑rabbit IgG 
(cat.  no.  33101ES60, 1:2,500; Yeasen). Visualization 
of blots was performed using a standard protocol for 
electro‑chemiluminescence (cat.  no.  P10100, New Cell & 
Molecular Biotech Co., Suzhou, China). Levels of GAPDH or 
β‑actin were used as internal standards.

Flow cytometry‑based method for evaluating cell  cycle 
distribution and anoikis. To assess the cell cycle progression of 
adherent cells and cancer spheroids of A2780 (80% confluence), 
cells were harvested and fixed with 70% ethanol at ‑20˚C. After 
24 h, cells were stained with 0.1 mg/ml PI (Sigma‑Aldrich; 
Merck KGaA) and cell cycle distribution was evaluated by 
flow cytometry (Accuri C6; BD Biosciences.

To assess the anoikis‑resistance of adherent cells and 
cancer spheroids of A2780 (80%  confluence), cells were 
harvested and cultured in sterile flow cytometry tube at 37˚C. 
After 24 or 48 h, cells were stained with 0.1 mg/ml PI and 
the positive rates of PI were evaluated by flow cytometry 
(Accuri C6; BD Biosciences).

Blocking CIK‑mediated lysis by using antibody against ICAM‑1 
on cancer cells. To block the function of ICAM‑1 of cancer 
cells, cells were incubated with 10 µg/µl ICAM‑1 antibody 
(cat. no.  ab53013; Abcam) or GFP antibody (as a negative 
control; cat. no. ab183734; Abcam) in MACS buffer at 4˚C for 
30 min. Then cells were used for subsequent experiments.

Cell Counting Kit‑8 (CCK‑8) assay. Cell viability was detected 
with CCK‑8 (Yeasen) according to the manufacturer's protocol. 
Cancer cells (5,000 cells per well) were seeded in 96‑well plate 
with complete culture medium for 24 h. Then different number 
of CIK cells were added at different E:T ratios as follows: 
25,000 CIK for 5:1, 50,000 CIK cells for 10:1 and 100,000 
CIK cells for 20:1. After 24 h, cell viability was measured 
using Synergy microplate reader (BioTek Instruments, Inc., 
Winooski, VT, USA).

Construction of HIF1A knockdown plasmid and stable trans‑
fection. The pGPU6/short hairpin RNA (shRNA) construction 
for HIF1A and negative control  (NC) were designed and 
purchased from Shanghai GenePharma Co., Ltd. (Shanghai, 
China). The shRNA sequences are as follows: HIF1A‑KD‑1, 
sense CACCGGGATTAACTCAGTTTGAACTTTCAAGAG 
AAGTTCAAACTGAGTTAATCCCTTTTTTG, anti‑sense 
GATCCAAAAAAGGGATTAACTCAGTTTGAACTTCTC 
TTGAAAGTTCAAACTGAGTTAATCCC; HIF1A‑KD‑2, 
sense CACCGGAAATGAGAGAAATGCTTACTTCAAG 
AGAGTAAGCATTTCTCTCATTTCCTTTTTTG, anti‑sense 
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GATCCAAAAAAGGAAATGAGAGAAATGCTTACTCTA 
TTGAAGTAAGCATTTCTCTCATTTCC; NC, sense CACC 
GTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGAC 
ACGTTCGGAGAATTTTTTG, anti‑sense GATCCAAAAA 
ATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACA 
CGTTCGGAGAAC. To establish shRNA cell lines, 1x105 A2780 
cells were transfected with 1 µg pGPU6/shRNA constructs by 
Lipofectamine® 3000 (Thermo Fisher Scientific, Inc.) for 24 h 
and selected in complete medium containing 100  µg/ml 
neomycin for 14 days. The colonies stably expressing shRNAs 
were expanded and used for subsequent experiments.

ELISA. An ELISA kit was used to test whether A2780 spheroid 
cells secret TGF‑β1. A2780 cells  (2x105) were cultured in 
suspension conditions. After 48 h, culture supernatant was 
collected and tested using the kit according to the instructions 
of the manufacturer (cat. no. DB100B; R&D Systems, Inc., 
Minneapolis, MN, USA).

Statistical analysis. Data are presented as the mean ± standard 
error. Student's t‑test, one‑way analysis of variance (ANOVA) or 
two‑way ANOVA were used to evaluate statistical differences 
via GraphPad Prism version 6 (GraphPad Software, Inc., La 
Jolla, CA, USA). Tukey's multiple comparisons test was used 
to compare specific groups following ANOVAs. P<0.05 was 
considered to indicate a statistically significant difference.

Results

A2780 cancer spheroid cells exhibit cancer stem cell 
characteristics. In our previous research, cancer stem‑like 
cells were isolated with drug selection in SK‑OV‑3 ovarian 
cancer cell lines (16) and could be enriched in ovarian cancer 
spheroids (17). Other studies revealed that certain cancer stem 
cell‑associated markers were upregulated in ovarian cancer 
spheroids, including ALDH1A1 (18) and Nanog (19). In the 
current study, western blot analysis demonstrated that the 
protein expressions of ALDH1A1 and Nanog were strongly 
upregulated in A2780 spheroids compared with in adherent 
cells (Fig. 1A). Furthermore, IF was performed to examine the 
protein expression of ALDH1A and Nanog between A2780 
adherent cells and spheroid cells. These two stemness‑related 
markers (green) were highly expressed in A2780 spheroid 
cells than adherent cells, indicating cancer stem cell‑like 
cells were enriched in spheroid cells (Fig. 1B). The cell cycle 
distribution of A2780 adherent cells and A2780 spheroids was 
also determined. The population of G0/G1 phases increased 
and the population of S/G2/M phases decreased in ovarian 
cancer spheroids compared with adherent cells (Fig. 1C). To 
further evaluate the difference of proliferative ability between 
adherent cells and cancer spheroids, a flow cytometry‑based 
method to detect anoikis was conducted. Following culture 
in tubes for 24 or 48 h, adherent cells and cancer spheroids 
were stained with PI to label dead cells. The rate of PI‑positive 
stained cells was lower for A2780 spheroids than A2780 
adherent cells (Fig. 1D). This result indicated that A2780 
cancer spheroid exhibited a greater ability of anoikis‑resistance 
in the anchorage‑independent stage than adherent cells. Taken 
together, these data indicated that ovarian epithelial cancer 
spheroid cells have properties of cancer stem cells.

A2780 ovarian cancer spheroid cells resist CIK‑mediated 
cellular lysis. CIK cells were generated from PBMCs 
donated from healthy donors. The efficiency of inducing 
CD3+CD56+  CIK cells was identified by flow cytometry. 
The positive rates of CD3, CD56 and CD3/CD56 cells were 
95.20±3.96, 46.40±1.84, and 44.50±5.94%    (Fig.  2A). To 
evaluate the cytotoxic effects of CIK cells against adherent 
cells and spheroid cells, a flow cytometry‑based method was 
used. CIK cells induced cell death of A2780 adherent cells 
in vitro time‑dependently and dose‑dependently (Fig. 2B). 
After 24 h, although CIK cells could induce death of A2780 
spheroid cells dose‑dependently, the cytotoxic was significantly 
lower compared with the adherent cells (Fig. 2C). The effects 
of CIK cells against A2780 spheroid cells or A2780 adherent 
cells were as follows: 2.8±0.5 vs. 22.9±1.1% at E:T 5:1; 4.2±3.1 
vs. 47.5±0.4% at E:T 10:1; 9.3±1.4 vs. 55.8±5.7% at E:T 20:1 
(Fig.  2B). All these results indicate that A2780 epithelial 
ovarian cancer spheroid cells exhibited the ability to resist the 
cytotoxic effects mediated by CIK cells.

ICAM‑1 is downregulated in A2780 spheroid cells. ICAMs 
are reported to be important for CIK‑mediated cellular lysis 
via a role in recognizing tumor target cells (20). To determine 
whether downregulation of ICAMs in EOC spheroid cells 
contributes to evasion from CIK‑mediated cytotoxic effects, 
the transcriptional expression of ICAM‑1, ‑2 and ‑3 between 
A2780 adherent cells and spheroid cells was analyzed by 
RT‑qPCR. The mRNA expression levels of ICAM‑1, ‑2 and ‑3 
were all downregulated in A2780 spheroid cells compared 
with in A2780 adherent cells (Fig. 3A). Additionally, the most 
significantly downregulated gene among ICAMs in A2780 
spheroid cells was ICAM‑1 (Fig. 3B). The mRNA expression 
levels of ICAM‑2 and ICAM‑3 were 3‑fold and 15‑fold higher 
than the expression level of ICAM‑1 in A2780 spheroid cells, 
respectively. These results indicated the importance of ICAMs 
in resistance to CIK‑mediated lysis of A2780 spheroid cells. 
To further evaluate the protein expression level of ICAM‑1 
between adherent and spheroid A2780 cells, western blot 
analysis was performed. ICAM‑1 was significantly reduced 
in A2780 spheroid cells compared with adherent A2780 cells 
(Fig. 3C), which was consistent with the results of RT‑qPCR 
(Fig. 3A). To further explore whether ICAM‑1 was involved 
in CIK‑induced cellular lysis against A2780 adherent cells, 
anti‑ICAM‑1 antibody was used to directly block the function 
of ICAM‑1 in A2780 adherent cells. The CCK‑8 cellular 
viability assay demonstrated that adding antibody against 
ICAM‑1 inhibited CIK‑mediated cellular lysis and increased 
the viability of A2780 adherent cells dose‑dependently in vitro 
(Fig. 3D), indicating that cell‑cell interaction is required to 
mediate the cytotoxic effect of CIK cells, and ICAM‑1 may be 
involved in cancer cell target recognition and cellular lysis by 
CIK cells. Additionally, anti‑ICAM‑1 antibody increased the 
viability of A2780 cells.

Knockdown of HIF1A in A2780 cells promotes CIK‑mediated 
cellular lysis. Hypoxia occurs during tumor development. 
Hypoxia can be easily established in a 3D culture system 
in vitro. HIF1A is upregulated and expression is maintained 
in the core of cancer spheroids. HIF1A is also one of the most 
important hypoxia‑related transcription factors that control 
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Figure 1. A2780 spheroid cells exhibited cancer stem‑cell characteristics. (A) Western blotting for cancer stem cell‑associated proteins, ALDH1A1 and Nanog 
in A2780 spheroid cells compared with A2780 adherent cells. (B) Immunofluorescence of ALDH1A and Nanog (green) in A2780 adherent cells and spheroid 
cells. DAPI (blue) staining of nuclei (scale bar, 100 µm). (C) Flow cytometry‑based cell cycle analysis of the population of G0/G1, S and G2/M phases in A2780 
adherent cells and A2780 spheroid cells. (D) A flow cytometry-based method to detect anoikis between adherent cells and cancer spheroids. PI was used to stain 
dead cells. PI was used to stain dead cells and flow cytometry used to determine cell death in A2780 spheroid and A2780 adherent cells. Data are presented as the 
mean ± standard error (n=3). *P<0.05 and **P<0.01. ALDH1A1, aldehyde dehydrogenase 1 family member A1; PI, propidium iodide.

Figure 2. A2780 ovarian cancer spheroid cells are resistant to CIK‑mediated cellular lysis. (A) Efficiency of inducing CIK cells evaluated by analyzing the 
positive rate of CD3 and CD56 of CIK cells using flow cytometry. The positive rate of CD3/CD56 was 44.50±5.94%. (B) Cell death effects of CIK cells 
against A2780 adherent cells at different E:T ratios and times (4, 24 and 48 h). CFSE was used to label cancer cells and PI was used to stain dead cells. 
Both CFSE‑positive and PI‑positive cells presented dead A2780 cells. (C) A2780 adherent cells and spheroid cells treated with CIK cells at different E:Ts 
for 24 h. Data are presented as the mean ± standard error (n=3). **P<0.01 and *** or ###P<0.001. Two‑way analysis of variance was used in B. CIK, cyto-
kine‑induced killer cells; E:T, effector cells to target cells; SSC, side scatter; FSC, forward scatter; APC, allophycocyanin; FITC, isothiocyanate; CFSE, 5‑ or 
6‑(N‑succinimidyloxycarbonyl) fluorescein 3',6'‑diacetate; PI, propidium iodide.
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the production of pro‑angiogenic molecules and cancer 
stem cell‑like traits in EOC cells (21). Western blot analysis 
demonstrated that HIF1A was significantly upregulated in 
A2780 spheroid cells compared with adherent cells (Fig. 4A). 
To explore whether HIF1A contributes to the resistance 
to CIK‑mediated cellular lysis of spheroid cells, HIF1A 
knockdown (A2780‑HIF1A‑KD‑1 and ‑2) and negative control 
(A2780‑NC) A2780 cell lines were established. RT‑qPCR and 
western blot analysis demonstrated that expression of HIF1A 
was significantly downregulated at the mRNA and protein 
levels in the knockdown cells compared with the negative 
control group (Fig. 4B). A CCK‑8 cell viability assay revealed 
that knockdown of HIF1A promoted the cytotoxic effects 
of CIK cells and decreased the viability of both adherent 
cancer cells and cancer spheroids at different E:Ts (Fig. 4C). 
Additionally, knockdown of HIF1A in A2780 cells slightly 
decreased cellular proliferation in vitro (Fig. 4D and E).

HIF1A regulates expression of ICAM‑1 in A2780 spheroid 
cells. Previous studies reported that hypoxia promoted 
ICAM‑1 expression in endothelial cells via activation of 
HIF‑independent nuclear factor‑κB (NF‑κB) pathway (22) 
and C‑C motif chemokine ligand 15/Janus kinase 2/signal 
transducer and activator of transcription 3 pathway (23). 
However, whether HIF1A regulates ICAM‑1 expression 
in EOC spheroid cells has not been reported before. In 
the current study, the association between HIF1A and 
ICAM‑1 in A2780 spheroid cells was evaluated. RT‑qPCR 
demonstrated that the mRNA expression of ICAM‑1 

was lower in A2780‑NC spheroid cells compared with 
A2780‑NC adherent cells. However, in the comparison 
with A2780‑HIF1A‑KD adherent cells, the mRNA 
expression level of ICAM‑1 was only slightly affected in 
the two HIF1A knockdown spheroid cells. In addition, the 
mRNA expression level of ICAM‑1 in A2780‑HIF1A‑KD 
spheroid cells was higher than that in A2780‑NC spheroid 
cells (Fig.  5A). Western blot analysis demonstrated that 
the protein expression level of ICAM‑1 in A2780‑NC 
spheroid cells was lower than that in A2780‑NC adherent 
cells (Fig. 5B). Notably, knockdown of HIF1A did not have 
an effect on protein expression of ICAM‑1 in adherent 
cells, but the protein expression of ICAM‑1 significantly 
upregulated in HIF1A knockdown spheroid cells compared 
with NC spheroid cells (Fig. 5B). To further elucidate the 
association between hypoxia and ICAM‑1 in EOC cells, 
CoCl2 was used to induce chemical hypoxia and determine 
the effects of hypoxia/HIF1A in vitro. Controversial results 
have been reported regarding the effects of CoCl2‑induced 
hypoxia on the expression of ICAM‑1 in different cell lines 
in vitro. It was reported that CoCl2 upregulated ICAM‑1 
expression in endothelial cells  (24), but downregulated 
ICAM‑1 in colorectal cancer cells (25). Western blot analysis 
demonstrated that CoCl2 dose‑dependently decreased the 
protein expression level of ICAM‑1 in A2780 adherent cells 
(Fig. 5C). These observations indicated that HIF1A/hypoxia 
may regulate the expression of ICAM‑1 in the formation 
of A2780 spheroids, and may be partially involved in the 
resistance of A2780 spheroid cells to CIK cells.

Figure 3. ICAM‑1 is downregulated in A2780 cancer spheroid cells. (A) Reverse transcription quantitative polymerase chain reaction analysis of the mRNA 
expression levels of ICAM‑1, ‑2 and ‑3 in A2780 spheroid cells compared with adherent cells. (B) The mRNA expression level of ICAM‑1 in A2780 spheroid 
cells compared with the mRNA expression levels of ICAM‑2 and ICAM‑3. (C) Western blot analysis of ICAM‑1 in A2780 spheroid cells compared with 
adherent cells. (D) Using Cell Counting Kit‑8 cell viability analysis of CIK‑mediated cellular lysis at different effector cells to target cells ratios and blocking 
of ICAM‑1 in A2780 adherent cells with anti‑ICAM‑1 antibody cells. Data are presented as the mean ± standard error (n=3). *P<0.05, **P<0.01 and *** or 
###P<0.001. One‑way ANOVA was used in B. Two‑way ANOVA was used in D. CIK, cytokine‑induced killer cells; ANOVA, analysis of variance; ICAM, inter-
cellular adhesion molecule.
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HIF1A‑associated signaling pathways are activated in 
EOC cells. Various hypoxia‑associated signaling pathways 
have been reported to be involved in the regulation of 
ICAM‑1 expression, including TGF‑β1/SMADs and NF‑κB 
signaling pathway. The therapeutic potential of targeting 
TGF‑β1/SMADs (26) and NF‑κB signaling pathways (27) in 
ovarian cancer were also investigated. However, it is not clear 
whether TGF‑β1/SMADs and NF‑κB signaling pathways are 
active in EOC spheroids.

Western blot analysis demonstrated that the ratio of 
phosphor‑SMAD3 to SMAD3 and phosphor‑SMAD2 to 
SMAD2 were significantly increased in A2780 spheroid 
cells compared with in adherent cells. In addition, the protein 
expression level of TGF‑β1 was upregulated in A2780 spheroid 
cells compared with in A2780 adherent cells (Fig. 6A). To 
evaluate whether A2780 spheroid cells secret TGF‑β1 into the 

culture medium, an ELISA measuring TGF‑β1 was used. The 
amount of TGF‑β1 in the supernatant of A2780 spheroids was 
higher than that in fresh culture medium, which indicated that 
A2780 spheroids could secrete TGF‑β1 into culture medium 
(Fig. 6B). To further investigate the influence of TGF‑β1 on the 
transcriptional regulation of ICAM‑1 in EOC cells, rhTGF‑β1 
was added to treat A2780 adherent cells for 24 h. rhTGF‑β1 
significantly decreased the mRNA expression level of ICAM‑1 
in A2780 cells (Fig. 6C).

Further results demonstrated that the phosphorylation 
level of Ikk‑α/β, ratio of phosphor‑IκB to IκB, and ratio of 
phosphor‑p65 to p65 were all upregulated in A2780 spheroid 
cells compared with in adherent cells (Fig. 6D). In addition, the 
protein expression level of VEGFA was upregulated in A2780 
spheroid cells compared with in adherent cells (Fig.  6E). 
These results indicated the increased activation of NF‑κB and 

Figure 4. Knockdown of HIF1A in A2780 cells promotes CIK‑mediated cellular lysis. (A) Western blot analysis of HIF1A in A2780 spheroid cells compared 
with A2780 adherent cells. (B) Two HIF1A knockdown plasmids were constructed and then two stable transfected A2780 cell lines (A2780‑HIF1A‑KD‑1, 
‑2) were established. Reverse transcription‑quantitative polymerase chain reaction analysis of HIF1A at mRNA level. (C) Western blotting to determine the 
efficiency of HIF1A knockdown at protein level. (D) CCK‑8 cell viability assay showed that knock‑down of HIF1A in A2780 adherent cells and (E) cancer 
spheroids promoted CIK‑mediated cellular lysis at E:T of 10:1 and 20:1 used. Data are presented as the mean ± standard error (n=3). *P<0.05, ** or ##P<0.01 
and *** or ###P<0.001. Two‑way analysis of variance was used in E. CIK, cytokine‑induced killer cells; CCK‑8, Cell Counting Kit‑8; E:T, effector cells to target 
cells; NC, negative control; HIF1A, hypoxia inducible factor‑1α; KD, knockdown.
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TGF‑β1/SMADs signaling pathway in A2780 spheroid cells 
compared with adherent A2780 cells.

Discussion

Numerous studies have reported that epithelial cancer spheroid 
cells are more tumorigenic than their parental tumor cells, 
adherent cancer cells or differentiated cancer cells, including 
primary cells and EOC cell lines (7). The tumor‑promoting 
trait is associated with the enrichment of ovarian cancer stem 
cells and activation of tumorigenic and stemness‑associated 
signaling pathways in EOC spheroids (18). Condello et al (18) 
found that β‑catenin‑regulated ALDH1A1 was a target 
in ovarian cancer spheroids. Xu et  al  (19) observed that 
microRNA‑214 regulates ovarian cancer cell stemness by 
targeting p53/Nanog. In this study, ALDH1A1 and Nanog 
were significantly upregulated in A2780 cancer spheroids, as 
determined via western blot analysis and immunofluorescence. 
A2780 spheroid cells exhibited higher capacity for self‑renewal 
compared with adherent cells in a soft agar colony formation 
assay in vitro. Additionally, autophagy‑mediated transition 
from G0 phase to G1 phase also contributes to the expression 
of OCT‑4 and NOTCH1, two stemness‑associated markers, 
in cancer spheroid cells  (2). Determining the cell  cycle 
distribution of A2780 and A2780 spheroid can provide the rate 
of G0/G1 phase, which is associated with cancer stem cells 
traits. Carduner et al (28) reported that ovarian cancer spheroid 
cells exhibited anoikis‑resistance, which was important for 
survival of cancer cells; the present results are consistent with 
that. It is essential to confirm this trait as A2780 spheroid cells 

exhibited anoikis‑resistance. It may be concluded that the 
death of cancer cells is associated with CIK‑mediated cellular 
lysis, but not anoikis. These results lead to the examination 
of stemness‑associated markers (ALDH1A1 and Nanog) by 
western blot analysis and immunofluorescence, cell  cycle 
distribution and anoikis‑resistance via flow cytometry to 
investigated the differences, including in stemness, between 
adherent A2780cancer cells and A2780 spheroids.

Cancer cells employ many mechanisms of immune escape, 
including downregulation of major histocompatibility complex 
(MHC) I expression (29), secretion of immune suppressive 
molecules  (30), disrupting functions of immune cells and 
creating a tumor‑favoring microenvironment (31). CIK cells 
have MHC‑unrestricted activity against cancer stem cells, 
including in melanoma (32) and hepatocellular carcinoma (33). 
However, the effectiveness of CIK against EOC spheroids and 
whether spheroid cells endow the ability to evade immune 
attack has rarely been discussed previously.

ICAM‑1 is well known for its anti‑cancer function by 
recruiting immune cells (34). ICAM‑1 is also important for 
recognition of tumor target cells of CIK cells. Some studies 
have reported the tumor‑suppressive effects of ICAM‑1 
on ovarian cancer. Arnold et al (35) reported that ICAM‑1 
expressed at low levels in cancer cells and had a reverse 
association with patient survival. de Groote et al (36) showed 
an immune‑independent cellular role of ICAM‑1 in ovarian 
cancer, whereby upregulation of endogenous ICAM‑1 reduced 
cancer cell growth in the absence of immune cells. Lymphocyte 
function‑associated antigen  1/ICAM‑1 are involved in 
target recognition leading to target cell lysis by CIK cells, 

Figure 5. HIF1A regulates the expression of ICAM‑1 in A2780 spheroid cells. (A) Reverse transcription‑quantitative polymerase chain reaction analysis of 
ICAM‑1 mRNA expression level in spheroid cells of A2780‑negative control (A2780‑NC) and A2780‑NC adherent cells compared with A2780‑HIF1A‑KD 
spheroids. (B) Western blot analysis of the protein expression level of ICAM‑1 in A2780‑NC spheroid cells compared and A2780‑NC adherent cells, and 
A2780‑HIF1A‑KD adherent cells and spheroid. (C) CoCl2 was used to induce chemical hypoxia in A2780 cells followed by western blot analysis of the protein 
expression level of HIF1A and ICAM‑1 in A2780 adherent cells. Data are presented as the mean ± standard error (n=3). *,#P<0.05 and **,##P<0.01. Data were 
analyzed by one‑way analysis of variance. ICAM, intercellular adhesion molecule; NC, negative control; HIF1A, hypoxia inducible factor‑1α; KD, knockdown.
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Figure 6. HIF1A‑associated signaling pathways are activated in A2780 spheroid cells. (A) Western blot analysis of the phosphorylation level of SMAD2 
and SMAD3 in A2780 spheroid cells compared with A2780 adherent cells and the protein expression level of TGF‑β1 in A2780 spheroid cells compared 
with A2780 adherent cells. (B) ELISA analysis TGF‑β1 concentration in A2780 spheroid cells culture medium and supernatant. (C) Recombinant human 
TGF‑β1 was used to treat A2780 adherent cells for 24 h, and reverse transcription‑quantitative polymerase chain reaction analysis of mRNA expression level 
of ICAM‑1. (D) Western blot analysis was conducted to explore the activation level of nuclear factor‑κB signaling pathway between A2780 adherent cells 
and spheroid cells. Phosphorylation of Ikk‑α/β, IκBα and p65 in A2780 spheroid cells compared with adherent cells. (E) Western blot analysis displayed 
that protein expression level of VEGFA increased in A2780 spheroid cells compared to that in adherent cells. Data are presented as the mean ± standard 
error (n=3). *P<0.05, **P<0.01 and ***P<0.001. One‑way analysis of variance was used in C. SMAD, mothers against decapentaplegic homolog 3; TGF‑β1, 
transforming growth factor‑β1; ICAM‑1, intercellular adhesion molecule‑1; Ikk‑α/β, IκB kinase‑α/β; IκBα, NF‑κB inhibitor α; VEGFA, vascular endothelial 
growth factor A.

Figure 7. Schematic diagram showed that epithelial ovarian cancer spheroid cells endow the ability of evasion form CIK‑mediated cellular lysis. 
Hypoxia/HIF1A‑regulated downregulation of ICAM‑1 is responsible for A2780 spheroid cells' resistance to immune attack of CIK cells. Furthermore, 
hypoxia/HIF1A‑associated TGF‑β1/SMADs and VEGFA signaling pathways might attribute to the downregulation of ICAM‑1 in A2780 spheroid cells. 
NF‑κB, nuclear factor‑κB; HIF1A, hypoxia inducible factor‑1α; VEGFA, vascular endothelial growth factor A; ICAM‑1, intercellular adhesion molecule‑1; 
CIK, cytokine‑induced killer cells; TGF‑β1, transforming growth factor‑β1; SMAD, mothers against decapentaplegic homolog 3.
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which can be blocked anit‑ICAM‑1 antibody. In the present 
study, the expression level of ICAM‑1 was lower in ovarian 
cancer spheroids compared with in adherent cancer cells. 
Furthermore, blockage of ICAM‑1 inhibited CIK‑mediated 
cellular lysis in adherent cancer cells. These results suggest 
that ICAM‑1 may have a role in the resistance to immune 
attack of ovarian cancer cells.

Tumor hypoxia and HIF1A are known to have important 
roles in ovarian cancer metastasis, angiogenesis and 
resistance to chemotherapy. In addition, the hypoxic tumor 
microenvironment and HIF1A contribute to immune escape 
in various cancer types, including prostate cancer, breast 
cancer (37). Terry et al (38) reported that HIF1A‑dependent 
induction of epithelial‑mesenchymal transition‑associated 
transcription factors and secretion of immunosuppressive 
TGF‑β enabled cancer cells to resist cytotoxic T cell and NK 
cell‑mediated lysis. Furthermore, HIF1A‑induced activation 
of PI3K/Akt, VEGFA/ERK, nitric oxide/cyclic GMP/protein 
kinase G signaling pathways promote immune evasion of cancer 
cells (39‑41). MHC class I chain‑related molecule A (MICA) 
is an NKG2D ligand that is also important for recognition 
of cancer cells and cancer stem cells by CIK cells in 
hepatocellular carcinoma (35), nasopharyngeal carcinoma (42). 
Barsoum et al (34) reported that hypoxia/HIF1A increased 
the expression of ADAM10 and decreased surface MICA 
levels on cancer cells, and contributed to resistance to lysis 
mediated by innate immune effectors, which was attenuated 
by using a nitric oxide mimetic. In the present study, EOC 
spheroid cells evaded CIK cells‑mediated lysis, which was 
associated with HIF1A‑mediated downregulation of ICAM‑1. 
However, one cell line is not enough to avoid the significant 
variations among cancer cell lines due to their different genetic 
backgrounds. In future studies more suitable cell lines, animal 
models and clinical ovarian cancer samples will be used to 
further investigate the association among HIF1A, ICAM1 and 
immune reaction.

Various hypoxia‑related signaling pathways are reported 
to be involved in the regulation of ICAM‑1. Sawada et al (43) 
reported that TGF‑β1 decreased ICAM‑1 expression in 
pancreatic cancer cells, inhibited lymphocyte‑mediated 
cytotoxic effects and enhanced liver metastatic potential. 
Furthermore, Bessa et al (44) reported that immunoblockade 
of TGF‑β1 partially restored impaired leukocyte functions, 
indicating the immunosuppressive role of TGF‑β1. In the 
current study, A2780 spheroid cells could secrete TGF‑β1 
and the TGF‑β1/SMADs signaling pathway was activated 
in A2780 spheroid cells. This observation indicates that 
TGF‑β1/SMADs signaling pathway may have important role 
in evasion from CIK cells in A2780 spheroid cells.

Additionally, NF‑κB signaling was activated in A2780 
cancer spheroids, which is reported to facilitate upregulation of 
ICAM‑1 in cardiovascular disorders (45). It was also observed 
that HIF1A‑regulated VEGFA was upregulated in A2780 
spheroid cells, which may have a role in inhibiting the expression 
of ICAM‑1. Thichanpiang et al (46) reported that VEGF‑A(165)
b inhibited NF‑κB/tumor necrosis factor‑α (TNF‑α)‑mediated 
upregulation of ICAM‑1 expression in human retinal pigment 
epithelium cells. Li et al (47) also reported that NF‑κB promoted 
programmed cell death 1 ligand 1 (PD‑L1) expression and 
fostered an immunosuppressive tumor microenvironment 

in ovarian cancer, and the upregulation of PD‑L1 promoted 
immune escape of cancer cells from CIK cells  (48). 
Furthermore, combination of PD‑L1/PD‑1 blockade and CIK 
cells brought more benefits to patients with ovarian cancer (33). 
These results indicate that HIF1A‑mediated upregulation of 
VEGFA may reduce the effects of NF‑κB/TNF‑α on ICAM‑1 
in A2780 spheroid cells. Thus, the results of the present 
study suggest that hypoxia/HIF1A‑induced downregulation 
of ICAM‑1 is responsible for the resistance of A2780 
spheroids to CIK‑mediated cellular lysis. HIF1A‑associated 
TGF‑β1/SMADs and VEGFA signaling pathways may mediate 
the downregulation of ICAM‑1 in A2780 spheroid cells (Fig. 7).

CIK cell‑based adoptive cell therapy (ACT) has exhibited 
activity in several pre‑clinical models, suggesting that ACT 
may provide benefits in settings of low tumor burden, minimal 
residual disease or maintenance therapy. Liu  et  al  (12) 
reported the clinical feasibility and efficacy of CIK cells in 
maintenance therapy against ovarian cancer, observing a 
significant increase in median progression free survival and no 
severe CIK cell infusion‑associated toxicity. However, clinical 
research is still at early stage and few studies of CIK‑based 
therapy in EOC have been conducted. Well‑organized, 
individualized and combined cell therapy may promote its 
clinical effectiveness and application. Additionally, modifying 
CIK cells using chemical hetero‑conjugation (11) and chimeric 
antigen receptors (49) may provide strategies to optimize and 
enhance CIK‑based cancer therapy.

In conclusion, this work highlighted the HIF1A‑mediated 
immune evasion of EOC spheroids from CIK cell‑mediated 
lysis via downregulation of ICAM‑1. Although CIK cells 
exhibit promising properties against many tumor and cancer 
stem cells, paying attention to the mechanisms of immune 
escape by cancer cells and identifying solutions to reduce 
evasion may generate more effective therapeutic strategies in 
ovarian cancer treatment.
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