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Cytokine-induced killer cells (CIK) in combination with dendritic cells (DCs) have 
shown favorable outcomes in renal cell carcinoma (RCC), yet some patients exhibit 
recurrence or no response to this therapy. In a broader perspective, enhancing the 
antitumor response of DC-CIK cells may help to address this issue. Considering this, 
herein, we investigated the effect of anti-CD40 and anti-CTLA-4 antibodies on the 
antitumor response of DC-CIK cells against RCC cell lines. Our analysis showed 
that, a) anti-CD40 antibody (G28.5) increased the CD3+CD56+ effector cells of CIK 
cells by promoting the maturation and activation of DCs, b) G28.5 also increased 
CTLA-4 expression in CIK cells via DCs, but the increase could be hindered by the 
CTLA-4 inhibitor (ipilimumab), c) adding ipilimumab was also able to significantly 
increase the proportion of CD3+CD56+ cells in DC-CIK cells, d) anti-CD40 
antibodies predominated over anti-CTLA-4 antibodies for cytotoxicity, apoptotic 
effect and IFN-g secretion of DC-CIK cells against RCC cells, e) after ipilimumab 
treatment, the population of Tregs in CIK cells remained unaffected, but ipilimumab 
combined with G28.5 significantly reduced the expression of CD28 in CIK cells. 
Taken together, we suggest that the agonistic anti-CD40 antibody rather than 
CTLA-4 inhibitor may improve the antitumor response of DC-CIK cells, particularly 
in RCC. In addition, we pointed towards the yet to be known contribution of CD28 
in the crosstalk between anti-CTLA-4 and CIK cells. 
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Introduction 
Among immunotherapies, cytokine-induced killer (CIK) cell 
therapy holds a significant place, as evidenced by several 
completed or ongoing clinical trials, which also included 15 
clinical trials in renal cell carcinoma (RCC) (1). For patients 
diagnosed with inoperable or metastatic RCC, systemic 
therapies, including immunotherapy, are typically adopted (2). 
CIK cell therapy has exhibited promising clinical effects on those 
patients, but recurrence and non-responsiveness is still a 
challenging issue. Therefore, several efforts are currently 
underway to improve the antitumor response of CIK cells (3). 
Of interest, an International Registry of CIK Cells (IRCC) has 
been established to summarize the results of clinical trials using 
CIK cells (4). 

CIK cells represent a heterogeneous population of 
exceptional T lymphocytes with CD3+CD56+ cells as the 
primary effectors (5, 6). CIK cells possess both non-MHC-

bound cytotoxicity and antitumor activity of T lymphocytes 
(7). Importantly, as dendritic cells (DCs) are the most efficient 
antigen-presenting cells (APCs), the combination of DCs and 
CIK cells has shown a significant increase in cytotoxic activity 
(8). CD40 is a member of the tumor necrosis factor (TNF) 
receptor superfamily and mainly expressed on B cells, DCs, 
monocytes, and endothelial cells (9, 10). According to one study, 
an agonistic anti-CD40 antibody (CP-870,893) stimulated DCs 
and further promoted the antitumor response of lymph node-
derived T cells (11). Among other determinants, CTLA-4 is also 
known as a negative regulator of T cells (12). CTLA-4 is 
primarily expressed in the intracellular vesicles of T cells and 
functions by outcompeting CD28 in binding CD80/CD86 on 
APCs, or enhancing the activity of regulatory T cells (Tregs) (13, 
14). A phase I study reported that the combination of CP-
870,893 and a CTLA-4-blocking mAb (tremelimumab) resulted 
in T-cell resuscitation and caused tolerable toxicity in metastatic 
melanoma (15). 

As aforementioned, CIK cells have shown promising clinical 
efficacy and safety in RCC (16–18). Besides, DCs pulsed with 
tumor lysate cocultured with CIK cells or activated 
simultaneously with pembrolizumab (PD-1 inhibitor) have 
shown favorable antitumor response in RCC patients (19–21). 
Considering this, herein, we sought to enhance the antitumor 
response of DC-CIK cells, presumably as an option for 
unresponsive patients. To achieve this, we activated DC-CIK 
cells with anti-CD40 and anti-CTLA-4 antibodies in RCC cell 
lines. In addition, we investigated the cytotoxicity potential, 
early/late apoptosis levels, and IFN-g secretion levels. 
Moreover, we assessed the population of Tregs in CIK cells 
and highlighted the yet to be known CTLA-4-CD28 interaction 
in this spectrum. 
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Materials and methods 

Cell lines and antibodies 

We utilized two human renal carcinoma cell lines Caki-2 
and ACHN which were purchased from CLS Cell Lines Service 
GmbH (Eppelheim, Germany). Both were maintained in RPMI-

1640  medium  (PAN-Biotech,  Aidenbach,  Germany)  
supplemented with 10% fetal bovine serum (FBS, Gibco, 
USA), 100 U/ml penicillin, and 100 mg/ml streptomycin 
(Gibco, Grand Island, NY, USA) at 37°C, 5% CO2. Prior to 
experiments, the cell lines were controlled with MycoAlert 
mycoplasma detection kit (Lonza, Basel, Switzerland). 

Concerning antibodies, mouse anti-human CD40 antibody 
(clone G28.5) was purchased from Bio X Cell (Lebanon, NH, 
USA). The anti-CTLA-4 antibody ipilimumab was purchased 
from Selleckchem (Houston, TX, USA). The mouse IgG1 
(mIgG1, isotype control of G28.5) and human IgG1 (hIgG1, 
isotype control of ipilimumab) isotype control were also 
purchased from Bio X Cell. The following fluorescent 
monoclonal antibodies and their isotype controls were 
purchased from BioLegend (San Diego, CA): mouse anti-
human CD3-FITC (OKT3), mouse anti-human CD8a-Brilliant 
Violet 421 (RPA-T8), mouse anti-human CD56-PE (5.1H11), 
mouse anti-human CD154-APC (22–29), mouse anti-human 
CD152-APC (L3D10), mouse anti-human CD28-PerCP/ 
Cyanine5.5 (CD28.2), mouse anti-human CD14-FITC (M5E2), 
mouse anti-human CD16-FITC (3G8), mouse anti-human 
CD19-FITC (SJ25C1), mouse anti-human CD20-FITC (2H7), 
mouse anti-human CD56-FITC (HCD56), mouse anti-human 
HLA-DR-PE (L243), mouse anti-human CD11c-PerCP/ 
Cyanine5.5 (S-HCL-3), mouse anti-human CD40-APC (5C3), 
mouse anti-human CD80-APC (2D10), mouse anti-human 
CD83-APC (HB15e), mouse anti-human CD86-APC (BU63), 
mouse anti-human CD3-PerCP/Cyanine5.5 (OKT3), mouse 
anti-human CD4-APC (OKT4), mouse anti-human CD25-PE 
(BC96), mouse anti-human CD127-FITC (A019D5). 
Generation of DCs 

To generate DCs, peripheral blood mononuclear cells (PBMCs) 
were isolated from buffy coats of healthy donors (University 
Hospital Bonn) as previously described (30). As next, PBMCs 
were set to 5 × 106/ml in complete medium (RPMI-1640 
medium supplemented with 10% FBS, 100 U/ml penicillin, 100 
mg/ml streptomycin, and 2.5% HEPES Buffer 1M (PAN-Biotech, 
Aidenbach, Germany) and allowed to adhere to 6-well plates for  
3 h, 37°C.  Subsequently, we aspirated the medium containing non-
adherent cells and washed with warm medium to remove the non-
adherent cells. The adherent cells were further cultured with 1000 
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U/ml GM-CSF and 1000 U/ml IL-4 (ImmunoTools, Friesoythe, 
Germany) in complete medium to generate DCs. The medium with 
necessary cytokines was replaced every 2-3 days. To prepare tumor 
lysate, ACHN and Caki-2 cells were digested with 0.05% Trypsin-
EDTA (Gibco, USA) and washed thrice with PBS. Pelleted cells 
were resuspended in PBS and lysed via five freeze-thaw cycles. The 
cell lysate was then centrifuged for 10 min, 13500 g at 4°C. The 
supernatant was collected and sterilized through a 0.22 mm filter 
membrane. The protein concentration of the water-soluble tumor 
lysate was determined using Pierce BCA Protein-Assay kit (Thermo 
Scientific,  USA)  and stored at  −80°C. After six days of culture, the 
obtained tumor lysate was added to DC culture medium to load 
DCs at the concentration of 100 mg/ml for 48h. Also,1000 U/ml 
TNF-a (ImmunoTools, Friesoythe, Germany) was added to 
promote maturation for another 24 h. 
DC-CIK cell coculture and 
phenotype analysis 

CIK cells were generated as previously described (31). The 
non-adherent cells were collected and stimulated by 1000 U/mL 
IFN-g (ImmunoTools, Friesoythe, Germany) for 24 h. On day 1, 
50 ng/mL anti-CD3 monoclonal antibody (eBioscience, Thermo 
Fisher Scientific, San Diego, CA, USA), 600 U/mL IL-2 
(ImmunoTools, Friesoythe, Germany), 100 U/ml IL-1b 
(ImmunoTools, Friesoythe, Germany) were added to continue 
inducing CIK cells. Cells were then incubated at 37°C in a 
humidified atmosphere of 5% CO2. Fresh medium with 
600 U/mL IL-2 was replenished every 2-3 days. In ipilimumab 
or isotype control group, ipilimumab or human IgG1 was added 
in CIK cells only once at a concentration of 10 mg/ml at the 
initiation of culture. After nine days of culture, DCs were 
collected and cocultured with CIK cells at a ratio of 1:5 in 
complete medium supplemented with 600 U/ml IL-2. DC-CIK 
cells were harvested after 2-3 days for further experiments. 

For phenotype analysis, DCs and CIK cells were washed and 
resuspended in 100 ml FACS buffer at the concentration of 1 × 107 

cells/ml. DCs were stained with PE-HLA-DR, PerCP/Cyanine 5.5-
CD11c, APC-CD40, APC-CD80, APC-CD83, APC-CD86, FITC-
CD3, FITC-CD14, FITC-CD16, FITC-CD19, FITC-CD20, and 
FITC-CD56 on ice for 20 min in the dark. For phenotyping of 
CIK cells, FITC-CD3, Brilliant Violet 421-CD8a, PE-CD56, APC-
CD40L, APC-CTLA-4, and PerCP/Cyanine5.5-CD28 were used to 
stain. To detect Tregs, the cells were incubated with PerCP/ 
Cyanine5.5-CD3, APC-CD4, Brilliant Violet 421-CD8a, PE-CD25, 
and FITC-CD127. After two washings, cells were then stained with 
Zombie Aqua Fixable Viability Kit (BioLegend, San Diego, CA) to 
exclude dead cells. Samples were acquired on FACSCanto II (BD 
Bioscience). Notably, the intracellular expression of CTLA-4 was 
detected according to manufacturer’s instruction. Briefly, CIK cells 
were fixed with 100 ml Fixation buffer (Invitrogen, Waltham, MA, 
USA) for 30 min at room temperature. After two subsequent 
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washings by 2 ml 1 × Permeabilization Buffer (Invitrogen, 
Waltham, MA, USA), cells were resuspended in 100 ml 1 ×

Permeabilization Buffer and incubated with APC-CTLA-4 for 
40 min in the dark. The cells were subsequently washed by 2 ml 
1 × Permeabilization Buffer, 2 ml PBS, and resuspended for analysis. 
Generation of activated T cells 

Activated T cells were generated as described by Yano et al. 
(22). Briefly, PBMCs were activated with 20 ng/mL anti-CD3 
monoclonal antibody and expanded with 100 U/ml IL-2 in 
complete medium for 14 days. 10 mg/ml ipilimumab or human 
IgG1 was added to CIK cells only once at the initiation of culture. 
Cell counting kit-8 (CCK-8) assay 

CCK-8 was performed to test the direct effect of G28.5 and 
ipilimumab on tumor cells. ACHN (1 × 104 cells/well) and Caki-
2 (0.5 × 104 cells/well) cells were incubated with 1 µg/ml, 
10 µg/ml, 20 µg/ml, and 40 µg/ml of G28.5 and ipilimumab in 
100 ml total volume in 96-well plates. After 24 h of coculture, 10 
ml CCK-8 solution (Dojindo, Japan) was added to each well and 
incubated with cells for about 3h. The absorbance at 450 nm was 
measured on Multiskan GO Microplate Spectrophotometer 
(Thermo Scientific). The viability of tumor cells was calculated 
using the following formula: Viability = (OD experimental - OD 
blank)/(OD control − OD blank) × 100%. 
Cytotoxicity assay 

The cytotoxicity of DC-CIK cells against RCC cells was 
detected using flow cytometry, as previously described (31). 
ACHN and Caki-2 cells were labeled by CellTrace™ Violet 
dye (Invitrogen, Waltham, MA, USA) and distributed in 96-well 
plates at 3 × 104 cells/well and 1.2 × 104 cells/well, respectively. 
DC-CIK cells, ipilimumab, or hIgG1 treated DC-CIK cells were 
then cocultured with tumor cells at an E/T ratio of 10:1. After 
being incubated with 10 mg/ml G28.5 or mIgG1 control for 24 h, 
all cells were collected, and 7-aminoactinomycin D (7-AAD) was 
added for live and dead cell discrimination by flow cytometry. 
The formula used for cytotoxicity calculation is as follows: 
Cytotoxicity = ((CL − TL)/CL) × 100%. CL, percentage of live 
tumor cells in control tubes (tumor cells alone); TL, percentage 
of live tumor cells in test tubes (treatment groups). 
Apoptosis assay 

Apoptosis was measured according to the protocol described 
for FITC Annexin V Apoptosis Detection Kit with 7-AAD 
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(BioLegend). Briefly, the tumor cells were labeled by CellTrace™ 

Violet dye, and cocultured with DC-CIK cells, ipilimumab, or 
hIgG1 treated DC-CIK cells at an E/T ratio of 5:1. After 
incubation with 10 mg/ml G28.5 or mIgG1 control for 10-14 h, 
all cells were collected and resuspended in 100 ml Annexin V 
binding buffer. Five microliter FITC Annexin V and 7-AAD 
were added and incubated at room temperature for 15 min in the 
dark. Another 200 ml Annexin V binding buffer was added to 
each tube, and samples were then analyzed by flow cytometry. 
ELISA assay 

The IL-12 secretion of DCs was detected by the IL-12 
p70 Human ELISA Kit (Invitrogen). First, DCs were distributed 
at 1 × 106 cells/well in 24-well plates in the presence or absence 
of 10 mg/ml G28.5, ipilimumab, and their isotype controls 
mIgG1 and hIgG1. After 24h, the supernatant was collected to 
detect IL-12 secretion by ELISA. The IFN-g secretion was also 
detected according to manufacturer’s instruction. DC-CIK cells, 
ipilimumab, or hIgG1 treated DC-CIK cells were cocultured with 
tumor cells (5 × 104 cells/well) at a ratio of 10:1. Subsequently, the 
cells were incubated with 10 mg/ml G28.5 or mIgG1 control for 
24 h. The supernatant was collected to determine the 
concentration of IFN-g by the IFN gamma Human ELISA 
Kit (Invitrogen). 
Statistical analysis 

FACS data sets were analyzed using FlowJo v10.6 software 
(FlowJo, LLC, Ashland, Oregon, U.S.A.). Statistical analyses were 
performed using GraphPad Prism v.8.0 (GraphPad Software, 
Inc., San Diego, CA, U.S.A.). Quantitative data are presented as 
means ± SD. Differences between groups were investigated using 
Student’s unpaired and paired t-tests, and one-way ANOVA 
with a Bonferroni correction for multiple comparisons. Each 
experiment was performed in triplicates and repeated at least 
three times. P < 0.05 was considered statistically significant. 
Results 

Characterizing the phenotype of CIK 
cells and DCs 

We first determined the phenotype of CIK cells and DCs by 
flow cytometry. CD3+CD56+ and CD3+CD8+ cells, which 
primarily contribute to the cytotoxicity of CIK cells, were 
found to be significantly increased by 23.2 ± 2.1% (P = 0.0004) 
and 58.4 ± 12.2% (P = 0.0088), individually after 14 days of 
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culture (Figures 1A, B). In addition, the level of cells positive for 
CD40L (the ligand of CD40) was also elevated from 6.0 ± 3.0% to 
35.3 ± 5.2% (P = 0.0011). Notably, the CTLA-4 (especially the 
intracellular CTLA-4) positive cells was significantly decreased 
from 35.6 ± 2.1% to 4.3 ± 0.8% (P < 0.0001). Of interest, its 
counterpart CD28+ cells were also significantly reduced from 
62.9 ± 5.0% to 26.57 ± 5.8% (P = 0.0012). Similarly, Figure 1B 
showed that the mean fluorescence intensity (MFI) of CD40L 
was increased from 671.7 ± 26.5 to 799.3 ± 61.2 (P = 0.0294), 
whereas the MFI of CD28, intracellular and extracellular CTLA-
4 were decreased from 5762.0 ± 249.5, 1449.3 ± 47.7, and 744.0 ± 
49.4 to 2270.3 ± 136.6 (P < 0.0001), 419.7 ± 28.1 (P < 0.0001), 
and 616.0 ± 19.3 (P = 0.0139), respectively. Following nine days 
of generation, the mature DCs showed significantly increased 
expression of HLA-DR, CD11c, CD40, CD86, CD80, and CD83 
(Figures 1C, D). Gating strategy for CIK cells and DCs was 
shown in Figure S1. 
Anti-CD40 antibodies increased 
CD3+CD56+ population of CIK cells 
via DCs 

Next, we incubated DCs with anti-CD40 antibody (G28.5) 
for 48 hours and observed upregulation of CD80, CD83, C86, 
and HLA-DR, hence showing the maturation of DCs 
(Figures 2A, B). Hunter et al. observed similar results when a 
different anti-CD40 antibody (CP-870,893) was used (11). G28.5 
also significantly stimulated the secretion of IL-12 compared to 
control by 185.6 ± 79.9 pg/ml (P = 0.046) and 204.1 ± 79.9 pg/ml 
(P = 0.046) in G28.5 and the combination group, individually, 
indicating the enhanced activation of DCs following G28.5 
treatment (Figure 2C). We further treated DC-CIK and CIK 
cells with G28.5 to assess any alteration in the primary effector 
CD3+CD56+ cells. An increased CD3+CD56+ population of 
CIK cells was observed in DC-CIK cells alone (P = 0.007) 
(Figures 2D, S2A), indicating that G28.5 could promote the 
antitumor response of CIK cells by inducing DC maturation 
and activation. 
Favorable effects of G28.5 combined 
with ipilimumab on CTLA-4 and 
CD3+CD56+ effector cells 

We next evaluated the effect of G28.5 in combination with 
ipilimumab (CTLA-4 inhibitor) on DC-CIK cells, following 48 
hours of incubation. We found that G28.5 increased intracellular 
and extracellular expression of the CTLA-4 by 37.3 ± 0.9% (P < 
0.0001) and 0.1 ± 0.1% (P = 0.24), respectively in CIK cells when 
cocultured with DCs, but not in CIK cells alone (Figures 3A, B, 
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S2B, C). In addition, ipilimumab suppressed the CTLA-4 
expression of CIK cells that had been promoted by G28.5 in 
DC-CIK cells (P = 0.0203). Hence, it suggested that G28.5 
combined with ipilimumab might have a favorable effect on 
the antitumor response. Moreover, G28.5 and ipilimumab both 
decreased the expression of CD28 (the counterpart of CTLA-4) 
in DC-CIK cells. The level of cells positive for CD28 were 
reduced by 13.5 ± 1.3% (P < 0.0001) by G28.5 and 11.4 ± 
0.7% (P < 0.0001) by ipilimumab, respectively, and by 24.9 ± 
1.2% (P < 0.0001) by the combination in DC-CIK cells 
(Figure 3C). The MFI of CD28 was also decreased by G28.5 
and ipilimumab accordingly (Figure S3). However, G28.5 had no 
Frontiers in Immunology 05 
direct effect on CD28 expression of CIK cells alone (Figure S2D). 
Similar to G28.5, ipilimumab increased the CD3+CD56+ 
population in CIK cells alone (1.8 ± 0.2%, P = 0.001) or DC-
CIK cells (1.8 ± 0.4%, P = 0.006)  (Figures 3D, S2E). The 
combination of G28.5 and ipilimumab also increased the 
percentage of CD3+CD56+ cells in DC-CIK cells compared 
with G28.5 (by 3.8 ± 0.3%, P < 0.0001) and ipilimumab (by 0.8 ± 
0.3%, P = 0.3742). Overall, it can be assumed that G28.5 in 
combination with ipilimumab could increase the antitumor 
efficacy of DC-CIK cells compared to G28 or ipilimumab 
alone, primarily by reducing inhibitory CTLA-4 and 
proliferating CD3+CD56+ effector cells. 
A 

B 

D 

C 

FIGURE 1 

Characterizing the phenotype of CIK cells and DCs. (A) The phenotype of CIK cells on day 1 and day 14 was detected by flow cytometry. Each 
bar represents mean ± SD of three donors. One representative phenotyping analysis of CIK cells and quantification of the mean fluorescence 
intensity (MFI) are shown in (B). (C) The phenotype of DCs on day 1 and day 9 was detected by flow cytometry. Each bar represents mean ± SD 
of three donors. One representative phenotyping analysis of DCs and quantification of the MFI are shown in (D). Intra: intracellular; extra: 
extracellular; SD: standard deviation. (* P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001). 
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Assessing the direct effect of anti-CD40, 
anti-CTLA-4 and DC-CIK cells on 
RCC cell lines 

We next sought to exclude any direct effect of G28.5 and 
ipilimumab on RCC cell lines (ACHN and Caki-2 cells). Our 
CCK-8 assay showed no apparent growth inhibition in ACHN 
cells after incubation with G28.5, ipilimumab, or the 
combination compared to isotype controls (Figure 4A). The 
same was observed on Caki-2 cells (Figure 4B). In addition, we 
tested the cytotoxicity of DC-CIK cells on RCC cells using flow 
cytometry (Figure 4C). To mention, ACHN and Caki-2 cells 
were first labeled with CellTrace™ Violet dye so that they 
could be distinguished from DC-CIK cells. When tumor cells 
were cocultured with DC-CIK cells at varying E/T ratios (1:1, 
Frontiers in Immunology 06 
5:1, 10:1, 20:1, 40:1), we found that at E/T ratios above 5:1, 
DC-CIK cells efficiently killed ACHN and Caki-2 cells with 
cytotoxicity ranging from 20% to 90%. The gating strategy for 
analysis of cytotoxicity was shown in Figure S4. 
Anti-CD40 antibody enhanced 
cytotoxicity, apoptotic effect and IFN-g
secretion of DC-CIK cells 

Considering the above assumption that G28.5 in 
combination with ipilimumab could promote the antitumor 
response of DC-CIK cells, we cocultured DC-CIK cells with 
CellTrace™ Violet-labeled tumor cells at an E/T ratio of 10:1. 
We found that G28.5 significantly increased the cytotoxicity of 
A 

B 

D 

C 

FIGURE 2 

G28.5 increases the CD3+CD56+ population of CIK cells by inducing DC maturation and activation. (A) The anti-CD40 antibody G28.5 improved 
DC mature phenotype. DCs on day 6 were plated at 25 × 104 cells/ml in the presence of G28.5 (10 mg/ml) or its isotype control mIgG1 (10 mg/ml) 
for 48 h. After treatment, phenotypic markers of DCs were detected by flow cytometry. Each bar represents mean ± SD of four donors. One 
representative phenotyping analysis and quantification of the MFI are shown in (B). (C) G28.5 promoted the IL-12 secretion of DCs. DCs were 
distributed at 1 × 106 cells/well in 24-well plates in the presence or absence of 10 mg/ml G28.5, ipilimumab, and their isotype controls mIgG1 and 
hIgG1. After 24 h, the supernatant was collected to detect IL-12 secretion by ELISA. Each bar represents mean ± SD of four donors. (D) G28.5 
increased the CD3+CD56+ population of CIK cells when cocultured with DCs. CIK cells on day 9 were labeled by CellTrace™ Violet dye and 
cocultured with DCs at a ratio of 5:1. DC-CIK cells and CIK cells were treated with 10 mg/ml G28.5 or mIgG1 for 48 h. The expression of CD3 and 
CD56 on CIK cells was measured by flow cytometry. One representative donor (left) and the flow cytometry analysis (right) are shown. (* P < 0.05,  
** P < 0.01, **** P < 0.0001). 
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DC-CIK cells in ACHN by 13.2 ± 1.8% (P < 0.0001) in the G28.5 
group and 17.3 ± 1.8% (P < 0.0001) in the combination group 
(Figures 5A, B). Similar results were observed in the case of Caki-
2, where G28.5 increased the cytotoxicity of DC-CIK cells by 
8.7 ± 1.9% (P = 0.007), and in combination by 7.7 ± 1.9% (P = 
0.021) (Figures 5C, D). In contrast, the anti-CTLA-4 antibody 
ipilimumab did not increase the antitumor activity of DC-CIK 
cells in any cell lines. 

Additionally, we investigated whether apoptosis of RCC cells 
can be increased by DC-CIK cells using G28.5 and ipilimumab. To 
mention, we detected both early and late apoptosis using Annexin 
V-FITC/7-AAD. In G28.5 alone group, early apoptosis of ACHN 
was significantly increased by 12.0 ± 1.9% (P = 0.0004), while 
by 13.1 ± 1.9% (P = 0.0001) in combination with ipilimumab 
(Figures 6A, B). The enhanced effect on late apoptosis was 
also observed for G28.5 (by 11.2 ± 0.9%, P < 0.0001) and in 
combination (by 8.7 ± 0.9%, P < 0.0001). Similar to ACHN cells, 
the early apoptosis of Caki-2 was significantly increased in both 
G28.5 group (by 21.3 ± 1.8%, P < 0.0001) and the combination 
group (by 19.6 ± 1.8%, P < 0.0001) (Figures 6C, D). Here again, 
anti-CTLA-4 antibody ipilimumab did not increase the early or 
late apoptosis in any cell lines. 
Frontiers in Immunology 07 
We next investigated whether these two antibodies could 
promote the secretion of IFN-g, a cytokine  required  for  tumor

killing by NK and cytotoxic T cells. We found that G28.5 used alone 
or in combination with ipilimumab significantly increased the IFN-g 
secretion from DC-CIK cells against ACHN (by 228.6 ± 17.06 pg/ml, 
P < 0.0001 and 139.1 pg/ml ± 17.06, P < 0.0001, respectively), 
compared to the isotype control (Figure 7A). Similar results were 
found in case  of Caki-2 cells  (by 70.3 ± 7.4 pg/ml,  P < 0.0001 and 
90.1 ± 7.4 pg/ml, P < 0.0001, respectively). The anti-CTLA-4 
antibody ipilimumab showed no effect on IFN-g levels in any cell 
line. Considering the peculiar function of DC-CIK cells compared to 
CIK cells, we supplemented G28.5 in CIK cells (instead of DC-CIK 
cells) and failed to detect any increased IFN-g level (Figure 7B). This 
suggested that G28.5 could enhance the antitumor response of CIK 
cells solely by promoting the maturation and activation of DCs. 
Ipilimumab did not alter the Treg 
population in CIK cells 

As we did not observe an enhancement in antitumor 
response of DC-CIK cells by ipilimumab, we sought to 
A B 

DC 

FIGURE 3 

G28.5 and ipilimumab have different effects on the CTLA-4 expression of CIK cells. CIK cells treated with 10 mg/ml ipilimumab or hIgG1 for nine 
days or not were labeled by CellTrace™ Violet dye and cocultured with DCs at a ratio of 5:1. DC-CIK cells and CIK cells were treated with 10 
mg/ml G28.5 or mIgG1 for another 48 h. The expression of intracellular and extracellular markers was detected by flow cytometry. Each bar 
represents mean ± SD of one representative donor. (A) The effect of G28.5 and ipilimumab on intracellular expression of CTLA-4. (B) The effect 
of G28.5 and ipilimumab on extracellular expression of CTLA-4. (C) The effect of G28.5 and ipilimumab on the expression of CD28. (D) 
Ipilimumab increased the CD3+CD56+ population of CIK cells. Intra: intracellular; extra: extracellular. (* P < 0.05, ** P < 0.01, **** P < 0.0001). 
frontiersin.org 

https://doi.org/10.3389/fimmu.2022.925633
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhang et al. 10.3389/fimmu.2022.925633 
investigate whether another independent determinant (e.g., 
Tregs) may be a contributing factor. Since, it has been 
discussed that tumor regression caused by anti-CTLA-4 
antibodies may rely on a selective reduction of Tregs but not 
checkpoint blockade (23, 24). We therefore compared the 
population of Tregs in CIK cells after ipilimumab treatment, 
as described previously (22). Similar to the results of Yano et al., 
after 14-day incubation of activated T cells with 10 mg/ml 
ipilimumab, Tregs (CD3+CD4+CD25+CD127low) were found 
to be significantly reduced by 4.2 ± 2.3% (P = 0.034) in activated 
T cells compared to the controls (Figure S5). Besides, a decrease 
in the CD4/CD8 ratio was also observed (P = 0.326). In contrast, 
when CIK cells were incubated with 10 mg/ml ipilimumab, the 
proportion of Tregs remained unaffected (P = 0.567) 
(Figures 8A, B). This may partially explain why the addition of 
ipilimumab did not enhance the antitumor response of DC-CIK 
Frontiers in Immunology 08 
cells. The hypothesized mechanism of anti-CD40 and anti-
CTLA-4 antibodies on DC-CIK cells is shown in Figure 8C. 
Discussion 

Immunotherapy has become a feasible treatment option for 
cancer patients, still a fraction among them remains 
unresponsive towards the standard treatment regimen. Among 
cancer therapies, CIK cell therapy has proven to be successful, as 
evident from the numerous clinical trials. CIK cells have been 
licensed in various countries, including Germany. But 
considering the non-responsive patients, several efforts are 
being performed to make this approach more efficient. One 
convenient option that is worth considering is to promote the 
antitumor response of CIK/DC-CIK cells. Recent studies also 
A 

B 

C 

FIGURE 4 

Assessing the direct effect of anti-CD40, anti-CTLA-4 and DC-CIK cells on RCC cell lines. (A) No direct effect was observed on G28.5 and 
ipilimumab against ACHN. ACHN cells were distributed in 96-well plates at 1 × 104 cells/well. G28.5 (left), ipilimumab (middle), the combination 
(right) and their isotype controls were added at different concentrations (1mg/ml, 10mg/ml, 20mg/ml, and 40mg/ml) for 24 h. Data are expressed 
as mean ± SD of one representative experiment. (B) No direct effect was observed on G28.5 and ipilimumab against Caki-2. Caki-2 cells were 
distributed in 96-well plates at 0.5 × 104 cells/well and treated as (A). (C) DC-CIK cells are cytotoxic against ACHN and Caki-2. ACHN (blue) and 
Caki-2 (red) cells were labeled by CellTrace™ Violet dye to distinguish them from DC-CIK cells. Tumor cells were distributed in 96-well plates 
and incubated 24 hours with DC-CIK cells at the E/T ratio of 1:1, 5:1, 10:1, 20:1, and 40:1. Then all cells were collected, and 7-AAD was added to 
detect dead cells by flow cytometry. Each bar represents mean ± SD of three donors. 
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provided insights into the enhancement of their cytotoxicity (25, 
26). In the current manuscript, we sought to investigate whether 
the combination of anti-CD40 and anti-CTLA-4 antibodies can 
considerably enhance the antitumor response of DC-CIK cells 
against RCC cell lines. To achieve this, we first characterize the 
phenotype of CIK cells and DCs, and observed that the anti-
CD40 antibody (G28.5) increased the CD3+CD56+ population 
of CIK cells via DCs. In addition, we found that the antitumor 
Frontiers in Immunology 09 
response of DC-CIK cells was significantly improved by G28.5, 
while the CTLA-4 inhibitor ipilimumab showed a very 
restrictive effect. 

Since, it is well established that tumor cell escape 
often occurs through the impaired antigen recognition 
by  the  immune  system,  or  the  establishment  of  an  
immunosuppressive state in tumor microenvironment (e.g., 
Tregs) (27). We therefore sought to enhance the tumor-killing 
A C 

B 

D 

FIGURE 5 

Cytotoxicity of DC-CIK cells treated with G28.5 and ipilimumab against RCC cell lines. (A) Cytotoxicity of DC-CIK cells treated with G28.5 or ipilimumab 
against ACHN. ACHN cells were labeled by CellTrace™ Violet dye and distributed in 96-well plates at 3 × 104 cells/well. DC-CIK cells, ipilimumab or 
hIgG1 treated DC-CIK cells were then cocultured with ACHN cells at an E/T ratio of 10:1. After the incubation with 10 mg/ml G28.5 or mIgG1 control for 
24 h, all cells were collected, and 7-AAD was added to detect the dead cells by flow cytometry. Each bar represents mean ± SD of one representative 
donor. One representative flow cytometry analysis is shown in (B). (C) Cytotoxicity of DC-CIK cells treated with G28.5 or ipilimumab against Caki-2 
cells. Caki-2 cells were labeled by CellTrace™ Violet dye and distributed in 96-well plates at 1.2 × 104 cells/well. The following procedures were 
performed as above. One representative flow cytometry analysis is shown in (D). (*  P < 0.05,  **  P < 0.01, **** P < 0.0001). 
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activity of DC-CIK cells in two distinct ways: First, by 
promoting maturation and activation of antigen-presenting 
DCs through CD40 ligation, and second, by suppressing 
inhibitory signaling in the effector cells or reducing Tregs by 
CTLA-4 blockade. In this context, it has been previously shown 
that the combination of anti-CD40 and anti-CTLA-4 
antibodies accompanying a liposomal peptide or adenoviral 
vaccine considerably enhanced the CTL responses against 
tumor cells (28, 29). And CD40 activation on DC cells has 
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previously been demonstrated to increase Th1 cell proliferation 
(32). In our analysis, we first found the possibility that G28.5 in 
combination with ipilimumab might increase the antitumor 
efficacy of DC-CIK cells compared to G28.5 or ipilimumab 
alone, primarily by reducing inhibitory CTLA-4 signaling and 
proliferating CD3+CD56+ effector cells. However, our results 
showed that anti-CD40 antibody predominated over anti-
CTLA-4 antibody for cytotoxicity, apoptotic effect and IFN-g 
secretion of DC-CIK cells against RCC cells. To mention, 
A 

B 
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FIGURE 6 

Apoptosis of RCC cells treated with DC-CIK cells combined with G28.5 and ipilimumab. (A) Early and late apoptosis of ACHN cells treated with DC-
CIK cells in combination with G28.5 and ipilimumab. ACHN cells were labeled by CellTrace™ Violet dye and distributed in 96-well plates at 3 × 104 

cells/well. Tumor cells were cocultured with DC-CIK cells, ipilimumab or hIgG1 treated DC-CIK cells at an E/T ratio of 5:1. After incubation with 10 
mg/ml G28.5 or mIgG1 control for 10-14 h, Annexin V-FITC/7-AAD was used to detect the early (Annexin V+7-AAD-) and late apoptosis (Annexin V 
+7-AAD+) by flow cytometry. Each bar represents mean ± SD of one representative donor. One representative flow cytometry analysis is shown in 
(B). (C) Early and late apoptosis of Caki-2 cells treated with DC-CIK cells in combination with G28.5 and ipilimumab. Caki-2 cells were labeled by 
CellTrace™ Violet dye and distributed in 96-well plates at 1.2 × 104 cells/well. The following procedures were performed as (A). One representative 
flow cytometry analysis is shown in (D). (***  P < 0.001, **** P < 0.0001). 
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despite some clinical differences in the RCC cell lines (Caki-2: 
male/69 years, clear cell renal cell carcinoma; ACHN: male/22 
years, renal cell adenocarcinoma), our results were consistent 
in both of them. Therefore, the possibility of heterogeneity 
between these cancer cell lines (in addition to genetic-
epigenetic variations) as a confounding factor can be 
excluded, as discussed by Sharma et al. (33). 

To determine the potential reason for ipilimumab inefficacy, 
we further investigated whether another independent factor 
(e.g., Tregs) might play a role. For instance, it has been 
discussed that tumor regression caused by anti-CTLA-4 
antibodies may rely on a selective reduction of Tregs (23, 24). 
We therefore compared the population of Tregs in CIK cells 
after ipilimumab treatment, but no changes were found. 
However, we noticed that both G28.5 and ipilimumab 
significantly reduced the expression of CD28 in CIK cells. It is 
well known that CD28 has a similar structure to CTLA-4 but has 
an opposite effect on T cell immunity. CD28-mediated co-
Frontiers in Immunology 11 
signaling is related to cytokine production and T cell 
proliferation (12). In context to our data, how this decrease in 
CD28 accounts for the crosstalk between ipilimumab and CIK 
cells needs further investigation. Notably, the expression of 
CTLA-4 decreased sharply after two weeks of culture, 
suggesting that the inhibitory signaling of CTLA-4 may not 
play an essential role in the cytotoxicity of CIK cells. It is worth 
mentioning that, a) whether these observed changes are RCC 
specific or also occur in other cancers needs to be further 
investigated; b) translating our results to in vivo models will 
also provide more information about the contribution of 
tumor microenvironment. 
Conclusion 

To summarize, our data suggest that the agonistic anti-
CD40 antibody rather than CTLA-4 inhibitor may improve 
A 

B 

FIGURE 7 

Effect of G28.5 and ipilimumab on IFN-g secretion of DC-CIK and CIK cells. (A) The IFN-g secretion of DC-CIK cells against ACHN (left) and 
Caki-2 (right) cells. DC-CIK cells, ipilimumab or hIgG1 treated DC-CIK cells were cocultured with tumor cells (5 × 104 cells/well) at a ratio of 
10:1. Cell were incubated with 10 mg/ml G28.5 or mIgG1 control for 24 h. At the end of incubation, the supernatant was collected to determine 
the concentration of IFN-g by ELISA. Each bar represents mean ± SD of one representative donor. (B) The IFN-g secretion of CIK cells against 
ACHN (left) and Caki-2 (right) cells. (**** P < 0.0001). 
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the antitumor response of DC-CIK cells, particularly in RCC. 
In addition, we pointed towards the yet to be known 
contribution of CD28 in the crosstalk between anti-CTLA-4 
and CIK cells. 
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FIGURE 8 

Ipilimumab is ineffective in decreasing the Treg population in CIK cells. (A) Treg population in CIK cells after treatment with ipilimumab or 
isotype control. 10 mg/ml ipilimumab or hIgG1 control was added to CIK cells only once at the initiation of culture. Tregs (CD3 + CD4 + CD25 + 
CD127low) in CIK cells of ten donors were detected by flow cytometry. Each bar represents the mean ± SD of ten donors. (ns not significant) 
(B) One representative flow cytometry analysis is shown. (C) Schematic of the effect of anti-CD40 and anti-CTLA-4 antibodies on DC-CIK cells. 
Anti-CD40 antibody activated DCs increased the cytotoxicity of CIK cells against RCC cells, whereas the anti-CTLA-4 antibody had a very 
restrictive effect on the antitumor response. The anti-CTLA-4 antibody increased the proportion of CD3+CD56+ effector cells but decreased 
CD28 expression. 
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