
Abstract. Background/Aim: Adenoviral-mediated expression
of CD40 ligand (CD40L) on dendritic cells (DCs) activates
immune check point CD40/CD40L, enhancing the immuno -
stimulation of DCs and effector cells against human renal
carcinoma cells (RCC) and inducing tumor cell apoptosis in
vitro. Materials and Methods: DCs, isolated from buffy coats
from healthy donors, were transduced with adenoviruses
carrying human CD40L (Ad-hCD40L). Subsequently
maturation marker and cytokine expression were analyzed by
fluorescence-activated cell sorting and enzyme-linked
immunosorbent assay. Results: Adenoviral transduction induced
high expression of soluble CD40L and membrane-bound
CD40L, leading to a strong CD40–CD40L interaction in DCs.
Interestingly, a T-helper cell type 1 shift of expressed
cytokines/chemokines was observed due to the expression of
membrane-bound CD40L rather than due to soIuble CD40L
alone, which significantly reduced immunoactivation of DCs.
However, supernatants of Ad-hCD40L-transduced DCs induced
apoptosis of RCC cells. Co-culture of Ad-hCD40L DCs with
cytokine-induced killer cells led to a significant stimulation of
tumor-specific cytokine-induced killer cells, with increased
proliferation and cytotoxicity. Conclusion: Use of Ad-hCD40L-
transduced DCs is a promising approach to treating RCC. 

Renal cell carcinoma (RCC) is often asymptomatic and already
metastatic at the time of diagnosis. It is also usually resistant
to conventional chemotherapy (1). Improved knowledge about
the molecular biology of RCC has led to the development of

targeted therapies, such as application of inhibitors of vascular
endothelial growth factor and mechanistic target of rapamycin
(e.g. sunitinib, bevacizumab, and temsirolimus). Targeted
therapies have shown significant clinical efficacy in trials on
patients with metastatic RCC (2). However, complete
remission and long-lasting survival have only rarely been
observed with these therapies (3). Immunotherapeutic strategies
(e.g. interleukin (IL) 2) have been much more promising.
Moreover, the successful application of nivolumab, an inhibitor
of programmed cell death protein 1 (PDCD1), has indicated
that RCC is, in fact, susceptible to immunotherapy (4-6).

The use of dendritic cell (DC)-based vaccines as cancer
immunotherapy has been shown to be an attractive approach
for the treatment of solid tumors in a preclinical setting. DCs
are professional antigen-presenting cells with the ability to
initiate and modulate immune response by activating B- and
T-lymphocytes. DCs may, therefore, play an essential role in
the development of therapeutic immunity against cancer (7-
9). Several phase I and II trials applying DC-based vaccines
in different types of cancer, including RCC (10-14), have
shown that side-effects are only mild, such as local reactions,
fever and flu-like symptoms (12). CD40 ligand (CD40L) is
a co-stimulatory molecule which is usually expressed on
activated immune cells, especially on CD4+ T-helper (Th)
cells. The interaction with its receptor CD40, which is
expressed on DCs, primes cytotoxic T-cells (15). DC
maturation, essential for antitumor immunity (16) and pro-
inflammatory cytokine production, is enhanced by CD40–
CD40L interaction. 

In this study, adenovirally delivered CD40L was used to
activate the immune check point CD40–CD40L to improve the
immunomodulatory potential of DCs for the immunotherapy
of RCC.

Materials and Methods
Cell lines. 911 cells were used for adenovirus production (17).
The human RCC cell lines Caki-2 (ATCC HTB-47; ATCC,
Manassas, VA, USA), A-498 (ATCC HTB-44) and A-704 (ATCC
HTB-45) were used for experiments. 911 and RCC cells were
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cultured in Dulbecco’s modified Eagle’s medium (Life
Technologies GmbH, Darmstadt, Germany) and RPMI-1640
(PAA, Cölbe, Germany) with 10% fetal calf serum (FCS) (Life
Technologies GmbH), 100 units/ml penicillin and 100 μg/ml
streptomycin (Sigma–Aldrich, München, Germany). A-704 cells
were additionally cultured with 0.02% insulin (Lilly, Bad
Homburg, Germany).

Adenoviral vectors. Two different adenoviruses (Ad) with deletion
of E1 gene were generated using the Ad-Easy System as previously
described (18) carrying wild-type (Ad-Mock) or human CD40L
(Ad-hCD40L). For adenovirus stocks, 911 cells were transduced
with adenoviruses at a multiplicity of infection (MOI) of 1. Plaque
assays were performed according to Graham and Prevec (19) to
determine viral titers. 

Production of tumor-cell lysate and determination of protein
concentration. Caki-2, A-498 and A-704 cells were harvested and
subjected to three cycles of freezing and thawing. After centrifugation,
the supernatant was collected and its protein concentration was
determined with BCA protein detection kit (Thermo, Bonn, Germany),
according to the manufacturer’s instructions.

Generation and Ad transduction of DCs. Peripheral blood
mononuclear cells were isolated from buffy coat from healthy
donors after receiving informed consent as described previously
(18). Density-gradient centrifugation was used to generate
monocyte-derived DCs with OptiPrep Density Gradient Medium
(Sigma–Aldrich). DCs were cultured in RPMI-1640 medium with
10% autologous, heat-inactivated serum with 750 U/ml granulocyte
macrophage colony-stimulating factor (Immunotools, Friesoythe,
Germany) and 500 U/ml IL4 (Immunotools). On day 5 of
cultivation, cell lysate (100 μg/ml) prepared as described above was
added. DCs were transduced with adenoviruses on day 6 of
cultivation with MOI 100 for 2 h.

Generation of cytokine-induced killer (CIK) cells and co-culture
with DCs. Human CIK cells were generated as described previously
(18). Peripheral blood mononuclear cells were cultured with 1,000
U/ml interferon gamma (IFNγ; Immunotools). After 24 h, 50 ng/ml
anti-CD3 (eBioscience, Frankfurt, Germany), 100 U/ml IL1B and
300 U/ml IL2 (Immunotools) were added. DCs were pulsed with
cell lysates from Caki-2, A-498 or A-704 cells on day 5 and
transduced on day 6. Starting on day 8 of cultivation, CIK cells
were co-cultured for 4 days with DCs at a ratio of 1:5 and tested
for their cytotoxicity. 

Surface marker analysis of DCs and CD40 expression of RCC cells.
Forty-eight hours after transduction, on day 8 of cultivation, DCs
were immunophenotyped by flow cytometry. Expression of CD40
was also analyzed by flow cytometry. Monoclonal antibodies
specific for human CD83, CD86, CD40L (Pharmingen, Hamburg,
Germany), C-C motif chemokine receptor 7 (CCR7) (R&D
Systems, Wiesbaden, Germany), CD40 and CD80 (eBioscience,
Frankfurt, Germany) were used together with their isotype-matched
monoclonal antibodies as control. 4’-6-Diamidino-2-phenylindole
(DAPI) was used to distinguish between living and dead cells, with
30,000 events for each sample with a FACS Canto ll using Diva
Software and analyzed with FlowJo 7.2.2 (Tree Star Inc., Ashland,
OR, USA).

Measurement of cytokine levels. Levels of cytokines usually
expressed by mature DCs were measured in the supernatant of DCs
or in the supernatant of CIK cells co-cultured with Ad-hCD40L DCs
by enzyme-linked immunosorbent assay (ELISA; eBioscience) or
by cytokine array (R&D System, Wiesbaden, Germany), according
to the manufacturer’s instructions. 

Blocking of CD40–CD40L interaction of DCs. DCs were transduced
with Ad-hCD40L on day 6 of cultivation. Cells were incubated with
different concentrations of an anti hCD40L blocking antibody or a
control isotype antibody (R&D Systems, Wiesbaden, Germany) for
2 days. Subsequently IL12 levels in the supernatant were measured
by ELISA. 

Transwell assay. The effect of soluble (s)CD40L in the supernatant
of DCs was analyzed in transwell assays. After transduction with
Ad-Mock or Ad-hCD40L, DCs were seeded in the upper
compartment of a transwell chamber (1 μm pore size; Corning
Costar, Cambridge, MA, USA), carrying Ad-Mock DCs as control
in the bottom compartment. After 48 h of incubation, cells in the
bottom compartment were washed twice and further incubated for
48 h in order to analyze cytokine production. The cytokine levels
in the supernatant were analyzed by ELISA and cells were analyzed
for surface marker expression by flow cytometry. 

Apoptosis detection. RCC cell lines were cultured for 48 h with DC
supernatants. Subsequently, the subG1 fraction was analyzed by
flow cytometry to quantify the apoptosis rate.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromid (MTT)
cell proliferation assay. Cell proliferation of effector cells (CIK)
after co-culture with transduced DCs was quantified in MTT tests
with tetrazolium after 0, 48 and 96 h of co-culture. Co-cultured cells
were then separated by centrifugation. The pellet was dissolved in
100 μl MTT solution and the supernatant was removed after 45 min.
The colored crystal was dissolved in 100 μl dimethyl sulfoxide and
absorbance was then measured at 550 nm after 5 min of incubation.

Cytotoxicity assay. Cytotoxicity of co-cultured CIK cells towards
tumor cells was analyzed using Cytotox-One Homogeneous
Membrane Integrity Assay (Promega, Mannheim, Germany)
according to the manufacturer’s instructions. Target cells were
incubated with different effector cell ratios (1.25:1, 2.5:1, 5:1, 10:1,
20:1, 40:1, 80:1) for 4 h. Maximum release was obtained by
incubating target cells with lysis buffer. Target cells without effector
cells served as negative control (spontaneous release). Specific lysis
was calculated as follows: Cytotoxicity (%)=(experimental release
− spontaneous release)/(maximal release − spontaneous release).

Statistical analysis. Data represent means and standard errors of the
mean (SEM) from 2-7 independent experiments. Statistical
significances were calculated in paired t-tests. Differences with a p-
value of less than 0.05 were considered significant.

Results
DC are activated upon transduction with adenoviruses
carrying human CD40L (Ad-hCD40L). To analyze the
immunogenic capacity of CD40L several experiments were
performed. Upon transduction, transgene expression of
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CD40L was detected in 33.1±6.0% of the Ad-hCD40L DCs.
Expression of CCR7 and CD83 on DCs was significantly
increased, while the expression of CD40 was significantly
reduced (Figure 1A). In correspondence with the high level of
membrane-bound CD40L, Ad-hCD40L DCs produced an
equally high level of sCD40L (Figure 1B). Of note, forced
CD40L expression also significantly increased the IL12 level
in the supernatant from cultures of Ad-hCD40L DCs. Other T-
helper cell type 1 (Th1) related cytokines, such as IFNγ, tumor
necrosis factor (TNF) and IL2, were also significantly
increased, as were T-helper cell type 2 (Th2) cytokines such
as IL10 in supernatant from cultures of Ad-hCD40L DCs
(Figure 1B). As a sign of the interaction between CD40 and
CD40L, DCs transduced with Ad-hCD40L started to clot in
our preparations a few hours after transduction, whereas no
aggregate formation was observed in DCs transduced with Ad-
Mock. Because of this observation, CD40L was blocked with

different concentrations of a blocking antibody directly after
transduction, and the resulting aggregate formation and
corresponding IL12 expression were analyzed. As expected,
DCs treated with blocking antibody failed to form aggregates.
In line with this, IL12 expression was significantly reduced
(Figure 1D). 

Furthermore, the expression of Th1 cytokines and
chemokines, such as C-C motif chemokine ligand (CCL) 3
and 4 was significantly increased upon transduction as
measured on cytokine arrays. Levels of IL6, IL17, IL25 and
IL23 were also increased upon transduction (Figure 2).
Moreover, we discovered Ad-hCD40L induced expression of
CCL5 and colony-stimulating factor 3 (Figure 2). 

Influence of Th1-shifted supernatant on DCs after Ad-hCD40L
transduction. To analyze if the Th1 environment generated
from Ad-hCD40L DCs may result in immunoactivation of
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Figure 1. Immune activation of dendritic cells (DCs) after transduction
with adenovirus carrying human CD40L (Ad-hCD40L) and blocking of
CD40. Ad-Mock and untransduced DC as control group. A: Expression
of surface markers CD40 ligand (CD40L), CD40, CD80, CD86 and C-
C motif chemokine receptor (CCR7) on DCs 48 h after adenoviral
transduction. B: Cytokine amounts of soluble (s) CD40L, Interleukin
(IL) 12, interferon gamma (IFNG), IL2, tumor necrosis factor (TNF),
IL10 and transforming growth factor beta (TGFB) measured in the
supernatant from cultures of DCs analyzed on day 8 after DC
generation. C: IL12 levels in supernatant from cultures of DCs. DCs
were transduced with Ad-hCD40L and subsequently antibody to human
CD40L was added at different concentrations (5, 25 and 50ul). Results
represent the mean and standard error of the mean (SEM) from six,
seven and four independent experiments, respectively. n.d.: Not
detectable. *Significantly different at p<0.05. 



DCs, we analyzed the influence of supernatant from cultures
of Ad-hCD40L DCs on Ad-Mock DCs using transwell assays.
Supernatant from cultures of Ad-Mock-transduced DCs was
used as control instead of commercially available sCD40L to
rule out transduction-influenced effects and verify a purely
CD40L-triggered effect. As expected, treatment of Ad-Mock
DCs with supernatant from cultures of Ad-hCD40L DCs
significantly increased expression of CD80, CD83 and CCR7
(Figure 3A). However almost no Th1 cytokine expression
(IL12 or IFNγ) was detectable compared to the high
expression levels achieved through direct cellular CD40–
CD40L interaction upon Ad-hCD40L transduction (Figure
3B). This indicates that direct cellular contact is more
effective. 

Influence of Th1-shifted supernatant on RCC cells. The
supernatant of Ad-hCD40L DCs induced a significant

increase of the subG1 cell population, as a sign of apoptosis,
in all RCC cell lines (Figure 4A-C). The proportion of cells
expressing CD40 was high in all RCC cell lines (Figure 4A).

Influence of Ad-hCD40L DCs on CIK cells. As shown in
Figure 5, CIK cells co-cultured with Ad-hCD40L DCs had
significantly higher cell proliferation than did the controls
for all cell lines tested. Additionally, we tested the influence
of Ad-hCD40L DCs on the cytokine expression of CIK
effector cells. Th1-related IFNγ was also clearly increased
in all co-cultures of CIK cells with Ad-hCD40L transduced
DCs (Figure 5D). 

Influence of Ad-hCD40L DCs on cytotoxicity of CIK cells
towards RCC cells. As shown in Figure 6, cytotoxicity of
CIK cells towards all RCC cell lines was increased after co-
culture with Ad-hCD40L DCs. 

ANTICANCER RESEARCH 39: 4643-4652 (2019)

4646

Figure 2. Cytokine and chemokine levels of dendritic cells (DCs) determined by cytokine array after their activation with adenovirus carrying human
CD40L (Ad-hCD40L). Ad-Mock and untransduced DC as control group. A-D Cytokine and chemokine amounts of complement C5 (C5), C-C motif
chemokine ligand (CCL) 2, CCL3, CCL4, macrophage migration inhibitory factor (MIF), colony stimulating factor 2 (CSF2), IL5, IL1B, interleukin 1
receptor antagonist (IL1RN), IL1A, IL4, IL6, IL8, IL13, IL17A, IL25, IL23A, IL27, IL32, C-X-C motif chemokine ligand (CXCL) 10, CXCL 11,
serpin family E member 1 (SERPINE1), CCL5, CXCL12, triggering receptor expressed on myeloid cells 1 (TREM1), CCL1, intercellular adhesion
molecular 1 (ICAM1), CXCL1 and colony stimulation factor 3 (CSF3) measured in the supernatant of DCs. Results represent the mean and SEM
of four different experiments. n.d.: Not detectable. *Significantly different at p<0.05. 



Discussion

In this study, we showed that adenoviral transduction of DCs
with human CD40L (Ad-hCD40L) induced a CD40–CD40L-
dependent cellular interaction of DCs, leading to significant
up-regulation of maturation markers and a significant shift
to expression of Th1-related cytokines and chemokines.
These immunoactivated DCs were able to induce a strong
Th1-shifted environment capable of increasing the
cytotoxicity of effector cells, such as CIK cells. We showed
that this effect is dependent on the expression of membrane-
bound CD40L, through cellular interaction among DCs,
rather than sCD40L, although the supernatant from cultures
of Ad-hCD40L-transduced DCs also induced apoptosis of
RCC cells in vitro. 

DC-based immunotherapy has already been investigated
in several studies (16, 20-22). CD40L has already been used
as a stimulator for DCs (23, 24) and, like in our study, has
been transduced using adenoviruses (25, 26). Outcomes of
these studies in RCC are very encouraging and have
demonstrated that DCs can induce a cellular immune
response and can have a positive clinical benefit (23).
Adenoviral transduction is known to enhance expression of
co-stimulatory molecules and IL12 on DCs, increasing
maturation of DCs and therefore adenoviral vectors were
chosen for transgene expression of CD40L in DCs (25-28).

Accordingly, in most of our experiments Ad-Mock-
transduced DCs showed higher immunostimulation
compared to untransduced DCs. Thus, we chose this
technique to improve efficiency of transgene expression of

human CD40L on DCs. Loskog et al. showed adenoviral-
mediated expression of human CD40L in bladder and renal
tumor cells to have the capacity to stimulate DCs and,
thereby, induce apoptosis (29). Although these results have
been very encouraging, direct in vivo transgene expression
of CD40L in a patient’s tumor cells is, at this point, not
feasible. In this study, we therefore engineered ex vivo
CD40L-expressing DCs capable of activating and
stimulating themselves through CD40–CD40L interaction. 

As expected, we achieved high CD40L expression
(membrane-bound and soluble) after transduction of DCs
with CD40L-encoding adenovirus. In addition, remarkably
high expression of CD83, a marker of DC maturation (12),
and CCR7, which is necessary for DC migration into
draining lymph nodes (30), were detected as a sign of strong
immunostimulation. In other studies, CD40 expression was
up-regulated on mature DCs (31, 32). However, in our study,
the CD40 expression of DCs appeared to be diminished after
transduction with Ad-hCD40L. A strong CD40–CD40L
interaction among the DCs leading to a reduction of free
CD40 on DCs may explain the reduced detection of CD40
by flow cytometry. Similar effects were observed in the
study of Loskog et al. (29).

Investigating the cytokine levels in supernatant from
cultures of Ad-hCD40L-transduced DCs, we sought
significantly higher secretion of IL12, IFNγ and tumor
necrosis factor as a sign of strong Th1 induction. In particular,
IL12 is a potent marker of DC activity. In order to demonstrate
that the effects described above were CD40L specific, the Ad-
hCD40L-transduced DCs were blocked with a CD40L-
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Figure 3. Influence of T-helper cell type 1-shifted supernatant from cultures of dendritic cells (DCs) after transduction with adenovirus carrying
human CD40L (Ad-hCD40L) on Ad-Mock DCs. Ad-Mock DCs were cultured with Ad-Mock DCs as control. A: Flow cytometry of DC surface
markers (CD40L, CD40, CD80, CD86, CD83, CCR7) 48 h after incubation of Ad-Mock DCs with Ad-hCD40L DCs in a transwell. B: Cytokine
amounts of IL12, IFNG, IL2, TNF and IL10 measured for the above described transwell experiment. Results represent the mean and SEM of four
different experiments. n.d.: Not detectable. *Significantly different at p<0.05. 



blocking antibody directly after transduction. As a result, we
did not detect any aggregates and observed significantly
reduced IL12 production. These results imply that CD40–
CD40L interactions among the DCs are responsible for their
strong immunostimulation. 

Expression of CCL3 and -4, chemokines that can
modulate DC movement and maturation (7), was also
significantly increased in the supernatant of DCs after
transduction with Ad-hCD40L, as was that of IL6, IL17,
IL23, IL25 and colony-stimulating factor 3. All these
cytokines are usually expressed by mature DCs and via
CD40–CD40L interaction (33).

However, the CD40–CD40L interaction also induced high
levels of T-helper cell type 2 (Th2) cytokines, such as IL10,

which is known to inhibit the production of Th1 cytokines
and is usually associated with immature or semimature DCs
(34). This demonstrates that CD40 activation of DCs can
induce both Th1 and Th2 immune responses, including IL10
secretion. 

Kim et al. used sCD40L to achieve DC maturation and
obtained promising results in patients with metastatic RCC
(12). In our study, adenoviral transduction with Ad-hCD40L
induced secretion of sCD40L and a high expression of
membrane-bound CD40L on the surface of DCs. In order to
dissect the effects of the supernatant of Ad-hCD40L DCs with
high levels of sCD40L and Th1 cytokines on neighboring
DCs, transwell experiments with Ad-Mock DCs in contact
with the supernatant from cultures of Ad-hCD40L DCs were
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Figure 4. Influence of Th1-shifted supernatant on renal cell carcinoma cells. A-704 (A), A-498 (B) and Caki-2 (C) cells were incubated for 48 h
with supernatant from cultures of non-transduced, Ad-Mock-transduced, and adenovirus carrying human CD40L (Ad-hCD40L)-transduced dendritic
cells (DCs), and normal medium alone as control. Accordingly, cells were harvested, and the subG1 fraction was measured by flow cytometry.
Results represent mean and SEM from four independent experiments. Measurements were performed as triplicates. D: CD40 expression on A-498,
A-704 and Caki-2 analyzed by flow cytometry. The results show the mean and SEM of three different experiments. *Significantly different at p<0.05. 



performed. It became obvious that the supernatant of Ad-
hCD40L DCs significantly increased the expression of
maturation markers CD80, CD83 and CCR7, but not as
strongly as direct CD40–CD40L interaction. Furthermore, the
supernatant of Ad-hCD40L DCs alone was not able to induce
Th1 cytokine expression on neighboring DCs. This clearly
shows that intercellular contact of DCs via CD40–CD40L by
the expression of membrane-bound CD40L is necessary for
the induction of stronger immunostimulation of DCs and
represents an improvement of DC activation compared to
sCD40L alone. In conclusion, with our method even better
results might be achieved in patients with metastatic RCC.

Previous studies have shown that human RCC cells
express CD40, that is associated with prolonged survival

(35) and might be a possible target for new therapies. It has
been shown that CD40 activation induced apoptosis in
mouse RCC (33). In our study, the three selected human
RCC cell lines A-704, A-498 and Caki-2 showed high CD40
expression. From the data presented, we detected a
significantly higher rate of apoptosis in all RCC cell lines
after their incubation with supernatant from cultures of Ad-
hCD40L DCs (containing sCD40L) compared to the control
group. This outcome suggests that Ad-hCD40L DCs can
induce apoptosis of CD40-expressing RCC cells, probably
through sCD40L-related CD40 stimulation but also through
other factors such as cytokines like IFNγ.

In addition, we also demonstrated a strong influence of Ad-
hCD40L-transduced DCs on CIK cells. CIK cells are very
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Figure 5. Influence of dendritic cells (DCs) transduced with adenovirus carrying human CD40L (Ad-hCD40L) on the proliferation of cytokine
induced killer (CIK) cells (A-C) and interferon gamma (IFNγ) expression (D). Quantification of cell proliferation of effector cells (CIK) co-cultured
with non-transduced, Ad-Mock-transduced, and Ad-hCD40L-transduced DCs and of CIK cells alone by 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromid test on day 0, 2 and 4 of quadruplicate co-cultures. The DCs were pulsed with lysate from A-704 (A), A-498 (B) or Caki-2
(C) cells before co-culture. D: IFNγ was measured in the supernatant of DCs pulsed with cell lysates from Caki-2, A-498 or A-704 cells and then
co-cultured with CIK cells for 4 days. Data are shown as the mean±standard error of the mean from two independent experiments. *Significantly
different at p<0.05. 



effectively cytotoxic, and are able to lyse tumor cell targets (36).
They already showed promising effects against RCC and other
tumor entities in several studies (37-40). In this study, co-culture
of CIK cells with Ad-hCD40L DCs induced a significant
improvement of the immunomodulatory capacity of CIK cells
by enhancing Th1 cytokine expression, proliferation and
cytotoxicity towards RCC cells. We explicitly detected a shift
towards a Th1 cytokine profile with increased IFNγ secretion.

Thus, Ad-hCD40L transduced DCs appear to be a
promising method for treating RCC, and further experiments
in vivo are planned to further investigate these findings.
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