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Simple Summary: Death receptors may induce cellular death upon ligand binding but also activate
other pro-inflammatory mechanisms in cancer cells, which may increase malignancy. The transcrip-
tion factor NFkB works as a central hub in this system and connects the signaling of three major
death ligands: TNF, CD95L and TRAIL. In this study, we analyzed the impact of a recombinant
inhibitor of CD95L on the respective tri-lateral cross-talk using highly malignant pancreatic cancer
cells as a model and in context of the standard chemotherapeutic agent, gemcitabine. We show
that the specific “uni-lateral” inhibitor also clearly impacts the two other cytokines and importantly
reduces the pro-inflammatory status of pancreatic cancer cells as well as their stem cell phenotype.
Consequently, the local recurrent tumor growth after surgery of the primary tumor was reduced.
Further, the unwanted, pro-inflammatory side-effects of gemcitabine are inhibited.

Abstract: Despite the potential apoptotic functions, the CD95/CD95L system can stimulate survival
as well as pro-inflammatory signaling, particularly through the activation of NFκB. This holds true
for the TNF/TNFR and the TRAIL/TRAILR systems. Thus, signaling pathways of these three
death ligands converge, yet the specific impact of the CD95/CD95L system in this crosstalk has
not been well studied. In this study, we show that gemcitabine stimulates the expression of pro-
inflammatory cytokines, such as IL6 and IL8, under the influence of the CD95/CD95L system and
the pharmacological inhibitor, sCD95Fc, substantially reduced the expression in two PDAC cell lines,
PancTuI-luc and A818-4. The stem cell phenotype was reduced when induced upon gemcitabine as
well by sCD95Fc. Moreover, TNF-α as well as TRAIL up-regulate the expression of CD95 and CD95L
in both cell lines. Conversely, we detected a significant inhibitory effect of sCD95Fc on the expression
of both IL8 and IL6 induced upon TNF-α and TRAIL stimulation. In vivo, CD95L inhibition reduced
xeno-transplanted recurrent PDAC growth. Thus, our findings indicate that inhibition of CD95
signaling altered the chemotherapeutic effects of gemcitabine, not only by suppressing the pro-
inflammatory responses that arose from the CD95L-positive tumor cells but also from the TNF-α and
TRAIL signaling in a bi-lateral crosstalk manner.

Keywords: gemcitabine; death ligands; chemoresistance; PDAC; metastasis

Highlights:

(1) The CD95/CD95L system plays an important role in non-apoptotic signaling;
(2) The CD95/CD95L system influences TNF-α/TRAIL-induced pro-inflammatory signaling;
(3) The blockade of CD95L may enhance the chemotherapeutic effects of gemcitabine by

lowering the drug-induced pro-inflammatory signaling;
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(4) The respective inhibitor sCD95Fc reduces in vivo pancreatic tumor growth in an
adjuvant setting.

1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the deadliest and highly therapy-
resistant types of cancer amongst all malignancies and has the poorest prognosis. PDAC
causes thousands of deaths every year, with an overall five-year survival rate of 5–7% in
Western countries [1,2]. Palliative chemotherapy is the only option for the treatment of
advanced PDAC due to the major complexity of late symptoms and the inaccessible location
of the pancreas for complete resection of locally and/or distant advanced tumors [3].
Gemcitabine is the most widely used chemotherapeutic agent for the treatment of PDAC.
However, it exhibits few benefits in terms of tumor response and prolongation of patient
survival due to the problem of chemoresistance in PDAC [4].

It has previously been well-described that most of the clinically used chemotherapeutic
drugs, including gemcitabine, stimulated enhanced surface protein levels of CD95 and
CD95L, the latter a member of the death receptor ligand (DRL) superfamily of TNFSF,
which also includes TNF-α and TRAIL. This elevated surface expression of CD95 and
CD95L could be either NFκB or AP-1 or MAPK dependent [5,6]. However, even after
enhanced surface expression of CD95 and CD95L, most of the tumor cells show resistance
towards CD95 mediated apoptosis especially after chemotherapy [7]. It has been also
reported that gemcitabine not only selects the resistant tumor cells but also shows some
differentiating effects on PDAC towards enhanced stem cell phenotype [8].

In addition, it has been demonstrated that an increase in pro-inflammatory cytokines
(PICs) as well as tumor-associated proteases (TAPs) is associated with poor prognosis,
which protects PDAC cells from the chemotherapy-induced apoptotic cell death [9,10].
An elevated level of TNF-α and IL6 has been found in the serum of cancer patients treated
with gemcitabine [11]. The potential for individual PICs to decrease chemotherapeutic
efficacy indicates that they may be candidates for testing anti-inflammatory therapy in
advanced PDAC patients.

Apoptotic resistance to chemotherapy becomes a universal problem and a major cause
of treatment failure in PDAC [12,13]. Besides the enormous involvement in apoptotic
functions [14], the CD95/CD95L system has a major impact on various non-apoptotic
processes (due to tumor cell resistance) through the activation of various pro-inflammatory
as well as pro-growth signaling cascades, including NFκB [15–21]. In previous studies,
it was also uncovered that the CD95/CD95L system is involved in the enhancement of
stem cell phenotype (CD133 marker) of tumor cells, contributing to the development of an
enhanced metastatic phenotype with high chemo-resistant properties [22].

Similar to CD95L, TNF-α and/or TRAIL are also expressed in tumor cells of different
origins, including PDAC. These “death ligands” may actively promote tumor cell growth,
migration, angiogenesis, and metastasis [23–26]. Further, TNF-α or TRAIL signaling
also play important roles in the induction of PICs as well as TAPs as has been reported
for pancreatic tumor cells in an NFκB-dependent manner [27,28]. Since NFκB is one
of the predominant factors that is not only involved in the induction of various potent
inflammatory molecules (IL8, IL6, MMPs, u-PA, TNF-α), it also causes major hindrance in
the apoptotic pathways mediated by these DRLs [29,30]; this hindrance might play a pivotal
role in the chemoresistance against gemcitabine through the induction of pro-inflammatory
pathways activated by the death ligands: TNF-α, TRAIL and CD95L.

In agreement with all these findings, we hypothesized that these three major death
ligands TNF-α, TRAIL and CD95L might play a key crosstalk role in the inflammation-
associated progression of PDAC, all being connected to a prototypic pro-inflammatory
transcription factor, such as NFκB, which acts as a potential molecular bridge between
tumor cells and inflammatory cells [31,32].

In this study, to define the resistance mechanisms of gemcitabine and the potential
crosstalk role of the closely related death ligands TNF-α and/or TRAIL with CD95L in
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a bi-lateral manner, we investigated the role of the CD95/CD95L system in contributing
to gemcitabine resistance in the context of TNF-α- and TRAIL-driven pro-inflammatory
signaling. We also analyzed the effect of CD95L inhibition on the gemcitabine-induced
death of PDAC cells for an improved therapeutic index of the drug under the influence of
reduced pro-inflammatory responses mediated by the death ligands TNF-α, TRAIL and
CD95L. Finally, the in vivo effects of sCD95Fc were shown in an experimental xenotransplant
model closely mimicking adjuvant therapy after primary orthotopic tumor resection.

2. Materials and Methods
2.1. Cell Culture

Human pancreatic cancer cell lines (A818-6, A818-4, Colo-357, Panc89 and PancTuI-
luc) and their suppliers have been described previously [33]. The human T-cell line Jurkat
overexpressing CD95L (JFL.13.3 cell line) and the CD95L-negative breast cancer cell line
MDA-MB-468 were obtained from the Institute of Immunology, Kiel University, Germany
and ATCC, USA respectively. All pancreatic cancer cell lines as well as JFL.13.3 and MDA-
MB-468 were grown in RPMI-1640 medium supplemented with 10% FCS, 2 mM glutamine,
and 1 mM sodium pyruvate (all from Thermo Fisher Scientific, Darmstadt, Germany) at
37 ◦C in a water-saturated atmosphere containing 5% CO2.

2.2. Isolation of Total Cellular RNA

Total cellular RNA was prepared using PeqGold total RNA isolation kits (Peqlab/VWR
Avantor, Darmstadt, Germany) according to the manufacturer’s protocol. Briefly, approxi-
mately 2.8 × 105 cells were seeded into 6-well plates and after overnight growth, cells were
treated with the following reagents in the presence or absence of CD95L inhibitor (sCD95Fc)
in two different concentrations (20 and 60 µg/mL, respectively): TNF-α (Knoll/BASF, Lud-
wigshafen, Germany), 50 ng/mL, TRAIL (PeproTech, Hamburg, Germany), 50 ng/mL
and CD95L (IBA, Göttingen, Germany), 100 ng/mL for 36 h. After incubation with these
factors, cells were scraped off with RNA Lysis Buffer T (supplied with PeqGold total
RNA isolation kits) and the RNA was isolated and finally dissolved in 50 µL RNAse-
free water. The RNA concentration was measured by photometry using a Nanodrop®

ND-1000 UV spectrophotometer (Peqlab/VWR Avantor) at a wavelength of 260 nm with
reference wavelengths of 230 nm and 280 nm to estimate the purity of the preparations. Ad-
ditionally, RNA concentration and integrity were determined by either using the Experion
RNA StdSens analysis kit in combination with an Experion microfluidics electrophoresis
system following the manufacturer’s protocol (Bio-Rad, München, Germany).

2.3. Synthesis of Complementary DNA (cDNA)

Complementary DNA was synthesized using the Maxima First Strand cDNA kit
(Thermo Fisher Scientific) in a volume of 20 µL following the manufacturer’s protocol.
Briefly, 2–5 µg RNA was diluted in 14 µL RNAse-free H2O and mixed with 4 µL of
5× reaction mix and 2 µL of 10× Maxima enzyme mix. The mixture was incubated at
25 ◦C for 10 min and subsequently heated to 50 ◦C for 30 min and reaction was stopped by
heating to 85 ◦C for 5 min. The cDNAs were stored frozen at −20 ◦C.

2.4. PerfectProbe Real Time PCR Assay

Quantitative real-time PCR gene expression profiling was performed using Perfect-
Probe Precision PCR Master Mix (PrimerDesign Limited, Southampton, UK) and run in a
StepOne Plus Real-Time PCR System (Thermo Fisher Scientific). Premixed primers and
a FAM dye-labeled PerfectProbe were predesigned by the manufacturer (Primer Design
Limited, UK). All used probes are summarized in Supplementary Table S1.

All experiments were performed in technical duplicates for each of the three biological
replicates in 96-well plates. The used fluorogenic probes were labeled at the 5′ end with
FAM and at the 3′ end with an MGB (minor groove binder)-nonfluorescent quencher. Re-
actions were performed in a final volume of 10.5 µL containing 50 ng cDNA, 100 nM
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of forward and reverse primers, 200 nM fluorogenic probe (total mix of 300 nM) and
5 µL of 2× PerfectProbe Precision PCR Master Mix (PrimerDesign Limited, Southamp-
ton, UK). The fluorescent signal detection used ROX as the internal passive reference dye.
The parameters of the PCR reaction were 10 min at 95 ◦C, 15 s at 95 ◦C followed by 50 cycles
of 30 s at 50 ◦C and 15 s at 72 ◦C. The relative expression of each sample was calculated using
the qBase software (Biogazelle, Zwijnaarde, Belgium) and the 2−∆∆CT method.

2.5. Cell Surface Protein Analysis by Flow Cytometry

After cell growth under the indicated conditions, adherent cells were washed with
PBS, and detached using Accutase (PAA, Cölbe, Germany) for counting and staining.
To analyze the surface expression of CD95 and CD95L, 2.0 × 105 cells were re-suspended
in 100 µL of FACS buffer (PBS with 0.05% sodium azide) and incubated with 10 µg/mL of
anti-CD95L antibodies (PE-NOK1-BioLegend/BIOZOL, Eching, Germany) or anti-CD95
antibodies (PE-DX2-BioLegend) or with PE-IgG1 (BD Pharmigen, San Jose, CA, USA)
antibodies as an isotype control for 45 min at 4 ◦C in dark.

The PancTuI-luc and A818-4 cells were washed twice with ice-cold FACS buffer,
centrifuged and re-suspended in 300 µL of 1% PFA/PBS and either measured immediately
or stored at 4 ◦C in the dark for later use. Additionally, for estimation of the number
of dead cells, propidium iodide (PI) (1 µg/mL) was added prior to re-suspension into
fixing solution.

The staining was analyzed by a FACSCalibur™ flow cytometer (Becton Dickinson
Heidelberg, Germany) and the cell populations were gated for living cells and the staining
of isotype control was compared to the surface staining with anti-CD95L and anti-CD95
antibody. 10,000 events were acquired per sample and the mean fluorescence intensity of
four independent experiments was analyzed using different cytometry analysis software
packages (CELLQuest, Win MDI).

We determined the percentage of positively stained cells by using the FACS software
for isotype control (ISO)- and target of interest (TOI)-antibody-stained cells under both
untreated as well as treated conditions represented by differently colored histograms for the
respective groups in each FACS data analysis. To calculate the percentage of the positively
stained cells, we subtracted the background staining (ISO) from test antibodies staining
(TOI) under both untreated and treated conditions and then the final ratio as fold change
obtained by dividing the corrected treated; (TOIt−ISOt) from the corrected untreated;
(TOIu−ISOu).

2.6. WST-1 Proliferation Assay

In this experiment, the PancTuI-luc and A818-4 cells were seeded in 96-well plates at a
density of 1.0 × 104 or 0.7 × 104, respectively, for 24 h or 48 h of treatment and grown in
the standard cell culture medium. After 24 h of incubation, the old medium was replaced
with fresh medium (100 µL/well) with or without an escalating amount (mentioned in
result section) of gemcitabine, sCD95Fc and Remicade/infliximab or TNF-α, TRAIL and
rCD95L for 24 h and 48 h. In addition, to test the sensitization effects of gemcitabine
(20 µM) or TNF-α (50 ng/mL) or TRAIL (50 ng/mL) and/or rCD95L (100 ng/mL) on cells
after CD95L inhibition, we pretreated the cells with sCD95Fc (60 µg/mL) prior to addition
of these agents. The effect of death ligands on cell proliferation was tested by using WST-1
proliferation assay. Briefly, after an appropriate time of treatment of the different factors,
WST-1 reagent (10 µL/well; Roche, Mannheim, Germany) was added to each well for 2 h
of cell culture. The absorbance was measured photometrically using a Sunrise microplate
reader at 460 nm (TECAN, Crailsheim, Germany).

2.7. Analysis of Pancreatic Tumor Cell Conditioned Media by IL8 ELISA

Pancreatic tumor cells PancTuI-luc and A818-4 were seeded in 6-well plates and
grown to 80% confluence. The medium was then replaced by a minimal volume (1 mL)
of normal growth medium containing either 10% FCS and treatment factors and incu-
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bation was continued for 36 h. Conditioned supernatant was collected in an Eppendorf
and dead cells and debris were removed by centrifugation at 13,000 rpm for 30 min
and stored immediately at −80 ◦C for subsequent analysis of the presence of secreted
IL8 by an IL8-specific ELISA kit (R&D Systems, Wiesbaden, Germany) following the
manufacturer’s protocol.

2.8. Laboratory Animals

Four-week-old female severe combined immunodeficient beige (SCID/bg) mice (C.B.-
17/IcrHsd-Prkdc-scid/LysCrl) were obtained from Charles River Laboratories (Sulz-feld,
Germany). They were housed under sterile conditions, in which bedding, food and water
were autoclaved (Scantainer, Scanbur A/S, Karlslunde, Denmark) and allowed to become
acclimatized for 10 days. Animal experiments and care were in accordance with the
guidelines of institutional authorities and approved [V 312-72241.121-7(28-3/09)].

2.9. Orthotopic Xenotransplantation of Human PDAC Cells and Treatment in the
Palliative Setting

The technique of tumor cell injection was performed as previously described in de-
tail [34–37]. In brief, PancTuI-luc cells were trypsinized and suspended in Matrigel™ (BD
Bioscience, Heidelberg, Germany) at a concentration of 4 × 107 cells/mL and stored on
ice. The operative procedures were performed in general anesthesia by injecting Midazo-
lam/Fentanyl/Medetomidine (dosage 5.0 mg/kg/0.05 mg/kg/0.5 mg/kg bwt) intraperi-
toneally (i.p.). After median laparotomy, 25 µL of the tumor cell suspension containing
1 × 106 cells were slowly injected into the pancreatic tail. The pancreas was replaced, and
the abdominal wall closed using Vicryl 6/0 (Ethicon, Norderstedt, Germany). The recov-
ery of the mice was carefully supervised. Buprenorphine at 0.1 mg/kg bwt was injected
subcutaneously (s.c.) immediately after cell inoculation and once daily for two further
postoperative days for analgesia. After acclimatization, mice were randomly assigned
into the treatment groups. Treatment via i.p injection started three days after tumor cell
inoculation and was repeated twice a week. All mice survived the operative procedure
for the palliative treatment and were randomly assigned into five groups. Four groups
received sCD95Fc in different concentrations (12.5, 25, 50 or 100 µg/g bwt). The control
group received sodium chloride 0.9% (B. Braun, Melsungen, Germany). All mice were
inspected daily for complications. One mouse died on the 17th day after surgery. 28 days
after tumor cell injection, the mice were sacrificed. Tumors were removed and weighed.
Subsequently, the tumor was cut into two equal parts, which were immediately either
frozen in liquid nitrogen or formalin-fixed and later paraffin-embedded (FFPE). The mice
were carefully observed for any macroscopic metastases in liver, spleen and mesenterium.

2.10. Adjuvant Setting: Relaparotomy, Tumor Resection and Treatment

For the adjuvant therapy, ten days after tumor cell inoculation, the tumors were re-
sected as previously described in detail [34–37]. In this setting, four mice died in the
first two days after relaparotomy, and one mouse of the control group died later due
to tumor progression. Treatment of the mice started three days after tumor resection.
Mice were randomly assigned into two groups. Sodium chloride 0.9% or sCD95Fc
(25 µg/g bwt) were injected i.p. twice a week. Animals were sacrificed on the 26th day after
relaparotomy. Organs and tumors were examined as described for the palliative setting.

2.11. Tissue Staining by Immunohistochemistry
2.11.1. Cryo-Tissues

The 6 µm thick consecutive cryostat sections were mounted on uncovered glass
slides, air-dried for at least 1 h at room temperature and stored vacuum-sealed at −20 ◦C.
For the staining procedure, the sections were dried again for 30 min at room temperature,
fixed in acetone (Merck, Darmstadt, Germany) for 10 min and air-dried again for 10 min.
Then the slides were washed in phosphate-buffered saline (PBS) and incubated with
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4% bovine serum albumin in PBS (Biomol, Hamburg, Germany) for 20 min followed by
incubation with the primary antibody for 45 min at room temperature.

Primary antibodies were diluted at an appropriate ratio in PBS + 1% bovine serum
albumin/PBS. Primary antibodies were detected with EnVision conjugated with peroxidase
(DakoCytomation, Hamburg, Germany) for 30 min. The substrate reaction for peroxidase
was performed with the AEC substrate (DakoCytomation) according to the manufac-
turer’s instructions. Subsequently, the sections were washed in water, counterstained in
50% hemalum (Merck, Darmstadt, Germany) and mounted with glycerol-gelatin (Merck).
The same protocol was performed for negative controls, in which an isotype-matched
control antibody was used, which revealed either no staining or only weak background
staining. Ki-67 antibody was bought from IMMUNOTECH SAS/Beckman Coulter, Mar-
seille, France.

2.11.2. FFPE Material

The tissue samples were fixed in 4% buffered PFA and embedded in paraffin. The 3 µm
thick sections were dewaxed (3× xylol 10 min, 2× ethanol 100% 5 min, 1× ethanol 96%
5 min, 1× ethanol 90% 5 min, 1× ethanol 70% 5 min, distilled H2O 5 min). After high
temperature antigen demasking with 10 mM citrate buffer pH 6.0 (Target Retrieval Solution,
S1699, DakoCytomation) at 99 ◦C for 25 min and cooling for 15 min at RT, the sections were
blocked with blocking solution (Zytomed, Berlin, Germany) and washed for 5 min with
PBS. All incubations were carried out in a moist chamber. The following antibodies and
isotype control were used for IHC:

Isotype control rabbit (monoclonal rabbit IgG, Abcam, Cambridge, UK), anti-CD95/
sCD95Fc (rabbit polyclonal IgG, affinity purified, Apogenix, GmbH, Heidelberg, Germany)
not reacting with murine CD95, anti-CD95L (rabbit monoclonal antibody raised against
an NT-peptide of CD95L, clone 24, Apogenix) positive for human and murine CD95
ligand. The sections were incubated with antibodies diluted in antibody diluent (Zytomed)
for 60 min at room temperature, washed twice in PBS, incubated with ZytoChem Plus
AP Polymer anti-rabbit (Zytomed) for 30 min at room temperature and rinsed twice for
5 min in PBS. After that the sections were incubated with substrate (liquid permanent
red, DakoCytomation). The reaction was stopped with distilled H2O. The sections were
counterstained with hematoxylin (Merck).

2.12. Statistical Analysis

All statistical analyses were performed using Microsoft Excel and the statistical soft-
ware GraphPad Prism 5 (GraphPad Software, San Diego, CA, USA) or IBM-SPSS-Statistics
V.25 (IBM, München, Germany). Continuous variables were expressed as mean ± SEM.
The differences among the groups were tested by Student’s t-test (two-tailed unpaired
t-test), or in case of non-parametric data, the Mann–Whitney U-test. Normal distribu-
tion of the data was tested by the Shapiro–Wilk method. p values smaller than 0.05
were considered statistically significant and indicated on corresponding data as asterisks.
Real time PCR data were analyzed using the StepOne Plus software (Thermo Fisher Sci-
entific, Germany) and the qBase analytical software (Biogazelle, Zwijnaarde, Belgium).
Analysis of the FACS data for histogram plots, dot plots and fluorescence intensity was
carried out by using the free flow cytometry software WinMDI-2.8 (distributed by the
Purdue University, West-Lafayette, IN, USA). For the proliferation assays, mean values
and SEM were calculated from 4-fold determinations.

3. Results
3.1. Expression of CD95 and CD95L in Pancreatic Tumor Cell Lines

CD95 expression has previously been demonstrated in surgical specimens as well
as in PDAC cell lines [38,39], but the expression of CD95L in PDAC cell lines has not
been characterized in detail. To investigate whether the PDAC cell lines used in this
experiment possess the ability to synthesize CD95 and CD95L mRNA, we performed semi-
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quantitative gene expression analyses in five different PDAC cell lines (A818-6, A818-4,
Colo-357, Panc89 and PancTuI-luc) and a T-lymphocyte cell line, JFL.13.3 (positive control
for CD95L), and a breast cancer cell line, MDA-MB-468 (negative control for CD95L), by
means of a PerfectProbe® PCR assay. Both CD95 and CD95L mRNA were detected in all
five PDAC cell lines as well as in JFL.13.3. MDA-MB-468 cells showed moderate CD95-,
but no CD95L expression. We observed a differential expression pattern for both CD95 and
CD95L in the PDAC cell lines. However, comparing the expression levels of our two main
model cell lines A818-4 and PancTuI-luc, we noted that the expression of CD95 was high in
PancTuI-luc compared to A818-4 while the pattern got reverse for the expression of CD95L
(Figure 1A).
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Figure 1. Expression of CD95 and CD95L in different PDAC cell lines. The human pancreatic cancer
cell lines A818-6, A818-4, Colo-357, Panc89 and PancTuI-luc including one CD95L-OE T-lymphocyte
cell line-JFL.13.3 and one breast cancer cell line-MDA-MB-468 (negative control for CD95L) were
seeded at 2.8 × 105/well in 6-well plates. (A) Cells were lysed in RNA Lysis Buffer T, total RNA was
isolated, and assayed for CD95 and CD95L via PerfectProbe real-time PCR Assay. Relative expression
was normalized to the control and reference gene ATP5B for CD95 and RPL13A/SDHA for CD95L
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and expressed as arbitrary unit (AU). Data represent means ± SD of technical replicates (n = 3–4).
(B,C) m(membrane)CD95 and mCD95L cell surface expression was assayed in nonpermeabilized
pancreatic tumor cell lines PancTuI-luc (B) and A818-4 (C) using phycoerythrin-conjugated mouse
anti-human-CD95 antibody DX-2 (yellow filled peaks) and mouse anti-human-CD95L antibody NOK-
1 (black line peaks), or an irrelevant antibody (IgGl isotype control) used for the determination of
background staining (gray filled peaks). The raw data were plotted as histograms and representative
histograms (n = 2) of flow cytometry analyses of PDAC cells are shown.

Even though surface CD95 was highly expressed in most of the PDAC cell lines,
the expression of surface CD95L was either very low or undetectable, possibly due to
cleavage by metalloproteinases. Since several previous reports confirmed that the blockade
of MMP7 and ADAM17 increased surface expression of CD95L, we also used two different
types of broad range MMP inhibitors, Ilomastat and Batimastat, to treat our experimental
cell models (PancTuI-luc and A818-4) to increase the expression level of surface CD95L.
Here, we observed a moderate stimulation of surface expression of CD95L by 1.2-FC and
CD95 by 1.0-FC with Ilomastat while CD95L expression slightly increased by 1.9-FC and
CD95 decreased by 1.3-FC with Batimastat treatment in PancTuI-luc (Supplementary Figure
S1A). Neither of the treatments showed any considerable effect on the surface expression
of CD95 (slight decrease by 0.92-FC) in the A818-4 cell line while a modest reduction was
noted on the expression of CD95L by 0.7-FC and 0.8-FC with Ilomastat and Batimastat,
respectively (Supplementary Figure S1B).

Since these findings show only marginal effects on the expression of both CD95 and
CD95L in our cell model system, we preferred not to include the additional treatment
with such MMP inhibitors in our mainstream experiments, assuming there could be some
additional shedding mechanisms of CD95 and CD95L. Furthermore, we were able to
analyze the surface expression of both CD95 and CD95L in our model cell lines (PancTuI-
luc and A818-4) without using any metalloproteinase inhibitors. Here, we have detected
a strong surface expression of CD95, while the surface expression level of CD95L was
low mainly in PancTuI-luc cells, but sufficient to detect and induce pro-inflammatory and
pro-survival signaling (Figure 1B,C).

3.2. Impact of CD95L Inhibition on the Gemcitabine Induced Inflammatory Responses

In previous studies, we have found, along with others, that chemotherapeutic agents
enhanced the surface expression of CD95. Here, we analyzed the membrane-bound protein
as well as mRNA expression of both CD95 and CD95L in experimental tumors in vivo as
well as in the pancreatic tumor cells in vitro after treatment with gemcitabine in connection
with non-apoptotic functions. We also analyzed the impact of gemcitabine treatment on
the expression of several tumor-promoting genes-TPGs (IL8, IL6, CD44 and CD133) as
well as CD95L in experimental tumors derived from the PancTuI-luc cell line with two
different settings of treatment (palliative and adjuvant). We detected that gemcitabine
(5 µg/g-bwt) significantly induced the expression of all TPGs in the experimental tumors,
with the exception of CD44 expression in a palliative setting (Supplementary Figure S2A,B).
Importantly, CD95L mRNA expression was also found to be increased under both condi-
tions, suggesting a combination of the inhibitor sCD95Fc together with gemcitabine in the
future (Supplementary Figure S2C,D).

To test whether gemcitabine would have similar impact on the induction of these
TPGs (IL8, IL6, CD44 and CD133) in our in vitro system under the influence of CD95
signaling, we first analyzed the effect of gemcitabine treatment on the mRNA as well
as surface protein expression of CD95 and CD95L. It could be noted that the mRNA
expression of CD95 was increased by 11-fold, while CD95L was enhanced by only 1.4-fold
upon gemcitabine treatment (20 µM) compared to the untreated (saline control-0.9%NaCl)
pancreatic tumor cell line PancTuI-luc (Figure 2A). The respective protein expression at the
cell surface of CD95 was enhanced by 1.9-fold change (FC), while CD95L was upregulated
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by 2.7-FC after gemcitabine treatment (20 µM) compared to the surface expression of CD95
and CD95L in the untreated pancreatic tumor cells (Figure 2B).
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Figure 2. Inhibitory effects of sCD95Fc on the gemcitabine-induced expression of PICs (IL8 and IL6), and PCSC markers
(CD44 and CD133) in pancreatic tumor cells. Human PDAC cell line PancTuI-luc was seeded with 2.8 × 105 cells/well
in a 6-well plate. Cells were either treated with 0.9 % saline (A–C) or untreated (D) as controls or treated with gemc-
itabine (20 µM) alone (A,C) or in combination with three different concentrations of sCD95Fc (20, 60, 120 µg/mL) (D).
Cells were lysed in RNA Lysis buffer T, total RNA was isolated, and assayed for CD95 and CD95L (A, upper row) or IL8,
IL6, CD44 and CD133 (C,D) via PerfectProbe real-time RT-PCR assays. Relative expression was normalized to the control
and reference gene UBC and expressed as arbitrary unit (AU). Controls were set as 1 in each experiment. Data represent
means ± SD of biological replicates (n = 2) with three technical replicates each. In case of statistical significance, asterisks
indicate the corresponding significance levels (Student’s t-test; *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001; ns, not
significant). (A,C,D). B: mCD95 and mCD95L cell surface expression was assayed in non-permeabilized PancTuI-luc using
phycoerythrin-conjugated mouse anti-human-CD95 antibody DX-2 (filled yellow peak-untreated and Red line peaks-treated
with Gemcitabine (20 µM) and mouse anti-human-CD95L antibody NOK-1 (black line peaks-untreated and red line peaks
-treated with gemcitabine (20 µM) or an irrelevant antibody (IgGl isotype control) used for the determination of background
staining (grey filled peaks-untreated and green line peaks-treated with gemcitabine (20 µM). Raw data were evaluated as
histogram plots as described in Section 2.

Furthermore, we analyzed the expression of TPGs (IL8, IL6, CD44 and CD133) after
the treatment with gemcitabine (20 µM) for 24 h in the same PDAC cell line PancTuI-luc.
In these cells, IL8 and CD133 were found to be induced by 6.9 and 2.3-fold, respectively,
after 24 h of gemcitabine treatment. However, no effects on the expression of both IL6 and
CD44 were noted (Figure 2C). Finally, we analyzed the expression of the same panel of TPGs
(IL8, IL6, CD44 and CD133) in PancTuI-luc cell line upon the treatment with gemcitabine
in combination with three different concentrations of CD95L inhibitor (sCD95Fc-20, 60,
120 µg/mL) for 24 h. Cells left untreated served as controls. Again, it was noted that inhibi-
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tion of CD95L by sCD95Fc exerts inhibitory effects on the gemcitabine-induced expression
of IL8 and CD133, but not of IL6 and CD44 in a dose and target-dependent manner after
24 h of treatment (Figure 2D). One possible bias in this setting is the gemcitabine impact
on the CD95 system. In Supplementary Figure S3 we show a profound enhancement of
CD95 expression upon 24 h treatment with gemcitabine and a significant reduction in
the combined treatment with sCD95Fc, indicating a contribution of autocrine stimulation.
CD95L expression was also affected, yet to a lesser extent.

3.3. Inhibition of CD95L Exerts Synergistic Effects on the Gemcitabine Induced Cell Death
of Pancreatic Tumor Cells

Next, the impact of CD95L blockade on the gemcitabine-induced cell death was
investigated using the two PDAC cell lines PancTuI-luc and A818-4.

The cells were treated with escalating doses of gemcitabine (5, 10, 20, 40, 100 µM) and
sCD95Fc (10, 20, 60, 120, 240 µg/mL) for 24 h and 48 h. WST-1 cell proliferation assays
were performed to evaluate the sensitivity and resistance towards apoptosis of these agents.
Dose-response results of the percentage of cell viability are shown in Figure 3A,B.

It was found that the PancTuI-luc cell line was clearly more sensitive than A818-4 cells
towards gemcitabine-induced cell death, with the latter showing either no or very low
inhibition (at the highest gemcitabine concentration) after 24 h of treatment. The increasing
concentrations of gemcitabine decreased the cell viability of PancTuI-luc cells in a dose-
dependent manner after both, 24 h and 48 h of treatment leading to 59% and 40% viability,
respectively. After the 48 h treatment, also A818-4 cells exhibited a moderate decrease in cell
viability to 71% with the highest gemcitabine concentration (Figure 3A,B, left). Regarding
a potential suicidal effect of autocrine CD95L, we did not observe any significant changes
in the growth rate of both the cell lines after treatment with different concentrations of
CD95L-blocking sCD95Fc (Figure 3A,B, right).

Further, we analyzed the impact of CD95L inhibition on the sensitization against
gemcitabine-induced cell death in both the cell lines. It could be noted that gemcitabine
alone decreased the cell viability by 32% in PancTuI-luc (p < 0.01) and not significantly in
A818-4 cells at 24 h and by 37.7% (p < 0.001) and 17 % (p < 0.05) at 48 h of treatment in
PancTuI-luc and A818-4, respectively. Gemcitabine treatment combined with inhibition
of CD95L by sCD95Fc (20 µg/mL) further decreased the cell viability by 16.1% and 13%
in PancTuI-luc and A818-4 cell lines, respectively, after 48 h of treatment, compared with
gemcitabine alone (p < 0.05; Figure 3C,D, upper panel), whereas higher doses of the
inhibitor did not improve this combined effect.
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Figure 3. Effect of CD95L inhibition on the gemcitabine-induced cell death of pancreatic tumor
cells. Human PDAC cells PancTuI-luc (A,C) and A818-4 (B,D) were seeded in standard cell culture
medium in 96-well plates at densities of 1.0 × 104 for a 24 h treatment or 0.7 × 104, respectively,
for a 48 h treatment. After initial growth for 24 h, the medium was replaced with fresh medium
(100 µL/well) with escalating concentrations (0 [Control, Co], 5, 10, 20, 40, 100 µM) of gemcitabine or
(0 [Control, Co], 10, 20, 60, 120, 240 µg/mL) of sCD95Fc (A,B) or gemcitabine (Gem-20 µM) alone
or with three different concentrations of sCD95Fc (20, 60, 120 µg/mL) (C,D) for either 24 h (black
bars) or 48 h (grey bars). The effect of chemotherapeutic agent and death ligand inhibitors on the cell
proliferation was tested by WST-1 assays and is depicted as cell viability as percent of controls (100%
untreated cells with WST-1 reagent). Statistical analysis (Student’s t-test) was performed between
controls vs gemcitabine (Gem) and Gem vs Gem+sCD95Fc. Each bar represents the mean of two
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independent experiments (n = 2) with four parallel determinations each, error bars indicate the
corresponding SDs. Asterisks indicate statistical significance levels (* p < 0.05; ** p < 0.01; *** p < 0.001;
ns, not significant).

3.4. Effects of Death Ligands on the Cell Proliferation of PDAC Cells

Two PDAC cell lines PancTuI-luc and A818-4 were treated with escalating concentra-
tions of TNFα or TRAIL or rCD95L (2, 10, 25, 50, 100 ng/mL) for 24 h and 48 h. WST-1
cell proliferation assays were performed to measure cell proliferation and to evaluate the
sensitivity or resistance of these PDAC cell lines against death ligands-induced cell growth
stimulation. The PancTuI-luc cell line clearly exhibited a resistant phenotype (rather moder-
ate to strong growth stimulation than apoptosis) by treatment with all three death ligands,
TNF-α, TRAIL and rCD95L. Only the two highest concentrations of rCD95L induced a
moderate growth reduction and only after 48 h. In contrast, the more sensitive cell line
A818-4 exhibited a moderate to strong growth reduction towards TNF-α and more pro-
nounced against TRAIL but showed moderate to strong growth stimulation against rCD95L
treatment both after 24 h and 48 h (Figure 4A,B left, middle, right). Remarkably, after
48 h, a strong increase of cell growth (up to 192%) of A818-4 cells with all concentrations
of rCD95L treatment was found that indicates a particular aggressiveness of these cells in
response to rCD95L.
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cells PancTuI-luc (A,C) and A818-4 (B,D) were seeded in 96-well plates at a density of 1.0 × 104 or 0.7 × 104 for treatments
of 24 h and 48 h, respectively and were grown in standard cell culture medium. After a 24 h incubation the medium
was replaced with fresh medium (100 µL/well) with escalating amount (2, 10, 25, 50, 100 ng/mL) of TNF-α, TRAIL and
recombinant (r)CD95L (A,B) or TNF-α ± sCD95Fc (60 µg/mL) or TRAIL ± sCD95Fc (60 µg/mL) or rCD95L ± sCD95Fc
(60 µg/mL) (C,D) for 24 h and 48 h. The effect of death ligands on cell proliferation was analyzed by WST-1 proliferation
assays and is depicted as cell viability. The absorbance was measured at 460 nm in microplate reader and was calculated as
percent of controls (untreated cells). Statistical analysis (Student’s t-test) was performed comparing controls vs. sCD95Fc or
TNF-α/TRAIL/rCD95L and TNF-α/TRAIL/rCD95L vs TNF-α/TRAIL/rCD95L +sCD95Fc. Each bar represents the mean
of two independent experiments (n = 2) with four parallel determinations each, error bars indicate the corresponding SDs.
Asterisks indicate statistical significance levels (* p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant).

Table 1 briefly summarizes the findings of this analysis of sensitivity or resistance of
the cell lines PancTuI-luc and A818-4 towards death ligands and gemcitabine.

Table 1. Sensitivity of PDAC Cells towards death receptor ligands and Gemcitabine.

Cell Line TNF-α TRAIL CD95L Gemcitabine

PancTuI-luc + + + + − −
A818-4 − − − + + +

Symbols: highly resistant, + +; resistant, +; highly sensitive, − −; sensitive −.

Further, the two PDAC cell lines, PancTuI-luc and A818-4, were left untreated or
treated with three different death ligands (TNF-α, TRAIL, CD95L) in the presence or
absence of sCD95Fc (60 µg/mL) for 24 h and 48 h. It was found that sCD95Fc neutral-
ized the growth stimulatory effects of TNF-α in PancTuI-luc, while it showed additive
effects on the growth reduction of TNF-α in A818-4 both after 24 h and even stronger after
48 h of treatment (Figure 4C,D; left). In contrast to the effects of TNF-α, it emerged that
the A818-4 cell line exerted even more prominent effects on the TRAIL-induced growth
reduction when combined with sCD95Fc (Figure 4D middle) while non-significant effects
were noted on cell viability of PancTuI-luc after treatment with TRAIL + sCD95Fc compared
to TRAIL alone at both, 24 h and 48 h (Figure 4C, middle). In addition, the A818-4 cell line
showed strong proliferative effects upon rCD95L treatment (Figure 4D right), while the
cell viability is even decreased with rCD95L stimulation in PancTuI-luc cell line at 48 h
(Figure 4C right). Further, we detected that the treatment with sCD95Fc effectively neutral-
ized the proliferative effects of rCD95L in A818-4 cell line while no effect was observed for
PancTuI-luc cell line after 48h (Figure 4C,D right). Altogether, these findings indicate that
the treatment with sCD95Fc increases the effect of TNF-α and TRAIL while it neutralizes
the effect of rCD95L in the A818-4 cell line. In case of PancTuI-luc, sCD95Fc only nullified
the growth stimulatory effects of TNF-α while no effect was observed with TRAIL or
rCD95L. The different response of these death ligands in these two PDAC cell lines is
probably due to the varying level of sensitivity/resistivity of these death ligands towards
these cell lines as shown in Table 1.

3.5. Effect of CD95L Inhibition on the Expression of CD95 and CD95L Induced upon TNF-α,
TRAIL and rCD95L Stimulation

CD95 and CD95L as transmembrane proteins are key molecules of this crosstalk
study. Therefore, we investigated the impact of TNF-α, or TRAIL, or rCD95L signaling on
the expression of CD95 and CD95L expression in the presence or absence of the CD95L
inhibitor sCD95Fc (Figure 5). We found that rCD95L (100 ng/mL) stimulation elevates the
expression of both CD95 and CD95L in PancTuI-luc cells (Figure 5A right). Pre-treatment
with sCD95Fc significantly neutralized this effect at 36h of treatment. However, we did
not observe any such effects of the same treatment in the A818-4 cell line model (Figure 5B
right). This experiment was used as a positive control for the crosstalk of TNF-α, or TRAIL
with CD95L. Stimulation with TNF-α or TRAIL (50 ng/mL) significantly up-regulated
the expression of both, CD95 and CD95L in PancTuI-luc (Figure 5A left, middle) and
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was even more pronounced in A818-4 cells (Figure 5B left, middle). The pre-incubation
with sCD95Fc exerted varying effects showing either no significant neutralizing activity
on CD95 expression after TNF-α or TRAIL treatment in PancTuI-luc (Figure 5A upper
left, middle) or a partial neutralization of TRAIL-effects on CD95 expression in A818-4
cells (Figure 5B upper middle). Moreover, no significant neutralization by sCD95Fc of
the high CD95 induction by TNF-α could be observed in this cell line (Figure 5B upper
left). Regarding CD95L expression, significant neutralization of the effects of both, TNF-α
and TRAIL after preincubation with sCD95Fc were found in A818-4 cells (Figure 5B lower
left, middle) as well as in PancTuI-luc cells in the case of TRAIL stimulation (Figure 5A
lower middle). However, no neutralizing effect of sCD95Fc was observed in this cell line
with regard to the CD95L stimulation by TNF-α (Figure 5A lower left). In addition, we
analyzed the effects of CD95L inhibition by two concentrations (20 and 60 µg/mL) of
sCD95Fc on the constitutive expression of CD95 and CD95L. Blocking of CD95L led to a
significant reduction of the constitutive expression of both, CD95 and CD95L by 1.5-fold
(p = 0.0005) and 1.8-fold (p = 0.0003) respectively, in the A818-4 cell line after 36 h of sCD95Fc
treatment (20 µg/mL, Figure 5D). By contrast, in PancTuI-luc cells, only inhibition of CD95L
with the high concentration of sCD95Fc showed an inhibitory effect on the constitutive
expression of CD95L by 1.4-fold (p = 0.033, Figure 5C). Here, we can conclude that both
TNF-α and TRAIL can induce both CD95 and CD95L in both PDAC cell lines, while the
modulating/neutralizing effects of sCD95Fc on the stimulatory activity of TNF-α and
TRAIL are mainly detected in the TNF-α and TRAIL-sensitive cell line (A818-4), possibly
due to strong proinflammatory signaling upon the induction of both CD95 and CD95L.
However, the effects of rCD95L alone or in combination with sCD95Fc were detected only
in CD95L-sensitive cell line i.e., PancTuI-luc cells as rCD95L shows no effect in A818-4.

Further, the effects of TNFα and TRAIL on the cell surface expression of CD95 (lower
row)- and CD95L (upper row) proteins were analyzed by flow cytometry in the PDAC cell
lines, PancTuI-luc (Figure 6A) and A818-4 (Figure 6B). It was found that stimulation with
TNF-α (50 ng/mL) slightly decreased the expression of mCD95L by 0.4-FC in PancTuI-
luc and 0.7-FC in A818-4, while it up-regulated the expression of mCD95 by 1.4-FC in
PancTuI-luc and 2.4-FC in A818-4 after 36 h. Additionally, the treatment with TRAIL
(50 ng/mL) also slightly to moderately decreased the expression of mCD95L by 0.9-FC
in the PancTuI-luc cell line and 0.06-FC in the A818-4 cell line after 36 h of treatment.
In contrast, TRAIL slightly enhanced the surface expression of CD95 by 1.1-FC in the
PancTuI-luc cell line it while slightly reduced it by 0.7-FC in the A818-4 cell line after 36 h
of treatment. Additionally, we analyzed the neutralizing effects of Remicade (anti-TNF-α
antibody “infliximab”) on the surface expression of CD95 and CD95L. We observed that pre-
treatment with Remicade or sCD95Fc along with TNF-α decreased/nullified the impact of
exogenous TNF-α-induced modulation of mCD95/mCD95L, both in PancTuI-luc and A818-
4 cell lines. Interestingly, pre-treatment with Remicade/sCD95Fc showed a neutralizing
effect by increasing 1.3-FC or 1.5-FC expression of mCD95L while a marginal effect on
the TNF-α-induced mCD95 expression by again 1.3-FC or 1.5-FC in the PancTuI-luc cell
line. Contrastingly, an inverse result was reported in case of the A818-4 cell line where
the pre-treatment with Remicade/sCD95Fc showed a synergizing effect on the mCD95L
expression by a decrease of 0.13-FC or 0.03-FC, while a nullifying effect was shown on the
mCD95 expression by a decrease of 0.6-FC or increase of 1.3-FC upon TNF-α stimulation
for 36 h (Figure 6). Despite the seemingly impressive impact of these pre-treatments, the
overall impact is low, likely due to the protease-mediated cleavage of mCD95 and mCD95L.
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Figure 5. Inhibitory effects of sCD95Fc on CD95 and CD95L gene expression in pancreatic cancer cell lines upon TNF-α,
TRAIL and rCD95L treatment. Human pancreatic cancer cells PancTuI-luc (A,C) and A818-4 (B,D) were seeded with
2.8 × 105 cells/well in 6-well plates. Cells were either left untreated (control; black bar) or stimulated with 50 ng/mL TNF-α
or 50 ng/mL TRAIL or 100 ng/mL rCD95L (grey bar), TNF-α ± sCD95Fc (20 µg/mL) or TRAIL ± sCD95Fc (20 µg/mL)
or rCD95L ± sCD95Fc (20 µg/mL) (dark grey) and TNF-α ± sCD95Fc (60 µg/mL) or TRAIL ± sCD95Fc (60 µg/mL) or
rCD95L ± sCD95Fc (60 µg/mL) (light grey) or treated alone with sCD95Fc (20 µg/mL; light grey) or (60 µg/mL; dark grey)
for 36 h. Cells were lysed in RNA Lysis Buffer T; total RNA was isolated and assayed for CD95 (upper row; A,B or left
panel; C,D) and CD95L (lower row; A,B or right panel; C,D) by PerfectProbe realtime-RT-PCR Assay. Relative expression
was normalized to the control and reference genes UBC or RPL13A and expressed as arbitrary unit (AU). Controls were
set as 1 in each experiment and normal distribution of the data was tested by the Shapiro–Wilk method. p-values indicate
statistical significance levels, while non-significant data represented by ns.). Data represent means ± SEM of biological
replicates (n = 3).
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To further characterize the death ligand cross-talk system in the PDAC model cell 
lines PancTuI-luc and A818-4, we analyzed the dose-dependent effects of TNF-α, TRAIL 
and CD95L on the expression of PICs (IL8 and IL6) by real-time PCR assays. It could be 
observed that TNF-α has strong dose-dependent effects (data not shown) on the induction 
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Figure 6. Analysis of PDAC cell-membrane-bound CD95L (A,B upper row) and CD95 (A,B lower row) protein expression
by flow cytometry after treatment with TNF-α or TRAIL. CD95L and CD95 cell surface expression was assayed in non-
permeabilized PancTuI-luc cells (A) and A818-4 cells (B) using phycoerythrin-conjugated mouse anti-human-CD95 antibody
DX-2 or mouse anti-human-CD95L antibody NOK-1 (black line peaks -untreated and red line peaks -treated with TNF-α
or TRAIL ± Remicade or sCD95Fc) or an irrelevant antibody (IgGl isotype control) used for the determination of back-
ground staining (grey filled peaks-untreated and green line peaks-treated with TNF-α or TRAIL ± Remicade or sCD95Fc).
Raw data were analyzed and evaluated as histogram plots (n = 2) as described in Section 2.
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3.6. Effect of CD95L Inhibition on the Expression of IL8 and IL6 Induced upon TNF-α, TRAIL
and CD95L Stimulation

To further characterize the death ligand cross-talk system in the PDAC model cell
lines PancTuI-luc and A818-4, we analyzed the dose-dependent effects of TNF-α, TRAIL
and CD95L on the expression of PICs (IL8 and IL6) by real-time PCR assays. It could be
observed that TNF-α has strong dose-dependent effects (data not shown) on the induction
of both IL8 and IL6 mRNA expression as well as IL8 protein secretion in comparison to
TRAIL and rCD95L in both the cell lines (Figure 7A–D). Furthermore, the stimulatory
effects of these death ligands were more pronounced in A818-4 than in PancTuI-luc.
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Figure 7. Inhibitory effects of sCD95Fc on IL8 and IL6 mRNA and protein expression in pancreatic cancer cell lines upon 
TNFα, TRAIL and rCD95L treatment. Human pancreatic cancer cells PancTuI-luc (A) and A818-4 (B) were seeded with 
2.8 × 105 cells/well in 6-well plates. Cells were either left untreated as control (black bar) or stimulated with 50 ng/mL TNF-
α or 50 ng/mL TRAIL or 100 ng/mL rCD95L (grey bar), TNF-α ± sCD95Fc (20 μg/mL) or TRAIL ± sCD95Fc (20 μg/mL) or 
rCD95L ± sCD95Fc (20 μg/mL) (dark grey) and TNF-α ± sCD95Fc (60 μg/mL) or TRAIL ± sCD95Fc (60 μg/mL) or rCD95L 
± sCD95Fc (60 μg/mL) (light grey) for 36 h. Cells were lysed in RNA Lysis Buffer T; total RNA was isolated, and assayed 
for IL8 (upper) and IL6 (lower) by PerfectProbe RT-PCR assays (A,B). Relative expression was normalized to the control 
and reference genes UBC or RPL13A and expressed as arbitrary unit (AU). (C,D) After the indicated time point (36 h), cell 
supernatants of PancTuI-luc (C) and A818-4 cells (D) was collected and centrifuged at 14,000 rpm at 4 °C for 15 min in an 
Eppendorf centrifuge to remove debris and dead cells and cleared supernatants were further analyzed by using a human 
IL8 ELISA. PancTuI-luc (E) and A818-4 (F) cells were treated with sCD95Fc (20 μg/mL) (light grey) or (60 μg/mL) (dark 
grey) for 36 h and then IL8 mRNA (left and middle panel) and IL8 protein (right panel) were analyzed. Controls were set 
as 1 in each experiment and the normal distribution of the data was tested by Shapiro–Wilk method. In case of significance, 
p-values were indicated. Data represent means ± SEM of biological replicates (n = 3). 
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previously established by us in a robust manner, mimicking the conservative/palliative as 
well as the adjuvant setting [36,37,40]. The latter procedure included a partial pancreatec-
tomy of an orthotopically implanted pancreatic tumor after injection of PancTuI-luc cells 
(suspended in Matrigel) into the pancreatic tail of SCID-beige mice. The details of the pro-
cedure and the time course of the therapeutic dosing are described in Section 2. 

As a first step towards clinical translation of using sCD95Fc, we investigated its effect 
on orthotopic pancreatic tumor growth after implanting PancTuI-luc cells 28 days prior 
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ure S4) revealed 25 μg/g-bwt as an optimal dose under these conditions. 

Since the impact of inflammatory mechanisms is likely to be higher after surgical 
intervention, we tested the therapeutic efficacy of sCD95Fc in the adjuvant model. As de-
picted in Figure 8A, left panel, the local recurrent tumor growth was significantly inhib-
ited by the intra-peritoneal application of 25 μg/g-bwt sCD95Fc with the median tumor 
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Figure 7. Inhibitory effects of sCD95Fc on IL8 and IL6 mRNA and protein expression in pancreatic cancer cell lines upon
TNFα, TRAIL and rCD95L treatment. Human pancreatic cancer cells PancTuI-luc (A) and A818-4 (B) were seeded with
2.8 × 105 cells/well in 6-well plates. Cells were either left untreated as control (black bar) or stimulated with 50 ng/mL
TNF-α or 50 ng/mL TRAIL or 100 ng/mL rCD95L (grey bar), TNF-α ± sCD95Fc (20 µg/mL) or TRAIL ± sCD95Fc (20
µg/mL) or rCD95L± sCD95Fc (20 µg/mL) (dark grey) and TNF-α± sCD95Fc (60 µg/mL) or TRAIL± sCD95Fc (60 µg/mL)
or rCD95L ± sCD95Fc (60 µg/mL) (light grey) for 36 h. Cells were lysed in RNA Lysis Buffer T; total RNA was isolated,
and assayed for IL8 (upper) and IL6 (lower) by PerfectProbe RT-PCR assays (A,B). Relative expression was normalized to
the control and reference genes UBC or RPL13A and expressed as arbitrary unit (AU). (C,D) After the indicated time point
(36 h), cell supernatants of PancTuI-luc (C) and A818-4 cells (D) was collected and centrifuged at 14,000 rpm at 4 ◦C for 15
min in an Eppendorf centrifuge to remove debris and dead cells and cleared supernatants were further analyzed by using a
human IL8 ELISA. PancTuI-luc (E) and A818-4 (F) cells were treated with sCD95Fc (20 µg/mL) (light grey) or (60 µg/mL)
(dark grey) for 36 h and then IL8 mRNA (left and middle panel) and IL8 protein (right panel) were analyzed. Controls
were set as 1 in each experiment and the normal distribution of the data was tested by Shapiro–Wilk method. In case of
significance, p-values were indicated. Data represent means ± SEM of biological replicates (n = 3).

Based on the previous characterization, we chose the optimum concentration of
(50 ng/mL) for TNF-α or TRAIL and (100 ng/mL) for rCD95L stimulation and analyzed
the effects of CD95L inhibition on the TNF-α or TRAIL-induced IL8 and IL6 expression
after 36 h of stimulation in the same panel of cell lines. In PancTuI-luc cell line, we observed
that rCD95L induced the expression of both IL8 (by 4.5-fold) and IL6 (by1.5 fold) upon
36 h of stimulation and this effect was efficiently neutralized after a pre-treatment with
sCD95Fc. Further, it was also noted that the expression of both IL8 and IL6 was induced
by both TNF-α (79.3-fold and 2.5-fold) and TRAIL (3.5-fold and 1.7-fold), respectively
and the blockade of CD95L using sCD95Fc exerted a considerable inhibitory effect on the
expression of both IL8 and IL6 induced upon TNF-α and TRAIL stimulation after 36 h
(Figure 7A). In case of the A818-4 cell line, we detected an even stronger upregulation of
IL8 and IL6 compared to the PancTuI-luc cell line, except for the expression of IL6 upon
rCD95L stimulation, which showed a slight decrease. However, after the strong induction
of IL8 and IL6 in A818-4 upon TNF-α (by 207.5-fold and 72.5-fold, respectively) or TRAIL
(by 27.2-fold and 10.2-fold, respectively) stimulation, the inhibitory effects of sCD95Fc was
less significant as in the PancTuI-luc cell line after 36 h of treatment (Figure 7B).

Since the PDAC cells also showed autocrine synthesis of TNF-α, TRAIL and CD95L,
the impact of CD95L inhibition on endogenous IL8 and IL6 was analyzed without any
exogenous stimulation in PDAC cells. We noted that the treatment of sCD95Fc exerts
no effect on the expression of both, IL8 and IL6 after 36 h of treatment in PancTuI-luc
cells, while significant inhibitory effects on the expression of both IL8 and IL6 mRNA
were observed with a stronger effect of the lower concentration of sCD95Fc after 36 h of
treatment in the A818-4 cell line. However, these changes in A818-4 cells on the mRNA
level were not paralleled on the protein level, where no significant modulation by sCD95Fc
emerged. (Figure 7E,F, left and middle).
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Further, we analyzed the secretion of IL8 protein in the cell culture supernatants by
performing human IL8 ELISA under different treatment conditions in the same panel of
cell lines after 36 h. rCD95L stimulated the secretion of IL8 by 9.6-fold (p = 0.0001) while
pre-treatment of the cells with sCD95Fc effectively neutralized the effects of the rCD95L
stimulation in the PancTuI-luc cell line after 36 h (Figure 7C). However, we detected a
different pattern of results in case of the A818-4 cell line as rCD95L treatment exhibits no
stimulatory effect, or even decreases the secretion of IL8 (Figure 7D). In addition, TNF-α
or TRAIL (50 ng/mL) strongly induced the secretion of IL8 and the pre-treatment with
sCD95Fc substantially reduced the secretion of IL8 induced upon TNF-α stimulation, while
it exerted either no effects or slightly co-stimulatory effects on the secretion of IL8 upon
TRAIL stimulation for 36 h in both the cell lines. Intriguingly, the inhibition of CD95L
without any exogenous stimulation reduced the secretion of IL8 after 36 h of treatment,
both in PancTuI-luc and A818-4 cells (Figure 7C–F, left).

3.7. In Vivo Effects of CD95L Inhibition in Pancreatic Xenotransplant Models

Having shown the strong inhibitory impact of sCD95Fc on the expression of pro-
inflammatory cytokines and stem cell markers under in vitro conditions, we aimed for
testing the putative therapeutic effect under appropriate in vivo conditions. Therefore, we
made use of the clinically-adapted xenotransplantation model [34,35], which had been
previously established by us in a robust manner, mimicking the conservative/palliative
as well as the adjuvant setting [36,37,40]. The latter procedure included a partial pancre-
atectomy of an orthotopically implanted pancreatic tumor after injection of PancTuI-luc
cells (suspended in Matrigel) into the pancreatic tail of SCID-beige mice. The details of the
procedure and the time course of the therapeutic dosing are described in Section 2.

As a first step towards clinical translation of using sCD95Fc, we investigated its effect
on orthotopic pancreatic tumor growth after implanting PancTuI-luc cells 28 days prior to
treatment. Four different concentrations of sCD95Fc were tested according to the details
as provided in the Section 2 and the typical U-shaped dose response (Supplementary
Figure S4) revealed 25 µg/g-bwt as an optimal dose under these conditions.

Since the impact of inflammatory mechanisms is likely to be higher after surgi-
cal intervention, we tested the therapeutic efficacy of sCD95Fc in the adjuvant model.
As depicted in Figure 8A, left panel, the local recurrent tumor growth was significantly
inhibited by the intra-peritoneal application of 25 µg/g-bwt sCD95Fc with the median
tumor volume dropping from 942 mm3 to 324 mm3. This tumor growth inhibition was
paralleled by a significant (24%) reduction of the Ki-67 proliferation index (Figure 8A, right
panel), showing a major impact of CD95-related inflammatory mechanisms stimulating
human pancreatic cancer cell proliferation under in vivo conditions. Moreover, the number
of macroscopically visible liver and spleen metastases decreased upon treatment without
reaching robust significance.
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Figure 8. Impact of CD95L inhibition on tumor progression (tumor volume, Ki67 positivity, proinflammatory cytokines
and cancer stem markers) and the CD95/CD95L immunostaining in tumors derived from PancTuI-luc cells under both
palliative and adjuvant regimens. Female SCID beige mice (n = 9) bearing PancTuI-luc tumor xenografts were treated i.p.
with either sodium chloride 0.9% (control group) or with 25 µg/g bwt of sCD95Fc (treated group). The tumor volume
(A, left panel) of the recurrent pancreatic tumor was determined at autopsy 4 weeks after subtotal pancreatectomy in
adjuvant treatment setting. The primary tumors were resected by subtotal pancreatectomy 10 d after inoculation of
pancreatic tumor cells (PancTuI-luc-1 × 106). Tissue cryo-sections of recurrent tumor specimens after adjuvant therapy
regimen (A, right panel) were immunostained for Ki67 expression and the Ki67 positivity index was calculated. Ki67
positivity of individual xenograft tumors in each group. Gene expression analysis of proinflammatory cytokines (IL8 and
IL6) and pancreatic stem cell markers (CD44 and CD133) was performed as indicated in Section 2 to measure the impact of
CD95L inhibition in the treated tumors. The recurrent tumor tissues (n = 7–8) from each group were homogenized and
lysed in lysis buffer; total RNA was isolated, and assayed for IL8, IL6, CD44 and CD133 via a PerfectProbe realtime RT-PCR
Assay. The resulting cT-values of the corresponding genes were normalized against reference gene UBC and expressed
as arbitrary units (AU) (B). Three representative examples from each treatment (25 µg/g bwt of sCD95Fc) group of the
palliative and adjuvant setting are demonstrated compared to respective control animals those received 0.9% sodium
chloride. Staining of the tissue sections with a human antigen-specific antibody (anti-CD95 antibody) was performed as
described in Section 2. Similarly, the staining is shown for the anti-CD95L antibody, which detects both the human and
the murine antigen (C). The orange-colored scale bars represent 100 µm. The normal distribution of the data in (8B) was
tested by the Shapiro–Wilk method and in case of significance, Student’s t-test was performed and p-values and the means
were indicated at the corresponding boxplots. For the tumor volumes (8A) Mann–Whitney U-tests were performed for
comparison of the medians of each treated group vs. the control group.

To further strengthen the relevance of our comprehensive in vitro data under in vivo
conditions, a panel of tumor-promoting mRNAs (IL8, IL6, CD44, CD133) in local recurrent
tumors were tested after RNA extraction using qRT-PCR as the read-out. As shown in
Figure 8B, IL8 and IL6 mRNA levels are decreasing to 37% and 64% compared to controls,
respectively, after sCD95Fc application. When the putative stem cell markers CD44 and
CD133 (71.5%) were analyzed [41–43], this inhibitory effect was also observed for CD133
decreasing to 71.5% compared to the control; however, CD44 did not show any inhibition
(Figure 8B lower panel). Finally, the CD95L-blocking effect of sCD95Fc also became visible
under in vivo conditions using in situ staining shown with three representative examples
in Figure 8C. Interestingly, the CD95 staining revealed a strong immunoreactivity in the
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stroma of treated mice (upper panels). Since the affinity-purified antiserum was specific for
human CD95, this staining pattern indicates the localization of the inhibitory compound.
In the three lower panels, a slight reduction of CD95L staining reflects the activity of the
inhibitory compound. Yet, this antiserum detects both, human and murine CD95 ligand.

4. Discussion

Studies in the past several years have established that the cytokine CD95L member of
the TNF superfamily, including TNF-α and TRAIL, plays a crucial role in the progression
of tumor growth and metastatic spread through increased production of PIC and CSC
(phenotypes) markers as well as activation of NFκB in PDAC [19,21–23,44,45]. Palliative
chemotherapy has been considered as one of the most effective treatment strategies for
advanced PDAC as about 80% of the patients are not permitted to surgical resection [46].
Gemcitabine still remains one of the most widely accepted drugs for the treatment of
PDAC [47]. However, PDAC cells have acquired resistance towards gemcitabine-induced
apoptosis and exhibit various adverse effects leading to cell survival and metastasis [48].
The impact of the CD95/CD95L system on the mechanism of gemcitabine resistance under
the influence of pro-inflammatory responses of death ligands (TNF-α, TRAIL and CD95L)
has been not yet appropriately understood.

In the present study, we indicate how the CD95/CD95L system (Figure 1) is in-
volved in the resistance mechanism of gemcitabine under the influence of inflammatory
responses induced from TNF-α and TRAIL in the PDAC cells. Our results establish that
the up-regulation of CD95 and CD95L upon the treatment of either gemcitabine or death
ligands (TNF-α and TRAIL) potentiate the process of chemoresistance, possibly due to
the enhanced production of PICs as well as an increase in the expression of CSC marker
(stem cell phenotype) in PDAC. Moreover, the blockade of CD95L not only suppresses the
gemcitabine-mediated tumor-promoting functions but also sensitized PDAC cells towards
gemcitabine-induced cell death by diminishing the pro-inflammatory signaling of TNF-α
and TRAIL in a bi- or tri-lateral crosstalk manner (Figures 2, 3 and 5, Figures 6 and 7).

In agreement with previous findings, in our experimental system, we found that
gemcitabine not only enhances the expression of PIC and CSC markers but also the
mRNA and surface expression of CD95 and CD95L in a dose-dependent manner in vitro
(Figure 2A–C) as well as in experimental in vivo conditions (Figure 8). This finding could
support that gemcitabine not only selects the resistant cells but also exerts some dif-
ferentiating effects on tumor cells in the transformation of highly metastatic and stem
cell phenotype.

In addition, inhibition of CD95L reduces the expression of PICs, TAPs as well as CSC
markers in the dose-dependent manner of PDAC cells in vitro. Moreover, Arora et al.
showed that gemcitabine-treated PDAC cells exert increased migratory as well as invasive
properties towards a CXCL12 gradient [49]. In our in vitro proliferation assay, we noted
that PDAC cells are highly resistant towards gemcitabine-induced cell death. To further
investigate the gemcitabine-resistance under the influence of the CD95/CD95L system, an
activator of CXCL12 and NFκB, we employed pre-treatment of PDAC cells with potent
CD95L inhibitor sCD95Fc prior to gemcitabine treatment. We found that inhibition of
CD95L exerts an impact on the sensitization of PDAC cells towards gemcitabine treatment
under in vitro conditions, only within a certain dose.

Many recent studies have described an emerged role of these death ligands (CD95L,
TNF-α and TRAIL) in the enhanced production of various PICs; chemokines as well as TAPs
that are linked with short survival and advanced tumor stages in various malignancies,
including PDAC in an NFκB-dependent manner [22,27]. In a recent study, we showed the
expression levels of these three death ligands, their cognate receptors in tumor tissues and
the correlation of their expression with survival data obtained from 41 PDAC patients by
IHC [50].

Since the activation of NFκB plays a central role in the mechanism of chemo-resistance,
here, we assume there might be a significant positive feedback loop of gemcitabine/NFκB/
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CD95/CD95L as gemcitabine could also enhance the expression of CD95 and CD95L.
This principle could be extended for TNF-α and TRAIL in the same manner. However,
the role of NFκB-mediated pro-inflammatory mechanism in the interaction of these three
major death ligands CD95L, TNF-α and TRAIL still remain unclear. In this article, we
examined the functional impact of CD95L inhibition on the release of pro-inflammatory
factors induced by TNF-α and TRAIL in two distinct PDAC cell lines PancTuI-luc and
A818-4.

We observed that TNF-α, TRAIL and CD95L all significantly induced the expres-
sion of IL8, IL6, u-PA, MMP7 and MMP9 in both PancTuI-luc as well as A818-4 cell line
(Figure 7A,B and Supplementary Figure S5). Further, to support our assumptions that
NFκB plays a key role in the death ligand induced pro-inflammatory responses through
the TNF-α/NFκB/CD95L or TRAIL/NFκB/CD95L, we analyzed the effects of TNF-α
and/or TRAIL treatment on the expression of CD95 and CD95L. We detected that both
TNF-α and TRAIL significantly induced the mRNA expression of CD95 and CD95L in
both resistant (PancTuI-luc) and sensitive (A818-4) cell lines in a time-dependent manner
(Figure 5). However, only the surface expression of mCD95 was found to be increased
but not the mCD95L upon TNF-α and TRAIL stimulation (Figure 6). Thus, these find-
ings indicate that there might be a proteolytic cleavage of TNF-α and/or TRAIL-induced
mCD95L by metalloproteinases (MMP2, MMP7, ADAM10) and thus, these cleaved or
soluble forms of sCD95L might be linked with increased tumor growth and metastasis in
an NFκB-dependent manner [51,52].

To support this assumption along with previous findings, we analyzed the impact
of broad-spectrum MMP inhibitors on an additional increase in the surface expression of
mCD95 and mCD95L (Supplementary Figure S1). Further, an increase in MMP7, MMP9
and uPA expression was detected upon the treatment with TNF-α, TRAIL and rCD95L and
upon CD95L inhibition using sCD95Fc, these effects were reduced in both the PDAC cell
lines especially with TNF-α stimulation (Supplementary Figure S5). This increased expres-
sion of proteases and their activity could further enhance the secretion of sCD95L, which
supports the PDAC progression as discussed previously [27,50,51]. Thus, these enhanced
expressions of CD95 and CD95L could further support the mechanism of gemcitabine-
resistance by increasing the production of PICs and stem cell phenotype of PDAC. The ele-
vated levels of various cytokines, including TNF-α, IL8 and IL6, have been found in the
serum of cancer patients treated with gemcitabine [11]. In this study, we investigated the
influence of CD95L inhibition on the pro-inflammatory signaling induced by TNF-α and
TRAIL in a bi-lateral manner.

Here, a blockade of pancreatic tumor cell-derived CD95L using pharmacological
inhibitor sCD95Fc showed considerable reduction in the expression of tumor-promoting
genes, including PICs (Figure 7) and TAPs (Supplementary Figure S5) induced upon TNF-
α or TRAIL stimulation in a time and concentration-dependent manner in both PDAC
cell lines. However, in some cases, sCD95Fc has shown slightly stimulatory effects upon
TRAIL treatment with unknown mechanisms, which needs to be further investigated.
Our findings indicate there to be crosstalk amongst the non-apoptotic pathways mediated
by TNF-α, TRAIL and CD95L. Therefore, the blockade of CD95L might be a significant
approach to overcome the problem of chemo-resistance by diminishing the potential
pro-inflammatory crosstalk role of TNF-α and TRAIL in the treatment of inflammation-
driven tumor progression of PDAC. As a first step towards translation with a therapeutic
perspective, we identified an optimal dose of the inhibitor sCD95Fc to be used in an
experimental murine orthotopic xeno-transplant tumor model of human PDAC. Thereafter,
the therapeutic effect was demonstrated in an adjuvant setting after tumor resection.
The remarkable growth reduction of local recurrent tumor mass—a typical characteristic
in the clinic after surgical intervention besides liver and other metastases—which was
achieved only by blocking CD95 ligand activity clearly underlines the impact of pro-
inflammatory, non-apoptotic signaling of “death-receptors” as also shown by us in the
TNF system (23).
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Together, gemcitabine not only enhanced the expression and activation of death
ligands (CD95L and TNF-α) and the activity of survival mediators (NFκB) in a positive
feedback loop but also stimulated the production of PICs, TAPs and the enhanced stem
cell phenotype of PDAC cells. This entire phenomenon could provide chemo-resistance
as well as potentiate the tumor formation and metastasis in PDAC [53,54]. Thus, these
findings indicate the importance of the biological effects of the CD95/CD95L system on the
unexpected and undesired adverse effects of chemotherapy. The heterogeneity of PDAC
becomes already visible in our two model systems (Supplementary Table S2). The death
ligand response differs clearly between PancTuI-luc and A818-4 cells, but both behave
inversely towards the gemcitabine challenge. A schematic diagram represents a quick
review of the entire concept (Figure 9). Thus the blockade of CD95L might provide a
potential approach, which not only suppresses the pro-inflammatory responses induced
by TNF-α and TRAIL but also enhances the chemotherapeutic effects of gemcitabine by
reducing the activation of NFκB and the subsequent production of PICs as well as stem
cell phenotype in a combinatorial therapeutic strategy.
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Figure 9. Schematic representation of the mechanism of the interaction amongst TNF-α, TRAIL
and CD95L and its impact on chemotherapy. It is the simple chart showing these three signaling
cascades crossing over each other’s functions through sharing a common transcription factor NFκB
and subsequently inducing expression and secretion of PICs as well as TAPs. Further, it shows how
blocking of the CD95L may alter the production of PICs and inflammation derived tumor progression
through multiple signals initiated by TNF-α or TRAIL and thus improve the chemotherapeutic effects
of gemcitabine.

5. Conclusions

We could demonstrate that gemcitabine stimulates the expression of pro-inflammatory
cytokines IL6 and IL8 involving the death receptor CD95 and its ligand CD95L. The CD95L-
antagonist sCD95Fc substantially reduced cytokine (TNF-α or TRAIL)-stimulated IL-6 and
IL-8 expression and generally lowered the pro-inflammatory status of pancreatic cancer
cells as well as their stem cell properties. In a murine xenotransplantation model the
antagonist reduced the local recurrent tumor growth after surgical resection of orthotopic
primary tumors. Moreover, the unwanted, pro-inflammatory side-effects of gemcitabine
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were inhibited. Blockade of CD95L might provide a potential therapeutic strategy sup-
pressing pro-inflammatory responses to TNF-α and TRAIL and also enhancing therapeutic
effects of gemcitabine.
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