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Abstract
Background  Even in the novel immunotherapy era, Merkel cell carcinoma (MCC) remains challenging in its treatment. Apart 
from Merkel cell polyomavirus (MCPyV) associated MCC, this cancer is linked in about 20% of cases to ultraviolet-induced 
mutational burden frequently causing aberrations in Notch and PI3K/AKT/mTOR signalling pathways. The recently devel-
oped agent GP-2250 is capable to inhibit growth of cells of different cancers, including pancreatic neuroendocrine tumors. 
The objective of the present study was to investigate the effects of GP-2250 on MCPyV-negative MCC cells.
Methods  Methods We employed three cell lines (MCC13, MCC14.2, MCC26) which were exposed to different GP-
2250doses. GP-2250’s effects on cell viability, proliferation, and migration were evaluated by means of MTT, BrdU, and 
scratch assays, respectively. Flow cytometry was performed for the evaluation of apoptosis and necrosis. Western blotting 
was implemented for the determination of AKT, mTOR, STAT3, and Notch1 protein expression.
Results  Cell viability, proliferation, and migration decreased with increasing GP-2250 doses. Flow cytometry revealed a dose 
response to GP-2250 in all three MCC cell lines. While the viable fraction decreased, the share of necrotic and in a smaller 
amount the apoptotic cells increased. Regarding Notch1, AKT, mTOR, and STAT3 expression a comparatively time- and 
dose-dependent decrease of protein expression in the MCC13 and MCC26 cell lines was observed. By contrast, Notch1, AKT, 
mTOR, and STAT3 expression in MCC14.2 was scarcely altered or even increased by the three dosages of GP-2250 applied.
Conclusions  The present study indicates GP-2250 having anti-neoplastic effects in MCPyV-negative tumor cells in regard to 
viability, proliferation, and migration. Moreover, the substance is capable of downregulating protein expression of aberrant 
tumorigenic pathways in MCPyV-negative MCC cells.
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Introduction

Merkel cell carcinoma (MCC) represents a rare skin cancer 
with epithelial as well as neuroendocrine differentiation. In 
approximately 80% of cases, MCPyV is clonally integrated 
into the tumor whereas in the remaining 20% the tumors 
are associated with high rates of ultraviolet (UV)-induced 
mutations (Becker et al. 2017a, 2022; Sihto et al. 2009; Sch-
rama et al. 2012). It has previously been reported that MCC 
shows aberrations in the Notch as well as the PI3K/AKT/
mTOR signalling pathways (Dobson et al. 2020; Temblador 

et al. 2022; Stachyra et al. 2021; Wu et al. 2021; Iwasaki 
et al. 2015; Lin et al. 2014). However, the exact molecular 
pathogenesis of this cancer and the role of MCPyV remains 
uncertain. MCC is a highly aggressive cancer as indicated 
by early relapses and very poor survival rates. Even though 
the treatment of advanced MCC patients has been revolu-
tionized by the use of immune checkpoint inhibitors, there 
are still many patients who do not benefit from the novel 
immunotherapeutic approaches (Becker et al. 2017a, 2022).

Chemically, GP-2250 represents an oxathiazinane (tet-
rahydro-1,4,5-oxathiazine-4,4-dioxide). Buchholz et  al. 
(Buchholz et al. 2017) published the first paper showing 
that GP-2250 has anti-neoplastic effects. GP-2250 repre-
sents a metabolic glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) inhibitor that selectively results in oxida-
tive stress, mitochondrial dysfunction, and programmed 
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cell death in cancer cells. In  vitro as well as in vivio, 
GP-2250 dowregulated viability of pancreatic carcinoma 
cells which was associated by the induction of apoptosis 
and necrosis. In nude mice, GP-2250 was safe, resulting 
in acute (2000 mg/kg BW) or chronic (1000 mg/kg BW) 
toxicity only at extremely high concentrations (Buchholz 
et al. 2017). The same research group published further data 
on anti-neoplastic effects of GP-2250 on different malig-
nancies (Braumann et al. 2020; Baron et al. 2022; Buch-
holz et al. 2022). In a clinical phase I/II trial on patients 
with advanced pancreatic carcinoma, GP-2250 is currently 
investigated in combination with gemcitabine (clinicaltrials.
gov: NCT03854110) (Geistlich Pharma 2020). To date, the 
effects of GP-2250 have been studied in malignant skin can-
cers such as MCC and cutaneous squamous cell carcinoma 
(Majchrzak-Stiller et al. 2023; Barras et al. 2023). We aimed 
to study for the first time more in-depth the anti-neoplastic 
effects of GP-2250 in virus-negative MCC cell lines also 
addressing aberrant signalling pathways.

Materials and methods

Cell cultures

We studied three human MCC cell lines which were negative 
for MCPyV [MCC13 (CBA-1338), MCC14.2 (CBA-1340), 
MCC26 (CBA1341)]. On the basis of a material transfer 
agreement, the cell lines were provided to J.C.B. by J.H. 
Leonard (Queensland Radium Institute Laboratory, Queens-
land Institute of Medical Research, Brisbane, Australia). All 
cell lines have been maintained in RPMI-1640 supplemented 
with 10% Fetal Bovine Serum (FBS), penicillin/ strepto-
mycin each 100 U/ml and 2 mM L-Glutamine. The culture 
media for MCC 14.2 and MCC 26 was additionally supple-
mented with 25 mM HEPES (PAN Biotech GmbH, Aiden-
bach, Germany). The cells were maintained as monolayer 
at 37 °C with 5% CO2 in humidified atmosphere to 60–80% 
confluency.

Reagents

We used powdered GP-2250, which was provided by 
Geistlich Pharma AG (Wolhusen, Switzerland). The sub-
stance, dissolved in double-distilled water, was freshly pre-
pared every other week and stored at room temperature by. 
It was set to a physiological pH, sterile filtered, and stored 
protected from light.

MTT

The MTT assay was carried out on all cell lines in order 
to assess colometrically the anti-neoplastic effects of 

GP-2250. The MCC cells were individually seeded to 
obtain a sub-confluent monolayer in a 96-well plate for-
mat and were incubated for 24 h prior treatment. To exam-
ine its dose–response relationship, the MCC cells were 
exposed to concentrations ranging from 50 to 4500 µmol/l 
which depended on the cell line and ddH2O as control 
for 24 h. Following stated exposition times, 10 µl MTT 
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra-zoli-
umbromid) reagent (5 mg/ml) was added and incubated 
for 2 h before violet Formazan crystals were dissolved 
in 100 µl DMSO (Dimethyl sulfoxide). The cell viabil-
ity was determined by means of a microplate absorbance 
reader (ASYS, UVM340, Anthos Mikrosysteme GmbH, 
Germany) by determining the optical density at 560 nm 
(reference wavelength 720 nm). Using three independent 
experiments with consecutive passages, the MTT assay 
was performed with eight replicates.

BrdU proliferation assay

The MCC cells were individually seeded to obtain a 
sub-confluent monolayer in a 96-well plate format and 
were incubated for 24 h prior treatment. To determine 
the dose–response of GP-2250 with respect to the anti-
proliferative activity of the substance, the cells were 
exposed to concentrations of GP-2250 ranging from 50 to 
3500 µmol/l. The exposure depended on the MCC cell line 
and ddH2O as control for 6 h and submitted to BrdU pro-
liferation assay (5-bromo-2-deoxyuridine)-ELISA (Roche 
Applied Science, Mannheim, Germany) according to the 
manufacturer’s instructions. The 6-h incubation time was 
appropriate for the BrdU assay as indicated by our previ-
ous investigations. The amount of synthesized DNA was 
measured by means of a microplate absorbance reader 
(ASYS, UVM340, Anthos Mikrosysteme GmbH, Ger-
many) at 450 nm with a reference wavelength of 550 nm. 
Using three independent experiments with consecutive 
passages, BrdU assay was performed with eight replicates.

Scratch assay

To form a confluent monolayer, all three MCC cell lines 
were plated into 60 mm dishes and incubated for 24 h. 
The needed number of cells for a confluent monolayer 
was dependent on the MCC cell type. All cell lines were 
exposed to GP-2250 concentrations ranging from 250 up 
to 4000 µmol/l. After introducing a scratch in the cell 
monolayer, mimicking a wound, the area was examined 
by phase-contrast-microscopy. Images of the scratch assay 
were captured at start of the exposures and at intervals (0, 
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6, 12, and 24 h) during the migration of cells closing the 
scratch, to semi-quantify the migration rates.

Flow cytometry analysis

Again, the MCC cells were individually seeded in order to 
obtain a sub-confluent monolayer in a 6-well plate format 
and were incubated for 24 h. Different individual concentra-
tions of GP-2250 (from 100 up to 4000 μmol/l) and ddH2O 
(control) were utilized for 24 h before the cells were assessed 
by flow cytometry analysis. The latter was carried out in 4 
to 6 independent measurements including 2 to 4 consecu-
tive passages. The MCC sells were resuspended in a 200 μl 
binding buffer (Bender MedSystems, Vienna, Austria). 
Thereafter, the cell suspension was treated with 5 to 10 μl 
Annexin V-FITC (BD Biosciences, Heidelberg, Germany) 
over 15 min at room temperature in the dark. Then, 10 μl of 
propidium iodide (PI) (Bender MedSystems, Vienna, Aus-
tria) were added. Subsequently, the cells were assessed by 
flow cytometry (FACS Celesta BD Biosciences, Heidelberg, 
Germany) for Annexin V-FITC and PI binding. The dot plots 
and histograms were evaluated by means of the CellQuest 
Pro software (BD Biosciences, Heidelberg, Germany).

Western blot analysis

Protein isolation was performed by RIPA (Radio immuno-
precipitation assay) lysis (Abcam, Cambridge, UK). Sub-
sequently a BCA (Bicinchoninic acid) assay (Thermo sci-
entific, IL, USA) was used for protein quantification. After 
loading equal amounts of protein per lane (30 μg protein), 
7 to 20% Protean-TGX (Tris–Glycine eXtended) gels (BIO 
RAD, Hercules, California, USA), were electrophoresed at 
250 V for 30 to 45 min and transferred on to a TransBlot 

Turbo PVDF (Polyvinylidene fluoride) membrane (BIO 
RAD, Hercules, California, USA) using a TransBlot Turbo 
system (BIO RAD, Hercules, California, USA). In line with 
the manufacturer’s antibody specification protocol, the mem-
branes were blocked in EveryBlock Blocking buffer (BIO 
RAD, Hercules, California, USA) over 5 min and incubated 
overnight at 4 °C with primary antibody (mTOR Rabbit 
Ab #2972, AKT Rabbit Ab #9272, beta-Actin Rabbit mAB 
#8457, HSP 90 Rabbit AB #4874, Notch1 Rabbit mAB 
#3608, STAT3 Rabbit mAB #12,640) at 1:1000 dilution. 
Thereafter, the membranes were washed using PBST (phos-
phate buffered saline + tween 0.025%) and incubated with an 
Anti-rabbit IgG HRP-linked AB 7074; (1:2000 CST, Denver, 
Massachusetts, USA). Band detection was carried out using 
ChemiDoc MP imaging system (BIO RAD, Hercules, Cali-
fornia, USA). Comparative quantification of Western blot 
results was performed using the BIO RAD Image lab soft-
ware, Version 6.1, (BIO RAD, Hercules, California, USA).

Statistics

The data of the MTT assay (%, viable cells), BrDU assay (%, 
proliferating cells), scratch assay (%, wound area), and flow 
cytometry analysis (%, apoptotic, necrotic, and vital cells) 
are given in mean ± SD. We used ANOVA including the 
Tukey’s post-hoc test for normally distributed data. Where 
appropriate, the t test was employed for pairwise compari-
sons. p values ≤ 0.05 were considered statistically signifi-
cant and are shown in the figures as follows: ***p ≤ 0.001, 
**p ≤ 0.01, *p ≤ 0.05. Statistics were performed by means 
of Graph Pad Prism 9.1.0 (Graph Pad Software, San Diego, 
USA).

Fig. 1   Demonstrating that all MCC cell lines showed a good dose 
response to GP-2250 during MTT viability assay to different extends. 
MCC 13, MCC 14.2, MCC26, cells were incubated with individual 
concentrations of GP-2250 and ddH2O for 24  h and submitted to a 
MTT-assay. Values are means ± SEM of 8 replicates of three inde-

pendent experiments with consecutive passages. Asterisk symbols 
indicate differences between control, which was adjusted to 100% 
and 2250 treatment. ***p ≤ 0.001, **p ≤ 0.01, *p ≤ 0.05, n.s. p > 0.05 
(one-way ANOVA followed by Tukey’s post-hoc test)
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Results

Figure 1 illustrates a cell line dependent GP-2250  dose 
response in all three MCC lines during MTT viability assay, 
demonstrating its cytotoxic effects on MCC. MCC 13 exhib-
ited ad classic dose response with a relative high tolerability 
towards the substance (EC 50 approximately between 2000 
and 3000 µM GP-2250), whereas MCC14.2 showed a very 
sharp viability profile between 300 µM and 400 µM resulting 
in a drop of viability from 86.6 ± 9.4% to 38.5 ± 8.8%. By 
contrast, MCC 26 displayed a classic dose response as well, 
with an effective dosage ranging from 600 µM GP-2250 up 
to a maximum of 2000 µM.

Correspondingly, all three MCC cells demonstrated 
a dose response to GP-2250 during BrDU to different 
range (Fig. 2), thus demonstrating the anti-proliferative 

effects of GP-2250 on MCC cells. In contrast to the data 
obtained from the MTT assay, MCC 13 exhibited an effec-
tive inhibition of cell proliferation to comparative low dos-
ages starting from 500 µM GP-2250 on. (Fig. 2). Again, 
MCC14.2 showed a sharp profile of proliferation inhibi-
tion between 250 µM and 300 µM resulting in a drop of 
proliferation from 49.3% ± 4.3% to 10.9% ± 3.1%. MCC26 
presented a classic dose response including a compara-
ble high residual proliferation rate at higher concentra-
tions with a rate of 32.9% ± 1.9% under the influence of 
2000 µM GP-2250.

Concerning flow cytometric measurements, all three 
MCC cell lines showed a dose response to GP-2250, its 
range varying between cell lines (Fig. 3). Flow cytometry 
showed the effect of GP-2250 on apoptosis as well as necro-
sis. Response rates and dosages were comparable to those 
used for the MTT viability assay previously. Overall, in all 

Fig. 2   Showing that all three MCC cell lines showed a dose response 
to GP-2250 during BrDU proliferation assay to different extends. 
MCC 13, MCC 14.2, MCC26, cells were incubated with individual 
concentrations of GP-2250 and ddH2O for 24  h and submitted to a 
BrDU-assay. Values are means ± SEM of 8 replicates of three inde-

pendent experiments with consecutive passages. Asterisk symbols 
indicate differences between control, which was adjusted to 100% 
and 2250 treatment. ***p ≤ 0.001, **p ≤ 0.01, *p ≤ 0.05, n.s. p > 0.05 
(one-way ANOVA followed by Tukey’s post-hoc test)

Fig. 3   Flow cytometry for evaluation of apoptosis and necrosis 
revealed that all MCC cell lines showed a dose response to GP-2250, 
which was comparable to the dosages used for the MTT assay 
(Fig.  1). MCC 13, MCC 14.2, MCC26, cells were incubated with 
individual concentrations of GP-2250 and ddH2O for 24 h. The per-
centages of viable, apoptotic and necrotic cells were determined by 

FACS-analysis with Annexin V-FITC and propidium iodide. Val-
ues are means ± SEM of 4–6 independent experiments with three 
consecutive passages. Asterisk symbols on columns indicate differ-
ences between control and 2250 treatment. ***p ≤ 0.001, **p ≤ 0.01, 
*p ≤ 0.05, n.s. p > 0.05 (one-way ANOVA followed by Tukey’s post-
hoc test)
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cell lines assessed, the rate of viable cells decreased, simul-
taneously the necrotic and, to a smaller extent, the apoptotic 
fraction increased with rising concentrations of GP-2250. 
While MCC13 was comparable resistant, with 32.9% ± 3.2% 
viable cells at a concentration of 4000  µM GP-2250, 
MCC14.2 and MCC26 reacted more sensitively towards 
the treatment with GP-2250 (MCC 14.2: 55.1 ± 2.7% at 
1000 µM; MCC 26: 46.6 ± 5.7% at 2000 µM).

As displayed in Fig. 4, all MCC cell lines showed a 
dose response to GP-2250 during scratch assay. Addition-
ally, readings over 24 h reveal the impact of GP-2250 on 
the migration rate of the MCC cell lines analyzed. The 
results demonstrate similar effective concentrations between 
350 µM and 500°µM in all cell lines (in MCC 13 and MCC 
26: starting at 500 µM; in MCC 14.2 at 350 µM).

Fig. 4   The scratch assay revealed that all MCC cell lines show a dose 
response to GP-2250 to different extends. A confluent monolayer of 
MCC 13, MCC 14.2, MCC26, cells with an introduced scratch were 

incubated with individual concentrations of GP-2250 and ddH2O an 
microscopically monitored for 24  h with measurements at 0, 6, 12 
and 24 h. Values are means ± SEM of 3 independent measurements

Fig. 5   Western blot and quantitative analyisis of AKT kinase pro-
tein expression (n = 1). Data presented at three independent time 
points (6 h, 12 h, 24 h) in three Merkel carcinoma cell lines MCC13, 

MCC14.2, and MCC26 after treatment using three individual dosages 
of GP-2250. HSP-90 was used as internal control
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Western blotting was performed for protein expression 
analysis of AKT, mTOR, STAT3, and Notch1 in all three 
MCC cell lines. Cells were exposed to GP-2250 applied in 
three individual concentrations, having proven effective in 
previous experiments. Regarding AKT expression, there was 
a moderate time- and dose-dependend decrease of protein 
expression in MCC13 and MCC26 (Fig. 5). AKT expres-
sion in MCC14.2 was scarcely altered by the three applied 
dosages of GP-2250.

As shown in Fig. 6, mTOR protein expression was sub-
stantially decreased in MCC13 and MCC26 cell lines after 
24 h and the application of the highest GP-2250 doses. By 
contrast, higher doses of GP-2250 applied to MCC14.2 

appeared to increase mTOR protein expression, in particu-
lar at 24 h. Regarding STAT3 expression, protein expres-
sion of MCC13 and MCC26 was reduced in a time- and 
dose-dependent manner (Fig. 7). Again, STAT3 expression 
in MCC14.2 was only slightly altered by the three GP-2250 
dosages used.

Figure 8 displays the protein expression of Notch1 indi-
cating that the expression is dimished in a rather time- and 
dose-dependent pattern in MCC13 and MCC26 cell lines, 
whereas the Notch1 expression profile in MCC14.2 was 
rather inconsistent in respect to time and dose effects.

Fig. 6   Western blot and quantitative analyisis of mTOR kinase pro-
tein expression (n = 1). Data presented at three independent time 
points (6 h, 12 h, 24 h) in three Merkel carcinoma cell lines MCC13, 

MCC14.2, and MCC26 after treatment using three individual dosages 
of GP-2250. HSP-90 was used as internal control

Fig. 7   Western blot and quantitative analyisis of STAT3 kinase pro-
tein expression (n = 1). Data presented at three independent time 
points (6 h, 12 h, 24 h) in three Merkel carcinoma cell lines MCC13, 

MCC14.2, and MCC26 after treatment using three individual dosages 
of GP-2250. HSP-90 was used as internal control
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Discussion

The mutational tumor burden of MCC differs significantly 
between MCPyV-negative MCC and MCPyV-positive MCC. 
Virus-negative MCC has a very high overall mutational rate 
when compared to virus-positive MCC (Stachyra et al. 2021; 
Wong et al. 2015; Goh et al. 2016; Panelos et al. 2009). 
Hence, it is not surprising that the intra-tumoral T cell 
receptor repertoire in virus-positive MCC is clonal whereas 
virus-negative MCC is characterized by a diverse T cell 
receptor reservoir. Virus-negative MCC is characterized by 
a high number of UV-induced DNA mutations being 90-fold 
increased compared to virus-positive MCC (Stachyra et al. 
2021; Wardhani et al. 2019; Brazel et al. 2023; Horny et al. 
2021; Harms et al. 2015; Becker et al. 2017b). Apart from 
RB1 and TP53 mutations, aberrations occur also frequently 
in Notch genes as well as in the PI3K/AKT/mTOR signal-
ing pathway which we have addressed in the present study 
(Dobson et al. 2020; Temblador et al. 2022; Stachyra et al. 
2021; Wu et al. 2021; Iwasaki et al. 2015; Lin et al. 2014). 
Previous findings suggest that MCC pathogenesis may be 
molecularly divided into virus-induced and UV-induced eti-
ologies, while virus-negative MCC patients have a threefold 
lower 5-year survival rate than patients with virus-positive 
MCC (Becker et al. 2017b).

Notch1 signaling plays a significant role in differentiation, 
proliferation, cell fate, and programmed cell death. By con-
trast, signaling of Notch2 takes part both in cell fate deter-
mination in the embryo and regulation of the immune sys-
tem. Both pathways have been shown to be affected in MCC. 
About ¾ of virus-negative MCC show alterations in Notch, 
thus Notch1 mutations are observed in up to 90% of MCC 
cases (Goh et al. 2016; Panelos J et al. 2009; Wardhani et al. 

2019; Brazel et al. 2023). Again, most mutations in MCC are 
characterized by UV signatures (Horny et al. 2021; Harms 
et al. 2015). Furthermore, the PI3K/AKT/mTOR pathway 
is upregulated in MCC. PI3K plays a significant role in cell 
growth, proliferation, migration, and protein translation. Thus, 
the PI3K/AKT signaling is crucial for the survival of cells. 
Furthermore, AKT1gain-of-function mutants have previously 
been observed. There is are interactions between the AKT/
mTOR signaling and several other pathways, such as the 
JAK‐STAT signaling pathway. Consequently, the activation of 
JAK2 results in activation of STAT transcription factors (Dob-
son et al. 2020; Temblador et al. 2022; Stachyra et al. 2021; 
Wu et al. 2021; Iwasaki et al. 2015, 2022; Lin et al. 2014; 
Harms et al. 2015; Becker et al. 2017b; Guo et al. 2013).

The exact mode of action of GP-2250 remains yet to be fully 
established. However, GP-2250 is capable to deplete metabolic 
energy through inhibition of the enzyme GAPDH which is rate 
limiting for aerobic glycolysis (Braumann et al. 2020). Overex-
pression of GAPDH has been reported in a variety of cancers and 
is associated with a poor survival rate. As a result, GAPDH inhibi-
tion has been identified as a promising strategy for the treatment 
of cancer and other conditions. Moreover, GAPDH inhibitors are 
capable to influence mTOR and AKT mediated responses via 
changes in TORC1 activity (Guo et al. 2013). Previous data of our 
study group, however, indicate that cell death induction through 
enhanced release both of ROS and mitochondrial alterations may 
play a major role (Buchholz et al. 2017, 2022; Braumann et al. 
2020; Baron et al. 2022). In animal models, GP-2250 showed a 
decrease of growth of cancer cells both in xenografts of pancreatic 
cancer and xenograft models of pancreatic adenocarcinoma while 
being only infrequently associated with adverse events. In nude 
mice, there were no body weight alterations or organ dysfunctions 
at applied concentrations (Braumann et al. 2020). Furthermore, 

Fig. 8   Western blot and quantitative analyisis of Notch1 kinase pro-
tein expression (n = 1). Data presented at three independent time 
points (6 h, 12 h, 24 h) in three Merkel carcinoma cell lines MCC13, 

MCC14.2, and MCC26 after treatment using three individual dosages 
of GP-2250. HSP-90 was used as internal control
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GP-2250 has also been tested combined with chemotherapeu-
tic substances, including gemcitabine, cisplatin and mitomycin 
C. Several experiments in malignant peritoneal mesothelioma, 
pancreatic adenocarcinoma, and neuroendocrine pancreatic carci-
noma suggest synergistic effects between the substance GP-2250 
and gemcitabine or cisplatin and mitomycin C respectively (Brau-
mann et al. 2020; Baron et al. 2022; Buchholz et al. 2022). In 
neuroendocrine carcinomas of the pancreas, the first-choice treat-
ments are platin-based agents combined with etoposide which are 
characterized by poor very tolerability (Buchholz et al. 2022). 
Prior to the immunotherapy era, these agents were also used first-
line in metastatic MCC (Iwasaki et al. 2022). In the present study, 
all MCC cell lines showed a cell line dependent dose response to 
GP-2250 during MTT, BrDU, and scratch tests. Cell viability, 
proliferation, and migration decreased with increasing GP-2250 
doses. In this regard, the present data give support to previous 
studies on the use of GP-2250 in other malignancies (Buch-
holz et al. 2017, 2022; Braumann et al. 2020; Baron et al. 2022). 
Flow cytometry revealed a dose response to GP-2250 in all three 
MCC cell lines which was comparable to the dosages used for 
the MTT assay. While the viable fraction decreased, the necrotic 
fraction and in a smaller amount the apoptotic fraction increased. 
Western blotting was performed for protein expression analysis 
of parts of the Notch and PI3K/AKT/mTOR pathways in MCC 
cells investigated. The cells were exposed to GP-2250 using three 
concentrations. With regard to Notch1, AKT, mTOR, and STAT3 
expression there was a comparatively time- and dose-dependend 
decrease of protein expression in the MCC13 and MCC26 cell 
lines. In MCC 14.2 expression of mTOR was likewise decreased. 
By contrast, AKT and STAT3 expression in MCC14.2 was hardly 
altered or even increased by the three dosages of GP-2250 applied.

Indeed, limitations of the present study include the diver-
gent findings of western blotting between MCC14.2 and the 
other two cell lines. This discrepancy can only be in parts 
explained by differences with respect to underlying tumor 
characteristics. The cell line MCC14.2 originates from an 
iliac lymph node metastasis harboring a TP53 mutation, 
whereas MCC13 originates from a cervical lymph node 
metastasis with TP53 mutations and MCC26 is presumably 
derived from a cutaneous primary tumor harboring HRAS 
and RB1 mutations (https://​www.​cello​saurus.​org, access: 
January 22, 2023; Gravemeyer et al. 2021). We can only 
speculate that MCC14.2 tumor cells have other mutations, 
which might explain the differences in the effects observed 
following GP-2250 treatment. Possibly, there is a link 
between the underlying mutations and the mTOR, AKT, 
and STAT3 pathways. Nevertheless in at least two MCC 
cell lines, the protein expression of Notch1, AKT, mTOR, 
and STAT3 was downregulated by GP-2250, thus indicat-
ing that altered Notch and PI3K/AKT/mTOR pathways in 
virus-negative MCC can effectively be addressed by the 
novel substance GP-2250.

Conclusions

Our preliminary data indicate that GP-2250 has anti-neoplas-
tic effects in virus-negative MCC cells regarding tumor cell 
viability, proliferation, and migration. Moreover, GP-2250 
is capable to downregulate protein expression of aberrant 
tumorigenic pathways in virus-negative MCC cell lines.

Acknowledgements  The substance GP-2250 was provided by Geistlich 
Pharma AG, CH-6110 Wolhusen, Switzerland. We acknowledge sup-
port by the DFG Open Access Publication Funds of the Ruhr-Univer-
sity Bochum.

Author contributions  Conceptualization: TG, BM-S, and MB; meth-
odology, BM-S, CB, and MB; software: BM-S, MB; validation, BM-S, 
MB, TG, and CB; formal analysis: BM-S, MB, IP, CB, and TG; investi-
gation: BM-S and MB; resources: TG, CB, JS, and NAR, and WU; data 
curation: BM-S and MB; writing—original draft preparation: TG and 
BM-S; writing—review and editing: all authors; visualization: BM-S 
and MB; supervision: TG, WU, and CB; project administration: TG, 
CB, JCB, and WU; funding acquisition: TG and CB. All authors have 
read and agreed to the published version of the manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This research was funded by Geistlich Pharma AG, 6110 Wol-
husen, Switzerland.

Data availability  The datasets used and analyzed during the current 
study are available from the corresponding author on reasonable 
request.

Declarations 

Conflict of interest  T.G. has received speakers and/or advisory board 
honoraria from BMS, Sanofi-Genzyme, MSD, Novartis Pharma, 
Roche, Abbvie, Almirall, Janssen, Lilly, Pfizer, Pierre Fabre, Merck-
Serono, outside of the submitted work. T.M. is employed by Geistlich 
Pharma AG, Wolhusen, Switzerland. J.C.B. is receiving speaker’s bu-
reau honoraria from Amgen, Pfizer, Merck-Serono and Sanofi and is a 
paid consultant/advisory board member for eTheRNA, Merck-Serono, 
Pfizer, 4SC and Sanofi. His group receives research grants from BMS, 
Merck-Serono, and Alcedis. All other authors declare no competing in-
terests. The funders of this study had no role in the design of the study; 
in the collection, analyses, or interpretation of data; in the writing of 
the manuscript; or in the decision to publish the results.

Institutional Review Board Statement  Not applicable.

Informed consent  Not applicable.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

http://www.cellosaurus.org
http://creativecommons.org/licenses/by/4.0/


10839Journal of Cancer Research and Clinical Oncology (2023) 149:10831–10840	

1 3

References

Baron C, Buchholz M, Majchrzak-Stiller B, Peters I, Fein D, Müller 
T, Uhl W, Höhn P, Strotmann J, Braumann C (2022) Substance 
GP-2250 as a new therapeutic agent for malignant peritoneal 
mesothelioma: a 3-D in vitro study. Int J Mol Sci 23(13):7293

Barras M, Schmitz L, Braumann C, Uhl W, Skrygan M, Buchholz M, 
Meyer T, Stockfleth E, Müller T, Becker JC, Gambichler T (2023) 
an in vitro pilot study investigating the antineoplastic effects of 
GP-2250 on cutaneous squamous cell carcinoma cell lines: pre-
liminary results. Dermato 3(1):85–96

Becker JC, Stang A, DeCaprio JA, Cerroni L, Lebbé C, Veness M et al 
(2017a) Merkel cell carcinoma. Nat Rev Dis Primers 3:17077

Becker JC, Lorenz E, Ugurel S, Eigentler TK, Kiecker F, Pföhler C et al 
(2017b) Evaluation of real-world treatment outcomes in patients 
with distant metastatic Merkel cell carcinoma following second-
line chemotherapy in Europe. Oncotarget 8:79731–79741

Becker JC, Beer AJ, DeTemple VK, Eigentler T, Flaig M, Gambichler 
T et al. S2k - Guideline - Merkel cell carcinoma [MCC, neuroen-
docrine carcinoma of the skin] - Update 2022#: https://​regis​ter.​
awmf.​org/​de/​leitl​inien/​detail/​032-​023

Braumann C, Buchholz M, Majchrzak-Stiller B, Hahn S, Uhl W, Kasi 
A, Mueller T (2020) Metabolism-based GP-2250 in combina-
tion with gemcitabine as a novel approach to pancreatic cancer: a 
mouse xenograft study. J Clin Oncol 38:e16750

Brazel D, Kumar P, Doan H, Pan T, Shen W, Gao L, Moyers JT (2023) 
Genomic alterations and tumor mutation burden in merkel cell 
carcinoma. JAMA Netw Open 6(1):e2249674

Buchholz M, Majchrzak-Stiller B, Hahn S et al (2017) Innovative sub-
stance 2250 as a highly promising anti-neoplastic agent in malignant 
pancreatic carcinoma—in vitro and in vivo. BMC Cancer 17(1):216

Buchholz M, Strotmann J, Majchrzak-Stiller B, Hahn S, Peters I, Horn 
J, Müller T, Höhn P, Uhl W, Braumann C (2022) New therapy 
options for neuroendocrine carcinoma of the pancreas-the emer-
gent substance GP-2250 and gemcitabine prove to be highly effec-
tive without the development of secondary resistances in vitro and 
in vivo. Cancers (basel) 14(11):2685

Dobson SJ, Anene A, Boyne JR, Mankouri J, Macdonald A, White-
house A (2020) Merkel cell polyomavirus small tumour antigen 
activates the p38 MAPK pathway to enhance cellular motility. 
Biochem J 477(14):2721–2733

Geistlich Pharma A.G. Translational Drug Development. A Phase 
1/2 Trial of GP-2250 in combination with gemcitabine in pan-
creatic adenocarcinoma after FOLFIRINOX Chemotherapy: 
NCT03854110, GP-2250-100. https://​clini​caltr​ials.​gov/​ct2/​show/​
NCT03​854110, Accessed 8 December 2020

Goh G, Walradt T, Markarov V, Blom A, Riaz N, Doumani R, Staf-
strom K, Moshiri A, Yelistratova L, Levinsohn J et al (2016) 
Mutational landscape of MCPyV-positive and MCPyV-negative 
Merkel cell carcinomas with implications for immunotherapy. 
Oncotarget 7:3403–3415

Gravemeyer J, Lange A, Ritter C, Spassova I, Song L, Picard D, Remke 
M, Horny K, Sriram A, Gambichler T, Schadendorf D, Hoffmann 
D, Becker JC (2021) Classical and variant Merkel cell carcinoma 
cell lines display different degrees of neuroendocrine differen-
tiation and epithelial-mesenchymal transition. J Invest Dermatol 
141(7):1675-1686.e4

Guo C, Liu S, Sun MZ (2013) Novel insight into the role of GAPDH 
playing in tumor. Clin Transl Oncol 15(3):167–172

Harms PW, Vats P, Verhaegen ME, Robinson DR, Wu YM, Dha-
nasekaran SM, Palanisamy N, Siddiqui J, Cao X, Su F, Wang R, 
Xiao H, Kunju LP, Mehra R, Tomlins SA, Fullen DR, Bichakjian 
CK, Johnson TM, Dlugosz AA, Chinnaiyan AM (2015) The 

distinctive mutational spectra of polyomavirus-negative Merkel 
cell carcinoma. Cancer Res 75(18):3720–3727

Horny K, Gerhardt P, Hebel-Cherouny A, Wülbeck C, Utikal J, Becker 
JC (2021) Mutational landscape of virus- and UV-associated Mer-
kel cell carcinoma cell lines is comparable to tumor tissue. Can-
cers (basel) 13(4):649

https://​www.​cello​saurus.​org/. Accessed 22 Jan 2023
Iwasaki T, Matsushita M, Nonaka D, Kuwamoto S, Kato M, Murakami 

I, Nagata K, Nakajima H, Sano S, Hayashi K (2015) Comparison 
of Akt/mTOR/4E-BP1 pathway signal activation and mutations 
of PIK3CA in Merkel cell polyomavirus-positive and Merkel cell 
polyomavirus-negative carcinomas. Hum Pathol 46(2):210–216

Iwasaki T, Hayashi K, Matsushita M, Nonaka D, Kohashi K, Kuwa-
moto S, Umekita Y, Oda Y (2022) Merkel cell polyomavirus-
negative Merkel cell carcinoma is associated with JAK-STAT and 
MEK-ERK pathway activation. Cancer Sci 113(1):251–260

Lin Z, McDermott A, Shao L, Kannan A, Morgan M, Stack BC Jr, 
Moreno M, Davis DA, Cornelius LA, Gao L (2014) Chronic 
mTOR activation promotes cell survival in Merkel cell carcinoma. 
Cancer Lett 344(2):272–281

Majchrzak-Stiller B, Buchholz M, Peters I, Strotmann J, Möhrke J, 
Zelichowski L, Oehlke L, Quensel C, Fein D, Höhn P, Müller 
T, Uhl W, Braumann C (2023) Oxathiazinane derivatives dis-
play both antineoplastic and antibacterial activity: a structure 
activity study. J Cancer Res Clin Oncol. https://​doi.​org/​10.​1007/​
s00432-​023-​04799-8

Panelos J, Batistatou A, Paglierani M, Zioga A, Maio V, Santi R, Pimp-
inelli N, De Giorgi V, Santucci M, Massi D (2009) Expression of 
Notch-1 and alteration of the E-cadherin/beta-catenin cell adhe-
sion complex are observed in primary cutaneous neuroendocrine 
carcinoma (Merkel cell carcinoma). Mod Pathol 22(7):959–968

Schrama D, Ugurel S, Becker JC (2012) Merkel cell carcinoma: recent 
insights and new treatment options. Curr Opin Oncol 24:141–149

Sihto H, Kukko H, Koljonen V, Sankila R, Böhling T, Joensuu H (2009) 
Clinical factors associated with Merkel cell polyomavirus infec-
tion in Merkel cell carcinoma. J Natl Cancer Inst 101:938–945

Stachyra K, Dudzisz-Śledź M, Bylina E, Szumera-Ciećkiewicz A, 
Spałek MJ, Bartnik E, Rutkowski P, Czarnecka AM (2021) Mer-
kel cell carcinoma from molecular pathology to novel therapies. 
Int J Mol Sci 22(12):6305

Temblador A, Topalis D, Andrei G, Snoeck R (2022) Synergistic tar-
geting of the PI3K/mTOR and MAPK/ERK pathways in Merkel 
cell carcinoma. Tumour Virus Res 14:200244

Wardhani LO, Matsushita M, Kuwamoto S, Nonaka D, Nagata K, Kato 
M, Kitamura Y, Hayashi K (2019) Expression of Notch 3 and Jag-
ged 1 is associated with Merkel cell polyomavirus status and prog-
nosis in Merkel cell carcinoma. Anticancer Res 39(1):319–329

Wong SQ, Waldeck K, Vergara IA, Schröder J, Madore J, Wilmott JS, 
Colebatch AJ, De Paoli-Iseppi R, Li J, Lupat R, Semple T, Arnau 
GM, Fellowes A, Leonard JH, Hruby G, Mann GJ, Thompson JF, 
Cullinane C, Johnston M, Shackleton M, Sandhu S, Bowtell DD, 
Johnstone RW, Fox SB, McArthur GA, Papenfuss AT, Scolyer 
RA, Gill AJ, Hicks RJ, Tothill RW (2015) UV-associated muta-
tions underlie the etiology of mcv-negative Merkel cell carcino-
mas. Cancer Res 75(24):5228–5234

Wu JH, Limmer AL, Narayanan D, Doan HQ, Simonette RA, Rady 
PL, Tyring SK (2021) The novel AKT inhibitor afuresertib sup-
presses human Merkel cell carcinoma MKL-1 cell growth. Clin 
Exp Dermatol 46(8):1551–1554

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://register.awmf.org/de/leitlinien/detail/032-023
https://register.awmf.org/de/leitlinien/detail/032-023
https://clinicaltrials.gov/ct2/show/NCT03854110
https://clinicaltrials.gov/ct2/show/NCT03854110
https://www.cellosaurus.org/
https://doi.org/10.1007/s00432-023-04799-8
https://doi.org/10.1007/s00432-023-04799-8


10840	 Journal of Cancer Research and Clinical Oncology (2023) 149:10831–10840

1 3

Authors and Affiliations

Thilo Gambichler1 · Britta Majchrzak‑Stiller2 · Ilka Peters2 · Jürgen C. Becker3,4 · Johanna Strotmann2 · 
Nessr Abu Rached1 · Thomas Müller5 · Waldemar Uhl2 · Marie Buchholz2 · Chris Braumann2,6

 *	 Thilo Gambichler 
	 t.gambichler@klinikum-bochum.de

	 Britta Majchrzak‑Stiller 
	 britta.majchrzak@rub.de

	 Ilka Peters 
	 ilka.peters@kklbo.de

	 Jürgen C. Becker 
	 juergen.c.becker@icloud.com; j.becker@dkfz-heidelberg.de

	 Nessr Abu Rached 
	 nessr.aburached@klinikum-bochum.de

	 Thomas Müller 
	 thomas.mueller@geistlich.com

	 Waldemar Uhl 
	 w.uhl@klinikum-bochum.de

	 Marie Buchholz 
	 marie.buchholz@klinikum-bochum.de

	 Chris Braumann 
	 chris.braumann@evk-ge.de

1	 Skin Cancer Center Ruhr‑University, Department 
of Dermatology, Venereology and Allergology, Ruhr-
University Bochum, Bochum, Germany

2	 Department of General and Visceral Surgery, Division 
of Molecular and Clinical Research, St. Josef-Hospital, 
Ruhr-University Bochum, 44791 Bochum, Germany

3	 Translational Skin Cancer Research, German Cancer 
Consortium (DKTK) Partner Site Essen/Düsseldorf, 
Department of Dermatology, University Duisburg-Essen, 
Essen, Germany

4	 Deutsches Krebsforschungszentrum (DKFZ), Heidelberg, 
Germany

5	 Geistlich Pharma AG, 6110 Wolhusen, Switzerland
6	 Department of General, Visceral and Vascular Surgery, 

Evangelische Kliniken Gelsenkirchen, Akademisches 
Lehrkrankenhaus der Universität Duisburg-Essen, 
45878 Gelsenkirchen, Germany


	The effect of GP-2250 on cultured virus-negative Merkel cell carcinoma cells: preliminary results
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Cell cultures
	Reagents
	MTT
	BrdU proliferation assay
	Scratch assay
	Flow cytometry analysis
	Western blot analysis
	Statistics

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References




