
Citation: Barras, M.; Schmitz, L.;

Braumann, C.; Uhl, W.; Skrygan, M.;

Buchholz, M.; Meyer, T.; Stockfleth,

E.; Müller, T.; Becker, J.C.; et al. An In

Vitro Pilot Study Investigating the

Antineoplastic Effects of GP-2250 on

Cutaneous Squamous Cell

Carcinoma Cell Lines: Preliminary

Results. Dermato 2023, 3, 85–96.

https://doi.org/10.3390/

dermato3010007

Academic Editor: Klaus Eisendle

Received: 15 September 2022

Revised: 16 January 2023

Accepted: 30 January 2023

Published: 14 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

An In Vitro Pilot Study Investigating the Antineoplastic Effects
of GP-2250 on Cutaneous Squamous Cell Carcinoma Cell Lines:
Preliminary Results
Milan Barras 1, Lutz Schmitz 1 , Chris Braumann 2, Waldemar Uhl 2 , Marina Skrygan 1, Marie Buchholz 2,
Thomas Meyer 1 , Eggert Stockfleth 1, Thomas Müller 3, Jürgen C. Becker 4,5 and Thilo Gambichler 1,*

1 Department of Dermatology, Venereology and Allergology, Ruhr-University Bochum,
44791 Bochum, Germany

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

3 Geistlich Pharma AG, 6110 Wolhusen, Switzerland
4 Department of Translational Skin Cancer Research, Dermatology, University Hospital Essen,

45147 Essen, Germany
5 German Cancer Consortium (DKTK), Partner Site Essen and the German Cancer Research Center (DKFZ),

69120 Heidelberg, Germany
* Correspondence: thilo.gambichler@klinikum-bochum.de

Abstract: Advanced cutaneous squamous cell carcinoma (cSCC) can be a life-threatening disease for
which effective and safe treatment in advanced stages is very limited. GP-2250 has been recently
proven to have—in vitro and in vivo—antineoplastic effects on cancer cells. This study aims to inves-
tigate the potential anti-neoplastic effects of GP-2250 on the cSCC cell lines SCC13 and A431 through
dose finding assessments, MTT cytotoxicity assays, cell migration assays, BrdU proliferation assays
and FCM analysis. Our preliminary results have shown for the first time evidence for anti-neoplastic
effects of GP-2250 on cSCC cells, enhancing cytotoxicity, attenuating cancer cell proliferation, inducing
apoptosis and reducing tumour cell migration. Further investigations evaluating the modes of action
of GP-2250 on cSCC cell lines are warranted in order to justify the use in vivo studies.

Keywords: squamous cell carcinomas; cutaneous squamous cell carcinoma (cSCC); non-melanoma
skin cancer (NMSC); cancer; substance GP-2250; chemotherapy; apoptosis

1. Introduction

Non-melanoma skin cancer (NMSC) represents the most common diagnosed cancer
in Caucasian populations. Cutaneous squamous cell carcinoma (cSCC) and basal cell carci-
noma (BCC) are the most frequent NMSCs, representing about 20% and 80%, respectively,
in Western countries [1]. In the past decades, the prevalence of cSCC showed a rapidly
increasing trend with an increased incidence by 50% and up to 200% [2]. The incidence
of cSCC is estimated to keep rising until the year 2040 [1,2]. In the United States, the
incidence of cSCC is estimated to be 15–35/100.000 per year with an expected increase of
2–4% every year [1]. Similar increasing incidence rates of cSCC were reported in several
European countries [3–5]. In New Zealand, the age-standardized incidence of cSCC even
reached 305/100.000 patient years [6]. The actual cSCC burden is expected to be largely
underestimated, due to its data omission from many cancer registries, recording of the
primary tumour only or even due to absence of legal cSCC report obligation [3,4].

In contrast to BCC, a predominantly locally destructive cancer that rarely metastasises,
cSCC poses a higher threat with its ability to evolve into a life-threatening disease. The
larger the expansion and thickness, the higher the risk of a primary cSCC to metasta-
sise. A total of up to 5% of all cSCC can invade regional lymph nodes and subsequently
metastasise to distant tissue, leading to a very poor prognosis with a median survival
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of <2 years [1,2,7–10]. Although achieving an excellent overall prognosis in most patients
with treatment by complete surgical excision, cSCC in advanced stages is usually impossi-
ble to treat by surgical excision alone [11]. In such situations, therapeutic options are still
limited. Relatively unspecific cytotoxic agents, mainly including cisplatin, 5-fluorouracil
and radiotherapy, are commonly used in this setting, alone or in combination [12,13].
These therapies, however, are associated with numerous serious side effects. Patients are
diagnosed with advanced cSCC at a mean age of 70 years and are often affected with a
variety of significant comorbidities [14,15]. Their general condition often precludes thus
the implementation of any aggressive chemotherapy [1,16]. Previous standard therapies,
including platin-based regimens, usually result in very poor outcomes with high morbidity,
poor pregression-free survival rates, and low overall survival rates [1]. The epidermal
growth factor receptor (EGFR) represents a more specific therapeutic target since it is often
overexpressed and/or abnormally activated in several epithelial malignancies including
cSCC [16]. However, the response rates of EGFR-inhibitors are rather disappointing in
patients with cSCC. Recently, immunotherapies such as programmed cell death protein
(PD-1)-blockade were approved by the US Food and Drug Administration (FDA) and
European Medicine Agency (EMA) for the treatment of metastatic or locally advanced
inoperable cSCC. Sustained response rates were observed in cSCC patients treated with
PD-1 inhibitors, whereas therapy-induced long-term response is seen in after all about half
of patients [10,11,17].

Novel promising non-toxic and effective agents are needed to enhance the therapeutic
spectrum for patients with advanced cSCC. The new substance GP-2250 (Figure 1), a 1.4.5-
oxathiazan-dioxid-4.4, is an aliphatic cyclic sulphonamide [18]. The classical, aromatic
sulfonamides constitute a class of drugs, with several types of pharmacological agents
unfolding antibacterial, hypoglycaemic, diuretic, and more recently also anti-neoplastic
activities [19]. The novel substance GP-2250 forms a part of the 1.4.5-Oxathiazin derivatives,
which are almost unexplored, whereas derivatives of 1.2.3-Oxathiazin are already identified,
mainly as artificial sweeteners [18,20].
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Figure 1. Molecular structure of the oxathiazine derivative substance GP-2250 (1.4.5-oxathiazan-
dioxid-4.4).

Two studies have been published so far, showing promising anti-neoplastic effects
of the substance GP-2250 on malignant pancreatic carcinoma cells. GP-2250 inhibits pan-
creatic tumour cell proliferation, reduces tumour growth in vitro and in vivo, and induces
apoptotic cell death [18,21]. To the best of our knowledge, this is the first study to provide
an analysis of antineoplastic effects of the innovative substance GP-2250 on cSCC.

2. Materials and Methods
2.1. Cell Lines and Culture Methods

For all assays, two cSCC cell lines were used, namely SCC13 and A431. SCC13 are hu-
man, epidermal, tumorigenic, p16- and p53-deficient squamous carcinoma cells [22]. A431
are epidermoid, tumorigenic, p53-deficient squamous carcinoma cells, showing high EGFR
expression [23]. The cSCC cell lines A431 and SCC13 were cultured in Dulbecco’s Modi-
fied Eagle Medium (DMEM), supplemented with the antibiotics’ penicillin (100 U/mL),
streptomycin (100 U/mL) and 2 mM L-Glutamine. Cells were grown in cell culture dishes
(diameter 100 mm, surface 60 cm2) in humidified 5% CO2 atmosphere at 37 ◦C and grown
as monolayer for at least 72 h.
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2.2. Substance

The ultrapure powder of GP-2250 (kindly provided by Geistlich Pharma AG, Wol-
husen, Switzerland) was dissolved in double distilled water (ddH2O), set to a physiological
pH and underwent sterile filtration. The substance was freshly prepared and controlled in
functionality and reproducibility once per week.

2.3. Dose Finding Trials and Cell Characteristics

The different cell lines were incubated in a sub-confluent state with different concen-
trations of the substance, compared to an untreated control for 6, 12, 24 and 48 h, in order
to determine the dose-effect-relation and to establish the most effective single concentra-
tion. Dose finding trials were performed using the MTT cytotoxicity assay, as described
here below.

SCC13 are rapidly growing cSCC cells, which show a high proliferation rate. The
most effective concentrations for all carried out SCC13 assays were for substance GP-2250
increasing dosages of 100, 150, 200, 300, 400 µmol/L. The A431 cells are slower proliferating
cells than SCC13 cells. The most effective concentrations for all carried out A431 assays
were therefore increasing dosages of 50, 100, 125, 150, 200 µmol/L.

2.4. MTT Assay

In order to analyse and quantify the anti-neoplastic effect of substance GP-2250 on
cell viability and to determine its dose–response effect, colorimetric MTT assays were
performed with both cell lines. Cells were seeded to a density of 5 × 103 cells/well in
96-well plates and incubated for 24 h in order to obtain a sub-confluent monolayer. The
medium was then removed and cells were incubated for 6, 12, 24 and 48 h with new
medium (100 µL/well) containing increasing concentrations of substance GP-2250 and
ddH2O as negative control. The most effective dose–responses for SCC13 cells were
100, 150, 200, 300, 400 µmol/L of substance GP-2250 and for A431 cells 50, 100, 125, 150,
200 µmol/L. Two hours before measurement, the yellow coloured MTT reagent 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (5 mg/mL) was administrated.
It is reduced through mitochondrial dehydrogenase of metabolic viable cells into violet
coloured formazan crystals, which can be measured by photometry [24]. The test media
were removed and 100 µL DMSO (Dimethyl sulfoxide) was applied. After an incubation
time of 10 min the viability of cells was analysed by using a microplate absorbance reader
(ASYS, UVM340, Anthos Mikrosystheme GmbH, Friesoythe, Germany), measuring the
optical density. The amount of violet formazan crystals was directly proportional to the
amount of viable cells [25]. For every cell line, six independent assays were performed with
consecutive cell passages.

2.5. Cell Migration Assay

Cell motility of cSCC cells A431 and SCC13 was analysed using cell migration assays.
Cells were seeded in 6-well culture plates to a density of 6 × 105 and grown to 100%
confluence in approximately 24 h, depending on the cell line. An artificial gap of approxi-
mately 1100 µm wide was then generated using a p200 pipet tip and cells were incubated
separately with substance GP-2250 and ddH2O for negative control. Duplicate testing was
performed for all concentrations. For each cell line, the two closest concentrations to the
IC50 (half maximal inhibitory concentration) were chosen: 100 and 200 µmol/L GP-2250
for cell line A431 and 100 and 150 µmol/L for the SCC13 cell line. Cells at the gap edge
polarised and migrated into the gap space. The cell migration (gap closure) was recorded
using differential interference contrast (DIC) microscopy in order to not only observe and
measure the cell progression, but also to visualise the change in shape, size and behaviour
of the incubated cells. Pictures were taken at 0, 6, 12 and 24 h.
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2.6. BrdU Proliferation Assay, ELISA

In order to analyse and quantify the anti-proliferative effect of substance GP-2250, BrdU
(5-bromo-2-deoxyuridine) proliferation assays, ELISA (Roche Applied Science, Mannheim,
Germany), were performed with all cell lines, according to the manufacturer’s instructions
(Version 16, content version: January 2013, Cat. No. 11 647 229 001). This proliferation assay
was a non-isotopic colorimetric immunoassay for quantification of BrdU incorporation into
newly synthesised DNA of actively proliferating cells.

Cells were seeded to a density of 8 × 103 cells/well in 96-well plates and incubated
for 24 h in order to obtain a sub-confluent monolayer. The medium was then removed
and cells were incubated for 6 h and 24 h with new medium (100 µL/well) containing
increasing separate concentrations of substance GP-2250 and ddH2O as negative control.
The most effective dose–responses for SCC13 cells were 100, 150, 200, 300, 400 µmol/L and
for A431 cells 50, 100, 125, 150, 200 µmol/L. After the 6 or 24 h incubation period the BrdU
reagent was added for additional 2 h, before cells were introduced to the BrdU proliferation
assay (Roche Applied Science, Mannheim, Germany), as described by the manufacturer’s
instructions. BrdU is a nucleoside analogue of (3H)-thymidine, which is incorporated into
new strands of synthesised chromosomal DNA during the S-phase of the cell cycle [26].
The amount of cell proliferation was detected and measured via optical density, using a
microplate absorbance reader (ASYS, UVM340, Anthos Mikrosystheme GmbH, Germany).
All BrdU assays were performed with eight replicates of three independent experiments
with consecutive passages. The incubation time of 6 h has been shown to be the most
appropriate for the BrdU proliferation assays.

2.7. Flow Cytometry (FCM)

Cells were seeded to a density of 2 × 105 cells/well in 6-well plates and incubated
for 24 h in order to obtain a sub-confluent monolayer. The medium was then removed
and cells were incubated for 24 and 48 h with new medium containing increasing separate
concentrations of substance GP-2250 and ddH2O as negative control. The most effective
dose–responses for SCC13 cells were 100, 150, 200, 300, 400 µmol/L and for A431 cells 50,
100, 125, 150, 200 µmol/L.

Cell numbers were determined individually from each dose-dependent suspension,
then fixed in 200 µL binding buffer (Bender MedSystems, Vienna, Austria) and 5 µL An-
nexin V-FITC (BD Biosciences, Heidelberg, Germany) was added. After 15 min incubation
at room temperature and light deprivation 10 µL Propidium iodide (PI) (Bender MedSys-
tems, Vienna, Austria) was added. Cells were immediately analysed for Annexin V-FITC
and PI binding using a flow cytometer (FACS Calibur BD Biosciences, Heidelberg, Ger-
many) and quantified through dot plots histograms analysed by CellQuest Pro software
(BD Biosciences, Heidelberg, Germany). Viability was defined by Annexin V-FITC and PI
negative, apoptosis by Annexin V-FITC positive and PI negative and necrosis by Annexin
V-FITC negative and PI positive cells.

2.8. Statistical Analysis

The data of the anti-neoplastic effects of all MTT assays (percentage of viable cells),
BrdU proliferation assays (percentage of proliferating cells) and FCM-analysis (percentage
of viable, apoptotic and necrotic cells) were statistically analysed with the data processing
GraphPad Prism software (version 8.0). The results are expressed as mean value (%) and
its standard deviation (±SD%). For the statistical comparison between the experimental
groups, considering normal distribution, a one-way ANOVA was performed, followed by
a Turkey’s post hoc test. p-values less than 0.05 were considered statistically significant.
Significance levels were categorised and indicated in the figures as follows: * p < 0.05,
** p ≤ 0.01, *** p ≤ 0.001 and n.s. = not significant.
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3. Results
3.1. Substance GP-2250 Shows a Significant Cytotoxic Effect on Both cSCC Cell Lines

MTT assays were conducted with SCC13 and A431 cell lines in order to analyse the
effects of substance GP-2250 on cell viability. As indicated in Figure 2, both cell lines had
been incubated for 24 h with different increasing concentrations of GP-2250: SCC13 cells
were separately incubated with 100, 150, 200, 300 and 400 µmol/L; A431 cells with 50, 100,
125, 150 and 200 µmol/L. Controls were set to 100% and defined as baseline.
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Figure 2. Effects of Substance GP-2250 in different cSCC cell lines, measured by MTT assay. (A) SCC13
cells were incubated with GP-2250 (100, 150, 200, 300 and 400 µmol/L) for 24 h. (B) A431 cells were
incubated with GP-2250 (50, 100, 125, 150 and 200 µmol/L) for 24 h. Values are expressed as mean
value ± SD of 8 independent experiments. The asterisk symbols indicate significant differences
between controls.

Compared to untreated controls (ddH2O), GP-2250 lead to a significant dose-dependent
reduction of cell viability, as revealed by optical density measurement. The greater the con-
centration, the greater the cytotoxic effect of GP-2250 in both cell lines. Viability reduction
of 50% or greater compared to the untreated control (100%) was obtained for SCC13 cells
with a concentration of 150 µmol/L GP-2250 showing 42.74% (±1.43%) cell viability and
for A431 cells with a concentration of 100 µmol/L showing 48.13% (±2.51%) (p < 0.001)
cell viability.

The maximum dose of GP-2250 led to an intense cytotoxic effect in all cell lines, leading
with a concentration of 400 µmol/L in SCC13 cells to a viability of 9.09% (±0.85%) and,
respectively, with a concentration of 200 µmol/L in A431 cells to 4.20% (±0.47%) cell
viability (Table 1). Even though concentrations were different in both cell lines, the dose-
dependent effect of each substance on viable cells was comparable and proportional in
both MTT groups. The IC50 value was determined by the dose of GP-2250 which caused a
50% reduction in cell numbers compared to controls. The IC50 for GP-2250 varied between
the two cell lines. IC50 was obtained in SCC13 cells with a concentration of 190 µmol/L for
substance GP-2250 and in A431 cells with concentrations of 96 µmol/L, respectively.

Table 1. Results * of MTT and BrdU assays of GP-2250 in both cSCC cell lines (SCC13 and A431).

SCC13 A431

MTT cytotoxicity assay 42.74 (±1.43) 4.20 (±0.47)
BrdU proliferation assay 62.40 (±1.11) 32.85 (±2.52)

* Results are represented as mean±SD percentage of viable cells in the MTT assay and of proliferated cells in the
BrdU assay for concentrations of 200 µmol/L GP-2250.

3.2. Substance GP-2250 Significantly Inhibits Proliferation in All cSCC Cell Lines

BrdU assays were conducted with both cSCC cell lines in order to analyse the effects
of substance GP-2250 on cell proliferation. As depicted in Figure 3, both cell lines were
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incubated for 6 h with different increasing concentrations of GP-2250: SCC13 cells were
incubated with 100, 150, 200, 300 and 400 µmol/L; A431 cells with 50, 100, 125, 150 and
200 µmol/L. Controls were set to 100% and defined as baseline.
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incubated with GP-2250 (50, 100, 125, 150 and 200 µmol/L) for 6h. Values are expressed as mean
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Compared to untreated controls (ddH2O), GP-2250 led to a significant dose-dependent
reduction of cell proliferation, as revealed by optical density measurement. Lowest dosages
of GP-2250 showed already a significant reduction of proliferated cells compared to the
untreated control (Figure 3). The greater the concentration, the fewer the amount of
proliferating cells. The highest dosages of GP-2250 showed a highly significant reduction
of proliferated cells of more than 75% compared to the control in SCC13 cells, leading for a
dosage of 400 µmol to 18.41% (±1.50%); a dosage of 200 µmol lead to 32.85% (±2.52) of
proliferation in A431 cells. The dose-related effect of substance GP-2250 can be characterised
as comparable and proportional in both cSCC cell lines.

3.3. Substance GP-2250 Significantly Induces Apoptotic Cell Death in Both cSCC Cell Lines

FCM analysis was conducted to evaluate the impact of substance GP-2250 on inducing
apoptosis. SCC13 and A431 cells had been incubated for 24 h with substance GP-2250
in different concentrations, as summarised in Figure 4, and evaluated by FCM analysis,
resulting in a significant viable cell reduction and increase in apoptotic and necrotic cells in
comparison to controls (with ddH2O).

Compared to the respective negative controls, both cell lines showed a significant total
reduction of cell viability, being coherent to a significant increase in apoptotic cells in all
cell lines (Figure 4). In SCC13 cells, a significant reduction of cell viability was observed at
every dosage, reaching from 84.35% (±1.3%) at lowest dosage of 200 µmol/L GP-2250 to a
cell viability of 52.89% (±2.9%) at a dosage of 400 µmol/L GP-2250.

In A431 cells, a stronger reduction of cell viability was observed, with a cell viability
reduction to 20.35% (±1.2%) at highest dosage of 200 µmol/L GP-2250. Similar significant
cell line dependent patterns were observed comparing the apoptotic and necrotic effect of
substance GP-2250, showing a greater contribution of apoptosis on cell death than the one
of necrosis in both cell lines. In the SCC13 cell line, the highest used dosages of GP-2250
lead to 38.15% (±1.3%) apoptotic cells and to 20.45% (±0.5%) of necrotic cells; in A431 cells
47.95% (±1.6%) and 36.46% (±1.6%), respectively (Figure 4).
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3.4. Substance GP-2250 Reduces Tumor Cell Migration in Both cSCC Cell Lines

Cell migration assays were conducted with both cell lines in order to analyse and
visualise the effects of substance GP-2250 on cell migration. Both cell lines were sepa-
rately incubated with 100 and 150 µmol/L GP-2250 for the SCC13 cell line and 100 and
200 µmol/L, respectively, for the A431 cell line. Duplicate testing was performed for all
chosen concentrations. Cell migration was recorded using DIC microscopy. Compared
to untreated controls, rising concentrations of GP-2250 led to significant increasing anti-
migratory effects (Figure 5). While the gaps of the control groups measured after 24 h
0.07% (±0.3%) in the SCC13 cells and in 6.36% (±0.3) in A431 cells, the percentages of
gap closure were significantly higher with applied GP-2250 in both cell lines leading to
47.26% (±0.8%) gap closure at highest dosages in SCC13 cells and 73.03% (±1.0%) in A431
cells, respectively (Figure 5). Morphological changes in shape and size were observed after
24 h of incubation with substance GP-2250. Both cSCC cell lines exhibited cytoplasmic
shrinkage and vacuolization on one hand and cytoplasmic swelling on the other hand.

Cells either detached from each other or floated in the medium. These findings suggest
substance-induced apoptosis and, respectively, necrosis.

Dermato 2023, 3, FOR PEER REVIEW 7 
 

 

resulting in a significant viable cell reduction and increase in apoptotic and necrotic cells 
in comparison to controls (with ddH2O). 

Compared to the respective negative controls, both cell lines showed a significant 
total reduction of cell viability, being coherent to a significant increase in apoptotic cells 
in all cell lines (Figure 4). In SCC13 cells, a significant reduction of cell viability was ob-
served at every dosage, reaching from 84.35% (±1.3%) at lowest dosage of 200 μmol/L GP-
2250 to a cell viability of 52.89% (±2.9%) at a dosage of 400 μmol/L GP-2250.  

In A431 cells, a stronger reduction of cell viability was observed, with a cell viability 
reduction to 20.35% (±1.2%) at highest dosage of 200 μmol/L GP-2250. Similar significant 
cell line dependent patterns were observed comparing the apoptotic and necrotic effect of 
substance GP-2250, showing a greater contribution of apoptosis on cell death than the one 
of necrosis in both cell lines. In the SCC13 cell line, the highest used dosages of GP-2250 
lead to 38.15% (±1.3%) apoptotic cells and to 20.45% (±0.5%) of necrotic cells; in A431 cells 
47.95% (±1.6%) and 36.46% (±1.6%), respectively (Figure 4). 

   
A B C 

   
D E F 

Figure 4. Effects of Substance GP-2250 in different cSCC cell lines, measured by FCM-analysis. 
SCC13 cells were incubated with GP-2250 (200, 300 and 400 μmol/L) and A431 cells were incubated 
with GP-2250 (100, 150 and 200 μmol/L), both for 24h. The percentages of viable (A), apoptotic (B) 
and necrotic SCC13 cells (C) as well as viable (D), apoptotic (E) and necrotic A431 cells (F) were 
determined by FCM-analysis with Annexin V-FITC and Propidium iodide. Values are expressed as 
mean value ± SD of 6 independent experiments. The asterisk symbols indicate significant differences 
between controls. 

Figure 4. Effects of Substance GP-2250 in different cSCC cell lines, measured by FCM-analysis.
SCC13 cells were incubated with GP-2250 (200, 300 and 400 µmol/L) and A431 cells were incubated
with GP-2250 (100, 150 and 200 µmol/L), both for 24h. The percentages of viable (A), apoptotic (B)
and necrotic SCC13 cells (C) as well as viable (D), apoptotic (E) and necrotic A431 cells (F) were
determined by FCM-analysis with Annexin V-FITC and Propidium iodide. Values are expressed as
mean value ± SD of 6 independent experiments. The asterisk symbols indicate significant differences
between controls.
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Figure 5. The substance GP-2250 reduces cutaneous squamous carcinoma cell motility in the cell
migration assay. Representative images of the SCC13 cells treated with GP-2250 or negative control at
0 h, 6 h, 12 h and 24 h after the scratches were made (×10 magnification) (A) and related percentage
of total gap closure at 0 h, 12 h and 24 h (B) Representative images of the A431 cells transfected
with GP-2250 or negative control at 0 h, 6 h, 12 h and 24 h after the scratches were made at the same
starting point (×10 magnification) (C) and related percentage of total gap closure at 0 h, 12 h and
24 h (D).

4. Discussion

The present pilot study was conducted in order to analyse and quantify for the first-
time antineoplastic activities of substance GP-2250 in cSCC cell lines. Our experiments
were based on the hypothesis that the substance GP-2250 could inhibit cell growth and
proliferation of cSCC cells in vitro, as well as induce cell death. Furthermore, this study
was designed to elucidate the treatment related effectiveness of GP-2250. Therefore, in
the first part of this study, we determined dose–response characterization of substance
GP-2250 regarding cell viability reduction. Dose-effects of GP-2250 were homogenous and
proportional among both cell lines. As expected, comparing GP-2250 to untreated control
groups, the substance revealed antineoplastic effects. Rising concentrations of substance
GP-2250 led to significant and subsequently increasing antineoplastic effects compared
to the untreated control groups in all carried out assays after 24 h: the maximal achieved
viability reduction in A431 cells was 95.80% (±0.47) and in SCC13 cells 91.18% (±0.99)
(Figure 2).

We then investigated the further antineoplastic effects of substance GP-2250 analysing
related proliferation inhibition, cell motility reduction, as well as the relative contribution
of apoptosis and necrosis during GP-2250-induced cell death. The same proportional
dose-effect pattern of substance GP-2250 was detected after 24 h in anti-proliferative effects
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of BrdU analysis (Figure 3), FCM analysis (Figure 4) and observed in anti-migratory effects
in cell migration assays, during 24 h with intermittent measurements (Figure 5). These
proportional dose-effect patterns of substance GP-2250 are consistent with the ones in one
recent GP-2250 study [18]. All the highest tested concentrations of GP-2250 (400 µmol/L for
SCC13 and 200 µmol/L for A431 cells) lead to pronounced antineoplastic, anti-proliferative
and apoptotic effects in all assays, significantly greater than lower administrated concen-
trations and compared to untreated controls. Minimum concentrations of 100 µmol/L
GP-2250 in SCC13 cells and 50 µmol/L GP-2250 in A431 were observed to be the lowest
doses capable of significantly reducing cell viability and inhibiting proliferation rates in
both cell lines. Comparing these dosages of GP-2250 to the ones found in the study of Buch-
holz at al. [18] with comparable assays, similar study design and analogue handling of the
assays (i.e., cell density, incubation time, measurements), we noticed that the effect-related
concentrations used in this study were much lower. Buchholz at al. [18] showed comparable
effects analysing the effect of substance GP-2250 on five different human pancreatic cancer
cell lines (AsPC-1, BxPC-3, MiaPaca-2, Panc-1, Panc-TuI) with a higher concentration range
from 100 to 2000 µmol/L. At a concentration of 1000 µmol/L, more than 50% reduction of
viable cells was monitored in four out of five cell lines [18].

We observed that SCC13 cells required higher concentrations of GP-2250 than A431
cells in order to achieve comparable antineoplastic, anti-proliferative and apoptotic effects
among the assays of the two cSCC cell lines (Table 1). Similar results were found in
studies comparing A431 with SCC13 cell lines [27,28]. Analysing both cell lines offers
a possible explanation to the divergence in cell responses, elucidating small differences
between their origins and characteristics. Both cell lines are human, epidermal squamous
carcinoma cells. While the A431 cells were originally derived from a 85-year-old female
patient and characterised by p53-deficientcy [23], the SCC13 cells were derived from a
primary facial cSCC tumour of a 56-year-old female patient and were p53- also p16-deficient,
probably enhancing a quicker tumour cell replication, hence tumour proliferation [22,29–31].
Differences in dose-related effectiveness between SCC13 and A431 may further be due to
inherent differences in cell turnover, unequal expression of EGFR and sensitivity to reactive
oxygen species (ROS) [32–34]. Excessive ROS production during mitochondrial oxidative
metabolism can lead to oxidative stress and macromolecular damage in cancer [35].

FCM analysis displayed in all cSCC cell lines a dose–response correlation concerning
relative distributions of viable, apoptotic and necrotic cells. Rising concentrations of GP-
2250 caused a decrease in viable cells and an increase in apoptosis and necrosis, with a
predominant contribution of apoptosis to cell death. This dose-depending ratio of viable,
apoptotic and necrotic cells correlates with the findings of Buchholz at al. [18]. Apoptosis
leads to a caspase-dependent cell destruction with DNA fragmentation and cell shrinkage
or to caspase-independent cell destruction with subsequent phagocytosis of the apoptotic
cells. Considered the lack of phagocytosis in a cell culture setting due to absence of
inflammatory cells, a secondary necrosis follows, an autolytic process of cell disintegration,
characterised by the same appearance of primary necrosis. The necrosis marker (PI) used in
this study could ultimately not differentiate between a substance-induced primary necrosis
or secondary necrosis-due to the lack of phagocytosis. The third type of programmed cell
death, next to autophagy and apoptosis, which is amongst others activated through ROS,
is programmed necrosis, causing cell swelling and membrane rupture [36].

Previous studies have not only shown that the generation of ROS plays an important
role in substance GP-2250-induced programmed cell death (PCD) [18], but also revealed
that ROS expression under one and the same treatment differs in intensity in the same
cancer type depending on whether tumour tissues were extracted from metastatic or non-
metastatic cancer [37]. These insights could explain our previous findings, that one and
the same concentration of substance GP-2250 had stronger antineoplastic effects on A431
than on SCC13 cells. Similar results are reflected in a couple of other studies, conducting
amongst others comparative assays with the SCC13 and A431 cell lines [32,37].
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Notably, this pilot study providing only preliminary results included some limitations
that have to be addressed in future investigations in this field. Most importantly, additional
control cell lines (e.g., keratinocytes) and mechanistic investigations have to be included
in future studies. With respect to the possible issue of drug resistance development,
consecutive rounds of GP-2250 applications should be carried out on surviving cSCC cells.
Furthermore, in vitro cell invasion assays should be considered in future investigations in
order to exclude that GP-2250 causes a paradoxical enhancement of cell invasion in the
cSCC cell lines employed.

5. Conclusions

This is the first study evaluating the antineoplastic effects of substance GP-2250 on
cSCC cell lines. We provide preliminary evidence for antineoplastic effects of GP-2250
against cSCC cells, enhancing cytotoxicity, attenuating cancer cell proliferation, inducing
apoptosis and necrosis, as well as reducing tumour cell migration. Both cell lines were
susceptible to substance GP-2250-induced cell death. Investigation into further effects of
substance GP-2250 on the hallmarks of cancer, including precise mechanisms of action and
pathways inducing cell death, as well as gene expression analysis in cSCC cell lines, appear
to be warranted [38,39].
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