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Abstract

Purpose The Oxathiazinane substance class is characterized by a high diversity of chemical structures yet to be fully inves-
tigated. Our research group recently proved that the 1.4.5-oxathiazine-4.4-dioxide, known as substance GP-2250, possesses
antineoplastic properties as shown on pancreatic carcinoma. This current study aims to gain insights into the structure and
activity relationship of a series of different Oxathiazinanes regarding their antineoplastic activity and the potential correla-
tion with antibacterial activity. We investigated the newly synthesized Oxathiazinane derivatives: 2255, 2256, 2287, 2289,
2293 and 2296 in comparison to GP-2250.

Methods The antineoplastic effect was evaluated in different cancer entities (breast, skin, pancreas and colon cancer cell
lines) by viability, proliferation, and cell migration assays in vitro. Disc diffusion tests were performed on various bacteria
strains to examine the antibacterial potential. Additionally, reactive oxygen species (ROS) assays were conducted to inves-
tigate mechanistic aspects.

Results The substances GP-2250, 2293, 2289 and 2296 not only showed antineoplastic activity in four different cancer enti-
ties but also antibacterial effects, as tested on multiple bacteria strains including MRSA (Methicillin-resistant Staphylococcus
aureus). Furthermore, these substances also induced high ROS levels up to 110% in the treated cancer cell lines compared
to untreated control cells. These results indicate a correlation between an antineoplastic capacity and antibacterial properties
of these derivatives. Both activities appear to be ROS driven. The Oxathiazinane derivatives 2255, 2256 and 2287 lacked
both, antineoplastic and antibacterial activity.

Conclusion Thus, a comparable structure activity relationship became apparent for both the antineoplastic and antibacterial
activity.
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Introduction

The development of efficient cancer treatment remains
B. Majchrzak-Stiller and M. Buchholz have contributed equally to one of the biggest challenges in modern medicine. Cancer
this work. remains among the leading causes of death with 89.6 mil-
lion cases in 2018 (World Health Organization 2020). While
incidence is projected to increase over the next 20 years,
therapeutic success remains poor (Janssens et al. 2018; Le
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Oxathiazinane derivatives represent a heterogenic sub-
stance class encompassing compounds characterized by
an aliphatic cyclic six-membered ring structure containing
one heteroatom of oxygen, nitrogen and sulfur (Fig. 1). The
properties of the compounds belonging to this substance
class are highly diverse and have only been rarely inves-
tigated (Munck et al. 2015; Qian et al. 2016). Recently,
1.4.5-Oxathiazinane derivatives came into focus in onco-
logical research, especially with the tetrahydro-1.4.5-oxathi-
azine-4.4-dioxide, known as substance GP-2250 (Fig. 1)
(Buchholz et al. 2017).

GP-2250 shows highly antineoplastic capacities (Buch-
holz et al. 2017) presenting a new therapeutic option in anti-
cancer treatment. Our group was the first to investigate the
antineoplastic effects of substance GP-2250 on malignant
pancreatic cancer in vitro and in vivo. Our study revealed
extensive antineoplastic properties of substance GP-2250 in
a dose response relationship mainly driven by reactive oxy-
gen species (ROS). In vivo, GP-2250 effectively inhibited
pancreatic cancer tumor growth in a murine model of patient
derived xenografts as well as in a xenograft derived from
established cancer cell lines. The substance showed a very
low toxicity profile with an acute maximal tolerable dose of
1500 mg/kg*body weight (Buchholz et al. 2017).

Since the chemical features of Oxathiazinane derivatives
are diverse, small changes in structure may have strong
impacts in their properties. The specific mechanism of action
of tetrahydro-1.4.5-oxathiazine-4.4-dioxide GP-2250 is still
subject to current research.

This study focusses on two aspects: 1. The assessment of
the antineoplastic properties of chemically distinct Oxathi-
azinane derivatives in various cancer cell lines using via-
bility, proliferation and migration testing (BrdU, MTT and
scratch assay). 2. The assessment of the potential antibacte-
rial properties of these derivatives. This was based on the
finding that several established anti-tumor agents such as the
anthracycline Doxorubicine (Minotti et al. 2004), the actino-
mycine Dactinomycin (Cai et al. 2016), the camptothecin
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Fig.1 Chemical structures of all tested derivatives
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Irinotecan (Pommier et al. 2010) and various Bleomycins
(Chen et al. 2008) are also known to have antibiotic proper-
ties. The potential antibacterial capacities of Oxathiazinane
derivatives are yet unknown. It was therefore tested whether
a correlation exists between antineoplastic and antibacte-
rial activity of the test compounds, the antibacterial activity
was assessed by a disc diffusion test. Thus, this study aims
to elucidate a structure activity relationship for the antineo-
plastic and antibacterial capacities of a series of oxathiazine
derivatives.

Materials and methods
Disc diffusion test

The antibacterial potential of all Oxathiazinane deriva-
tives were examined by the Kirby-Bauer disc diffusion test
using Miiller-Hinton agar. A 10 mm diameter disk soaked
in 150 pl of distilled water containing 10 mg of the test
substance (60 mg/mL) was placed on Miiller-Hinton agar
(bioMeieux, Geneve, Switzerland) holding a pre-lawn of the
according test bacteria (Enterococcus faecium (vancomy-
cin-resistant Enterococcus, VRE), Staphylococcus aureus
ATCC 6538, methicillin-resistant Staphylococcus aureus
(MRSA), Clostridium difficile, Acinetobacter baumannii,
Pseudomonas aeruginosa, Stenotrophomonas maltophilia,
Citrobacter freundii, Escherichia coli ATCC 8739, Escheri-
chia coli (extended spectrum beta-lactamase, ESBL), Kleb-
siella pneomoniae (ESBL), Morganella morganii, Bacte-
roides fragilis, and Helicobacter pylori). The plates were
incubated at 37 °C for 24 h and the zone of inhibition was
recorded. Culture media and sterilized distilled water were
used as a control. N-acetylcysteine (NAC) was used as an
antioxidant control. A zone of inhibition > 10 mm was con-
sidered a positive result.

Reagents

The powdered Oxathiazinane derivatives 2244, 2250,
2255, 2256, 2287, 2289, 2293 and 2296 (kindly provided
by Geistlich Pharma AG, Wohlhusen, Switzerland) and
N-acetyl-L-cysteine (Sigma Aldrich, Taufkirchen, Germany)
were dissolved in double distilled water (ddH,0), adjusted to
a physiological pH and sterile filtered before use. Cisplatin
(CisP, Hexal AG, Holzkirchen, Germany) and nabPaclitaxel
(Abraxane) (Celgene Corp., Summit USA) were dissolved
according to manufactures instructions in 0.9% sodium chlo-
ride and set to a physiological pH by the St. Josef-Hospital
Bochum pharmacy and was stored protected from light at
4 °C.



Journal of Cancer Research and Clinical Oncology (2023) 149:9071-9083

9073

Cell lines and culture conditions

Four different human cancer cell lines representing four
major cancer types (pancreatic cancer, colon cancer, breast
cancer and skin cancer) were used for our experiments:
pancreatic cancer cells Panc Tu I (CLS Cell Lines Service,
Eppenheim, Germany), colon cancer cells HCT116 (ATCC-
LGC Standards GmbH, Wesel, Germany), merkel cell car-
cinoma cells MCC 14.2 and mammary gland/breast-cancer
cells MDA MB 468 (ATCC-LGC Standards GmbH, Wesel,
Germany). All cell lines were passaged less than 6 months
and authentication was performed by STR analysis. HCT
116, MDA MB 468 and Panc Tu I cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM), MCC 14.2
was maintained in RPMI 1640. All cultures were supple-
mented with penicillin (100 U/ml), streptomycin (100 U/
ml) and 2 mM L-Glutamine. MCC 14.2 cells were further
complemented with 25 mM HEPES. Cells were grown as
monolayer at 37 °C and 5% CO, in a humidified atmosphere.

Different gram-negative and gram-positive bacteria
were used for our experiments: Staphylococcus aureus,
methicillin-resistant Staphylococcus aureus (MRSA) and
Escherichia coli (ATCC — LGC Standards GmbH, Wesel,
Germany); Enterococcus faecalis, Enterococcus faecium,
Staphylococcus aureus, Clostridium difficile, Acinetobacter
baumannii, Pseudomonas aeruginosa, Stenotrophomonas
maltophilia, Citrobacter freundii, Escherichia coli (E. coli),
Klebsiella pneomoniae, Morganella morganii, Bacteroides
fragilis, Helicobacter pylori (fresh clinical isolates). All
isolates were cultured with Miiller-Hinton-Agar excluding
Bacteroides fragilis and Helicobacter pylori. Bacteroides
fragilis was cultured with Miiller-Hinton-Agar containing
5% horseblood and 20 mg/1 B-NAD. Helicobacter pylori was
cultured with Chocolate Poly ViteX-Agar.

MTT cytotoxicity assay

Cells were seeded individually in 100 pl to obtain a subcon-
fluent monolayer (HCT 116, Panc Tu I and MCC 14.2 15.000
cells, MDA MB 468 20. 000 cells) in a 96-well plate format
and were incubated for 24 h prior treatment. To examine
a dose response regarding the antineoplastic activity, cells
were incubated with increasing concentrations (50, 100, 200,
300, 400, 500, 750, 1000, 1500, 2000 uM) of each Oxathi-
azinane derivative and ddH,O as control for 24 h. Following
stated exposition times, 10 ul MTT (3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazoliumbromid) reagent (5 mg/ml) was
added and incubated for 2 h before violet Formazan crystals
were dissolved in 100 ul DMSO (Dimethylsulfoxide). Via-
bility of the cells was analyzed via microplate absorbance
reader by measuring the optical density at a wavelength of
560 nm (reference wavelength 720 nm) (ASYS, UVM340,
Anthos Mikrosysteme GmbH, Germany). The assay was

performed using 8 replicates in three independent experi-
ments with consecutive passages.

BrdU proliferation assay

Cells were seeded individually in 100 pl to obtain a sub-
confluent monolayer (HCT 116, Panc Tu I and MCC 14.2
15.000 cells, MDA MB 468 20. 000 cells) in a 96-well plate
format and incubated for 24 h prior treatment. To examine
the dose response regarding their anti-proliferative activity
cells were incubated with increasing concentrations (100,
300, 500 and 2000 uM) of each Oxathiazinane derivate and
ddH20 as control for 6 h prior BrdU proliferation assay
(5-bromo-2-deoxyuridine)-ELISA (Roche Applied Sci-
ence, Mannheim, Germany) according to the manufacturer’s
instructions. The incubation time of 6 h has been shown to
be appropriate for the BrdU proliferation assay in previous
experiments. The amount of synthesized DNA was detected
using a microplate absorbance reader measuring at 370 nm
with a reference wavelength of 492 nm (ASYS, UVM340,
Anthos Mikrosysteme GmbH, Krefeld, Germany). BrdU
assays were performed with 8 replicates of three independ-
ent experiments with consecutive passages.

Scratch assay

Cells (Panc TU I, HCT116, MCC 14.2, MDA MB 468) were
plated in two ml of medium into the 60-mm dishes to create
a confluent monolayer (500,000 cells) and were incubated
for 24 h allowing cells to adhere and spread. The required
number of cells for a confluent monolayer depended on the
particular cell type. After introducing a scratch in the cell
monolayer, mimicking a wound, the area was examined by
phase-contrast-microscopy in bright field with a 10X expan-
sion (Axiocam 305 color, Zeiss). Images were captured at
the beginning of the treatment (100 uM or 1000 uM) and
at regular intervals during cell migration (6, 12, 24, 48 and
72 h) closing the scratch, to semi-quantify the migration rate
of the cells. The width of the scratch was measured with the
software tool ZEN 3.0 blue edition.

ROS analysis

To get further insights into functional aspects, the impact
of GP-2250, 2289, 2293 and 2296 on cellular ROS level
was analyzed. Cells were seeded individually to obtain a
subconfluent monolayer in a 96-well plate format and were
incubated for 24 h prior treatment. Cells were incubated
with 2000 uM of GP-2250, 2289, 2293 and 2296 for 2 h.
Untreated cells served as a control for the basic ROS level of
the cells. Measurements were performed using the Cellular
ROS/Superoxide Detection Assay KIT (ab139476, Abcam,
Cambridge, UK) following the manufacturer’s instructions.
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Measurements were performed at 490 nm extinction and
520 nm emission. The assay was performed using 4 rep-
licates in three independent experiments with consecutive
passages.

Statistics

Results of MTT and BrdU assay (percentage of living/pro-
liferating cells) are expressed as means + standard deriva-
tion (SD). We used one-way ANOVA followed by Tukey’s
post-hoc test comparing experimental groups with normal
distribution and Fisher’s exact test for categorical data if
appropriate. P values <0.05 were considered as statisti-
cally significant and indicated in the figures as follows:
*#%p <0.001, **p<0.01, *p <0.05.

Results

GP-2250, 2289, 2293 and 2296 show a cytotoxic
and anti-proliferative effect on all tested cell lines

We first determined which of the derivatives shared the anti-
neoplastic activity with GP-2250. The effect of all deriva-
tives on cell viability and cell proliferation was tested in
a cell culture model (MTT tests and BrdU assays) using
four different cancer cell lines (pancreas-, colon-, merkel
cell- and breast cancer). As positive controls, a standard
chemotherapeutic agent relevant for the individual cancer
entities were used (Cisplatin or nabPaclitaxel). In the first
step a single rather high dose of 2000 uM was used in the
present study for all compounds to detect even minor effects
and to distinguish clearly between effective and ineffective
substances. The MTT-assay results presented in Fig. 2 for all
derivatives demonstrate a distinct reduction of living cells
within all tested cancer cell lines compared to untreated
controls (equivalent to 100%) after 24-h incubation with
2000 puM of each test compound (GP-2250, 2289, 2293,
2296, 2255, 2256, 2287).

All four different cancer entities showed high susceptibil-
ity towards GP-2250, 2289, 2293 and 2296 with response
rates over 80%. GP-2250 inhibited cell viability most effec-
tively resulting in a reduction of cell viability by over 90%.
The compounds 2289, 2293 and 2296 similarly decreased
cell viability in all cell lines resulting in fewer than 20% via-
bility in treated cultures with exception of HCT 116, which
showed a slightly lower effectiveness amounting to a reduc-
tion in cell viabilities to 23.4% for 2289 and 22.1% for 2293.

In contrast to this pronounced reduction in cell viability,
the remaining compounds (2255, 2256, and 2287) failed to
reduce cell viability in all four cancer cell lines tested at
2000 pM. Thus, there seems to be a pronounced structure
activity relationship in cytotoxicity among the oxathiazines
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tested (Fig. 2). These findings were supported by the similar
results on the impact on the proliferation of cancer cells,
using BrdU assays, as described below.

To be able to better classify the effectiveness of the
active substances, MTT assays with rising concentrations
were performed to determined the EC 50 of the active sub-
stances (Figure S1). The lowest EC 50 values were shown
with GP-2250 in all analyzed cell lines (Panc Tul 589 uM,
HCT 116 423 uM, MCC 14.2 419 uM and MDA MB 468 89
3 uM) followed by 2289 and 2296 (Table 1). Substance 2293
was less effective with EC 50 values of 977 uM in Panc Tul,
1108 uM in HCT 116, 558 pM in MCC 14.2 and 1489 pM
in MDA MB 468.

The anti-proliferative effect of all derivatives was ana-
lyzed via BrdU assay applying the same concentrations
used for the MTT test. Overall incubation with 2000 pM
of GP-2250, 2289, 2293 and 2296 for 6 h resulted in a sig-
nificant reduction of cell proliferation, whereas the remain-
ing derivatives showed no effect within all tested cancer
cell lines. GP-2250 inhibited proliferation most effectively,
leading to values of the remaining proliferating cells rang-
ing between (2.1%) in MDA MB 468 and (5.4%) Panc Tu
I (Fig. 3).

This data indicates a significant cytotoxic effect of sub-
stances GP-2250, 2289, 2293 and 2296 on all analyzed
cell lines resulting in fewer than 10% proliferation in all
treated cultures. Only MCC 14.2 treated with 2000 uM 2289
showed a remaining cell proliferation of 18.6% respectively.

In summary, GP-2250, 2289, 2293 and 2296 displayed
significant cytotoxic and growth inhibitory effects resulting
in major impacts on the cell viability and cell proliferation
on all cancer cell lines. In contrast, no significant reduc-
tion in either cell viability or cell proliferation was observed
after treatment with the compounds 2255, 2256, and 2287
at 2000 uM (Fig. 3).

Comparable with the MTT assay, a BrdU assay with ris-
ing cancentrations of the active substances was performed.
The results were similar to the previous tests. GP-2250
showed the highest inhibition rate in all analyzed cell lines,
followed by the other three compounds, which show slightly
variable effects in the analyzed cell lines (Figure S2).

GP-2250, 2289, 2293 and 2296 present a migration
inhibiting effect on all cancer cell lines

The migration rate of all examined cancer cell entities (pan-
creas-, colon-, merkelcell- and breast cancer) was quantified
using scratch-assays under treatment with all test compounds
for 48 h to 5 days. As positive controls, standard chemo-
therapeutic agents relevant for the individual cancer entities
were applied.

Figure 4 displays the results exemplary illustrating the test
with a confluent monolayer of MDA MB 468. The results
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Fig.2 Effects of different Oxathiazinane derivatives in four malig-
nant cell lines measured by MTT-assay. MDA MB 468, Panc Tu I,
HCT 116 and MCC 14.2 cells were incubated with 2000 uM of all
tested Oxathiazinane derivatives (GP-2250, 2255, 2256, 2287, 2289,
2293, 2296 and PC (Cisplatin or nabPaclitaxel) and ddH,O (control)
for 24 h and submitted to an MTT-assay. Values are means+SD of
8 replicates of three independent experiments with consecutive pas-
sages. Asterisk symbols indicate differences between control, which

are representative for all analyzed cell lines. All components
were compared to an untreated control (NC) where the cells
migrated far into the scratch area to close the gap after an
incubation period of 5 days. In contrast, the migration rate
in cultures treated with GP-2250, 2289, 2293 and 2296 was
markedly inhibited. The effective components GP-2250 as
well as 2293 and 2296 displayed a slightly stronger anti-
migratory effect on the cells than 2289, resulting in more
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was adjusted to 100% and 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). Incubation with a concentration of 2000 uM for 24 h with
GP-2250, 2289, 2293 and 2296 resulted in a significant reduction of
living cells within all tested cancer cell lines similar to the accompa-
nied positive control. All other tested derivatives showed no reduction
in cell viability with all tested cancer cell lines

pronounced gaps after an incubation period of 5 days. In
MDA MB 468, a concentration of 100 uM of test com-
pounds was used due to the intrinsic low migration rate. In
all other cell lines, a concentration of 1000 uM was used.
However, cell cultures treated with 2255, 2256 and 2287
at the concentration of 1000 uM, displayed no reduced
migration rate. Here, gaps were almost completely closed
after 5 days, analogously to the control. Figure 5 summarizes
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Table 1 EC 50 of the effective substances

Substance EC 50 [uM]
HCT 116 2250 423
2289 867
2293 1108
2296 810
MCC 14.2 2250 419
2289 549
2293 558
2296 556
Panc TUI 2250 589
2289 939
2293 977
2296 706
MDA MB 468 2250 893
2289 1214
2293 1489
2296 1164

and quantifies all results of the migration assays within all
four cancer entities. Compared to the untreated control (NC)
the wound healing in cultures treated with GP-2250, 2289,
2293, 2296 was clearly inhibited in a time dependent manner
in all cancer cell lines. In contrast, the compounds, 2255,
2256 and 2287 (1000 uM) showed no reduced wound heal-
ing (Figure S3).

2289, 2293 and 2296 show an impact on reactive
oxygen species (ROS) comparable to GP-2250

The impact of GP-2250 on the intrinsic cellular ROS levels
of tumor cells has been shown in previous studies [6]. Based
on structural similarities, it was of interest to test the ROS
levels following treatment with the four oxathiazine deriva-
tives which had shown antineoplastic activity in the former
experiments in all four cancer cell lines.

All oxathiazine derivatives with antineoplastic potential,
including GP-2250, displayed increased amounts of ROS in
all cancer entities compared to untreated controls, as illus-
trated by Fig. 6. Cells treated with the radical scavenger
N-acetylcysteine (NAC) as negative control) showed dimin-
ished amounts of oxygen species after treatment (Fig. 6).

GP-2250 2289, 2293 and 2296 show antibacterial
potential towards various bacteria including MRSA

It was of interest to test whether the structure activity
relationship identified for the antineoplastic activity of
the Oxathiazinanes would include an antbacterial activ-
ity. To analyze the effect of all Oxathiazinane derivatives
Kirby—Bauer disc diffusion tests were performed using
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different bacterial strains including methicillin-resistant
Staphylococcus aureus (MRSA). Table 2 presents the results
obtained from the disc diffusion test evaluating the antibac-
terial properties of all Oxathiazinane derivatives. Nota-
bly, only substances GP-2250, 2289, 2293 and 2296 show
a significant impact on the viability of all tested bacteria.
Especially, the effect on MRSA (27.5-49.5 mm) should be
particularly highlighted (Table 2). The remaining Oxathiazi-
nane derivatives did not effectively inhibit bacterial growth
within this experimental setting of the Kirby—Bauer disc
diffusion test, presenting with inhibition zones of less than
10 mm. Thus, no antibacterial effect can be attributed to the
derivatives 2255, 2256 and 2287.

The antibacterial effect of GP-2250 is inhibited
by a radical scavenger

As previously described, the pro-oxidant mechanism medi-
ating antineoplastic action of GP-2250 is inhibited in the
presence of the radical oxygen scavenger N-acetylcysteine
(NAC) [6]. Likewise, the addition of NAC inhibited the
antibacterial activity of GP-2250 (Table 3). This suggests a
common mechanism enabling GP-2250 to impair cell viabil-
ity, not only in tumor cells but also in bacteria. This result
is especially noteworthy as the GP-2250 sensitive bacterial
strains include MRSA.

Common structure activity relationship
for antineoplastic and antibacterial actions

In summary, all results indicate that substance GP-2250 as
well as the derivatives 2289, 2293 and 2296 possess pro-
nounced antineoplastic activity, expressed by effective inhi-
bition of cell viability, cell proliferation and cell migration
of cancer cells from four cancer entities (pancreas-, colon-,
merkel cell- and breast cancer). The remaining derivatives
2255, 2256 and 2287 proved to yield no antineoplastic
activity (Figs. 2, 3,4, 5). Similarly, GP-2250, 2289, 2293
and 2296 displayed antibacterial activity, most notably
against MRSA, while the Oxathiazinanes 2255, 2256, and
2287 failed to show antibacterial activity (Table 2). These
results demonstrate a unifying structure activity relation-
ship (Table 4). The increase of ROS in cancer cells may
point to common mechanistic determinants. As both, the
antineoplastic activity and the antibacterial activity could be
diminished by the addition of NAC (Table 3), the Oxathiazi-
nanes are likely to act by exacerbating ROS-driven cellular
damage.



Journal of Cancer Research and Clinical Oncology (2023) 149:9071-9083

9077

PancTul

120 4

100 +

cell proliferation in % of control
8

R kkE Rkk KR

MDA MB 468

120 ~

cell proliferation in % of control

>*
K
L

Fig.3 Effects of different Oxathiazinane derivatives on cell prolif-
eration in four malignant cell lines measured by BrdU assay. MDA
MB 468, Panc Tu I, HCT 116 and MCC 14.2 cells were incubated
with 2000 uM of the different Oxathiazinane derivatives (GP-2250,
2255, 2256, 2287 2289, 2293, 2296) and positive control (PC) Cispl-
atin (CisP) or nabPaclitaxel (Pnab) and ddH,O (control) for 6 h and
submitted to a BrdU assay. Values are means +SD of 8 replicates of
three independent experiments with consecutive passages. Asterisk

Discussion

This study was performed to assess the structure activity
relationship of the antineoplastic and potential antibacterial
effects of a series of the Oxathiazinane derivatives. For the
first time, an antibacterial activity could be demonstrated
for GP-2250 and three other derivatives, 2289, 2293 and
2296, with special importance concerning methicillin-
resistant Staphylococcus aureus (MRSA). Additionally,
GP-2250 shows high antibacterial capacities against various

HCT 116

cell proliferation in % of control

e T T

MCC 14.2

120 4

cell proliferation in % of control

symbols on columns indicate differences between control, which was
adjusted to 100% and GP-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). Incubation with 2000 uM of GP-2250, 2289, 2293 and 2296
for 6 h resulted overall in a significantly reduced proliferation rate of
all analyzed cell lines like the accompanied positive control. All other
derivatives showed no effect within all tested cancer cell lines

pathogens like Acinetobacter baumannii, Pseudomonas aer-
uginosa and Helicobacter pylori which are listed as critical
and high priority at the “WHO priority pathogens list for
R&D of new antibiotics’ (Word Health Organisation 2017).
The Oxathiazinanes 2255, 2256 and 2287 failed to show
antibacterial activity pointing to a clear structure activity
relationship.

Previous data of our research group had demonstrated the
antineoplastic effect of substance GP-2250 (Buchholz et al.
2017). The substance exhibited significant antineoplastic
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Fig.4 Histological results of the migration assay of different Oxathi-
azinane derivatives treated for 48 h to 5 days illustrated exemplary
using a confluent monolayer of MDA MB 468. Compared to the
untreated control (NC) the migration rate in cultures treated with
GP-2250, 2289, 2293, 2296 (100 uM) were clearly inhibited. The

capabilities towards pancreatic carcinoma in vitro and
in vivo in a dose dependent manner (established cell lines
and xenograft cancer models). In this study comparable
results were obtained in additional cancer entities. Apart
from GP-2250, three other derivatives (2289, 2293 and
2296) similarly decreased cell viability as well as prolif-
eration- and migration rates on four fundamentally distinct
cancer entities (breast, colon, pancreas and merkel cell car-
cinoma, Figs. 2, 3 and 4). Neither 2244, 2255, 2256 nor
2287 showed inhibitory effects on the viability, proliferation,
migration of the cancer cells. A direct comparison of the
four active structures using MTT and BrDU assays show
clearly, that GP-2250 is the most effective compound (EC
50 between 419 and 893 uM) where the other three deriva-
tives 2289, 2293 and 2296 show comparable higher EC 50
values (549-1489 uM) (Table 1, Fig. S1 and S2) against all
four cancer entities.

Antineoplastic and antibacterial effects occurred together
exclusively with the same derivatives. Both activities show
a comparable structure activity relationship. This extraor-
dinary finding may point to a mutual common mechanism
contributing to the inhibition of antineoplastic and the anti-
bacterial activity by oxathiazine derivatives.

Considering the chemical structures of all effective deriv-
atives, 2289 and 2293 possess an additional acetyl- and pro-
pionyl-group, respectively, at the nitrogen atom at position
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2296 100 uM 2293 100 uM

tested compounds 2255, 2256 and 2287 (1000 pM) showed no
reduced migration rate, yielding nearly completely overgrown
scratches after 5 days (data not shown). These results are representa-
tive for all tested cell lines

5 of the aliphatic six-membered ring structure. In contrast
substance 2296 has an additional methyl-group at the C3 of
the six-membered ring structure whereas substance GP-2250
consists only of the aliphatic six-membered ring structure
(see Fig. 1).

Methylation of this aliphatic six-membered ring structure
at the positions 5 and/or 6 resulted in a complete loss of
antineoplastic and anti-infective activities of these GP-2250
derivatives (Fig. 1). As all effective structures possess simi-
lar capacities, a common mechanism of action based on the
chemical structure has to be assumed but cannot be entirely
explained, yet.

As previously demonstrated, ROS-driven programmed
cell death is a crucial part of the mechanism of action
of GP-2250 in pancreatic carcinoma. Increased levels
of ROS are integral in programmed cell death (Galadari
et al. 2017), encompassing crucial pathways for apoptosis,
autophagy and necroptosis. Concerning apoptosis, ROS
is causing a down-regulation of c-FLIP and thus facilitat-
ing the extrinsic pathway on the one hand (Wang et al.
2008) but is also triggering the intrinsic pathway through
ROS-induced permeabilization of the mitochondric mem-
brane (Galadari et al. 2017). Furthermore, ROS modulates
various pathways leading to autophagy (He and Klionsky
2009) and necroptosis (Dixon and Stockwell 2014; Kim
et al. 2007). As tumor cells exhibit intrinsically higher
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Fig.5 Results of the migration assay of different Oxathiazinane
derivatives in % of wound area, for a PancTul, b HTC 116, ¢ MDA
MB 468, d MCC 14.2. Compared to the untreated control (NC) the
wound healing in cultures treated with GP-2250, 2289, 2293, 2296
(100 uM for MDA MB 468 and 1000 uM for all other cell lines)

ROS levels, these mechanisms are of interest in anti-tumor
therapy. Toxic thresholds can be reached in tumor cells
while their physiological counterparts are still able to
compensate (Nogueira and Hay 2013). Our results show
that the Oxathiazinane derivatives of GP-2250, 2289 and
2293 as well as 2296 had indeed the ability to reliably
induce ROS to drive cell death in all cancer cell lines of
different cancer entities.

N-acetylcysteine is an important antioxidant and a rec-
ognized research tool for investigating ROS-induced apop-
tosis. Its free radical scavenging properties are based on
an increase of intracellular glutathione levels and reducing
properties (Sun 2010). Consequently, the excessive accumu-
lation of ROS induced by substance GP-2250 in pancreatic

(d)

was clearly inhibited in a time dependent manner. Positive con-
trol PC: CisP or 5-FU. The tested compounds 2255, 2256 and 2287
(1000 uM) showed no reduced wound healing (S3). Values are
means +SD of three independent experiments with consecutive pas-
sages

cancer cell lines was completely neutralized by the radical
scavenger NAC, thereby inducing a broad protection against
substance GP-2250 (Buchholz et al. 2017). A similar NAC-
sensitivity of antineoplastic action is found for chemothera-
peutic platin derivatives (Wang et al. 2014).

Apart from antineoplastic effects, ROS have also been
found to show antibacterial effects. Treatment with antibi-
otics, inter alia Aminoglycoside, Quinolones, Rifampicin
and Chloramphenicol led to induction of ROS in bacteria
(Vatansever et al. 2013). These radicals were proven to either
directly damage DNA, lipids and proteins or indirectly dam-
age DNA via oxidation of the deoxynucleotide pool (van
Acker and Coenye 2017).
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Fig.6 Results obtained for the impact of GP-2250, 2293, 2296 and
2289 on the cellular level of ROS. MDA MB 468, Panc Tu I, HCT
119 and MCC 14.2 cells were incubated with either GP-2250, 2293,
2296 and 2289 (2000 uM), or ddH,O as control for 1 h and the level
of ROS was analyzed. Additional NAC treatment served as a nega-
tive control. Positive Control (PC) was provided by the kit. Values
are means + SD of 4 replicates of three independent experiments with
consecutive passages. Asterisk symbols indicate differences between

As all active Oxathiazinane derivatives GP-2250,
2289, 2293 and 2296 induce ROS, we assume, that its
antibacterial capacities (Fig. 6) can be partially attributed
to ROS induction, which extends to otherwise difficult to
treat bacteria, including MRSA, ESBL and VRE. These
resistant bacteria pose an increasing challenge in modern
medicine as (multi) drug resistant stems increase, caus-
ing over 33.000 deaths annually in the EU (Cassini et al.
2019). This aspect might be of special interest for clinical
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untreated control (U), which was adjusted to 1, and treatment. Nega-
tive Control (NC) contained GP-2250 (2000 pM) and 5 mM NAC
provided with the kit. ***p <0.001, **p <0.01, *p<0.05 (one-way
ANOVA followed by Tukey’s post-hoc test). Data from these two
assays clearly show that all effective substances as well as GP-2250
act via a redox-directed mechanism independent of the type of malig-
nant tumor cell line

studies. Antibacterial properties of established chemother-
apeutics have been described, especially for Tobramycin,
Mitomycin C, Bleomycin and Actinomycin D. However,
their clinical application as antibacterial agents remains
limited due to severe toxicity (Domalaon et al. 2019; Miil-
ler and Zahn 1977).

Limitation to this study might be the more qualitative
design of the experiments. Rather high concentrations (IC
80) were used, to detect even minor effects of all tested
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Table 2 Results obtained from the disc diffusion test analyzing the antibacterial properties of all Oxathiazinane derivatives

Substance Zone of Inhibition

Bacteria

2250 +(24.5 mm; 49.5 mm; 39,0 mm, 35.0 mm,
16.0 mm, 66.5 mm)

2255 — (<10 mm)

2256 — (<10 mm)

2287 — (<10 mm)

2289 +(18.5 mm; 27.5 mm)

2293 +(19.5 mm; 31.5 mm; 32.5 mm)
2296 +(23.0 mm; 38.0 mm; 43.0 mm)

Various a.o. Escherichia coli, Staphylococcus aureus (MRSA), Ente-
rococcus faecium (VRE), Acinetobacter baumannii, Pseudomonas
aeruginosa, Helicobacter pylori

Various a.o. Escherichia coli, Staphylococcus aureus (MRSA)
Escherichia coli, Staphylococcus aureus (MRSA)

Escherichia coli, Staphylococcus aureus (MRSA)

Escherichia coli, Staphylococcus aureus (MRSA)

Escherichia coli, Staphylococcus aureus, Staphylococcus aureus (MRSA)

Escherichia coli, Staphylococcus aureus, Staphylococcus aureus (MRSA)

GP-2250 as well as 2289, 2293 and 2296 (60 mg/mL) show a significant impact on the viability of all tested bacterial strains, which was most

pronounced for MRSA (up to 66.5 mm zone of inhibition by GP-2250)

Table 3 Results obtained from the agar diffusion test analyzing the
inhibitory effect of N-acetylcysteine (NAC)

Substance N-acetylcysteine Zone of Inhibition Bacteria
GP-2250 0 mg 24.5 mm E. coli
GP-2250 1 mg 19.5 mm E. coli
GP-2250 2 mg 16.0 mm E. coli
GP-2250 Smg 14.5 mm E. coli

With increasing concentration, the radical scavenger NAC inhibited
the antibacterial effect of substance GP-2250

Table4 Overview of the results obtained for the antineoplastic and
antibacterial assays

Substance Antibacterial capacity Antineo-
plastic
capacity

2250 + + +

2255 - -

2256 - -

2287 - -

2289 + +

2293 + +

2296 + +

Substance GP-2250, 2289, 2293 and 2296 indicated promising anti-
neoplastic and antibacterial capacities on all analyzed cultures. All
other derivatives can be pronounced as broadly ineffective within the
experimental settings,+ 4+ =EC50 (24 h)<500 uM min. 3 of four
cell lines, + =EC50 (24 h) 500-1500 uM min. three of four cell lines,
— EC50 (24 h)> 1500 uM min three of four cell lines

derivatives. Nevertheless, a dose dependency in vitro and
in vivo has been described for GP-2250 by Buchholz et al.
(2017).

Conclusions

In addition to the previously known GP-2250, three more
Oxathiazinane derivatives were identified as anti-cancer
agents. Furthermore, four Oxathiazinanes were identified
as antibacterial agents for the first time, with a spectrum
that includes MRSA and further highly critical bacterial
strains. It is most intriguing that the anti-cancer activity
and the antibacterial activity is shared by the same com-
pounds, while other Oxathiazinane derivatives failed to be
active in both indications. This finding points to a clearcut
structure activity relationship among the Oxathiazinanes
tested. This duality is suggestive of a common mechanistic
denominator for both activities. So far, the increase in ROS
has been identified as a common mechanism affecting the
viability of cancer cells and of bacteria. This forms the
basis for further mechanistic and in vivo studies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00432-023-04799-8.

Acknowledgements The substances GP-2250, 2255, 2256, 2287 2289,
2293 and 2296 were kindly provided by Geistlich Pharma AG, Wol-
husen, Switzerland.

Author contributions Conceptualization: Britta Majchrzak-Stiller,
Marie Buchholz and Chris Braumann; Methodology: Britta Majchr-
zak-Stiller and Marie Buchholz; Validation, Britta Majchrzak-Stiller,
Marie Buchholz and Chris Braumann; Formal analysis: Britta Majchr-
zak-Stiller and Marie Buchholz; Investigation: Julius Moehrke, Lenz
Zelichowski, Lisa Oehlke, Clara Quensel and Daniel Fein; Resource:
Thomas Miiller; Data curation: Britta Majchrzak-Stiller and Marie
Buchholz; Writing—original draft preparation: Britta Majchrzak-Stiller
and Marie Buchholz; Writing—review and editing: Ilka Peters, Johanna
Strotmann, Philipp Hohn and Chris Braumann; Visualization: Britta
Majchrzak-Stiller, Marie Buchholz, Ilka Peters and Johanna Strotmann;
Supervision: Philipp Hohn, Waldemar Uhl and Chris Braumann; Pro-
ject administration: Britta Majchrzak-Stiller, Marie Buchholz and Chris
Braumann; Funding acquisition: Britta Majchrzak-Stiller, Marie Buch-
holz and Chris Braumann.All authors have read and agreed to the pub-
lished version of the manuscript.

@ Springer


https://doi.org/10.1007/s00432-023-04799-8

9082

Journal of Cancer Research and Clinical Oncology (2023) 149:9071-9083

Funding Open Access funding enabled and organized by Projekt
DEAL. The consumables used in this work were partially funded by
Geistlich Pharma AG, Wolhusen, Switzerland.

Data availability The data presented in this study are available on
request from the corresponding author. The data are not publicly avail-
able due to patent legal issues.

Declarations

Conflict of interest Thomas Miiller is employed by Geistlich Pharma
AG, Wolhusen, Switzerland. All other authors declare no conflict of
interest. Geistlich Pharma AG, Wolhusen, Switzerland 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.

Ethical approval 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://creativecommons.org/licenses/by/4.0/.

References

Buchholz M, Majchrzak-Stiller B, Hahn S, Vangala D, Pfirrmann
RW, Uhl W, Braumann C, Chromik AM (2017) Innovative
substance 2250 as a highly promising anti-neoplastic agent in
malignant pancreatic carcinoma—in vitro and in vivo. BMC
Cancer 17:216. https://doi.org/10.1186/s12885-017-3204-x

Cai W, Wang X, Elshahawi SI, Ponomareva LV, Liu X, McErlean
MR, Cui Z, Arlinghaus AL, Thorson JS, van Lanen SG (2016)
Antibacterial and cytotoxic actinomycins Y6-Y9 and Zp from
Streptomyces sp. Strain G6-GS12. J Nat Prod 79:2731-2739.
https://doi.org/10.1021/acs.jnatprod.6b00742

Cassini A, Hogberg LD, Plachouras D, Quattrocchi A, Hoxha A,
Simonsen GS, Colomb-Cotinat M, Kretzschmar ME, Dev-
leesschauwer B, Cecchini M, Ouakrim DA, Oliveira TC,
Struelens MJ, Suetens C, Monnet DL, Strauss R, Mertens K,
Struyf T, Catry B, Latour K, Ivanov IN, Dobreva EG, Tambic
AndraSevic A, Soprek S, Budimir A, Paphitou N, Zemlickova
H, Schytte Olsen S, Wolff Sonksen U, Mirtin P, Ivanova M,
Lyytikédinen O, Jalava J, Coignard B, Eckmanns T, Abu Sin
M, Haller S, Daikos GL, Gikas A, Tsiodras S, Kontopidou F,
Toéth A, Hajdu A, Guélaugsson C), Kristinsson KG, Murchan
S, Burns K, Pezzotti P, Gagliotti C, Dumpis U, Liuimiene A,
Perrin M, Borg MA, de Greeff SC, Monen JCM, Koek MBG,
Elstrgm P, Zabicka D, Deptula A, Hryniewicz W, Canica M,
Nogueira PJ, Fernandes PA, Manageiro V, Popescu GA, Ser-
ban RI, Schréterova E, Litvova S, Stefkovicova M, Kolman J,
Klavs I, KoroSec A, Aracil B, Asensio A, Pérez-Vazquez M,
Billstrom H, Larsson S, Reilly JS, Johnson A, Hopkins S (2019)
Attributable deaths and disability-adjusted life-years caused by

@ Springer

infections with antibiotic-resistant bacteria in the EU and the
European Economic Area in 2015: a population-level modelling
analysis. Lancet Infect Dis 19:56—66. https://doi.org/10.1016/
S1473-3099(18)30605-4

Chen C, Si S, He Q, Xu H, Lu M, Xie Y, Wang Y, Chen R (2008)
Isolation and characterization of antibiotic NC0604, a new ana-
logue of bleomycin. J Antibiot 61:747-751. https://doi.org/10.
1038/ja.2008.88

de Munck L, Monleén A, Vila C, Muiioz MC, Pedro JR (2015) Enan-
tioselective alkynylation of benzoel,2,3-oxathiazine 2,2-diox-
ides catalysed by (R)-VAPOL-Zn complexes: synthesis of chiral
propargylic cyclic sulfamidates. Org Biomol Chem 13:7393—
7396. https://doi.org/10.1039/C50B01012H

Dixon SJ, Stockwell BR (2014) The role of iron and reactive oxygen
species in cell death. Nat Chem Biol 10:9-17. https://doi.org/
10.1038/nchembio.1416

Domalaon R, Ammeter D, Brizuela M, Gorityala BK, Zhanel GG,
Schweizer F (2019) Repurposed antimicrobial combination
therapy: tobramycin-ciprofloxacin hybrid augments activity of
the anticancer drug mitomycin C against multidrug-resistant
gram-negative bacteria. Front Microbiol 10:1556. https://doi.
org/10.3389/fmicb.2019.01556

Galadari S, Rahman A, Pallichankandy S, Thayyullathil F (2017)
Reactive oxygen species and cancer paradox: to promote or to
suppress? Free Radic Biol Med 104:144-164. https://doi.org/
10.1016/j.freeradbiomed.2017.01.004

He C, Klionsky DJ (2009) Regulation mechanisms and signaling
pathways of autophagy. Annu Rev Genet 43:67-93. https://doi.
org/10.1146/annurev-genet-102808-114910

Janssens JP, Schuster K, Voss A (2018) Preventive, predictive, and
personalized medicine for effective and affordable cancer care.
EPMA J 9:113-123. https://doi.org/10.1007/s13167-018-0130-1

Kim Y-S, Morgan MJ, Choksi S, Liu Z-G (2007) TNF-induced acti-
vation of the Nox1 NADPH oxidase and its role in the induction
of necrotic cell death. Mol Cell 26:675-687. https://doi.org/10.
1016/j.molcel.2007.04.021

Le Saux O, Falandry C (2018) Toxicity of cancer therapies in
older patients. Curr Oncol Rep 20:64. https://doi.org/10.1007/
s11912-018-0705-y

Minotti G, Menna P, Salvatorelli E, Cairo G, Gianni L (2004)
Anthracyclines: molecular advances and pharmacologic devel-
opments in antitumor activity and cardiotoxicity. Pharmacol
Rev 56:185-229. https://doi.org/10.1124/pr.56.2.6

Miiller WE, Zahn RK (1977) Bleomycin, an antibiotic that removes
thymine from double-stranded DNA. Progress in nucleic acid
research and molecular biology, vol 20. Academic Press, New
York, pp 21-57

Nogueira V, Hay N (2013) Molecular pathways: reactive oxygen
species homeostasis in cancer cells and implications for can-
cer therapy. Clin Cancer Res 19:4309-4314. https://doi.org/10.
1158/1078-0432.CCR-12-1424

Pommier Y, Leo E, Zhang H, Marchand C (2010) DNA topoisomer-
ases and their poisoning by anticancer and antibacterial drugs.
Chem Biol 17:421-433. https://doi.org/10.1016/j.chembiol.
2010.04.012

Qian X, Han J, Wang L (2016) tert-Butoxide mediated cascade des-
ulfonylation/arylation/hydrolysis of cyclic sulfonyimines using
diaryliodonium salts: synthesis of diaryl ether derivatives bear-
ing a 2-aldehyde group. RSC Adv 6:89234-89237. https://doi.
org/10.1039/C6RA19313G

Sun S-Y (2010) N-acetylcysteine, reactive oxygen species and
beyond. Cancer Biol Ther 9:109-110. https://doi.org/10.4161/
¢bt.9.2.10583

van Acker H, Coenye T (2017) The role of reactive oxygen species
in antibiotic-mediated killing of bacteria. Trends Microbiol
25:456-466. https://doi.org/10.1016/j.tim.2016.12.008


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12885-017-3204-x
https://doi.org/10.1021/acs.jnatprod.6b00742
https://doi.org/10.1016/S1473-3099(18)30605-4
https://doi.org/10.1016/S1473-3099(18)30605-4
https://doi.org/10.1038/ja.2008.88
https://doi.org/10.1038/ja.2008.88
https://doi.org/10.1039/C5OB01012H
https://doi.org/10.1038/nchembio.1416
https://doi.org/10.1038/nchembio.1416
https://doi.org/10.3389/fmicb.2019.01556
https://doi.org/10.3389/fmicb.2019.01556
https://doi.org/10.1016/j.freeradbiomed.2017.01.004
https://doi.org/10.1016/j.freeradbiomed.2017.01.004
https://doi.org/10.1146/annurev-genet-102808-114910
https://doi.org/10.1146/annurev-genet-102808-114910
https://doi.org/10.1007/s13167-018-0130-1
https://doi.org/10.1016/j.molcel.2007.04.021
https://doi.org/10.1016/j.molcel.2007.04.021
https://doi.org/10.1007/s11912-018-0705-y
https://doi.org/10.1007/s11912-018-0705-y
https://doi.org/10.1124/pr.56.2.6
https://doi.org/10.1158/1078-0432.CCR-12-1424
https://doi.org/10.1158/1078-0432.CCR-12-1424
https://doi.org/10.1016/j.chembiol.2010.04.012
https://doi.org/10.1016/j.chembiol.2010.04.012
https://doi.org/10.1039/C6RA19313G
https://doi.org/10.1039/C6RA19313G
https://doi.org/10.4161/cbt.9.2.10583
https://doi.org/10.4161/cbt.9.2.10583
https://doi.org/10.1016/j.tim.2016.12.008

Journal of Cancer Research and Clinical Oncology (2023) 149:9071-9083

9083

Vatansever F, de Melo WCMA, Avci P, Vecchio D, Sadasivam M,
Gupta A, Chandran R, Karimi M, Parizotto NA, Yin R, Tegos
GP, Hamblin MR (2013) Antimicrobial strategies centered
around reactive oxygen species—bactericidal antibiotics, pho-
todynamic therapy, and beyond. FEMS Microbiol Rev 37:955-
989. https://doi.org/10.1111/1574-6976.12026

Wang L, Azad N, Kongkaneramit L, Chen F, Lu Y, Jiang B-H, Roja-
nasakul Y (2008) The Fas death signaling pathway connect-
ing reactive oxygen species generation and FLICE inhibitory
protein down-regulation. Journal of immunology (Baltimore,
Md.: 1950) 180:3072-3080. https://doi.org/10.4049/jimmunol.
180.5.3072

Wang F, Liu S, Shen Y, Zhuang R, Xi J, Fang H, Pan X, Sun J, Cai
Z (2014) Protective effects of N-acetylcysteine on cisplatin-
induced oxidative stress and DNA damage in HepG2 cells. Exp
Ther Med 8:1939-1945. https://doi.org/10.3892/etm.2014.2019

Word Health Organisation (2017) WHO publishes list of bacteria for
which new antibiotics are urgently needed. https://www.who.
int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-
which-new-antibiotics-are-urgently-needed

World Health Organization (2020) WHO report on cancer: setting
priorities, investing wisely and providing care for all.

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

@ Springer


https://doi.org/10.1111/1574-6976.12026
https://doi.org/10.4049/jimmunol.180.5.3072
https://doi.org/10.4049/jimmunol.180.5.3072
https://doi.org/10.3892/etm.2014.2019
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed

	Oxathiazinane derivatives display both antineoplastic and antibacterial activity: a structure activity study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Disc diffusion test
	Reagents
	Cell lines and culture conditions
	MTT cytotoxicity assay
	BrdU proliferation assay
	Scratch assay
	ROS analysis
	Statistics

	Results
	GP-2250, 2289, 2293 and 2296 show a cytotoxic and anti-proliferative effect on all tested cell lines
	GP-2250, 2289, 2293 and 2296 present a migration inhibiting effect on all cancer cell lines
	2289, 2293 and 2296 show an impact on reactive oxygen species (ROS) comparable to GP-2250
	GP-2250 2289, 2293 and 2296 show antibacterial potential towards various bacteria including MRSA
	The antibacterial effect of GP-2250 is inhibited by a radical scavenger
	Common structure activity relationship for antineoplastic and antibacterial actions

	Discussion
	Conclusions
	Anchor 26
	Acknowledgements 
	References




