280

research article

Discovery of ‘click’ 1,2,3-triazolium salts as
potential anticancer drugs

Ivana Steiner’, Nikolina Stojanovic', Aljosa Bolje?, Anamaria Brozovic', Denis Polancec?,
Andreja Ambriovic-Ristov'!, Marijana Radic Stojkovic*, Ivo Piantanida4, Domagoj Eljuga3,
Janez Kosmrlj?, Maja Osmak

' Division of Molecular Biology, Ruder Boskovi¢ Institute, Zagreb, Croatia

2 Faculty of Chemistry and Chemical Technology, University of Ljubljana, Slovenia

3 Department for Translational Medicine, Children’s Hospital Srebrnjak, Zagreb, Croatia

4Division of Organic Chemistry and Biochemistry, Ruder Boskovic Institute, Zagreb, Croatia

> Department for Oncoplastic and Reconstructive Surgery, University Hospital for Tumors, University Clinical Hospital Centre
Sisters of Mercy, Zagreb, Croatia

Radiol Oncol 2016; 50(3): 280-288.
Received 23 November 2015

Accepted 17 March 2016

Correspondence to: Maja Osmak, Ph.D., Division of Molecular Biology, Ruder Boskovi¢ Institute, Bijenicka cesta 54, 10000 Zagreb, Croatia.
Phone: + 385 1 456 0939; Fax: + 385 1 456 1 177; E-mail: maja.osmak®@irb.hr and Janez KoSmrlj, Faculty of Chemistry and Chemical
Technology, University of Ljubljana, Vecna pot 113, SI-1000 Ljubljana, Slovenia. Phone: +386 1 479 8558; E-mail: janez.kosmrlj@fkkt.uni-lj.si

Ivana Steiner and Nikolina Stojanovi¢: equal contributing authors

Disclosure: No potential conflicts of interest were disclosed.

Background. In order to increase the effectiveness of cancer treatment, new compounds with potential anticancer
activities are synthesized and screened. Here we present the screening of a new class of compounds, 1-(2-picolyl)-,
4-(2-picolyl)-, 1-(2-pyridyl)-, and 4-(2-pyridyl)-3-methyl-1,2,3-triazolium salts and ‘parent’ 1,2,3-triazole precursors.
Methods. Cytotoxic activity of new compounds was determined by spectrophotometric MTT assay on several tu-
mour and one normal cell line. Effect of the selected compound to bind double stranded DNA (ds DNA) was exam-
ined by testing its influence on thermal stability of calf thymus DNA while its influence on cell cycle was determined
by flow cytometric analysis. Generation of reactive oxygen species (ROS) was determined by addition of specific
substrate 5-(and-é)-chloromethyl-2’,7'-dichlorodihydrofluorescein diacetate, acetyl ester (CM-H,DCFDA).

Results. Parent triazoles were largely inactive, while some of the triazolium salts were highly cytotoxic for HeLa cells.
Triazolium salts exhibited high cell-type dependent cytotoxicity against different tumour cells. Selected compound
(4-(4-methoxyphenyl)-3-methyl-1-(2-picolyl)-1H-1,2,3-friazolium  hexafluorophosphate(V) (2b) was significantly more
cytotoxic against tumour cells than to normal cells, with very high therapeutic index 7.69 for large cell lung carci-
noma H460 cells. Additionally, this compound was similarly cytotoxic against parent laryngeal carcinoma HEp-2 cells
and their drug resistant 7T subline, suggesting the potential of this compound in treatment of drug resistant cancers.
Compound 2b arrested cells in the G1 phase of the cell cycle. It did not bind ds DNA, but induced ROS in treated
cells, which further triggered cell death.

Conclusions. Our results suggest that the ‘click’ triazolium salts are worthy of further investigation as anti-cancer agents.
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Introduction crease in cancer mortality is relatively modest.?

Based on numerous different genes implicated in
Cancer is one of the major causes of death in de-  sustained proliferative signalling, evading growth
veloped countries.! Despite the fact that several suppression, resisting cell death, enabling replica-
decades of investigations and massive funding tive immortality, inducing angiogenesis, and ac-
have been devoted to the cancer research, the de- tivating invasion and metastasis, cancers exhibit
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FIGURE 1. The structures of triazoles 1 and triazolium salts 2.

considerable genetic complexity and genome in-
stability, which generates the genetic diversity.?®
Consequently, amongst all diseases, cancer is one
of the most difficult to treat and cure, because it is
not a single disease but rather consists of numer-
ous different types and subtypes.

Targeted therapy with novel drugs directed
at specific molecular pathways opens promising
new avenues to improve the efficacy of therapy.
However, in spite of the initial enthusiasm, the
clinical application of such target oriented antican-
cer drugs did not fulfil the expectations. Although
the targeted therapy has been successful, it is still
limited to some very specific types of tumours.?
Hence, in order to increase the effectiveness of
cancer treatment, new compounds with potential
anticancer activities have to be synthesized and
screened.

Modern synthetic chemistry is powered by fac-
ile synthetic protocols that allow for a rapid gen-
eration of compound scaffolds. Catalyzed azide-
alkyne cycloaddition reaction producing 1,2,3-tri-
azoles (‘click’ triazoles) is one of such example.*®
Moreover, this chemistry paves the way to a va-
riety of derivatives including 1,3,4-trisubstituted
1,2,3-triazolium salts (‘click’ triazolium salts).®
1,2,3-Triazole has drug-like properties” and its de-

rivatives are recognized for their broad range of bi-
ological activities, including antiviral, antibacterial,
antifungal, anti-inflammatory and analgesic, anti-
convulsant, antiparasitic, antidiabetic, antiobesitic,
antihistaminic, antineuropathic, antihypertensive,
and anticancer activities®, presenting a promising
group of potential anticancer drugs. Despite the
fact that there are numerous examples on cytotoxic
activities of compounds with a triazole subunit®!°,
to our knowledge, only one such report exists for
the 1,2,3-triazolium salts. Namely, Shrestha and
Chang reported an interesting anticancer activity
of the compounds having triazolium ring fused to
1,4-naphthoquinone.!® No cytotoxic activity of the
1,3,4-trisubstituted 1,2,3-triazolium salts has been
reported to date.

We recently developed a strategy for the “click’
triazolium salts synthesis, and prepared a library of
twelve isomeric and homologous pyridine tethered
1,2,3-triazoles (1), which were then subjected to
the selective N-methylation into the 3-methyl-1,4-
disubstituted 1,2,3-triazolium salts 2a — 1.1718 The
library constituents differed in the 1,4-substitution
pattern consisting of phenyl, 4-methoxyphenyl and
4-(trifluoromethyl)phenyl functionalized 1-(2-pi-
colyl) (2a - c), 4-(2-picolyl) (2d - f), 1-(2-pyridyl)
(2g — 1) and 4-(2-pyridyl) (2j — 1) isomers (Figure 1).

The unique properties of this class of com-
pounds, including the charge and hydrogen bond-
ing ability, prompted us to evaluate their anticancer
activity and to gain more insight into the mode of
action that underlies their antiproliferative activity.

Materials and methods
Triazoles and triazolium salts

Triazoles 1 and triazolium salts 2 were prepared as
described previously.”!® Compounds 1b, 1f, 2b, 2c,
2f — i and 21 were dissolved in ethanol while com-
pounds 1a, 2a, 2d, 2e, 2j and 2k were dissolved in
DMSO. The solutions were stored at -20°C, and
diluted to the appropriate concentrations with
growth medium just before use.

Cell culture

Human cervical carcinoma HeLa and laryngeal
carcinoma HEp-2 cells were obtained from cell cul-
ture bank (GIBCO BRL, Invitrogen, Grand Island,
NY, USA). HEp-2 cell line was recently recognized
and categorized by ATCC as human laryngeal car-
cinoma cell line cross-contaminated with HeLa
cells. The development of HEp-2 subline resist-
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ant to carboplatin (7T) has been published previ-
ously.? These cells are cross-resistant to anticancer
drug cisplatin, transplatin, mitomycin C and the
natural compound curcumin as well.’*2! Large cell
lung carcinoma H460 cells and colorectal carcino-
ma HCT-116 were obtained from American Type
Culture Collection (ATCC; Manassas, VA, USA).
Normal human skin fibroblasts were isolated
from the upper arm of a 7-years-old female donor
at the Neurochemical Laboratory, Department of
Chemistry and Biochemistry, School of Medicine,
University of Zagreb. They were used for the cy-
totoxicity assay at 32 and 36 population doublings.
All cell lines were grown as a monolayer culture
in Dulbecco’s modified Eagle’s medium (DMEM;
Sigma-Aldrich, St. Louis, MO, USA), supplemented
with 10% fetal bovine serum (FBS; Sigma-Aldrich)
in a humidified atmosphere of 5% CO, at 37°C and
were sub-cultured every 3 — 4 days.

Cytotoxicity assay
3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay

Cytotoxic activity of triazoles and triazolium salts
was determined by MTT assay??, modified as de-
scribed. Cells were seeded into 96-well tissue cul-
ture plates (3 x 10° cells/0.18 mL medium/well). The
next day different concentrations of triazoles or
triazolium salts were added (0.02 mL) to each well
and each concentration was tested in quadrupli-
cate. Following 72 h incubation at 37°C, the medium
was aspirated, and 20 pg of the MTT dye (Sigma-
Aldrich) /0.04 mL medium/well was added. Three
hours later, formazan crystals were dissolved in
DMSO (0.17 mL/well), the plates were mechanical-
ly agitated for 5 min and the optical density at 545
nm was determined on a microtiter plate reader
(Awareness Technology Inc, Palm City, FL, USA).
To examine the effect of reactive oxygen species
(ROS) scavengers on survival of 2b treated cells,
the same procedure was used as described above,
except that two hours prior to addition of 2b, 5
mM of N-acetyl-cysteine (NAC, Sigma-Aldrich),
or ImM tempol (Santa Cruz Biotechnology, Dallas,
TX, USA) was added in wells. Experiment was re-
peated at least three times.

Colony-forming assay

For determination of colony formation 1000 cells
were seeded in 6 cm dish. The next day the cells
were pretreated either with 5 mM NAC or with
1 mM (HEp-2 cells) or 0.125 mM (H460 cells) tem-
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pol. Two hours later different concentrations of 2b
were added in dishes with or without ROS scav-
engers. The effect of antioxidants on colony for-
mation alone was determined as well. After ten
days of continuous treatment, the colonies were
washed with PBS, fixed with methanol, stained
with Giemsa-crystal violet and counted. Untreated
samples were used for determination of plating
efficiency. Each concentration was tested in tripli-
cate. Experiment was repeated at least three times.

Cell cycle analysis

Human large cell lung carcinoma H460 cells were
seeded into 6-well tissue culture plates (10° cells/2
mL medium/well) and treated with 29.7 and 110 uM
of 2b on the following day for 24, 48 and 72 hours.
Thereafter, both adherent and floating cells were
collected, washed with PBS and fixed overnight in
70% ethanol at -20°C. Fixed cells were treated with
RNase A (0.1 mg/mL, Sigma-Aldrich) for 1 h at
room temperature and afterward stained with pro-
pidium iodide (50 pg/mL, Sigma-Aldrich) for 30
min in the dark. The DNA content was analysed by
flow cytometry (FACS Calibur, Becton Dickinson,
Mountain View, CA, USA). Data were analysed
with ModFitLTTM program (Verity Software
House Inc., Topsham, ME, USA). Experiment was
repeated more than three times.

Determination of DNA binding

The calf thymus (ct)-DNA was purchased from
Sigma-Aldrich, dissolved in Na-cacodylate buffer,
I = 0.05 mol/dm?, pH = 7, additionally sonicated
and solution filtered through a 0.45 mm filter.
Polynucleotide concentration was determined
spectroscopically as the concentration of phos-
phates by &, = 6600 dm%mol' cm. Thermal
denaturation curves for ct-DNA and its complexes
with studied compounds were determined in Na-
cacodylate buffer, I = 0.05 mol/dm?3, pH =7 by fol-
lowing the absorption change at 260 nm as a func-
tion of temperature, as previously described.?
The absorbance of the compound was subtracted
from each curve and the absorbance scale was nor-
malized. Measured T, values are the midpoints of
the transition curves determined from the maxi-
mum of the first derivative and checked graphi-
cally by the tangent method. The DT values were
calculated subtracting T of the free nucleic acid
from T _ of the complex. Every AT _ value reported
here was an average of at least two measurements.
The error in DT, is +0.5°C.
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TABLE 1. IC,, values of friazolium salts and some parent triazoles
against cervical carcinoma Hela cells

Cmpd. IC;, (UM)°
1a > 100
1b > 100
1f > 100
2a 91.6+3.9
2b 57.0+129
2c > 100
2d > 100
2e 55.4+9.4
2f -
2g -
2h 88.9+7.5
2i 54.4 +14.7
2j 54.9 + 3.5
2k > 100
2| -

e1C,, is the concentration of the triazoles and triazolium salts inducing 50%
cell growth inhibition after 72 h incubation. The results are shown as mean
values of at least three experiments (+ SD).

© Triazolium salt precipitated promptly after the addition to the growth
medium and thus the cytotoxicity could not be measured accurately.

¢ The range of concentrations 10 — 1000 yM reduced survival from about
60 to 40%, and therefore the exact IC,, was difficult fo defermine.

Induction of reactive oxygen species
(ROS)

Generation of ROS was determined by addition
of 5-(and-6)-chloromethyl-2’,7’-dichlorodihydro-
fluorescein diacetate, acetyl ester (CM-H,DCFDA)
(Invitrogen). Briefly, logarithmically growing
H460 cells were incubated with 10 mM CM-
H,DCFDA for 1 hour according to manufacturer’s
instructions. Afterward, cells were incubated with
or without different concentrations of 2b during in-
dicated time periods. After trypsinization and cen-
trifugation, the cells were fixed in cold 80% metha-
nol. Shortly before measurement, they were centri-
fuged and resuspended in PBS. The fluorescence of
the product, developed by removal of the acetate
groups from CM-H,DCFDA by intracellular ester-
ases and oxidation, was measured by flow cytom-
etry on BC Navios instrument (Beckman Coulter,
Inc., Miami, FL, USA).

To further examine whether toxicity of 2b is cou-
pled with formation of ROS, two ROS scavengers
were used: NAC, a drug that has been known for

years to directly reduce the level of ROS? or the
new ROS scavenger tempol.? Their effect was de-
termined by MTT assay or colony-forming assay as
described in Cytotoxicity assay.

Statistical analysis

All data were analysed by unpaired Student’s t-
test, and expressed as the mean + standard error of
the mean. Data were considered significant when
P values were lower than 0.05, and in the figures
these are designated as * =P < 0.05 or ** =P < 0.01.
Experiments were repeated at least three times.

Results and discussion

Cancer is the second leading cause of death in de-
veloped countries.! Primary or acquired drug re-
sistance and heavy side-effects strongly limit the
effectiveness of classical chemotherapy. The suc-
cess of advanced, target-oriented cancer therapy is
at present limited only to the special types of can-
cers.? This provides a great impetus for investiga-
tion of new compounds with potential anticancer
activities. 1,2,3-Triazoles are very important class
of heterocycles, which have been well-recognized
for their broad range of biological activities, in-
cluding anticancer activity.®1

This and the fact that no cytotoxic activity of the
unfused 1,3,4-trisubstituted 1,2,3-triazolium salts
has yet been reported encouraged us to examine
the cytotoxic activity of compounds 2a -1 along
with some selected parent 1,4-disubstituted tria-
zoles 1a, 1b and 1f.

Antiproliferative effects of triazoles and
triazolium salts

The effect of tested triazoles and triazolium salts
was first evaluated in HeLa cells, the cell model
system that we previously found suitable for
screening of new compounds.?”? The results are
collected in Table 1.

It appears that in the picolyl series of the triazo-
lium cations (2a - f) the aryl substituent modulated
the cytotoxicity against the tumour cells, with the
electron donating 4-methoxyphenyl group being
greater as compared to the electron neutral phenyl
and the electron withdrawing 4-(trifluoromethyl)-
phenyl groups. In this series of the compounds the
pyridine ring was separated from the triazole core
by amethylene bridge and thusless likely influences
the electron density at the latter. The situation dras-
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tically changes in the pyridyl series (2g —1) were the
pyridine ring was attached directly to the triazole,
now playing an important role in the cytotoxicity.
In 2g — 1 the triazole core was functionalized with
pyridine in two different ways, either through the
triazole N1 nitrogen atom as in 2g — i, or through
the triazole C4 carbon atom (2j — 1). Interestingly, in
the former (2g — i), the electron deficient 4-(trifluo-
romethyl)phenyl group (2i) increased the cytotox-
icity whereas in the latter series of compounds the
member with the electron neutral phenyl group (2j)
was identified as the most active.

Apparently, no clear structure-activity correla-
tion, based purely on the electronic considerations
of the triazolium cations, could be drawn at this
point. Noteworthy, different chemical reactivity
patterns of the four isomeric triazolium cations
have been previously observed in some chemical
transformations, with the structure-reactivity rela-
tion still remaining to be fully understood.” It is
reasonable to expect that in a far more complex
system such as the living cell, the structure-activity
relation is likely to be a result of combined stereo-
electronic effects and could be addressed after con-
siderably larger library of derivatives have been
assayed.
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FIGURE 2. Effects of 2b on the cell cycle of H460 cells. Logarithmically growing
H460 cells were treated with 29.7 and 110 uM of 2b for indicated period of time.
Afterwards they were harvested for cell cycle analysis measured by FACS as
described in Materials and methods. Representative data of three experiments are

shown.
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TABLE 2. Cytotoxic activity of 2b against different cell lines

Cell line IC,, (UM)° Tl
Hela 57.0+12.9 4.01
HEp-2 87.0+28.5 2.63
77 111.7£7.6 2.05
H460 29.7 + 4.5 7.69
HCT-116 51.9+7.2 4.40
Fibroblasts 2285+ 5.6 -

Hela = cervical carcinoma cells; HEp-2 = laryngeal carcinoma cells; 7T
= carboplatin and cisplatin-resistant HEp-2 subline; H440 = large cell lung
carcinoma cells; HCT-116 = colorectal carcinoma cells; Fibroblasts =
normal primary fibroblasts. The results are shown as mean values of three
experiments (£SD).

°ICy, is the concentration of 2b that induces 50% cell growth inhibition
after 72 h incubation.

< T.I. refers to therapeutic index, calculated from the ratio of cytotoxicity
(IC4,) on normal fibroblasts and cytotoxicity (IC) on tumour cells.

In order to compare the results with those for
the triazolium salts 2, three parent triazoles 1a, b,
f were also selected for the biological screening.
None of them exhibited cytotoxic activity against
HeLa cells with IC,, below 100 pM.

To shed more light on the mechanisms re-
sponsible for the cytotoxic effect of above ex-
amined compounds, we decided to proceed
further with compound 4-(4-methoxyphenyl)-
3-methyl-1-(2-picolyl)-1H-1,2,3-triazolium
hexafluorophosphate(V) (2b) as a representative
compound. First, we explored its antiproliferative
activity on several tumour cell lines from different
origin, as well as on the normal human fibroblasts.
The results are shown in Table 2. Compound 2b
strongly inhibited the growth of all examined tu-
mour cell lines and this effect was cell-type spe-
cific. Human large cell lung carcinoma H460 cells
were the most sensitive toward 2b (and were se-
lected for further studies), while HEp-2 cells were
most resistant. Difference in sensitivity between
most sensitive H460 and most resistant 7T cells (for
IC,, value) was almost 4 times.

Drug resistance is the major cause of failure
in successful treatment of cancer patients.’*3! It is
based on the variety of complex mechanisms.3-%
The compounds that might be efficient against
drug-resistant cells could be of great help in im-
provement of cancer treatment. Therefore we also
included carboplatin, cisplatin and mitomycin C
resistant 7T subline of HEp-2 cells in our study. As
shown in Table 2, both, parental HEp-2 and drug-
resistant 7T cells are similarly sensitive to 2b com-
pound, suggesting a potential future application of
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TABLE 3. Effect of compound 2b on the cell cycle of H460 cells

Conc. 24 h 48 h 72 h
(uM) G1 S G2/M subG1 G1 S G2/M subG1 G1 S G2/M subG1
0 54 31 15 2 59 26 15 2 73 13 14 2
29.7 61 24 15 2 61 26 13 5 65 17 18 6
110 78 9 13 3 78 9 13 15 79 5 16 35

H460 cells were treated for the indicated time period with 2b, stained with propidium iodide and analysed by flow cytometry. Cell cycle distribution was assessed as described

in the Materials and methods section.
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FIGURE 3. DNA as possible farget of compound 2b. Thermal
denaturation curves of ct-DNA (c(ct-DNA) = 2 x 10° M,
Mcompoundl/ictona =0-3) af PH 7.0 (sodium cacodylate buffer, 1= 0.05
M) upon addition of compound 2b. Error in DTm values: +0.5°C.

2b compound in clinical treatment of cisplatin and
carboplatin resistant tumours. For comparison, 7T
cells were 3.3 fold more resistant to cisplatin as
shown previously."

One of the most requested characteristics of po-
tential anticancer drug is its higher efficacy against
tumour than the normal cells. In this study all ex-
amined tumour cell lines were more sensitive to
compound 2b than normal cell line, with the thera-
peutic index higher than 2 (Table 2). Specifically, for
H460 cells it was particularly high, 7.69, fulfilling
the request of this essential characteristic for a po-
tential anticancer compound.

Effect of compound 2b on the cell cycle
of H460 cells

To gain more insight into the mode of action that
underlies the antiproliferative activity of 2b, we
investigated its effect on the cell cycle in H460
cells. The flow cytometric analysis is presented in
Figure 2, and Table 3. They show that compound
2b arrested the cells in the G1 phase of the cell cy-
cle in dose-dependent manner, even after 24 hours
of treatment. At later time points a dose- and time-
dependent increase was detected in a fraction of

cells with reduced DNA content (subG1), which
represents the apoptotic cells subGl1 fraction. These
results suggest that 2b induces apoptosis in treated
cells.

DNA as possible target of compound 2b

According to their structure, triazolium salts re-
semble the structures of DNA minor groove bind-
ers like those studied by Chenoweth and Dervan®,
that show precise recognition of the DNA sequence
by thermodynamically controlled “H-bond based
reading” of predesigned heterocycle-polyamide
molecules. Some non-condensed heterocyclic
molecules also proved to be DNA intercalators.®*”
Therefore we studied the interactions of 2b with
double strand (ds) DNA. Thus, in thermal dena-
turation experiment compound 2b was mixed with
ct-DNA in a ratio T compound]/fct-DNA] = 0.3, at which
any DNA binding mode should give a measurable
change in DNA melting point transition. However,
in the thermal denaturation experiment no meas-
urable change in DNA melting point transition was
observed, and no influence on the thermal stability
of ct-DNA (Figure 3), indicating that at biologically
relevant conditions (pH 7, c(compound) = 6 x 10
M) stable non-covalent complex with ds DNA was
not formed, suggesting that DNA was not the tar-
get of 2b compound.

Formation of ROS by compound 2b

Although 2b does not bind to DNA, alternative
mechanisms of 2b action and cytotoxicity were ex-
amined. Literature data indicate that diverse com-
pounds can induce cell damage due to formation
of ROS.3% ROS may irreversibly oxidize DNA,
nucleic acids, proteins, and lipids, thereby repre-
senting the primary source of damage in biological
systems that may eventually lead to cell death.*4!
Accordingly, we directly measured the induction
of ROS formation following the treatment with
2b. For this, we stained the cells with 10 mM CM-
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FIGURE 5. The effects of ROS scavenger on survival of H460
cells treated with 2b determined by MTT assay. H460 cells
were seeded and next day pretreated for 2 hours with 5 mM
of NAC or T mM tempol. Afterwards different concentrations
of 2b were added. The cell survival was determined 72 hours
later by MTT assay as described in Materials and methods
section. Each point represents the mean +SD of at least three
independent experiments. All data are expressed as the
average percentage of survival values relative to an untreated
control + SD or samples treated with antioxidants alone. The
significance in differences is indicated (*, P < 0.05; **, P < 0.01).
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H,DCFDA for one hour and then treated them ei-
ther with 110 pM 2b during different time points
(Figure 4A) or with different concentrations of
2b during 3 hours (Figure 4B). For better illustra-
tion of ROS formation upon 2b treatment during
3 hours we presented additionally results as CM-
H,DCFDA fluorescence intensity compared to cell
number (count). As shown in Figure 4, 2b induced
ROS in time- and dose-dependent manner. Dose-
dependent skewing of signals toward higher fluo-
rescence intensity with increased concentration of
compound is noticeable (Figure 4B). In order to
confirm the formation of ROS and validity of detec-
tion we incubated the cells in each experiment with
0.01% H,O, for 30 min (data not shown).

To approve this result and additionally examine
the possible role of 2b-induced formation of ROS
in cell toxicity, we pretreated for 2 hours H460 cells
with two different ROS scavengers: NAC and tem-
pol. As shown in Figure 5, the pretreatment of cells
with either NAC or tempol increased survival of
2b treated cells compared to the cells treated only
with 2b, indicating that 2b induced ROS and that
the cytotoxicity of 2b can be reduced by addition
of ROS scavenger. To confirm the data that we ob-
tained by MTT assay (Figure 5), we have done ad-
ditional experiments using colony-forming assay
and chronical exposure to 2b with ROS scavenger.
The preteratment of HEp-2 cells (a less responsive
cell line to 2b compound) with either NAC or tem-
pol increased the survival of 2b treated cells com-
pared to the survival of cells treated only with 2b
(Figure 6A). Similar results were obtained with the
most sensitive cell line to 2b compound, i. e. H460
cells treated with NAC. Again, the pretreatment
with this ROS scavenger increases the survival of
cells as compared to the survival of cells treated
only with 2b. However H460 cells were highly sen-
sitive to tempol. The highest non-toxic concentra-
tion of tempol for chronic treatment of H460 cells
was 0.125 mM, which is 8 times lower concentra-
tion than could be applied for HEp-2 cells (see
Figure 6B). It is possible that this concentration of
tempol was too low to scavenge ROS induced by
2b. Perhaps, higher concentration could protect the
cells from toxic effect of 2b, but higher concentra-
tion used during 10 days incubation was too toxic
for H460 cells. H460 and HEp-2 cells differ in their
p53 status: H460 has wild type p53, while HEp-2
cells have mutated p53. While p53 has important
role in cell response to oxidative stress and apop-
tosis®?, we can assume that wild type p53 can be
involved in increased H460 sensitivity to chronic
treatment with tempol.
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Thus, experiments in which the cells were pre-
treated with ROS scavengers suggest that 2b in-
deed induced ROS in treated cells and that ROS
induction was involved in cytotoxicity, but that in-
duction of ROS is not the only mechanism of action
of the selected compound 2b.

Conclusions

In conclusion, pyridine tethered ‘click’ triazolium
salts have been tested for their anticancer activ-
ity for the first time. As revealed on human cer-
vical carcinoma HeLa cells, selected compound
(4-(4-methoxyphenyl)-3-methyl-1-(2-picolyl)-1H-
1,2,3-triazolium hexafluorophosphate(V) (2b), ex-
hibits high cytotoxicity. Its antiproliferative activ-
ity was cell type dependent, being mostly cytotoxic
against large cell lung carcinoma H460 cells. It is
of utmost importance that 2b was significantly
more cytotoxic against tumour cells than normal
cells, having very high therapeutic index, such as
7.69 for H460 cells. Additionally, this compound
was similarly cytotoxic against parental laryngeal
carcinoma HEp-2 cells and their drug resistant 7T
subline which is, having in mind the importance
of inhibitory effect of drug resistance on the suc-
cess of cancer treatment, a very valuable result.
Compound 2b arrested tumour cells in the G1
phase of the cell cycle and induced programmed
cell death. This compound does not form a com-
plex with ds DNA, but rather induced ROS in
treated cells which further triggers cell death. In
short, our results suggest that the ‘click’ triazolium
salts are simple to make compounds that are worth
of further investigation as anticancer agents. Work
is in progress to design and examine an extended
library of their analogues.
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FIGURE 6. The effect of ROS scavenger on survival of HEp-2 (A) and H460 (B) cells
freated with 2b determined by colony-forming assay. HEp-2 and H460 cells were
seeded and next day pretreated for 2 hours with 5 mM of NAC or 1 mM (HEp-2
cells) or 0.125 mM (H460 cells) tempol. Afterwards different concentrations of 2b
were added. Ten days later the colonies were counted. Non-treated cells and cells
tfreated with antioxidants alone were used as controls. Each point represents the
mean =SD of at least three independent experiments. All data are expressed as
the average percentage of survival values relative to an untreated control + SD or
samples treated with antioxidants alone. The significance in differences is indicated

(*, P <0.05; **, P <0.01).
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Elektrokemoterapija z bleomicinom je ucinkovita
na BRAF mutiranih melanomskih celicah in ima
potencirano delovanje z inhibitorji BRAF

Dolinsek T, Prosen L, Cemazar M, Potocnik T, Sersa G

Izhodis¢a. Namen raziskave je bil ugotoviti uCinkovitost elekirokemoterapije (ECT) med zdravljenjem bolnikov z melano-
mom z inhibitorji BRAF. Testirali smo ucinkovitost ECT na BRAF mutiranih in nemutiranin melanomskih celicah in vifro in v kom-
binaciji z inhibitorjiem BRAF.

Materiali in metode. ECT z bleomicinom smo izvedli na dveh humanin melanomskih celicnin linijah, eni z BRAF V60OE mu-
tacijo (SK-MEL-28) in eni brez BRAF mutacije (CHL-1). U€inkovitost ECT in ECT v kombinaciji z inhibitorjem BRAF vemurafenibom
smo ovrednotili s prezivetiem celic, ki smo ga dolocevali s testom klonogenosti.

Rezultati. Prezivetje melanomskih celic z BRAF V600E mutacijo je bilo po ECT manjse kot pri celicah brez mutacije, kar kaze
na to, da je ECT ucinkovita ne glede na mutacijski status melanomskih celic. Dokazali smo tudi sinergisticno delovanje ECT z
bleomicinom in vemurafeniba v BRAF V600E mutiranih melanomskin celicah.

Zakljuéki. Ucinkovitost ECT v BRAF mutiranih melanomskih celicah in njena potencirana u&inkovitost v kombinaciji z ve-
murafenibom in vifro kaze na klini€no uporabnost ECT pri bolnikin z melanomom z mutacijo BRAF in/ali med zdravljenjem z
inhibitorji BRAF.
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Odkritje ‘klik’ 1,2,3-triazolijevih soli kot
potencialnih antitumorskih ucinkovin

Steiner |, Stojanovi¢ N, Bolje A, Brozovic A, Polancec D, Ambriovi¢-Ristov A,
Radi¢ Stojkovi¢ M, Piantanida |, Eljuga D, Kosmrlj J, Osmak M

Izhodis¢a. Da bi povecali uCinkovitost zdravljenja raka, smo pripravili in testirali nove potencialno antitumorsko aktivhe
spojine. Porocamo o testiranju novega tipa spojin, 1-(2-pikolil)-, 4-(2-pikolil)-, 1-(2-piridil)- in 4-(2-piridil)-3-metil-1,2,3-triazolijevin
soli ter njihovih 1,2,3-tfriazolskin prekurzorjev.

Metode. Citotoksi¢nost novin spojin smo dolocali s spekfrometriénim testom 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolijev bro-
mid (MTT) na vec tumorskinh in eni normalni celicni liniji. UCinek vezave izbranih spojin na dvojno vijacnico DNA (ds DNA) smo
ugotavljali s testiranjem vpliva na termi¢no stabilnost DNA tele¢jega timusa, medtem ko smo vpliv na celi¢ni ciklus dolocevali
s pretocno citometricno analizo. Tvorbo reaktivnih kisikovih spojin (ROS) smo dolo¢evali z dodatkom specificnega substrata,
5-(in-6)-klorometil-2',7'-diklorodihidrofluorescein diacetata, acetil estra (CM-H,DCFDA).

Rezultati. Osnovni triazoli na splosno niso aktivni, medtem ko so triazolijeve soli zelo citotoksine na celice Hela. Triazolijeve
soli so pokazale veliko specifi€no citotoksiCnost na razii¢ne tumorske celice. Ena od spojin, 3-metil-4-(4-metoksifenil)-1-(2-
-pikolil)-1H-1,2,3-triazolijev heksafluorofosfat(V) (2b), je bila bistveno bolj citotoksicna na tumorske kot pa na normalne celice, z
visokim terapevtskih indeksom 7,69 za celice plijucnega raka H460. Ta spojina je bila podobno aktivha na osnovne celice raka
grla HEp-2 in na njihovo na zdravila odporno podiinijo 7T, kar kaze na njen potencial v zdravljenju na zdravila odpornih rakov.
Spojina 2b je ustavila celice v G1 fazi celicnega cikla. Ni vezala ds DNA, temvec je inducirala ROS v obdelovanih celicah,
kar je sprozilo celi¢no smrt.

Zakljuéki. Nasi rezultati nakazujejo, da je smiselno nadalievati raziskave ‘klik’ triazolijevih soli kot antitumorskin ucinkovin.
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