METALLOHELIX VECTORS FOR EFFICIENT GENE DELIVERY
VIA CATIONIC DNA NANOPARTICLES

The design of efficient and safe gene delivery vehicles remains a
major challenge for the application of gene therapy. Of the many
reported gene delivery systems, metal complexes with high affinity
for nucleic acids are emerging as an attractive option. We have
discovered that certain metallohelices—optically pure, self-
assembling triple-stranded arrays of fully encapsulated Fe—act as
nonviral DNA delivery vectors capable of mediating efficient gene
transfection. They induce formation of globular DNA particles which
protect the DNA from degradation by various restriction
endonucleases, are of suitable size and electrostatic potential for
efficient membrane transport and are successfully processed by
cells. The activity is highly structure-dependent—compact and
shorter metallohelix enantiomers are far less efficient than less
compact and longer enantiomers.
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VNASENI CIZORODE DNA DO JADRA EUKARYOTICKYCH BUNEK
PROSTREDNICTVIM NANOCASTIC Z MOLEKUL DNA VYTVORENYCH
S POMOCIi ZELEZNATYCH HELIKALNICH KOMPLEXU

Vyvoj ucinného a bezpecného nosice (vektoru) pro prenos
(transfekci) cizorodé DNA (genu) do jadra bunky zlstava jednim z
hlavnich problémd, které je nutné vyresit pro Uspésné pouziti genové
terapie. Jednou z mozZnosti, které se pro transfekci nabizeji, je vyuZit
kovové komplexy, které se vyznacuji vysokou vazebnou afinitou k
DNA. Nase vysledky prokazaly, Ze urcité druhy Zeleznatych helikalnich
komplexU je mozné Uspésné vyuzit jako nevirové vektory pro pfenos
gen(l do bunék. Zeleznaté helikdty po smichani s molekulami DNA
vytvafi nanocdstice o vhodné velikosti (100-300nm), s kladnym
povrchovym ndbojem, které se Uspésné transportuji pres bunéénou
membranu a jsou schopny dopravit DNA az do bunécéného jadra, kde
dojde k jejimu zpracovani. U&innost helikat(i silné zavisi na jejich
strukture, pricemz kratsi a kompaktnéjsi helikaty jsou mnohem méné
ucinné nez ty delSi a méné kompaktni.
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DISCOVERY OF NEW PLATINUM ANTITUMOR AGENTS
THAT KILL CELLS BY A MULTIMODAL MECHANISM OF
ACTION

We show that the Pt(IV) derivatives of cisplatin, oxaliplatin and
other anticancer Pt(ll) complexes with various biologically active
axial ligands act by multimodal MoA. This MoA results in the global
biological effects, that is, the Pt(IV) derivatives damage nuclear
DNA, reduce the mitochondrial membrane potential, induce the
epigenetic processes, and last but not least, the data provide
evidence that changes in the organization of cytoskeleton networks
are functionally important for some Pt(IV) derivatives, in contrast to
clinically used platinum cytostatics, to kill cancer cells.

NOVE PLATINOVE PROTINADOROVE LATKY S

MULTIMODALNIM UCINKEM

Nase vysledky ukazuji, Ze ¢tyfmocné derivaty cisplatiny, oxaliplatiny
a dalSich dvojmocnych protinadorovych platinovych komplexd s
rdznymi biologicky aktivnimi axidlnimi ligandy maji multimodalni
ucinek, ktery se projevuje poskozenim jaderné DNA, sniZenim
membranového potencidlu v mitochondriich a vyvolanim
epigenetickych proces(l. Ziskand data navic dokazuji, Ze ¢tyfmocné
derivaty, na rozdil od dvojmocnych, poskozuji bunécny cytoskelet
takovym zpusobem, Ze dochdzi ke smrti nddorovych bunék.

Kostrhunova, H.; Zajac, J.; Novohradsky, V.; Kasparkova, J.; Malina, J.; Aldrich-Wright, J. R.; Petruzzella, E.; Sirota, R.; Gibson, D.; Brabec, V. A subset of new platinum antitumor agents kills
cells by a multimodal mechanism of action also involving changes in the organization of the microtubule cytoskeleton. J. Med. Chem. 2019, 62, 5176-5190. IF= 6.054. Kostrhunova, H.;
Petruzzella, E.; Gibson, D.; Kasparkova, J.; Brabec, V. A new anticancer Pt(lV) prodrug that acts by mechanisms involving DNA damage and different epigenetic effects. Chem. Eur. J. 2019,
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A PHOTOACTIVATABLE PLATINUM(IV) COMPLEX
TARGETING GENOMIC DNA AND HISTONE DEACETYLASES

We reported toxic effects of photoactivatable platinum(IV) complex
conjugated with suberoyl-bis-hydroxamic acid in tumor cells. The
conjugate exerts, after photoactivation, the two functions: activity of
both platinum(ll) anticancer drug and histone deacetylase (HDAC)
inhibition in cancer cells. The novelty of this approach resides in the
use of a Pt(IV) pro-drug, acting by two independent mechanisms of
biological action in a cooperative manner, which can be selectively
photoactivated to cytotoxic species in and around a tumor thereby
increasing selectivity towards cancer cells. The results suggest that
this new strategy is a valuable route to design new platinum agents
with higher efficacy for photodynamic anticancer chemotherapy.
Recent advances in laser and fiber-optic technologies make it
possible to irradiate also internal organs with light of highly defined
intensity and wavelength.
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FOTOAKTIVOVATELNE PLATINOVE KOMPLEXY PUSOBICI
SOUCASNE NA GENOMICKOU DNA A HISTONOVE
DEACETYLAZY

Predmétem vyzkumu bylo cytotoxické pusobeni fotoaktivovatelnych
¢tyfmocnych platinovych komplexd obsahujicich suberoyl-bis-
hydroxamovou kyselinu na nddorové buriky. Zkoumané platinové
komplexy se po fotoaktivaci v nadorovych burnkdch a ndsledné
disociaci axidlnich ligandli rozpadnou na dvé aktivni latky:
protinddorové aktivni dvojmocny platinovy komplex a inhibitor
histon deacetylazy (HDAC), ¢imZz dojde k aktivaci dvou nezavislych,
kooperativnich mechanism( pUsobeni. Vysledky ukazuji, Ze tato
strategie muze byt pfinosnd pfi vyvoji novych platinovych cytostatik,
které by se daly pouzit pro fotodynamickou protinddorovou
chemoterapii. Pokroky ve vyvoji laserll a technologii optickych vildken
umozniuji ozarovat i interni organy svétlem o vhodné vinové délce a
dostatecné intenzité zareni.
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THE ANTICANCER ACTIVITY OF THE NEW PHOSPHORESCENT
IRIDIUM(II]) COMPLEXES SUITABLE FOR PHOTODYNAMIC
THERAPY ACTING AS PROTEOSYNTHESIS INHIBITORS

The phototoxicity in cancer cells of three series of octahedral Ir(lll)
complexes of general formula [Ir(C*N),(N~N)][PF.], where the N~N
ligand is dipyrido[3,2-a:2',3'-c]phenazine (dppz) and the CAN ligands are
deprotonated 2-phenyl-, 2-(naphthalen-2-yl)- or 2-(thiophen-2-yl)-
benzimidazole derivatives (series 1, 2 and 3, respectively) with different
substituents (H, methyl or 4-(trifluoromethyl)benzyl) on the imidazole
units, has been studied. The compounds were found to be photoactive
in model human cervical cancer Hela cells (ICs, about 20 nM under
irradiation conditions, A,,. = 420 nm), inducing a substantial formation
of apoptotic bodies as shown by flow cytometry. Some of these
compounds showed the high phototoxic indexes. Notably, the
antiproliferative activity of the photoactivated Ir(lll) compounds was
also significant under hypoxic conditions (2 % O,). Further
investigations on series 3 compounds have shown that molecular
superoxide radical (O,*) generation is the main responsible for the
oxidative stress induced by irradiation of the cells treated with the 2-
(thiophen-2-yl)benzimidazole derivatives 3a-c. The photopotentiation
of compounds of series 3 also involves the formation of singlet oxygen
(!0,). The results also showed that in tumor Hela cells, the generation
of superoxide radicals competed with singlet oxygen production in cells
in normoxia, but became dominant under hypoxia.

PROTINADOROVA AKTIVITA NOVYCH
FOSFORESCENCNICH TROJMOCNYCH IRIDIOVYCH
KOMPLEXU  VHODNYCH PRO  VYUZITi VE

FOTODYNAMICKE TERAPII

Pfredmétem zkoumani byla fototoxicita vici nadorovym burikam u
tri sérii (série 1, 2 a 3) oktaedrdlnich trojmocnych iridiovych
komplexi s obecnym vzorcem [Ir(CAN),(N~N)]J[PF,], kde NAN
ligand predstavuje dipyrido[3,2-a:2',3'-c]phenazine (dppz) a CAN
ligandy jsou deprotonované derivaty 2-phenyl-, 2-(naphthalen-2-
yl)- nebo 2-(thiophen-2-yl)- benzimidazolu s riznymi substituenty
(H, metyl nebo 4-(trifluoromethyl)benzyl) pfipojenymi k
imidazolu. Komplexy po ozafeni byly aktivni vici lidskym
nadorovym Hela buriikam (IC;, bylo ~20 nM pfi pouZiti svétla o
vinové délce, A, = 420 nm), pficemz dochazelo k tvorbé
apoptotickych télisek, jak prokazala pratokova cytometrie.
Nékteré z komplexd vykazovaly vysoké fototoxické indexy.
Antiproliferativni aktivita komplex(i byla vyrazna i v pfipadé
hypoxickych podminek (2% 0O,). Dodate¢né experimenty s
komplexy 3a-c odhalily, Ze hlavnim zdrojem oxidativniho stresu v
burikach je tvorba superoxidového radikalu (O,™*). Po ozareni
komplexl ze série 3 také dochazelo ke vzniku singletniho kysliku
(!0,). U Hela bunék v hypoxickych podminkdch produkce
superoxidovych radikal(i dominovala, zatimco v pfipadé normoxie
byla tvorba obou typ( radikald vyrovnana.

Novohradsky, V.; Vigueras, G.; Pracharova, J.; Cutillas, N.; Janiak, C.; Kostrhunova, H.; Brabec, V.; Ruiz, J.; Kasparkova, J. Molecular superoxide radical photogeneration in cancer cells by
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IRON(II) SUPRAMOLECULAR HELICATES INTERFERE WITH
THE HIV-1 Tat-TAR RNA INTERACTION CRITICAL FOR VIRAL
REPLICATION

The binding of the viral trans-activator protein (Tat) to the TAR RNA is
an essential step in the HIV-1 replication cycle. Therefore, the blockage
of the Tat-TAR interaction is a potential route for AIDS chemotherapy.
Compounds that bind to TAR RNA, and prevent binding by Tat, could
disrupt processive transcription and thereby inhibit viral growth.

The interaction between the HIV-1 transactivator protein Tat and
TAR (transactivation responsive region) RNA, plays a critical role in HIV-
1 transcription. Iron(ll) supramolecular helicates were evaluated for
their in vitro activity to inhibit Tat-TAR RNA interaction using UV
melting studies, electrophoretic mobility shift assay, and RNase A
footprinting. The results demonstrate that iron(ll) supramolecular
helicates inhibit Tat-TAR interaction at nanomolar concentrations by
binding to TAR RNA with high affinity. Thus, iron(ll) supramolecular
helicates inhibit the HIV-1 Tat-TAR interaction at notably lower
concentrations than many inhibitors of Tat-TAR binding so far tested.
These studies provide a new insight into the biological potential of
metallosupramolecular helicates.

ZELEZNATE SUPRAMOLEKULARNI HELIKALNi KOMPLEXY
BRANI INTERAKCI TAR RNA S Tat PROTEINEM, KTERA JE
KRITICKA PRO REPLIKACI VIRU HIV-1

Vazba proteinu Tat (viral trans-activator protein) na TAR
(transactivation responsive region) RNA je kli¢ovy krok v replikaci viru
HIV-1. Zablokovani této vazby tudiZ predstavuje jednu z moznych
cest, které by Slo vyuZzit pfi |écbé AIDS. Latky schopné navazat se na
TAR RNA a zabrdnit vazbé proteinu Tat by mohly blokovat transkripci
viru HIV-1. Zeleznaté supramolekularni helikdlni komplexy byly
zkoumany z hlediska jejich schopnosti blokovat Tat-TAR RNA interakci
s vyuzitim rlznych biofyzikalnich technik in vitro. Vysledky ukazaly, Ze
helikaty v nanomolanich koncentracich inhibuji Tat-TAR RNA interakci
tim zpUsobem, Ze se vazi s vysokou afinitou na centrdlni strukturu v
TAR RNA. Zeleznaté helikaty tedy blokuji vazbu Tat-TAR RNA pfi
nizSich koncentracich nez fada dalSich inhibitorQ, které byly do té
doby testovany.

HIV-1 TAR RNA

Malina, J.; Hannon, M. J.; Brabec, V. Iron(Il) supramolecular helicates interfere with the HIV-1 Tat—TAR RNA interaction critical for viral replication. Sci. Rep. 2016, 6, 29674. IF=4.011.



SUBSTITUTION-INERT POLYNUCLEAR PLATINUM COMPLEXES ACT AS VERY
POTENT INDUCERS OF CONDENSATION/AGGREGATION OF DNA AND RNA
INCLUDING THEIR SHORT FRAGMENTS THAT MIGHT HAVE POTENTIAL IN
GENE THERAPY, BIOTECHNOLOGY, AND BIONANOTECHNOLOGY

The substitution-inert polynuclear platinum complexes (SI-PPCs) represent a
unique group of platinum-based anticancer agents that exhibit high affinity
towards nucleic acids. We investigated the effects of SI-PPCs containing
dangling amine groups in place of NH; as ligands to increase the length of
the molecule and therefore overall charge and its distribution. The results
obtained with the aid of biophysical techniques, such as total intensity light
scattering, gel electrophoresis and atomic force microscopy show that
addition of dangling amine groups considerably augments the ability of SI-
PPCs to condense/aggregate nucleic acids. Moreover, this enhanced
capability of SI-PPCs correlates with their heightened efficiency to inhibit
DNA-related enzymatic activities, such as those connected with DNA
transcription, catalysis of DNA relaxation by DNA topoisomerase | and DNA
synthesis catalyzed by Tag DNA polymerase. Thus, the structures of SI-PPCs,
which differ so markedly from the derivatives of cisplatin used in the clinic,
appears to contribute to the overall biological activity of these molecules.

NEKOVALENTNE INTERAGUJICi VICEJADERNE PLATINOVE
KOMPLEXY ~ SCHOPNE S  VYSOKOU _UCINNOSTI
KONDENZOVAT/AGREGOVAT DNA A RNA, VCETNE KRATKYCH
FRAGMENTU, MOHOU NALEZT VYUZITI V GENOVE TERAPII,
BIOTECHNOLOGII A BIONANOTECHNOLOGI

Nekovalentné se vazici vicejaderné platinové komplexy (SI-PPCs)
predstavuji unikatni skupinu platinovych protinddorové aktivnich
latek, které vykazuji vysokou afinitu k nukleovym kyselinam.
Pomoci biofyzikdlnich technik, jako jsou rozptyl svétla, gelova
elektroforéza a mikroskopie atomarnich sil, jsme zkoumali vliv
prodlouzeni molekul platinovych komplexd v dlsledku vymény
jednoduchych —NH; skupin za delsi -H,N(CH,)cNH; skupiny na
interakce s DNA a RNA. Vysledky prokazaly, Zze prodlouzeni
platinovych komplexid, zvySeni naboje a moZnost vytvaret
dodate¢né vodikové vazby, vyrazné zvysily schopnost téchto
latek kondenzovat/agregovat DNA a RNA a inhibovat
enzymatické aktivity spojené s DNA, jako jsou transkripce,
replikace nebo relaxace DNA prostiednictvim topoizomerazy I.
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DISCOVERY OF SELECTIVE, ANTI-METASTATIC AND ANTI-
CANCER STEM CELL METALLOHELICES

Lehn envisaged in his original report that helicates — self-assembling
multimetallic coordination compounds - may find uses in
biochemistry. Helicates and related metallofoldamers, synthesised by
dynamic self-assembly, represent an area of chemical space
inaccessible by traditional organic synthesis, and yet with potential for
discovery of new classes of drug. We reported that water-soluble,
optically pure Fe(ll)- and even Zn(ll)-based triplex metallohelices are an
excellent platform for post-assembly click reactions. By these means,
the in vitro anticancer activity and most importantly the selectivity of a
triplex metallohelix Fe(ll) system is dramatically improved. For one
compound, a remarkable array of mechanistic and pharmacological
behaviours is discovered: inhibition of Na*/K* ATPase with potency
comparable to the drug ouabain, antimetastatic properties (including
inhibition of cell migration, re-adhesion and invasion), cancer stem cell
targeting, and finally colonosphere inhibition competitive with the
drug salinomycin. This study was performed in collaboration with
researchers of the University of Warwick in England.

SELEKTIVNi  HELIKALNi KOVOVE KOMPLEXY S
ANTIMETASTATICKOU AKTIVITOU A UCINKY VUCI
NADOROVYM KMENOVYM BUNKAM

Supramolekuldrni kovové helikalni komplexy predstavuji zcela novou
skupinu latek, které by nebylo moiné ziskat s vyuZitim tradicni
organické syntézy, a proto maji tyto latky potencial pfi vyvoji novych
|é¢iv. Pfredmétem vyzkumu byly Zeleznaté a zinecnaté kovové
helikaty, které bylo navic moiné dodate¢né modifikovat pomoci
Jclick” reakci. Diky tomu se podafilo dramaticky zvysit
protinddorovou aktivitu a selektivitu Zeleznatych helikat. U jednoho
ze zkoumanych zastupcl této skupiny byla dikladné prozkoumana
jeho biologicka aktivita a prokazaly se nasledujici ucinky: velmi
ucinna inhibice Na*/K* ATPazy, antimetastatickd aktivita zahrnujici
inhibici bunécné migrace, invaze a re-adheze, inhibice nadorovych
kmenovych bunék a kone¢né aktivita vici nddorlim tlustého streva
srovnatelnd se salinomycinem. Tato studie byla provedena ve
spolupraci s kolegy z univerzity ve Warwicku v Anglii.
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