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lon channels in the cancer hallmarks
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* Novel achievements:
* K* channels networking (Kca 3.1 and hERG1)

* Targeting specific hERG1 conformational states



The networking of Potassium channels
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The combined activation of K-.,3.1 and
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contribute to overcome Cisplatin resistance
in colorectal cancer cells
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HCT-116 HCT-8
Ct value AEgne Pf Ct value i 9f
expression expression
(a.u.) (a.u.)
KCNH1 36.33+1.29 0 36.47+1.24 0
KCNH2 25.31+0.66 2 27.57+0.93 1
KCNA3 31.79+0.36 0 29.76+0.28 0
KCNMA1 31.3841.15 0 32.04+0.53 0
KCNN3 28.93+0.57 0 35.03+2.04 0
KCNN4 22.4610.44 2 30.04+1.53 0
SLC31A1 22.61+0.26 2 22.31+£0.32 2
SLC31A2 32.26+0.71 1 30.54+0.39 0
ATP7A 26.09+0.98 1 23.45+0.29 2
ATP7B 26.71+0.48 1 24.69+0.28 2
LRRC8A 27.15+0.34 1 28.39+0.45 0
LRRC8D 26.38+0.58 1 28.04+0.09 0
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Cisplatin-resistant CRC
cells express higher levels
of KCa3.1 and Kv11.1
channels compared with
Cisplatin-sensitive cells



In resistant cells, KCa3.1 activators (SKA-31) and Kv11.1 inhibitors
(E4031) had a synergistic action with Cisplatin in
triggering apoptosis and inhibiting proliferation.

Table 1A. IC;, values and effects on apoptosis and cell cycle distribution of Cisplatin, Riluzole, SKA-31, TRAM-34 and E4031 in

HCT-116 and HCT-8 cells

Apoptosis " Cell cyce
| Csolm) | Concentration of the drug () | Early apoptosis (%)] Late apoptosis ()| GO/G1 (%) | S (%) G2/M (%)

HCT-11&

Control — 1.0t 0.6 0.8£0.5 A 2h5% 37 169 64

Cisplatin 252+21 25 591 1.0 5315 480145 392+ 25 128t33
P=0.001 P= 0009 P =0.00% P=1L018

Riluzole 25110 10 13.6% 37 10341 s161 460 261+ 88 223£31
P= 0,004 P= 01028 P =0004 =002

SEA-31 23x03 3 1.0% 0.9 35109 253x24 3ax L7 133x57
F=0.000 P=0.015 P =0.008& P=10.028

TRAM-34 244118 25 P48t 21 6109 505+32 342150 154+7.4
P= 0.0 P= 0,000

E4031 G614 ) 52+ 1.2 41+£1.0 514143 264141 223+61
P=0.005% P= 01010 P=0010 P=0.012

HCT-8

Control — 08t 0.3 1.21£03 07124 5384 3.3 15519

Cisplatin B7t14 k) 5.5+ 1.4 1344172 $H9413 434+ 19 a7+£31
P=0.008 P=0.018 P=0019 P=0.002 P= 0041

Riluzole 129107 13 146109 40£1.2 B5%£34 671 4.3 B45£56
P=0.008 P= 01035 P =0003 P=0.000 P= 0000

SEA-31 #FT14 45 3.0% 04 102150 4rht34 9L 87 12461100
P=0.001 P=0.011 P=0021 P= L0454

TRAM-24 2111 el 32 1.2 27x1.0 [ o 2891 45 B2x7.4
P=0012 P= 01019 P=00248 P= 0024

E4031 133x13 13 28% 1.9 28x0.7 252104 alax 22 177224

P=0.015 P=0012

Koo values were detesmined afer 2 b of treatment by fhe Trypan Blue exchsion test, using the Dhgin Softeware. Apoptosis and cell oyde distibutions were evaluated by teating the cells with

the drug concentrations indicated in the third column for 24 h. The pescentage of cells in early (hnnexin +/Fl — cells) and late apoptosss [nnecin + /P + cells) was determined by Snnecing/F

msay as detailed in the Maieriak and Methods section. Cell opdle distibution was msessed by fiow cyptomety afier staining the cells with propidium iodide (Pl and & indicated 2= the

percentage of cells in the different cell cycle phases. Data are means T s em. of theee independent experiment, sadh camied out in taplicate. For sttistical analsis, Student's ttest was

appled.




Table 1B. Combination index and percentage (36) of
apoptotic HCT-116 cells after different treatment

com binations

I Apoptosis !
Early Late

Drug (concentration | Combination apoptotic apoptotic
am) index at ICgy | Effect cells [3&) cells [3&)
Cisplatin (25) — 5910 3% 15
Cisplatin 0./0+£008 |5 106£1.3 17.6£33
25) + Rilizole (10) P=0.021 P=0.0146
Cisplatin (25) + SKA- 0642011 |5 125139 101224
31(5)
Cisplatin 266078 | A 1281346 Brt1a4
{25) + TRAM-34 (25) P=0.014
Cisplatin 25) + 0.68 007 |5 BD 03 132134
E4031 {7 P=0.042
Cisplatin 0472005 |5 ND MO
25) + Riluzole
{10)+ E40321 {7)
Cisplatin (25) +SKA- 069 +014 | 5 ND MO
31 (&) + E4031 {7)
Cnealipl atin 098001 |5 ND MO
&0) + Rilizole (10)
Cnealipl atin 0.71£005 |5 WD WD
H0)+5KA-31 [5)
Onealipl atin 3362034 | A ND ]
{50) + TRAM-34 (25)
Onealipl atin 0832001 |5 ND MO
@0)+ BE4021 {7)
Abbreviation: ND =not determined. Cl=1, antagonism (&); Ol =1, additivity {ad); Cl<1,
synergy (5. HOT-114 cels were esposed to Ceplatin or Chaliplatin in combination with
Rikuzole, SKA-31, TRAM-34 and B for 24h 2 desoibed in Fillozi et al, 2311, All the
drugs wes wmed at dug concentrations indicated in fe fist whemne Data are
means ts.em. of theee independent esperiments, each camied out in Fiplicate. O values
weeme caloulated using the Cabusn sofreare Version 2 (Bicsoft). For stafistical analysis,
Swdent's t-test was applied.
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Cisplatin uptake into resistant cells depended on KCa3.1
channel activity, as it was potentiated by KCa3.1
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Activators of K.,3.1
channels
(SKA-31, Riluzole) 0

O
Inhibitors of K,11.1 @
channels 0 /N

+
(E4031) / T K 4 CI, organic osmolytes
‘\‘ Ke.3.1

VRAC

The activation of K.,3.1 modulates
the VRAC-dependent uptake of
Cisplatin (Jentsch et al, 2016).
Blocking K,11.1 increases the
uptake of Cisplatin, which relies on
the activity of K.,3.1 channels.



Kv11.1 blockade led to increased KCa3.1 expression and
thereby stimulated Cisplatin uptake.

Number of cells with active Slope fold Current density
Kca3.1 current/total cells (%) variation (pA/pF)
Control 16/18 (89%) 34+0.6 221124
E4031 14/18 (78%) 51+0.6 422 +25
TRAM-34 0/11 (0%) = =
TRAM-34 +E4031 517 (71%) 1.7+ 0.2 3.2+ 0.8
600- TRAM-34 600- TRAM-34+E4031
< 400 Lo .
<& 3400
£ 200 =200 SKA-31
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3 O Control § 01 Control
-200+ -200
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Cisplatin-resistant cells exhibit
higher functional expression of
K;3.1 and K,/11.1 channels,
compared with Cisplatin-
sensitive cells.

Inhibitors of K,11.1

channels The two channels are
E4031) @ . K31 K* . :
T a1 functionally related in these
cells:

(1)they set VREST to more
hyperpolarised values;

I’ &
|

K+
K,11.1

(2)their expression is
coordinated, one
compensating for the other:
prolonged (24h) inhibition of
Kvll.l currents leads to
upregulation of functional
KCa3.1 channels.

z5 /s
W |
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Table 2. Summary of the effects of K channel modulators (Riluzole, SKA-31, TRAM-34 and E4031) on different biclogical

processes of HCT-116 cells
| Cisplatin |
Drug Virest Platinum uptake Cell viability Apoptosis Cell cycle
Riluzole Hypempolarsation 1 | &) 11 1 % of cellsin G2/M
SKA-31 Hypenpol arsation 1 |l {5 TT t % of cellsin G2/M
TRAM-34 Drepod arisation l (A 11 11 % of cellsin G2/M
E4031 Drepol arisation 1 | 5 11 T % of cellsin G2/M
Abbrevistione | =decesse, T =inoease, TT=stong inoease, ()= antagonism, (5] = spnemy. Ve was determined in oells teated with the sngle K+ chame] mooulstors alone; Pla timm

uptake, cell viability, apoptoss and cell opdle data are relative o treatments in combimation with Ceplatin 2904). Experimental data and concentrations used ame from Table 18, Figures 2-4 and

Supplementary Table 57.
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The concomitant activation of
Kc.,3-1 and inhibition of K,11.1
potentiates the pro-apoptotic
activity of Cisplatin, both in
vitro and in vivo, and
contributes to overcome
Cisplatin resistance.



hERG1

Journal of Physiology (1995), 489.2, pp.455-471

A novel inward-rectifying K* current with a cell-cycle
dependence governs the resting potential of mammalian
neuroblastoma cells

Annarosa Arcangeli* Laura Bianchi, Andrea Becchetti, Laura Faravelli,
Marcella Coronnello T, Enrico Mini f, Massimo Olivotto* and Enzo Wanke }
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Strategies to target hERG1 in cance

I

v'Use of non cardiofoxic hERG1 blockers

v' Targeting the molecular differences between “turmour’

and ‘cardiac” hERG1:

Glioblastoma
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aaaaaaa
Leukemia . . Colorectal

Clinical -
/- -~ hERG k;\

CCR Translations
Cancer =
Research J Eelllkerﬁal
hERG Channels: From Antitargets to Novel Targets Cel sm.ﬂ. cg" mvasion p Malanoma
Tumor therapy Pancreas
for Cancer Therapy = Cell prolfieration - Neoanglogenesis No cardiotoxicrty Stomach
Annarosa Arcangeli' and Andrea Becchetti & 2016 Americen Assacistion for Cancer Resaarch
AAGR

Selected hERG blockers
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G]T%ma

CCR Translations

Fgure 1
Left, hERG ks often overexpressed on the plasma membrane of diferent h

and necang ogenesis. Right. inhibiting hERGlin diffenant types of cancer cells

inolicated by the black oress) k a posible drategy for anticancer therapy.

uman cancer oells. |t regulates fumor cell profiferation, survival, migraticn,nva sveness,
({red lghtning boits) by using salactive biockers thatdo not produce cardiac amhythmi (x
The article by Podnter and colleagues (T) suggests hat this £ feasibie in glioblacinma.

Such a strategy may be effective in other cancers (shown in gray) in which hERG ks overexpressed and has been shown to regulate neoplastic progression.



SCIENCE SIGNALING | RESEARCH ARTICLE

CANCER

The conformational state of hERG1 channels
determines integrin association, downstream signaling,
and cancer progression

Andrea Becchetti,’ Silvia Crescioli,” Francesca Zanieri,2 Giulia Petroni,? Raffaella Mercatelli,?
Stefano Coppola,* Luca Gasparoli,” Massimo D’Amico,’ Serena Pillozzi,” Olivia Crociani,*
Matteo Stefanini,®> Antonella Fiore,” Laura Carraresi,” Virginia Morello,®* Sagar Manoli,”
Maria Felice Brizzi,” Davide Ricci,® Mauro Rinaldi,® Alessio Masi,”" Thomas Schmidt,*
Franco Quercioli,”> Paola Defilippi,* Annarosa Arcangeli®*

2017 © The Authors,
some rights reserved;
enclusive licensee
American Association
for the Advancement
of Science.



hERG1 and the betal integrin subunit are directly
inked
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hERGI1 and the betal integrin subunit are directly

linked.....neither the N- or C-termini are involved
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hERGI1 and the betal integrin subunit are directly

inked.....neither the N- or C-termini are involved
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The hERG1 conformational state determines (the

closed state favours) integrin association
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The hERG1 conformational state determines (the
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The hERG1 conformational state determines (the
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K* flux regulates integrin signaling (FAK phosphorylation)
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The hERG1 conformational state determines (the closed state
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The hERG1 conformational state determines (the closed state

favours) integrin association......and tumor metastasis (MDA-
MB-221 hreast cancer cells)

LS S ]

MDA-ME-231 hERG1 hERG1-K525C  hERG1-R331C

Local tumor growth

Mumber of tumaor masses (%) /10 (90%) 110 (100%%) 2110 (20%)
Maedian tumar volume (mm?) 150 (19-300) 122 (33-300) 212 (33-300)
Melastases

Inguinal lymph nodes

Mumber of mice with macroscopic 215 (40%) 05 (%) 35 (60%)

metastases (%)
Lung

Mumber of mice with macroscopic 215 (40%:) Q5 (0a) A5 (BO%)
metastases (%)



The hERG1 conformational state determines (the closed state

favours) integrin association......and tumor metastasis (MDA-
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2) Activation of B1 integrins
and hERG1 currents

3) hERG1 activation induces the

early FAK auto-phosphorylation
and the downstream signalling

I'-‘.‘ ¥

4) Formation of the complex
between B1 and hERG1 channels,
that progressively shift toward the
non conducting state

5) Integrin-dependent
cytoskeleton reorganization

|

Tumour proliferation and
metastasis
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Disrupting the hERG1/B1 integrin
complex inhibits tumor metastasis

Lung and Lymph Nodes Metastasis

Drugs/molecular tools l ? .
which unlock the hERG1/B1 E [ E

integrin complex




The hERG1/41 complex occurs in tumour cells, but not
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... because tumour cells do not express “canonical’

(KCNEZX) beta subunits
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hERG1 and 31 integrin associate in
human cancer tissue but not cardiac
tissue.

In heart
B1INTEGRIN

B1INTEGRIN

In tumors
B1INTEGRIN



Future .... Blockade of the hERG1/1
integrin complex

In tumors
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hERG 1/integrin-based immunotherapy: bifunctional
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antibodies
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