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Outline

* Expression and role of ion channels in cancer
* hERG1 potassium channels in cancer
* hERG1 channels: novel biomarkers in cancer

* hERG1 channels: novel therapeutic targets in
cancer

e Strategies to avoid cardiac side effects when
targeting hERG1 in cancer
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Targeting Ion Channels in Cancer: A Novel Frontier in Antineoplastic
Therapy
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hERG1 (Kv 11.1)

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 Coronnellot, Enrico Mini t, Massimo Olivotto* and Enzo Wanke {

G, (FCS 1%) @

G,-S (HU)

1 i
-28 -30 -32 -34 -38
V,,(mV)

Membrane potential (mV)



THE hERG

CARDIAC POTASSIUM
CHANNEL:

STRUCTURE, FUNCTION AND

 hERG1 is expressed in the human heart (lkr)

* Point mutations of the hERG1 gene account for
inherited LQT syndrome

 hERG1 is mis- and over-expressed in several types of
human cancers where it regulates different aspect of
cancer cell behaviour (proliferation, resistance to
apoptosis, chemoresistance, angiogenesis, cell
migration, cell invasiveness)

INTRACELLULAR SIGNALLING
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Complex functional interaction
between integrin receptors and ion
channels
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Proteins, m.RNAs and the ER stress response
ErbB receptors
Intggrin-ion channel crosstalk Eaited by
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Integrin-channel complex: hERG1/B1
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VEGFR-1 (FLT-1), &1 integrin, and hERG K+ channel for a

macromolecular signaling complex in acute myeloid leukemia: role in
cell migration and clinical outcome
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Chemotherapy reslstance In acute I';.r‘m|:iE oblastic leukemla requires
hERG1 channels and Is overcome by hERG1 blockers
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The hERG1/B1 integrin complex in CRC

v 5 I
SCIENTIFIC 5’(“}*3”,\5;;;_-_{(
REPLIRTS 2t O,

oren  hERG1 channels modulate integrin
o Signaling to trigger angiogenesis and
ceswons  yymor progression in colorectal cancer
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The hERG1/B1 integrin pathway in CRC

ANGIOGENESIS




 Molecular data (RQ-PCR)

* Immunohistochemistry (IHC) data
* Flow cytometry data

* Functional data

hERG1: novel cancer biomarker



COLORECTAL CANCER

lTranslationaIOnco[ogy Volume 5 Number 2 Aprl 2012 pp. 106-112

www.transonc.com ‘

hERG1 Channels and Glut-1

as Independent Prognostic
Indicators of Worse Outcome in
Stage I and II Colorectal Cancer:

A Pilot Study’

hERG1 positivity with Glut-1 negativity
identifies a patient group with poor
prognosis within stage |-ll CRC.
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PANCREATIC CANCER
(PDAC)

Keywords: pancreatic ductal adenocarcinoma (PDAC), hERG1 potassium channels; EGF-R; prognesis; molecular-imaging

v hERG 1 1S an hERG1 channels drive tumour malignancy and
may serve as prognostic factor in pancreatic

. .
independent prognostic -
ductal adenocarcinoma
[ ] E Lastraioli"'®, G Perrone®®, A Sette', A Fiore!, O Crociani', S Manoli™'?, M D*Amico’, M Masselli’, J lorio’,
facto r I n P DAc h E RG 1 M Callea®, D Borzomati®, G Nappo®, F Bartolozzi®, D Santini®, L Bencini®, M Farsi®, L Boni’, F Di Costanza®,
A Schwab®, A O Muda?, R Coppola®'® and A Arcangel™''®

positive patients have
Table 2. Univariate and multivariate overall survival analyses and cumulative 1-year overall survival in stage | and Il patients
[}
a worse prognosis) o

Cumulative
proportion Hazard ratio LR test Hazard ratio LR test
Variable n n failed 1-year survival (95% Cl) (P value) (95% Cl) (P value)
Category
Gender
Female 19 15 0684 1 fef) 0869
Male 20 16 0700 0.94 0.46-1.92)
hERG1 test
e - TR, Negative 17 12 0882 1 fref) 1 (ref) ‘
c Intensity score=0 ijtewf/swe:t 2 ; Posiive 2 19 0545 223107466 212(101-4.48)
' ol R &4 & i EGFR test
v Negative 14 8 0677 1 ref) 0195
Positive 25 16 045 175 0.74-4.14)
hERG1 and EGF-R test
Both negative 9 [ 0889 1¢ef) 0067
Both positve 17 15 0529 285 (1.09-7.49)
One positive 13 10 0769 147 0.534.07)
TNM stage
| 16 10 075 1 (ref) 1(ref) 0.085
Il 2 2 0652 211 0.984.56) 2.00 (091-4.41)
Grading
Grade 1 3 2 0667 1 fref) 0461
Grade 2 2 17 0682 159 0.366.92)
Grade 3 14 12 0714 224 0.49-10.18)
Ki6?
<20% 2 16 0727 1 fref) 0346
220% 9 8 0667 1.53 £.65-3.63)
ne: Cl= con GF-R= Epideanal Growth Factor Receptor; hERG1 = human ether & go-go misted gane 1; LR=1log rank test. Signficant associstions (P<0.05) are




Use of anti-hERG1 Mab in vivo
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hERG1: novel therapeutic target in

oncology
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Targeting hERG1 in CRC: in vivo studies (s.c.)
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hERG1 targeting: orthotopic CRC model

ORTHOTOPIC MODEL

CONTROL Liver Liver staining

» 3
3§
'

metastasis H&E tumour cells
hMHCI positive

Liver Liver staining

no metastasis H&E tumour cells
hMHCI positive

CONTROL E4031

tumour cells tumour cells tumour cells
hMHCI positive H&E hMHCI positive H&E hMHCI positive




Table 1 | Quantitative evaluation of local tumor growth, invasion,
distant metastases and complications in control and E4031 -treated
mice (20 mg/Kg). (+++ = high number of neoplastic masses,
++ = several neoplastic masses, + = few neoplastic masses)

ORTOTHOPIC MODEL

Local tumor growth Control E4031
Coecum ++ + -
Invasion

Intesfin ++ -
Metastasis

Peritoneum ++ -
Diaphragm -+ -
Liver ++ -
Spleen ++ -
Kidneys + -

Complications
Ascites ++ -




hERG1 targeting: CRC metastasis model

LIVER METASTASES MODEL
A C
CONTROL CONTROL E4031

H&E

H&E

VEGF-A staining



Table 2 | Number of hepatic macroscopic and microscopic lesions
as well as % of necrotic area of livers reported in Fig. 7E-F. Further
descriptions are reported in Supplementary Information

LIVER METASTASES MODEL

Metastases Control E4031
Macroscopic metastases 19.3 + 3.50 9.85 = 4.80
Microscopic metastases (number/ 40+0.70 1.2+0.14

microscopic field)
% necrotic area/total metastases area 2.1 £ 0.30 8.55 = 0.36




hERG1 is considered an

THE hERG

CARDIAC POTASSIUM
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Strategies to target hERG1 in cancer
and avoid cardiotoxicity

!

Differences between “cardiac” and
“tumour” hERG1

* interaction with adhesion receptors of the
integrin family

e prevalence of hERG1B isoform in tumors
(leukemias)



hERG1 and 1 integrin interact directly:
intermolecular distance < 1nm
(FRET experiments)




The hERG1/B1 complex occurs in
cancers but NOT in the heart
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Conclusions

hERG1 directly complexes with integrins (31
subunit)

The hERG1/B1lcomplex occurs only in tumor
cells NOT in the heart

The hERG1/Blcomplex triggers intracellular
signaling
Targeting the hERG1/B1complex for cancer
therapy?
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Strategies to target hERG1 in cancer
and avoid cardiotoxicity

!

Differences between “cardiac” and
“tumour” hERG1

* interaction with integrin receptors (cell
adhesion)

e prevalence of hERG1B isoform in tumors
(leukemias)



hERG1B in cancer cells
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hERG1B in leukemias vs heart

Tm Jowmss o loaooacy. Cmmsen Vol oom, N 5, Lo ool Sy 31, . I0ET
D3 by Ther b Sy e [t iy mo Tiledmsalar S begry (o Promir’

Cell Cycle-dependent Expression of HERG1 and HERGIE Isoforms
in Tumor Cells*

Remrved for pobicrtion, Ocicher 22, 200L aad = mevsed. foe, Noveobar 12, 56080
Pebiisked, JHC Papars 1z Pross, Nesssbaer 12, moe, D0 10010767k Ma oz

Hivin Crecinndl, Leonsrdo Ouestil, Munwels Balvil, Andres Beochettil, Eneo Wanlet,
Mamcimo CHivotiol, Randy 5 Wymorsd, and Annsross Arcsngelif®*®

mJ?qu rimenisl’ Fhiiology and Dacol af Firenm, Viok & B M
5|1I.'|d Fl.rm.r. X H-H:t‘&g‘;:rh’nqr o e sgpicd S, rﬁmm#f I.ll.lJ:. Tidpa, Cinkenx ?ﬂﬁﬂ:
§Dezarimuet off (Timionl |.|'|.|.'u1'|!:|' Fl.rruu, Vicda Reromsin £ 50194 oo, the Whepa e of
Al kealopy o Fisrctemer Lntoerrity of Mo Panres dalln Sriewsa 8, 25096 "l]:n:, Ty

Leukemia (2014}, 1-4 @
& 2014 Macmillan Publishers Limited  All rights reserved 0887-6524/14

‘www.nature.com/leu

LETTER TO THE EDITOR
Differential expression of ZERGIA and hERGIB genes in
pediatric acute lymphoblastic leukemia identifies different A

) N-terminal sequences
prognostic subgroups

136
Pediatric Hematology and Oncology, 32:182-192, 2015 f wJ
Copyright  Informa Healthcare USA, Inc. informa

ISSN: 0888-0018 print / 1521-0663 online neatcare
DOI: 103109/08880018.2014.949941 unique  hydrophobic core

ORIGINAL ARTICLE

herg1b Expression as a Potential Specific Marker
in Pediatric Acute Myeloid Leukemia Patients
with HERG 897K/K Genotype
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Targeting hERG1B in leukemias
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New Pyrimido-Indole Compound CD-160130 Preferentially
Inhibits the Ky11.1B Isoform and Produces Antileukemic Effects
without Cardiotoxicity®
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Rawan Khuwaileh, Wolfgang Tiedke, Kenneth Mugridge, Alessandro Pratesi,
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JS.M.); BlackSwan Pharma GmbH, Leipzig, Germany (W.T., K.M.); Oncohematology Laboratory, Department of Woman and
Child Health, University of Padova, Padova, italy (G.B.); and Department of Biotechnologies and Biosciences, University of
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CD 160130 blocks hERG1

» PDE4 inhibition
Kv11.1 binding
m Cell killing




CD 160130 preferentially blocks hERG1B
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CD-160130 does not bind the F656 “canonical”
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CD-160130 blocks hERG1B in leukemias and has
antileukemic effect (in vitro)
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CD 160130 is cytotoxic for leukemias
(in vitro)

PS/Cell Line FAB (Immunophenotype) Cytogenetics 1B Gene Expression Mean ED,, (+ SEM)

of CD-160130
Arbitrary Units pM
Myeloid primary samples
and cell lines
AMI-1 (Pillozzi et al., AMIL-M4 (CD13+, CD33+, UNK 0.92 (1A: 12.20) 20% maximum
2007) CD14+, CD11b+, CD34+) killing at 50
AMI-2 (Pillozzi et al., AMIL-M1 (CD13+, CD34+, Complex 68.10 (1A: 18) 404 + 11.2
2007) HLDRA+)
KG-1 AML-M6 (CD34+, CD15+, Complex (Pelliceia 0.62 (1A: 24.76) 76 + 0.55
Cd13+, HLA A30+, et al.,, 2012)
A3l+, B35+)
FLG 29.1 AML-M5 (CD9+, CD13+, polyploidy, 3p+ 3413 (1A: 1086) 3.48 + 0.88

CD32+, CD42b+, CD51+,
CD54+, CD44+, CD61+,
CD45+, CD31+)

HL60 AML-M2 (Dalton et al., 1988) Pseudodiploid 94.70 (1A: 13.70) 6.65 + 0.26
(CD3-, CD13+, CD14—, CD15+,
CD19-, CD33+, HLA-DR-)

NB4 AML-M3 (CD3—, CD4+, CD11b—, +(15;17)(q22;q11-12) 196.72 (1A: 80.44) 7.02 + 0.31
CD13+, CD14-, CD15+,
CD19-, CD33+, CD34 -,
CD38+, HLA-DR-)



CD 160130 is cytotoxic for leukemias
(in vitro)

Lymphoid primary
samples and cell lines

B-ALL-1 L2 (early B) (CD34+, CD33+, t(8;14) 6.68 (1A: 0.03)" 56 = 1.5
CALLA+)

T-ALL-1 L2 (T) (aberrant expression of UNK 5.11 (1A: 0.76)° 06 = 0.2
CD34, CD117, and CD13)

REH pro-B-ALL (CD3—, CD10+, t(12; 21)(p13;q22) 120 (1A: 6.5) 6.66 + 0.22

CD13-, CD19+, CD34 -,
CD37—, CD38+, cyCDT9a+,
CD80—, CD138+, HLA-DR+,
sm/cylgG—, sm/eylgM—,
sm/cykappa—, sm/eylambda—)
697 pre-B-ALL (CD3 -, CD10+, t(1;19) 1200 (1A:85) 3.78 = 0.37
CD13-, CD19+, CD34—, CD37—,
CD38+, CD80—, HLA-DRE+,
smfcngG—, smIgM—, C.YIEM+:
sm/cykappa—, sm/eylambda—)
RS pre-B-ALL-L.2 (HLA DR+, t(4;11)(q21; q23) 0.16 (1A: 0.005) 7.0 =02
CD9+, CD24+) and 1(7q)



CD 160130 is cytotoxic for leukemias
(in vitro)

Primary Sample/Cell Binet Mean ECg; (= 5.D.) Mean ECg; (= SD.)

Line Stage  Cender Cytogenetice of CD-160130 of Fludarabine
pM M
CLL-004 B M UNK 1.48 + 0.55 0.56 + 0.03
CLL-005 A M 13q and 11q deletion 0.07 = 0.03 0.49 + 0.11
CLL-006 C F 13q deletion 2.47 + 0.39 0.49 + 0.05
CLL-017 B M 13q and 11q deletion 0.08 = 0.02 0.17 + 0.07
CLL-024 c F 13q deletion 8.33 = 0.29 ND
CLL-027 B F None 11.0 + 1.50 455 = 0.22
CLL-028 A F None 92.17 = 0.02 ND
CLL-030 B M 13q and 11q deletion 0.80 = 0.05 ND
CLL-036 A M UNK 152 + 3.74 ND
CLL-038 A M UNK 5.86 = 0.58 5.63 = 0.95
MEC-1 — — Near-diploid karyotype with 10% polyploidy-46(44- 5.36 + 0.94 0.22 + 0.03

47)<2n>XY. t(1;6)0(q22-23;p21); add(T)q1l); del(17)pll)

....but not for normal human bone marrow cells

Evaluation of CD-160130 toxicity in healthy human bone marrow colonies.

Resultzs of the overall colony numbers obtained with donogenic assay of three samples of healthy bone marrow treated with two different concentrations of CD-160130 (5 and 10 pM) are
reported. The different colony fractions (CFU-GEMM, CFU-GM, CFU-G, CFU-M, CFU-E and BFU-E) for each group are reported. All the data were average = SEM.

Total CFU CFU-GEMM CFU-GM . . . CFU-E
}J‘I umber Fraction Fraction CFU-G Fraction CFU-M Fraction BFU-E Fraction Fraction
% ] ] ] ] ] %
Control 100 5=*+1 195 £ 2.5 15+ 3 31 = 3 71 225 1.5
CD-160130 (5 uM) 97 £ 5.2 56=*156 21656 =25 14 = 3 285 + 256 6.6 £ 056 24 £ 2
CD-160130 (10 pM) 75 £ 8.8 41 18 +1 13+ 3 261 9+0 311

BFU, burst forming unit.



CD 160130 interpheres with signalling
pathways
(in vitro)
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.....and overcomes chemoresistance

(in vitro)

ALL

©c © ©o © o
S © O w «
- (V)

S|192 ~Id/+ulxauuy %

MSCs

4 . _\
o © © © © ©
© ©® © w A@
1
w

1199 ~Id/+uiXauuy 9%,

< proydwAT

MFI 32
BCP-ALL2

MFI 20
BCP-ALL1

SUSP

SUSP MSCs
* *
’L' I
ET TR
°+Q,(5 5 oD
S 4 S
NEN x
S

[ \Ol\o oo
o © © © © o uNG
S ® © ¥ « )
S]199 -Id/+uixauuy 9%,

MSCs

© ©o © © © ©
e ® ©® ¥ « &v
S||992 -Id/+UIXauuy %,



AML

MSCs
*
= :
4
x(;?

£
066\00
5%
< O,\rU )
2 o&o
V)
7 I%mV
> €%
7] ** A 0&0 00
L —— 2%
) 7 (v
6 & © & © o %
S ® © ¥ « OQ
S|199 ~Id/+UIXauuy 9%,
d
o
»
=
o
©
-
T .
7]
S
»
$538%z - %
$]|1992 ~Id/+uIXauuy %
w
o
»
=
-
»
o~
Q.
w 3
»

© © © © o o

© ® © =W (o)
- v
S||90 -Id/+ulXauuy %

) PlojRAN

S ® © <+ N 00
$199 -Id/+uIXauuy %

o
S ® © ¥ W (o)
S99 -Id/+uIXauuy %

(@]



Day 24 Day 17 Day 10 Day 3

Day 31

CD 160130 is cytotoxic for leukemias
(in vivo)
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CD 160130 is orally available

biodistribution
(in vivo)
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CD 160130 does not induce cardiac side effects
(in guinea pigs)

Cardiac action potential

Conirel
CO-180130 1 =M
s L= TEE 30 10 M

B ECG parameters
CD-160130(n=5) | T + SEM [ms) HR £ SEM Qe + 3EM ‘) AQTc
10mg/kg (beat/min) {% vs Pre-drug)
Pre-drug 129.0 £ 4.2 237.1+3.4 Qiﬂﬁ-.l 7.5 _J -
0 min 1314 £ 5.4 2411 +5.2 3084+ 7.4 1.1+3.5
& min 1275+ 7.0 2481 +1.1 2988 +12.9 21+ 49
10 rvin 129058 2405+ 3.4 30089 +11.2 -1.4+44
15 min 128.0 £ &.7 2405+ 2.8 <'1E|'E.E- +11.8 2.2t 46
Sotalol (n=5) T + SEM [ms) HR £ SEM ¥ AQTc
Img/kg (beat/min) % v Pre-drug)
Fre-drug 1154 £ 3.6 2403 + 3.7 2764 £ 6.8 ‘) .
O min 1154+ 3.8 2404 +5.1 -10+34
5 mim 1327+ 4.0 2404 +1.2 0l.1+e.2 89+35
10 min 135.3 + 4.2 2350+31 (] 3043:61 ) 10.1%35
15 min 133058 232.2+45 | =+ 84139

CD-160130




The characterization of CD-160130 opens the way to
the development of compounds with a higher
selectivity for the different Kv 11.1 isoforms,

accompanied by inhibitory action on the

chemotherapy resistant leukemia forms and negligible
QT liability

DRUG

l

Isoform selectivity (e.g. Cd160130)
Tumor-specific bifunctional antibody
Tumor-targeted Nanoparticle

Arcangeli A. and
Becchetti A.
Drug Resistance
Updates, 2015
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