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How can we translate basic science to the 
medical practice in oncology?

TARGET THERAPY





Personalized medicine
Biomarkers

Predictors of benefits



Some examples

• HER2

• K-Ras

• BCR-ABL (9:22 translocation)



HER2/neu

• The HER2/neu gene encodes one of a family of human epidermal 
growth-factor receptors.

• This gene is frequently amplified in breast cancer cells, resulting in 
increased amounts of HER2 cell surface protein.

• HER2-expressing tumors are sensitive to Transtuzumab (herceptin), a 
monoclonal antibody therapy.

• HER2 protein is detected by immunohistochemistry (IHC).
• HER2/neu gene amplification is detected by fluorescence in situ 

hybridization (FISH).
• Patients carrying a HER2/neu positive cancer (e.g.Breast Cancer) can 

be treated with Transtuzumab (Herceptin)



Herceptin

Trastuzumab is a humanized monoclonal 
antibody anti-ErbB-2

Efficacy on primary tumors with ErbB-2 
amplification:
- Inhibits angiogenesis
- induces cytotoxicity
- increase response to chemioterapy
- Inhibits the activation of ErbB-2

Metastatic tumors develop resistance to Herceptin within 12 months 

Increase of PI3K activation

Badache and Hynes, Cancer Cell 2004



K-ras

• The Kirsten rat sarcoma viral oncogene (K-ras) encodes a key 
component of cell signaling.

• Mutations in K-ras are the most common oncogene mutations in 
cancer.

• K-ras mutations are associated with tumor malignancy and may affect 
response to some therapies.

• K-ras gene mutations are detected by SSCP or direct sequencing.



Normal Ras Protein Signaling

© John Wiley & Sons, Inc.



Mutant Ras Protein (V12 or G12V) is 
Unregulated

© John Wiley & Sons, Inc.





Philadelphia Chromosome/t(9; 22)/ Bcr/abl

• t(9;22) is a reciprocal translocation between the long arms of 
chromosomes 9; 22 is found in chronic myelogenous leukemia and acute 
lymphoblastic leukemia. 

• This translocation forms a chimeric gene between the breakpoint cluster 
region (BCR) gene on chromosome 22 and the Abelson leukemia virus 
(ABL) gene on chromosome 9.

• The translocated chromosome is the Philadelphia chromosome.



The Philadelphia Chromosome

© John Wiley & Sons, Inc.
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Translocations Used in Diagnosis 
and Monitoring of Hematological 

Tumors: t(9; 22)
The chimeric gene, BCRABL, produces an abnormal 
protein that drives the tumor cell phenotype.



BCR ABL

Splicing

Reverse transcription

cDNA

BCRABL

Philadelphia chromosome

cDNA made from patient 
mRNA is amplified if the 
translocation is present.

Detection of  t(9; 22) by RT-PCR



1 = molecular weight 
standard
2-5 = positive for 
translocation
6 = negative
7-11 = amplification controls
12 = blank

The band size is 
determined by 
different 
chromosome 22 
breakpoints.

Agarose gel

Translocation
products
(BCRABL)
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Translocation
products
(ABL)

Detection of  t(9; 22) by RT-PCR



IMATINIB



How can we translate basic science in 
ion channels to the medical practice in 

oncology?



ION CHANNELS IN CANCER



ION CHANNELS





ION CHANNELS



Ion channels and membrane potential (Vm)

(out)

Na+

ENa≈+70 mV

K+

EK≈-90 mV

Ca2+

ECa>+100 mV

Cl-

ECl= variable

K+

Na+

Ca2+

Erev ≈ 0 mV

An ion channel highly selective for a given ion type i tends to bring Vm close to the 

equilibrium (Nernst) potential (Ei) for that ion, at which the net flux of i is null. 

EK is around -90 mV, in physiological [K]o/[K]i. When Vm = EK, the K+ outflow driven by the 

concentration gradient is balanced by the influx driven by the negative Vm.

At Vm’s negative of EK, K+ flows into the cell.

At Vm‘s  positive of EK, K+ flows out of the cell

(in)



Gating of ion channels Closed Open

Voltage-gated channels
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Ligand-gated channels

Extracellular ligand 

(e.g. neurotransmitter)

Intracellular ligand 

(e.g. cyclic nucleotide)

++

++

Other gating mechanisms:       mechanically-gated channels

(cytoskeleton)

conformational coupling



K+ channels: structure



ION CHANNELS IN CANCER







Hallmarks of Cancer

Hanahan and Weimberg, Cell, 2000

Hallmarks of Cancer: The Next
Generation

Hanahan and Weimberg, Cell, 2011



Contribution of ion channels to proliferation and cell cycle progression of cancer cells



Some channel-mediated mechanisms in cell proliferation

• Direct modulation of the cell cycle machinery (by e.g., Ca2+, pH).

• Depolarization + Ca2+ regulate exocytosis of hormones and paracrine 
factors (GFs, cytokines, etc.).

• Regulation of cell volume (K+ plus Cl- channels, and KCC transporters for 
solute extrusion; mainly Na+ plus Cl- channels, and NKCC transporters, for 
solute absorption).

• Regulation of cell adhesion and GF release by non-conductive
mechanisms (stimulation of intracellular cascades and conformational
coupling with other membrane proteins)



Non conductive roles of ion channels

• Regulatory domains (e.g. kinase domains).

• Formation and modulation of membrane multiprotein complexes
(e.g. hERG or AMPA glutamate receptors with integrins).

• Conformational coupling with cytosolic proteins (e.g. cytoskeleton).



Kv 11.1 (hERG1) CHANNELS IN CANCER





hERG1 







hERG1 expression and role in human cancers

•BRAIN: GBM
•VEGF secretion
•Prognosis
•Target for therapy

BREAST:
-metastasis
-correlation with 
molecular subtype, 
G and Ki67

STOMACH: 
Intestinal type ADK
proliferation
•VEGF secretion
•Negative PF in 
TNM Stage I

COLORECTAL: 
-Migration/invasiveness
•VEGF secretion
•Negative PF in TNM  
Stages I-II
•Positive factor for 
response to Bevacizumab 
in TNM Stage IV

BONE MARROW-
LEUKEMIAS:
Proliferation (AML)
Migration (AML)
•VEGF secretion (AML)
•Apoptosis/Chemoresis
tance (ALL)

PANCREAS: 
-PDAC :Proliferation, 
Migration
•Negative PF in Stages I-III
•pNET:
•Positive PF

ENDOMETRIAL CANCER
OVARIAN CANCER:
Overexpression 

HEAD & NECK CANCER:
Reduced survival, tumor
recurrence



hERG1 in Colorectal Cancer (CRC)





hERG1 regulates VEGF-A expression and secretion



The hERG1-centered pro-angiogenic signaling pathway in CRC



White bars= WT mice

Black bars = hERG1 TG (over 
expressing) mice



hERG1  positivity  and  Glut-1  negativity  
identifies  

high-risk TNM  stage I/II  Colorectal  Cancer  
patients



The dual mode of action of hERG1: ion flux
vs non-conductive mechanisms



hERG1 role in human cancers

How can hERG1 exert different roles?

Regulation of Vrest

Regulation of intracellular signaling

Membrane potential



hERG1 and integrins



Engagement of the b1 integrin activates Ca2+-
dependent K+ channels in murine erythroleukemia

(MEL) cells

Arcangeli, A.,et al.. Biochem. Biophys. Res. Commun., 146, 1450-1457, 1987. 
Arcangeli A. et al., Biochem.Biophys.Res.Commun., 177, 1266-1272, 1991.
Becchetti A. et al., Proc. Royal Soc. Ser.B, 248, 235-240, 1992



Engagement of the b1 integrin activates hERG1 K+

channels in neuroblastoma cells.

Arcangeli A. et al., J. Cell. Biol.,122: 1131-1143, 1993
Arcangeli, A. et al., J.Physiol., 489, 455-471,1995
Arcangeli A., et al., Cell Adhesion Commun., 4: 369-384, 1996



Integrin-channel complex: hERG1/b1
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Cherubini A. et al., Mol.Biol.Cell, 2005



The hERG1/b1 integrin complex in CRC



The association between the channel and the integrin occurs through
the TM domains of either proteins
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The hERG1 conformational state determines (the 

closed state favours) integrin association

hERG1 mutants:
G628S: non conductive
S620T: non inactivating
K525C: S4 (voltage sensor) mutant* 
preferentially in the open state
R531C: S4 (voltage sensor) mutant* 
preferentially in the closed state
*=alterations of gating



The hERG1 conformational state determines (the 

closed state favours) integrin association

hERG1 mutants:
G628S: non conductive
S620T: non inactivating
K525C: S4 (voltage sensor) mutant* 
R531C: S4 (voltage sensor) mutant*
*=alterations of gating



The hERG1 conformational state determines (the 

closed state favours) integrin association



The hERG1 conformational state determines (the 

closed state favours) integrin association



The hERG1 conformational state determines (the 

closed state favours) integrin association
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hERG1 currents (ion flux) regulate FAK 
phosphorylation



hERG1 currents (ion flux) regulate FAK 
phosphorylation…...and local tumor growth



The hERG1 conformational state determines (the closed state 

favours) integrin association: MDA-MB-231 breast cancer cells



The hERG1 conformational state determines (the closed state favours) 

integrin association…...and tumor metastasis (MDA-MB-231 breast cancer 

cells)



The hERG1 conformational state determines (the closed state 
favours) integrin association…...and tumor metastasis (MDA-MB-
231 breast cancer cells)



Disrupting the hERG1/b1 integrin
complex inhibits tumor metastasis

Tumor cells injection
Drugs/molecular tools
which unlock the 
hERG1/b1 integrin
complex

Lung and Lymph Nodes Metastasis
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The hERG1/b1 complex occurs in tumour cells, but not 

in the heart



… because tumour cells do not express “canonical” 

(KCNE1) beta subunits
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Different physiological roles of hERG

• Cardiac cells: regulates repolarization

• Other excitable cells: regulates Vrest and firing

• Cancer cells: regulates slowly changing Vrest and exerts non-
conductive roles (e.g. molecular complexes with integrin
receptors)



Targeting hERG1 in cancer



• Several preclinical data (mouse xenografts) indicate that blocking

hERG1 inhibits tumour growth and metastatic spread

hERG1 in cancer

Pillozzi et al., Blood, 2007; 
Pillozzi et al., Blood ,2011;
Crociani et al., Sci.Rep.2013;
Crociani et al., Clin. Cancer Res., 2014; 
Becchetti et al., Sci. Signal.,2017



hERG1 is considered an
antitarget!
hERG1 blockers can induce 
LQT syndrome and TdP



Strategies to target hERG1 in cancer

Use of non cardiotoxic hERG1 blockers

Targeting the molecular differences between “tumour” 
and “cardiac” hERG1:



Strategies to target hERG1 in cancer

Use of non cardiotoxic (non torsadogenic) 
hERG1 blockers







Strategies to target hERG1 in cancer

Use of non cardiotoxic (non torsadogenic) 
hERG1 blockers

Clarythromycin





Strategies to target hERG1 in cancer

Use of non cardiotoxic (non torsadogenic) hERG1 
blockers

Targeting the molecular differences between “tumour” 
and “cardiac” hERG1:

Preferential expression of hERG1B in leukemias
(CD160130)



High hERG1B expression in leukemias

2003

2014

2015



NH3
+

PAS

P

cNBD

COO-

hERG1A

(KV11.1a)

P

hERG1B

(KV11.1b)
cNBD

COO-

NH3
+

(N-terminus deleted)

Extracellular side

Extracellular side





CD 160130 does not bind the F656 “canonical” 

binding site in hERG1



CD 160130 hampers leukemia burden in vivo



…without lengthening the QT interval

(in guinea pigs)



Strategies to target hERG1 in cancer

Use of non cardiotoxic (non torsadogenic) hERG1 
blockers

Targeting the molecular differences between “tumour” 
and “cardiac” hERG1:

Preferential expression of hERG1B in leukemias
(CD160130)

Formation of a hERG1/b1 integrin complex in tumour
cells



hERG1

KCNE1

OUT

IN

K+
K+

K+

K+
In heart

hERG1

OUT

IN

K+
K+

K+

K+
In tumors

hERG1

KCNE1

OUT

IN

K+
K+

K+

OUT

IN

hERG1

K+
K+

K+

hERG1/b1 INTEGRIN 
COMPLEX FORMATION

hERG1/b1 INTEGRIN 
COMPLEX FORMATION

hERG1 and b1 integrin associate in 
human cancer tissue but not cardiac

tissue.

b1 INTEGRIN

b1 INTEGRIN

b1 INTEGRIN

b1 INTEGRIN

KCNE1

X



In tumors

OUT

INhERG1

K+
K+

K+

hERG1/b1 INTEGRIN 
COMPLEX

b1 INTEGRIN

Tumor proliferation 
and Metastasis

In heart

hERG1

KCNE1

OUT

IN

K+
K+

K+

hERG1/b1 INTEGRIN 
COMPLEX

b1 INTEGRIN

Future …. Blockade of the hERG1/b1 
integrin complex

K+
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PIPELINE DEVELOPMENT STRATEGY
DESIGNING  NEXT GENERATION ANTIBODY MOLECULES

FROM BIG MONOCLONAL ANTIBODY TO SMALL BISPECIFIC DIABODY 

92

Anti-hERG1 Monoclonal

Antibody

(M.W. 160 kDa)

Anti-hERG1 Single-Chain

Variable Fragment (Sc-FV)

Anti hERG1/integrin beta1 

BISPECIFIC  Antibody (DIABODY)

(M.W. 50 kDa)

Anti-integrin beta1 Single-Chain

Variable –Fragment (Sc-fV)

THERAPEUTIC ANTIBODY
MCKAA2017THE01





CONCLUSIONS

Ion channels are relevant in cancer (biomarkers!)

Ion channels can exert both conductive and non conductive effects
in cancer cells

hERG1 has both conductive (ion flux-mediated) and non conductive
(once bound to integrin receptors in the closed state) activities

hERG1 mediates tumour progression (e.g. proliferation, invasion, 
angiogenesis, metastasis….)

hERG1 can be considered a novel cancer biomarker

The hERG1/beta1 integrin complex can be considered a therapeutic
target in cancer and can be targeted through newly developed
bispecific antibodies
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TARGETING POTASSIUM CHANNELS TO 
OVERCOME CHEMORESISTANCE IN CRC



(1) OVERCOMING CISPLATIN RESISTANCE BY 
TARGETING Kv11.1 AND KCa 3.1 CHANNELS



The networking of Potassium channels



Cisplatin-resistant CRC cells (HCT116) express high levels of KCa3.1 and hERG1 
channels



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.



Cisplatin uptake into resistant cells depend on KCa3.1 channel activity, 
and is potentiated by either KCa3.1 activators or hERG1 inhibitors





The activation of KCa3.1 modulates the VRAC-dependent uptake of Cisplatin
(Jentsch et al, 2016).
Blocking hERG1 increases the uptake of Cisplatin, which relies on the activity
of KCa3.1 channels.

KCa3.1

K+

VRAC

LR
R

C
8

D

Cisplatin

+

Cisplatin

DNA DAMAGE

+

Cl-, organic osmolytes

Activators of KCa3.1 
channels

(SKA-31, Riluzole)

Kv11.1

K+

X

+

Inhibitors of Kv11.1 
channels
(E4031)



Cisplatin-resistant cells exhibit higher functional expression of KCa3.1 and hERG1 channels,
compared with Cisplatin-sensitive cells.
The two channels are functionally related in these cells:
(1)they set VREST to more hyperpolarised values;
(2)their expression is coordinated, one compensating for the other: prolonged (24h)

inhibition of hERG1 currents leads to upregulation of functional KCa3.1 channels.

Kv11.1

KCa3.1

K+

K+

VREST

-38.5 mV

Kv11.1

KCa3.1

K+

K+

K+ K+

X

+

Inhibitors of Kv11.1 
channels
(E4031)



The concomitant activation of KCa3.1 and inhibition of hERG1 potentiates the
pro-apoptotic activity of Cisplatin, in vivo, hence contributing to overcome
Cisplatin resistance.



The concomitant activation of KCa3.1 and inhibition of hERG1 potentiates the
pro-apoptotic activity of Cisplatin, in vivo, hence contributing to overcome
Cisplatin resistance.

Tumour

Tumour

Cisplatin

Cisplatin

E4031 Riluzole+

CISPLATIN 
RESISTANCE

CISPLATIN 
RESISTANCEX



(2) Effects of Clarithromycin on hERG1: 
sinergy with 5-FU

(unpublished)



Clarithromycin triggers autophagy in CRC cells



Clarithromycin triggers autophagy in CRC cells



Chlarithromycin dissociates the hERG1/PI3k (p85 subunit) complex



Different effects of E4031 and Clarithromycin on Akt phosphorylation



Clarithromycin effects depend on the conformational state of 
hERG1 channels , occurring when the channel is prefrentially in 
the closed state





Clarithromycin triggers apoptotic cell death





The hERG1 conformational state determines (the closed state 
favours) the pro-apoptotic effects of Clarithromycin



Clarithromycin has a synergic, anti-proliferative, effect with 5-FU



….overcoming 5-FU resistance in vivo, in a preclinical xenograft mouse 
model





The hERG1/b1 integrin complex in CRC



Expression of hERG1 and several angiogenesis-related proteins in 
metastatic CRC samples from patients treated in first line with 
Bevacizumab





hERG1 and HIF-2a expression have a significant positive impact on PFS









hERG1 blockade leads to increased KCa3.1 expression and thereby
stimulated Cisplatin uptake.



129

https://www.youtube.com/watch?v=eqj2NXzvmps

hERG1 /b1

Becchetti A et al., Science Signaling, 2017
Becchetti A, Petroni G and Arcangeli A, Trends Cell Biol., 2019

hERG1/b1 activates cancer-
specific intracellular pathways
(PI3K/AKT, HIF 1/2 a, 
small GTPases (Rac1), 
f-actin remodeling)

https://www.youtube.com/watch?v=eqj2NXzvmps
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Disrupting the hERG1/b1 integrin
complex inhibits tumor metastasis

Tumor cells injection
Drugs/molecular tools
which unlock the 
hERG1/b1 integrin
complex

Lung and Lymph Nodes Metastasis



The hERG1 conformational state determines (the 

closed state favours) integrin association

hERG1 mutants:
G628S: non conductive
S620T: non inactivating
K525C: S4 (voltage sensor) mutant* 
R531C: S4 (voltage sensor) mutant*
*=alterations of gating



The hERG1 conformational state determines (the 

closed state favours) integrin association



The hERG1 conformational state determines (the closed state 

favours) integrin association: MDA-MB-231 breast cancer cells



The hERG1 conformational state determines (the closed state 

favours) integrin association…...and tumor metastasis (MDA-

MB-231 breast cancer cells)



The hERG1 conformational state determines (the closed state 

favours) integrin association…...and tumor metastasis (MDA-

MB-231 breast cancer cells)



The hERG1/b1 complex occurs in tumour cells, but not 

in the heart



… because tumour cells do not express “canonical” 

(KCNE1) beta subunits



PIPELINE DEVELOPMENT STRATEGY
DESIGNING  NEXT GENERATION ANTIBODY MOLECULES

FROM BIG MONOCLONAL ANTIBODY TO SMALL BISPECIFIC DIABODY 

139

Anti-hERG1 Monoclonal

Antibody

(M.W. 160 kDa)

Anti-hERG1 Single-Chain

Variable Fragment (Sc-FV)

Anti hERG1/integrin beta1 

BISPECIFIC  Antibody (DIABODY)

(M.W. 50 kDa)

Anti-integrin beta1 Single-Chain

Variable –Fragment (Sc-fV)

THERAPEUTIC ANTIBODY
MCKAA2017THE01
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CONCLUSIONS

Ion channels are relevant in cancer (biomarkers!)

Ion channels can exert both conductive and non conductive effects
in cancer cells

hERG1 has both conductive (ion flux-mediated) and non conductive
(once bound to integrin receptors in the closed state) activities

hERG1 mediates tumour progression (e.g. proliferation, invasion, 
angiogenesis, metastasis….)

hERG1 can be considered a novel cancer biomarker

The hERG1/beta1 integrin complex can be considered a therapeutic
target in cancer and can be targeted through newly developed
bispecific antibodies
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MCKAA2017THE01 is a highly innovative BISPECIFIC SINGLE CHAIN DIABODY 
molecule able to target the hERG1/b1 biomarker in pancreatic cancer.

The DIABODY MCKAA2017THE01 has a double antigenic binding sites

within the pancreatic cancer-specific antigen hERG1/b1, 

while DOES NOT bind hERG1 in cardiac myocytes

143

MCKAA2017THE01
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Besides MCKAA2017THE01

Novel companion diagnostics linked to 
MCKAA2017THE01



I

145

IN VITRO (IHC)

SINGLE/COMBINATION 
TREATMENT AGENT

EARLY/ADVANCED 
(METASTATIC) STAGES

IN VIVO MOLECULAR 
IMAGING

DIAGNOSTIC COMPANIONS

IN VITRO (IF)

PANCREATIC CANCER

MCKAA2017DIA01

MCKAA2017DIA02

MCKAA2017THE01

MCKAA2018DIA03
MICROMETASTASIS

THERAPEUTICS

MCK THERAPEUTICS APPROACH TO PRECISION CARE OF PANCREATIC CANCER
DEVELOPING A FULL SET OF PRODUCTS FOR THERAPY, SCREENING & EARLY DETECTION OF PDAC 
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IMPROVING HEALTH & QUALITY OF LIFE OF PATIENTS WITH 
HUGE UNMET MEDICAL NEEDS


