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Neurotherapeutics. 2007 Apr;4(2):184-98.

lon channel pharmacology.

Camerino DC, Tricarico D, Desaphy JF.

Because ion channels are involved in many cellular processes, drugs acting on ion
channels have long been used for the treatment of many diseases, especially those
affecting electrically excitable tissues. The present review discusses the
pharmacology of voltage-gated and neurotransmitter-gated ion channels involved in
neurologic diseases, with emphasis on neurologic channelopathies. With the
discovery of ion channelopathies, the therapeutic value of many basic drugs targeting
ion channels has been confirmed. The understanding of the genotype-phenotype
relationship has highlighted possible action mechanisms of other empirically used
drugs. Moreover, other ion channels have been pinpointed as potential new drug
targets. With regards to therapy of channelopathies, experimental investigations of
the intimate drug-channel interactions have demonstrated that channel mutations can
either increase or decrease affinity for the drug, modifying its potential therapeutic
effect. Together with the discovery of channel gene polymorphisms that may affect
drug pharmacodynamics, these findings highlight the need for pharmacogenetic
research to allow identification of drugs with more specific effects on channel
isoforms or mutants, to increase efficacy and reduce side effects. With a greater
understanding of channel genetics, structure, and function, together with the
identification of novel primary and secondary channelopathies, the number of ion
channel drugs for neurologic channelopathies will increase substantially.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Camerino%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=17395128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Camerino%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=17395128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tricarico%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17395128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Desaphy%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=17395128

Curr Opin Pediatr. 2001 Apr;13(2):142-9.
lon channels in disease.
Bockenhauer D.

Diseases as different as cardiac arrhythmias, epilepsy, myotonia,
malignant hyperthermia, familial hyperinsulinism, and Bartter syndrome
have all been linked to mutations in genes encoding ion channels. This
has been made possible by an exciting and fruitful collaboration between
clinicians, geneticists, and physiologists. It has led to a more detailed
understanding not only of pathology but also of physiology, as the
deficiency of a certain gene helps unravel its physiologic role. Some
exciting and surprising findings have recently been made in the field of
"channelopathies." Understanding these diseases on the molecular level
will provide the basis for a rational therapeutic approach to affected
patients.


http://www.nobelprize.org/nobel_prizes/medicine/laureates/1996/doherty.html
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bockenhauer%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11317056

Korean J Pediatr. 2014 Jan;57(1):1-18.
Channelopathies.
Kim JB.

Channelopathies are a heterogeneous group of disorders resulting from the
dysfunction of ion channels located in the membranes of all cells and many cellular
organelles. These include diseases of the nervous system (e.g., generalized
epilepsy with febrile seizures plus, familial hemiplegic migraine, episodic ataxia, and
hyperkalemic and hypokalemic periodic paralysis), the cardiovascular system (e.g.,
long QT syndrome, short QT syndrome, Brugada syndrome, and catecholaminergic
polymorphic ventricular tachycardia), the respiratory system (e.g., cystic fibrosis), the
endocrine system (e.g., neonatal diabetes mellitus, familial hyperinsulinemic
hypoglycemia, thyrotoxic hypokalemic periodic paralysis, and familial
hyperaldosteronism), the urinary system (e.g., Bartter syndrome, nephrogenic
diabetes insipidus, autosomal-dominant polycystic kidney disease, and
hypomagnesemia with secondary hypocalcemia), and the immune system (e.g.,
myasthenia gravis, neuromyelitis optica, Isaac syndrome, and anti-NMDA [N-methyl-
D-aspartate] receptor encephalitis). The field of channelopathies is expanding
rapidly, as is the utility of molecular-genetic and electrophysiological studies. This
review provides a brief overview and update of channelopathies, with a focus on
recent advances in the pathophysiological mechanisms that may help clinicians
better understand, diagnose, and develop treatments for these diseases.


http://www.nobelprize.org/nobel_prizes/medicine/laureates/1991/sakmann.html
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=24578711

A Szent- Gyorgyl Albe obel dljanak 75. évforduldja alkalmabdl a Szegedi Nemzeti
Szinhazban tartott konferencia csaladi fotoja. Hatso sor (balrdl jobbra): Hegyi Péter a
konferencia f6titkara Hernadi Klara az SZTE TTIK dékanja Wittmann Tibor a
gasztroenterologiai szekcio elnoke Greiner Istvan a Richter Nyrt. kutatasi
igazgatohelyettese Botka Laszld Szeged polgarmestere Kemény Lajos a SZTE AOK
dékanhelyettese Széll Marta a genetikai szekcid elndke Palfi Gyorgy a tuberkuldzis
szekcio elndke. Kozépso sor: Pal Jozsef az SZTE rektorhelyettese Bert Sakmann
Nobel-dijas német fiziologus Tim Hunt Nobel-dijas angol biokémikus Robert Huber
Nobel-dijas német kémikus Szabé Gabor az SZTE rektora Vécsei Laszlé az SZTE
AOK dékanja John E. Walker Nobel-dijas angol molekularis biologus kutaté-vegyész
Eric Wieschaus Nobel-dijas amerikai biolégus Varré Andras az SZTE
rektorhelyettese. Els6 sor: Aaron Ciechanover és Ada E. Yonath izraeli kémikusok
Andrew V. Schally lengyel szuletés(i amerikai endokrinologus és Peter C. Doherty aus



The Nobel Prize In

Physiology or Medicine
1996

Peter C. Doherty Rolf M. Zinkernagel
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physiology or Medicine 1996
was awarded jointly to Peter C. Doherty and Rolf M.
Zinkernagel "for their discoveries concerning the
specificity of the cell mediated immune defence”


http://www.nobelprize.org/nobel_prizes/medicine/laureates/1996/doherty.html
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1996/zinkernagel.html

The Nobel Prize in Physiology
or Medicine
1991

Erwin Neher
Prize share: 1/2

The Nobel Prize in Physiology or
Medicine 1991 was awarded jointly to
Erwin Neher and Bert Sakmann "for
their discoveries concerning the
function of single ion channels in cells" &% Sakmann

Prize share: 1/2



http://www.nobelprize.org/nobel_prizes/medicine/laureates/1991/neher.html
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1991/sakmann.html

The Nobel Prize in
Chemistry
2003

Peter Agre Roderick MacKinnon
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Chemistry 2003 was awarded
"for discoveries concerning channels in cell
membranes” jointly with one half to Peter Agre "for
the discovery of water channels"” and with one half
to Roderick MacKinnon “for structural and
mechanistic studies of ion channels”.


http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2003/agre.html
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2003/mackinnon.html

DETAILED PROGRAMME

14:00 E PRESENTATION BY THE 2« YEAR SZENT-GYORGYI STUDENTS
Chairs: Pal Ormos, Andras Varré

14:00-14:05 Laszlé Vécsei (Szent-Gyérgyi Mentor)
Introduction of the Neurology Research Laboratory

14:05-14:15  Marton Szentirmai (2™ year Szent-Gyérgyi Student)

Central nervous system-specific alterations in the tryptophan

metabolism in the 3-nitropropionic acid model of Huntington's disease
14:15-14:20 Lajos Haracska (Szent-Gydrgyi Mentor)

Introduction of the Mutagenesis and Carcinogenesis Laboratory
14:20-14:30  Timea Ovari (2™ year Szent-Gyérgyi Student)

Analysis of the regulation of DNA damage tolerance
14:30-14:35 Imre Boros (Szent-Gyorgyi Mentor)

Introduction of the Epigenetics and Chromatin Research Laboratory
14:35-14:45  Petra Eva Szili (2" year Szent-Gyérgyi Student)

The background of collateral sensitivity in human uterine sarcoma

cell lines



! GALAEVENING

20:00-22:00
National Theatre Szeged

Intoduction of career perspectieves for secondary school students.
Presentation of the Szent-Gydrgyi Talent Award

Established by the Foundation for the Future of Biomedical Sciences in Szeged

Péter Hegyi & Zsolt Juhasz: Traditional Folkdance Evening delivered by the Szeged
Folkdance Ensemble and the Duna Folk Ensemble




Membranes

 Provide barrier function
— Extracellular
— Organelles

 Barrier can be overcome by ,transport proteins”

— To mediate transmembrane movements of ions,
Na*, K*

— Nutrients, glucose, amino acids etc.

— Water (aquaporins)



gure 3.2 The fluid mosaic arrangement of lipids and proteins in the plasma membrane.

2, Membranes are fluid structures because the lipids and many of the proteins are free to rotate and move
sideways in their own half of the bilayer.

Channel protein

Extracellular
fluid

Glycoprotein:
Carbohydrate Lia
Protein bilayer

Peripheral protein

Integral (transmembrane) proteins

Fatty acid
tails

(hydrophobic)
Polar head
(hydrophilic)

Peripheral protein

Cholesterol



A lipid kettosretegbe beépulo, a membrant ativelo,
integrans (transzmembran) feherjéek funkcioi:

csatornaképzok (viz és ionok szamara transzportut)
szallitomolekulak (karrierek)

ligandkoto receptorok (sejtek kozotti informacioatvitel)
periférias fehérjékkel kapcsolédo proteinek
,,Strukturfehérjék” (kapcsolat a citoszkeleton és az
extracellularis matrix kozott)

A periférias fehérjek

a sejten beluli jelatviteli mechanizmusban jatszanak fontos
szerepet.



MEMBRANE TRANSPORT

PASSIVE ACTIVE

diffusion

simple primary, direct

[‘concentration gradient’ [enzymes: transmembrane ATP-ases
protein O, ATP energy 0] e.g.

P-type ATP-ase
sodium potassium pump
calcium pump, proton pump

ATP binding casette (ABC) transporter

MDR, CFTR]
facilitated secondary, coupled
[carrier mediated [ e.q.
transmembrane integral proteins, cotransporters
channels] ‘uniporter’, symporter, antiporter]

A



lon channels
* Channel proteins form transmembrane aqueous pores

which allow passive movement of small water-soluble
molecules into or out of the cell or organelle

* Most channel proteins in plasma membrane form
narrow pores which are only permeable to inorganic
ions - ion channels

* lon channels are highly selective for specific ions (eg
Na*, K*, Ca?, CI)

* lon selectivity depends on:

diameter - narrow channels can’t pass large ions
shape - only single ions of correct species can access
charge - distribution of charged amino acids in pore

* Passage of ions through narrowest portion of channel
rate limiting = saturable transport



Az 1on csatorndk membranon keresztiili transzport
folyamatok egyik kiilon csoportjat képezik. Az Gsszes
transzport folyamat kozott ez a leggyorsabb, akar 4
nagysagrenddel nagyobb sebesség mint a transzporterek
altal elérheté maximum.

nyitott

ATP fliggd pumpa  ion csatorna transzporter

(100~ 103ions/s) \{107 - 108 ions/s) (102 - 10* molecules/s)




Az 1oncsatornak hidrofil bélésu, az ionok szamara kedvezo
[izikokémial kornyezeti porust képeznek a membranban.
Két alapveto tulajdonsaggal rendelkeznek e porusok, melyek
alapjan a csatornak osztalyozhatok.

kapuzas = megfelelo “inger”
hatdsara bekovetkezo
konformadcio valtozds a
tehérjeben, mely a csatornik
kiilonbozo allapotaihoz vezet (pl.

zdrt, nyitott , inaktivélt allapotok).

Szelektiv permeabilitas = csak
bizonvos fajta ion (vagy 1onok)
szdmara agarhato a porus (pl.
nagy szelektivitasa, kis
szelektivitiasd, és nem szelektiv
csatornak).



Az ioncsatornak osztalyozasa

- a kapuzas alapjan:
Kapuzo
nem-kapuzo

- a csatorma megnyilasat kontrollald hatasok szerint
ligand-vezetelt csatornak
fesziliseg-vezerelt csatomak
stretch aktivalt csatornak

- lokalizaciojuk alapjan:
felszini mebranban elhelyezkedd csatornak
intracellularis membranban elhelyezkedd csatornak
intercellularis csatornak

- iIonszelektivitas alapjan:
K+ Na+, Caz+=, Cl- stb.

- a csatormakat kodold gének alapjan
Kir, K,, Ca, 4,



Classes of ion channel

Two distinct properties of ion channels:
(1) ion selectivity - type of ions which can pass
(2) gating - conditions which influence opening and closing

voltage- ligand-gated stress-

gated extracellular intracellular activated

riﬁ@ & )

-

out

closed In

fbc% i‘ -Ll&":

A membrane potential molecule binds to channel mechanical

Adapted from ECB Fig 12-22




Specialized Functions of lon Channels

Mediate the generation, conduction and transmission of
electrical signals in the nervous system

Control the release of neurotransmitters and hormones
Initiate muscle contraction

Transfer small molecules between cells (gap junctions)
Mediate fluid transport in secretory cells

Control motility of growing and migrating cells

Provide selective permeability properties important for
various intracellular organelles



Outline

Why ion channels?
Channel structure

lon channels have three basic functional properties
¢+ Conduct

*+ Select

+ Gate

Evolutionary relationships between ion channels
Various factors contribute to ion channel diversity



Conduction

Jon Channels Conduct Up to 108 lons/sec

eJon Channels Act As Catalysts
*Speed up fluxes

Do not impart energy

Driving force is provided by
electrochemical potential



Elektrofiziol6giai alapfogalmak

 Membranpotencial: a membran két oldala

kozott merheti, a diffuzibilis ionok egyenlitlen

megoszlasabol szarmazo potencialkulonbseg
(feszultseq)

* Nyugalmi potencial: a sejt nem ingerelt
allapotaban merheti membranpotencial

* Ingeruleti folyamat: inger hatasara
bekovetkezi potencialvaltozas

— Helyi (lokalis, elektrotonus)

— Tovaterjedi (propagativ, akcios potencial)



Az akcios potencial jellemzoi:
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Na* és K* permeabilitas valtozas az AP alatt
depolarizicio: T
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Outline

Why ion channels?
Channel structure

lon channels have three basic functional properties
¢ Conduct

+ Select

+ Gate
Evolutionary relationships between ion channels
Various factors contribute to ion channel diversity



lon Channels are Selectively Permeable

Cation Permeable @ Anion Permeable
Na* Cl-
K+

Ca++
Na*, Ca*t, K*




Szelektivitas: mi tud atjutni a csatornan?

fugg a porus meretétol
a porust belelo toltesektol

- nem szelektiv — kulonboz6 ionok (kation, anion)
Kis szerves molekulak

-toltés-szelektiv — csak ionok szamara atjarhato

- ion-specifikus — specifikus egy adott ionra



Az 1oncsatornak osztilyozasa szelektivitas alapjan:

Nagy szelektivitdsi csatorndk, négy alegység
K+ Natr Ca*t (]

Kis szelektivitasa csatornak, ot alegység:
Acetil kolin receptor, csak kationokra specifikus

Nem szelektiv csatornak
Gap junction csatorna (hat alegység)




Outline

Why ion channels?
Channel structure

lon channels have three basic functional properties
¢ Conduct
* Select

¢+ Gate

Evolutionary relationships between ion channels
Various factors contribute to ion channel diversity



There are Two Major Types of

Gating Actions



Gating Can Involve Conformational Changes
Along the Channel Walls

Closed
.-"/ -

Extracellular
side

Cytoplasmic
side




Gating Can Result from Plugging by
Cytoplasmic or Extracellular Gating Particles

Closed

Extracellular
side

Cytoplasmic




Voltage-gated channels

Voltage-gated channels play major role in propagating
electrical signals in nerve and muscle cells

Channels have special charged protein domains -
voltage sensors - which are extremely sensitive to
changes in membrane potential

When potential changes beyond threshold voltage,
channel switches from closed to open configuration

Open state probability increases at threshold potential



Feszultseg vezérlés (Voltage gating)

A csatorna a membranpotencial valtozas hatasara nyilik

* nyitott, inaktiv és zart allapotai vannak

* specifikus egy adott ionra

* hasonlé domeén strukturaval rendelkeznek

* pozitiv toltessel rendelkezs oldallancok (Lys, Arg)
,erzekelik” a membranpotencial valtozasat (voltage sensor).

depolarizalt (IC pozitiv): a kapu nyitva van

hiperpolarizalt (IC negativ): a kapu zarva van



Feszultseg vezerelt csatornak

natrium - |, I, 1, u1, H1, PN3

kalium : K,, K, (1-5), K(r), K,(s),Kgg,
BKCa: |KCa: SKCai KMT KACh, Klr

kalcium: L, N, P, Q, T
klorid: CIC-0 - CIC-8



A ligand vezeérelt csatorna

- olyan ioncsatorna, amelyik neurotranszmitter kot6hellyel
rendelkezik (IC vagy EC)

- nem szelektiv ioncsatornak
- a ligand kot6deése a receptor szerkezetének konformacio
valtozasat idezi el6, amely hatasara a csatorna vezetokepesseée

valik.

- néhany csatorna kettos vezeérlessel rendelkezik, pl. NMDA
receptorok, glutamat eés depolarizacio kell a megnyilasahoz

- az ionaram megvaltoztatja a csatorna kozelében a
membranpotencialt, ami feszultség-fuggd csatornakat aktivalhat



Ligand-vezérelt ioncsatornak = ionotrép receptorok

receptor ligand
purinerg receptorok ATP

Cys-loop receptorok

Izom tipusu NACHhR ACh
neuronalis tipusu nAChR ACh
szerotonin 2>-HT3R sZerotonin
GABA,R GABA
glicin R glicin

glutamat receptorok glutamat, glicin
kainat
AMPA

NMDA



Extracellularis ligand-vezérelt
csatornak

» nicotin AChR (izmok): a,Byo (embryonic),
a,Peod (adult)

 nicotin AChR (neuronalis): a(2-10), B(2-4)
+ glutamate: NMDA, kainate, AMPA

« P2X (ATP)

+ 5-HT,

+ GABA,: a(1-6), B(1-4), vy (1-4), 9, €, p(1-3)
» Glycine



Intracellularis ligand-vezérelt
csatornak

leukotriene C4-gated
Caz2+

ryanodine receptor
Caz2+

|P3-gated Ca2+
IP4-gated Ca2+
Ca2+-gated K+

Ca2+-gated non-
selective cation

Ca<*-gated CI-
cAMP cation

cGMP cation

cAMP chloride

ATP CI-
volume-regulated CI-

arachidonic acid-
activated K*

Na*-gated K*



Stretch aktivalt csatornak

-kevesse altalanos formaja a csatorna szabalyozasnak

-a csatorna megnyilasat a membran disztorzioja okozza
- a szenzoros Idegekre jellemz0, pl tapintas

- a nyomas a boron az idegvegzodesek disztorzidjat okozza,
aminek hatasara megnyilnak a strech-aktivalt csatornak

- megvaltozik a membranpotencial, ami a Na* csatornak
aktivalodasan keresztul akcios potencialt valt ki



lon channel recording

* lon movements across membrane can be detected by
electrical measurements

* Technical advances now permit measurement of
electrical current through single channel molecule -
patch clamp recording

f— ] LTy -

glass microelectrode
conducting fluid _
tight seal -
ion channel - — %
cell membrane

cell-attached detached patch

metal wire trace of ion channel currents

- constant
—L_—voltage source

glass microelectrode

metal

oorrans i/'felectrode

Adapted from ECB Fig 12-20  \_ el eessbiatan 0 U4 .




Adapted from ECB Fig 12-21

lon channel recording (cont®)

state of open open open
channel: closed closed closed
< 5
o
wid
C
Q !
= !
O
0- ikt e
Time (ms)
S 10 15 20 05

* Na* channel activated by acetylcholine
= T open state probability (P,)

* When acetylcholine absent channel
spends most of time in closed state




Modifiers of Channel Gating



Binding of Exogenous Ligands Can Block Gating

anhgnmat

Irreversible
Endogenous <7 t (BTx)
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Cytoplasmic

Reversible Irreversible
reaction reaction




Exogenous Modulators Can Modify the Action of
Endogenous Regulators

Current

Brief Opening

Closed

Pentobarbitol
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lon Permeation Can be Prevented by
Pore Blockers

Glutamate-Activated Channel




Human /\ TP-Finding ( assette Transporters

| MDR | MRP | AID | OABP
Subfamily

Members
-




ABC transporters are
responsible for drug resistance

If anti-cancer drugs do not show any positive
effect, this is frequently due to overexpression of
the P-glycoprotein, a member of the ABC

transporter superfamily or multidrug resistance
(MDR) transporters

Built from 4 modules: 2x cytoplasmic nucleotide

binding sites, 2x TMDs with 6 helices each,

In bacteria these 4 domains can be coded by 2 or 4
single proteins; in eukaryotes all 4 domains on a
single protein

In bacteria, ABC transporters can act as importers
or exporters, in eukaryotes only as exporters (?)



CFT is an ABC transporter

CFTR, cystic fibrosis transmembrane conducting channel, is
the only ion transporting of the ca 100 known ABC
transporters (see Box 3-1)

Allows Cl-ions to tlow out of the cell, by ATP hydrolysis

More than 1000 mutations known, most frequent is Phe508
deletion, protein is functional, but improperly folded and
degradet in the ER before transport to PM

Homozygous have lung problems, thick mucus in the airways -
> suffer from chronic lung infections, early death



Physiol Rev. 2008 Apr;88(2):351-87.
CLC-0 and CFTR: chloride channels evolved from transporters.
Chen TY, Hwang TC.

CLC-0 and cystic fibrosis transmembrane conductance regulator (CFTR) CI(-)
channels play important roles in CI(-) transport across cell membranes. These two
proteins belong to, respectively, the CLC and ABC transport protein families whose
members encompass both ion channels and transporters. Defective function of
members in these two protein families causes various hereditary human diseases.
lon channels and transporters were traditionally viewed as distinct entities in
membrane transport physiology, but recent discoveries have blurred the line
between these two classes of membrane transport proteins. CLC-0 and CFTR can
be considered operationally as ligand-gated channels, though binding of the
activating ligands appears to be coupled to an irreversible gating cycle driven by an
input of free energy. High-resolution crystallographic structures of bacterial CLC
proteins and ABC transporters have led us to a better understanding of the gating
properties for CLC and CFTR CI(-) channels. Furthermore, the joined force between
structural and functional studies of these two protein families has offered a unique
opportunity to peek into the evolutionary link between ion channels and transporters.
A promising byproduct of this exercise is a deeper mechanistic insight into how
different transport proteins work at a fundamental level.


http://www.ncbi.nlm.nih.gov/pubmed/18391167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20TY%5BAuthor%5D&cauthor=true&cauthor_uid=18391167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=18391167

Channels Pumps

(@fusve, daspatin)  (conlomatonst coneeaivel - A2 jon channels versus transporters.

clossd™
w LLETEE
gt )

. Tout-acing”
a

The cartoon depicts the difference in the traditional
concepts of ion channels and transporters. For ion
channels (/eft), ions diffuse through the open pore, which
is thought to be controlled by one gate. For transporters
(right), because an open pore is not allowed at any time,
the transport pathway must be guarded by at least two
gates. The opening of the two gates is coordinated so that
no open pore is allowed. The “1” represents the
transported substrate that binds to the binding site in the
transport pathway.

B: primary active transport mechanism.

Energy directly harvested from the hydrolysis of ATP (the
energy currency in cells) is used to pump the substrate
across the membrane against an electrochemical
gradient.

C: secondary active antiport mechanism.

The two substrates, “1” and “2”, are transported in
opposite directions. The direction of the transport cycle
(“1” out and “2” in, or “1” in and “2” out) depends on the
electrochemical gradients of these two substrates.



Cystic fibrosis transmembrane conductance regulator chloride channel blockers: P

harmacological, biophysical and physiological relevance.
Linsdell P.

World J Biol Chem. 2014 Feb 26;5(1):26-39. Review.

The secret life of CFTR as a calcium-activated chloride channel.
Billet A, Hanrahan JW.
J Physiol. 2013 Nov 1;591(Pt 21):5273-8. Review.

CLC-0 and CFTR: chloride channels evolved from transporters.
Chen TY, Hwang TC.
Physiol Rev. 2008 Apr;88(2):351-87. Review.

The ABC protein turned chloride channel whose failure causes cystic fibrosis.
Gadsby DC, Vergani P, Csanady L.
Nature. 2006 Mar 23;440(7083):477-83. Review.

CFTR is a conductance regulator as well as a chloride channel.
Schwiebert EM, Benos DJ, Egan ME, Stutts MJ, Guggino WB.
Physiol Rev. 1999 Jan;79(1 Suppl):S145-66. Review.
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loncsatornak és betegseég

loncsatornakat megtamadé autoimmun betegségek — Myasthenia gravis
(AchR), Lambert—Eaton szindroma (vazizom Ca?* csatorna)

Myotonia (extrém izomtenzid) — vazizom Na* csatornak nem inaktivalédnak
megfelel6en, ami fokozza az izom ingeruleti allapotat

Hosszu QT szindroma — sziv Na* és K * csatornak

Malignus hypertermia — altatas — vazizom [Ca?*]i emelkedése — erls
kontrakcio — a testhOmerséklet potencialisan halalos mertéki emelkedése

Cisztikus fibrézis — Cl- csatorna mutacioja — csokkent epitelialis ClI-
konduktancia
— valadeék felhalmozodas a tudében — kronikus fertdzés — halal

Startle disease (hyperekplexia) — glicin receptor mutacidja a kozponti
idegrendszerben; varatlan stimulusra megmerevedo testtartas, gorcsbe
randuld végtagok



Channelopathies / lon channel related diseases
Tabde 1. Known won channe] discases

Chanpel LE Chanpel- fooming anil/Tagaed LT Diisease

Catlon channels:

CHEMA IACHRA CHRNAL 2. ACh [ (kR Myasthenia congenita

CHRMA4 CHRNAS . AllCh [ 18304 Auiossinal dominant mociumal fronial lobe epilepsy
CHRNB2 CHENE? b ACh | 18507 Autosoral donsinant moctumal frontal lobe epilepsy
Porbvcwstiie2 PRI ¥ [ TR0 Awtosomial doninant polyeystic kidney disease (ADPKD)
CHGAL CNGAS 2, cliMP 0053 Achromatopad 2 (color Buxdness)

CHGR] NGBS LIS % 07T 24 Awtospmal recensive retnialis pigmenios

CHGRS NGRS (LS % RS Achromatopsia 3

Sodinm chanoeb:

Ma 0.1 SCNIA o 823549 Ceneralined epilepsy with febnbke sevmmes (GEFS+)
Ma, 1.2 SOAA W | 823540 Creneralizad epilepsy with febrile and alfebrile seixures

Na 0.4 SONSA b 3aGT Paranmyolonin congeniin, powmssiunm gonessive naobonia,
hyperkaleme persxlic paralysis

MNa, 1.5 SCNSA E f0 ] 63 Long-OT syndrome, progressive Familial bean block nype |,
Brugada syndronse {idiopathic vemrcular arhythnsag
SCNIR CNIB [ 0235 Giereralized epilepsy with febrile seisares (GEFS+)
EMad = HONNIA X 2 2R Preudohypoaldosieronism type | (PHATL
ENaC] MONNIE 4 LELUE L PHAL, Luldlke symdromse (domimant hyperansson
ENaCy SCANIG -.r 0076 PHAIL, Liddle symlrome
Potassiam channels:
K., 0.1 KON = ] | TR Ei.pib.ml'u.: naxea with 1|1:|.'nlc:|.'r|1.|||
KOMO LK, LOTI KON 4 | 92500 Auntosomal donsinant foog-0T svodrome { Romano-Ward)
Auosomal recessne o =0T syndromse with dealiness
i Jervell-Lange-Miclsen)
RCMO2 SONGD X G2 2NF BFNC (epilepsy), also with mmyokymea
KON KNGS ] 2T BFMNC (epilepsy)
KL MO KON a 603537 DFNAZ (dominant hearing ks )
HERG KUNH2 NONH D e 152427 Long-0T syndrome
Kirl. 'ROMEK NOMIT a L IR Banmter syndromse (remal sabl loss, hwpokalemic alkalosis)
Kaird. FIRK/KOCNE KON o GE ] Long-0T syndrome with dysmomphic features § Andersen symlrome)
Kirh, 2k ame KOS e SR Persistent hypermsubpenvie hypoghoonmia of infncy (FHHT)
SUR1 SURYS [t LRI FHHI
RCNENAEnKRISE KONEL i | Th2h| Autsanmal dominani loag-0T syndrome {Romano—Ward

Autosomal recessive lomg-0T syndrome with deafiness
i Jervell- Lange- Mielsen)
ROUNEXMIRPI RONEZ Ji B3 T Long-0T syndroms
RCNESMERP2 NONER Ji R R R Perusidic poagalysis



Caleiom channcls:
a1

Ca,l4
Ca2l

RyR1
RyR2

Chloride channcls:
CFTR

CHC-1

-5

CHC-T

CHC-Kh

Bartiin

GLRAI

CGiABAx]

GARAY2

Gap junction chanpels:

Cxdb
i
Cxdl
Cxll

CACNALS

CACNAIF
CACNA LA

RYRI
RYRD

ARCCT
CLONT
CLONS
CLONT
CLONKR
BAND
CrLRAl
GABRAI
CrARRGE

Cuf2?

(nfB4
(ufB3
(eS8

]

e R e R

1, glycme
1, GABA
v, GABA

| 14208

3001 10
LU R)

| 040
| OS2

#2421
[ 18425
In0n0s
2727
MI2023
M |2
| 35491
L3716
137104

12alt

BS425
324
IO

Hypokalemic penodic paralvsis,
miadigrant hyperthermo
X-linked congenital stationary night blindness
Familial hemiphegic migraine,
episadic saxis, spmocenchellar stuxia type 6
Malignant byperthermia, central core disease
Cotecholaminergic polymorphae ventrieular tachycarde,
arthythmopenic rght ventrcular dysplasia type 2

Cystie fibrosis, congenital bilateral aplasa of vas deferens
Autosomal recessive (Becker) or dominant { Thomsen) myoonia
Dent’s discase {X-linked proteinuria and kidney swones)
Osteopetmsis {pecessive of dominarnt)

Banter symdromse type 11

Barter symdrome type IV (associated with sensonncural deafmess)
Hyperekplenta (sanke dissse)

Juvenile myoclonus epilepsy

Epiegsy

DFNAY (autosomal dominant bearing loss)

DFMBI (autosomal recessive heasing loss)

[FMA

DFMAZ

CMTX (Xehnked Charcot-Mane Tooth neuropathy )

The third column classifies channel proleins o =, 3, and 4y subunats, where 2 subumts are abways directly imvelved i pore fomation, Several f subunils are only
accessory (1.2, do mol Form pores ], as i the case, for example, with SCN 1B and barttin, Others (e, of ENaC and GABA recepions) participate in pore fomation,
For ligandgated channels, the lgand 5 gren. Note that GABA and ghcing act from the extracellular side, whereas ciMP & an intracellular messenger.



Examples of channelopathies

Anxiet
Dry mouth syndmme y

Depression Schizophrenia
Is-::hemla Cystic fibrosis
igrai Lc:-ng QT
Crohn’s disease Migraine \ / CDLD
Myotonia s vaertensmn

Incontinence
Constipation

iy Diseases Involving
Ion Channel Function s

Kidney stones

Tinnitus —

Muscle tensinn/

Pain
\Kﬂsthma
Deafness [ \
_ Multiple sclerosis
Epilepsy Dementia

Osteopetrosis Memory



Front Cell Neurosci. 2015 Mar 17;9:86.

Cancer as a channelopathy:

ion channels and pumps in tumor development and progression.
Litan A, Langhans SA.

Increasing evidence suggests that ion channels and pumps not only regulate membrane
potential, ion homeostasis, and electric signaling in excitable cells but also play important roles in
cell proliferation, migration, apoptosis and differentiation. Consistent with a role in cell signaling,
channel proteins and ion pumps can form macromolecular complexes with growth factors, and
cell adhesion and other signaling molecules. And while cancer is still not being cataloged as a
channelopathy, as the non-traditional roles of ion pumps and channels are being recognized, it is
increasingly being suggested that ion channels and ion pumps contribute to cancer progression.
Cancer cell migration requires the regulation of adhesion complexes between migrating cells and
surrounding extracellular matrix (ECM) proteins. Cell movement along solid surfaces requires a
sequence of cell protrusions and retractions that mainly depend on regulation of the actin
cytoskeleton along with contribution of microtubules and molecular motor proteins such as
mysoin. This process is triggered and modulated by a combination of environmental signals,
which are sensed and integrated by membrane receptors, including integrins and cadherins.
Membrane receptors transduce these signals into downstream signaling pathways, often
involving the Rho GTPase protein family. These pathways regulate the cytoskeletal
rearrangements necessary for proper timing of adhesion, contraction and detachment of cells in
order to find their way through extracellular spaces. Migration and adhesion involve continuous
modulation of cell matility, shape and volume, in which ion channels and pumps play major roles.
Research on cancer cells suggests that certain ion channels may be involved in aberrant tumor
growth and channel inhibitors often lead to growth arrest. This review will describe recent
research into the role of ion pumps and ion channels in cell migration and adhesion, and how
they may contribute to tumor development.


http://www.ncbi.nlm.nih.gov/pubmed?term=(litan%20a%5BAuthor%20-%20First%5D)%20AND%20cancer%20as%20a%20channelopathy
http://www.ncbi.nlm.nih.gov/pubmed/?term=Litan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25852478
http://www.ncbi.nlm.nih.gov/pubmed/?term=Langhans%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=25852478

Cell migration

IK. BK, Kir, VGSC, TRP,
Na.K-ATPase, Chloride
channels \

/

Voltage gated K* channels,
Kue Kir, PMCA

Cell cycle control

Cancer

Cell adhesion

GIRK.Na.,K-ATPase,Ca*
channels

Invasion and metastasis

VGSC, TRP.Na,K-ATPase,
NHE1. Chloride channels




lon channel drug discovery expands into new

disease areas

Michael Xie, Mats H Holmgvist & Albert ¥ Hsia
Synta Pharmaceuticals, Lexington, MA, USA

Targeting recently discovered transient-receptor-potential
channels and other novel ion channels allows the
development of drugs for diseases such as cancer and
immune disorders, expanding the traditional set of ion
channel targets and enabling the discovery of first-in-
class compounds.



Excitable cells

Stroke

Diabetes

Recent findings, primarily in non-excitable cells (immune cells, other), open
new therapeutic areas (italics) for ion channel drugs.



AChR a7

Inflammation

Ether-a-go-go

P2X7

TRPM1

TRPM4

TRPMS8

Osteoporc
Cancer

Sickle cel
Immune disorders
Asthma, (

Melanoma
Asthma

Immune disorders
Stroke

Prostate cancer

Urinary inco

New channels, new
diseases.



THE BEHAVIOR OF FOUR NEUROLOGICAL MUTANTS
OF DROSOPHILA*

WILLIAM D. KAPLAN amnp WILLIAM E. TROUT II1
Departrment of Biology, City of Hope Medical Center, Duarte, California, 91010
Received August 26, 1968

SINGLE gene changes offer an efficient and attractive way to study the genetic

control of behavior. Drosophila, with its numerous technical advantages,
would seem to provide a fruitful approach in working out the complexities of
neurological control. The four neurological mutants discovered serendipitously
and described in this report present just such an opportunity].

The phenotype common to all four is a rapid shaking of the legs following
etherization, Because the mutants appeared, among the progeny of four different
males of the original thirty treated, they represent four independent mutational
events. Subsequent study has disclosed that three separate gene loci are involved,
all on the X-chromosome.

Genetics 61: 399-409 February 1969.



TABLE 1

Localization of mutant genes on X-chromosorme

Recombinational
fractiom between

MNumbher of Number of mutant and closer Position on

Genolype offspring counted crossovers hebween: of two markers N-chromoscme

HyperkineticT 2431 ct and HEF'F 262 2.1 30.9 = 0.6%
HE? and v 51

Hyperkinetic®T 2027 cv and HkET 333 2.6 30.4 = 0.7*
HET and v 52

Shaker® 1770 f and Shi 24 1.4 582 + 0.6°
Shf and car 69

Ether i go-go 2479 g and Eag 139 5.6 50.0 + 1.0*

Eag and f 179

* Limits of recombinational fraction corresponding to level of significance of one mn twenty.
Based upon method of Stevexns (1942),
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Mol Cancer. 2010 Jan 27;9:18.

The potassium channel Ether a go-go is a novel prognostic factor with functional
relevance in acute myeloid leukemia.

Agarwal JR, Griesinger F, Stuhmer W, Pardo LA.

BACKGROUND:

The voltage-gated potassium channel hEag1 (KV10.1) has been related to cancer
biology. The physiological expression of the human channel is restricted to the brain but
it is frequently and abundantly expressed in many solid tumors, thereby making it a
promising target for a specific diagnosis and therapy. Because chronic lymphatic
leukemia has been described not to express hEag1, it has been assumed that the
channel is not expressed in hematopoietic neoplasms in general.

RESULTS:

Here we show that this assumption is not correct, because the channel is up-regulated in
myelodysplastic syndromes, chronic myeloid leukemia and almost half of the tested
acute myeloid leukemias in a subtype-dependent fashion. Most interestingly, channel
expression strongly correlated with increasing age, higher relapse rates and a
significantly shorter overall survival. Multivariate Cox regression analysis revealed hEag1
expression levels in AML as an independent predictive factor for reduced disease-free
and overall survival; such an association had not been reported before. As a functional
correlate, specific hEag1 blockade inhibited the proliferation and migration of several
AML cell lines and primary cultured AML cells in vitro.

CONCLUSION:

Our observations implicate hEag1 as novel target for diagnostic, prognostic and/or
therapeutic approaches in AML.


http://www.ncbi.nlm.nih.gov/pubmed/20105281
http://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=20105281
http://www.ncbi.nlm.nih.gov/pubmed/?term=Griesinger%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20105281
http://www.ncbi.nlm.nih.gov/pubmed/?term=St%C3%BChmer%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20105281
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pardo%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=20105281

Foms active kinase
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# — Angiogenesis
5 ncreased
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Metastasis
Potential mechanisms of malignant transformation by K* channels. Increased
expression of K* channels on cell membrane results in increased influx of Ca?* ions
resulting in increased transition of cells through G1/S phase of cell cycle. The
channels in presence of hypoxia lead to release of HIF1 and VGEF factor leading to
increased angiogenesis and subsequent invasion and metastasis of tumours. The
nuclear localisation sequence (NLS) in the C terminus on activation results in
perinuclear localisation of the channel leading to activation of Mitogen activated
protein kinase (MARP) pathway resulting in increased cell proliferation. The Eag
channels also act through the Ca calmodulin pathway to activate cell proliferation.



World J Surg Oncol. 2010 Dec 29;8:113.

Eag and HERG potassium channels as novel therapeutic targets in
cancer.
Asher V, Sowter H, Shaw R, Bali A, Khan R.

Voltage gated potassium channels have been extensively
studied in relation to cancer. In this review, we will focus on the
role of two potassium channels, Ether a-go-go (Eag), Human
ether a-go-go related gene (HERG), in cancer and their potential
therapeutic utility in the treatment of cancer. Eag and HERG are
expressed in cancers of various organs and have been
iImplicated in cell cycle progression and proliferation of cancer
cells. Inhibition of these channels has been shown to reduce
proliferation both in vitro and vivo studies identifying potassium
channel modulators as putative inhibitors of tumour progression.
Eag channels in view of their restricted expression in normal
tissue may emerge as novel tumour biomarkers.


http://www.ncbi.nlm.nih.gov/pubmed/21190577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Asher%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21190577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sowter%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21190577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shaw%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21190577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bali%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21190577
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21190577

Pharmacol Rev. 2014 Jul;66(3):676-814.

Transient receptor potential channels as drug targets:
from the science of basic research to the art of medicine.
Nilius B, Szallasi A.

KU Leuven, Department of Cellular and Molecular Medicine, Laboratory of lon
Channel Research, Campus Gasthuisberg, Leuven, Belgium (B.N.); and
Department of Pathology, Monmouth Medical Center, Long Branch, New Jersey

The large Trp gene family encodes transient receptor potential (TRP) proteins that
form novel cation-selective ion channels. In mammals, 28 Trp channel genes have
been identified. TRP proteins exhibit diverse permeation and gating properties and
are involved in a plethora of physiologic functions with a strong impact on cellular
sensing and signaling pathways. Indeed, mutations in human genes encoding TRP
channels, the so-called ,TRP channelopathies,” are responsible for a number of
hereditary diseases that affect the musculoskeletal, cardiovascular, genitourinary,
and nervous systems. This review gives an overview of the functional properties of
mammalian TRP channels, describes their roles in acquired and hereditary
diseases, and discusses their potential as drug targets for therapeutic intervention.


http://www.ncbi.nlm.nih.gov/pubmed/24951385
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nilius%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24951385
http://www.ncbi.nlm.nih.gov/pubmed/?term=Szallasi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24951385

In 1969, a Drosophila mutant was discovered that was
defective in light sensing and exhibited only transient light-
induced receptor potentials (TRPs) instead of the normal
maintained response.

This finding was explained by a defect in an ion channel
and triggered the discovery of the large gene family
baptized ,trp genes” that encode TRP channels.

By the latest count, the TRP channel superfamily contains
28 mammalian members (27 in humans; see Fig. for the
TRP ,family tree”) and is subdivided into six subfamilies, all
of which permeate cations.



The phylogenic tree of human TRP channels

On the basis of sequence
I homology, all TRP channels
o TE F fall into seven subfamilies
TRPV4 that comprise proteins with
TRPYV2 distinct channel properties.
™ Note that TRPN1 is only
werr— present in lower vertebrates
B e (€.9., zebrafish); TRPC2 is a
s '  pseudogene in humans. The
wrce par (0.2) indicates point
accepted mutation units,
which is the evolutionary
et distance between two amino
'RPC3 acids (1 point accepted
IRPMS _— mutation unit = 1 point
TRPM4 IRPCS mutation event per 100
RPMT TRPC2 amino acids, which is

TRPMG A2 TRIFMI i .
FRPM3 0.2 accepted and is passed to
progeny).

FRPYI

AR

IRIFCS
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Physiol Rev. 2007 Jan;87(1):165-217.
Transient receptor potential cation channels in disease.
Nilius B, Owsianik G, Voets T, Peters JA.

The transient receptor potential (TRP) superfamily consists of a large number of
cation channels that are mostly permeable to both monovalent and divalent cations.
The 28 mammalian TRP channels can be subdivided into six main subfamilies: the
TRPC (canonical), TRPV (vanilloid), TRPM (melastatin), TRPP (polycystin), TRPML
(mucolipin), and the TRPA (ankyrin) groups. TRP channels are expressed in almost
every tissue and cell type and play an important role in the regulation of various cell
functions. Currently, significant scientific effort is being devoted to understanding the
physiology of TRP channels and their relationship to human diseases. At this point,
only a few channelopathies in which defects in TRP genes are the direct cause of
cellular dysfunction have been identified. In addition, mapping of TRP genes to
susceptible chromosome regions (e.g., translocations, breakpoint intervals, increased
frequency of polymorphisms) has been considered suggestive of the involvement of
these channels in hereditary diseases. Moreover, strong indications of the
involvement of TRP channels in several diseases come from correlations between
levels of channel expression and disease symptoms. Finally, TRP channels are
involved in some systemic diseases due to their role as targets for irritants,
inflammation products, and xenobiotic toxins. The analysis of transgenic models
allows further extrapolations of TRP channel deficiency to human physiology and
disease. In this review, we provide an overview of the impact of TRP channels on the
pathogenesis of several diseases and identify several TRPs for which a causal
pathogenic role might be anticipated.


http://www.ncbi.nlm.nih.gov/pubmed/17237345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nilius%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17237345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Owsianik%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17237345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Voets%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17237345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peters%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=17237345
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TRPC3, TRPCS, TRPCS, Respiratory Disorgers

TRPM2, TRPAAS, ___,..—. TRECE, TRPVI, TRPVA,

TRPM7. TRPMLL 7 TRPME, TRPAL
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TRPV1, TRPV3, TRPA] isordors
TRPC1, TRPCL, TRPCH,
Diabetes TRPMA4
TRPVI, TRPM 2,

TRFPMS
Ql Disarders

Kidngy Disorders
TRPCH, TRFMIG,

TRPV1, TRPV2, TRPVA, TRPP2
TRFME, TRPAL
Pain
Bladder Disorders TRPV1, TRPV3, TRPVY,
TEPV], TEPVA, TRPMA, TRV TRPNS.
TRPMS, TRPAL TRPAL

Schematic illustration of the tissue-distribution of TRP channels and their
putative roles in the pathogenesis of human disease.



[oncsatornak mint gyogyszerek célpontjai

A hely1 érzéstelenitdk (pl. idokain) gatoljak a Na™ csatornakat:

nagy koncentracioju hely1 alkalmazas gatolja az 1degi
ingeriiletvezetést — érzestelenito hatas

alacsony koncentracioju szisztémas alkalmazas — antiarritmias
hatas

Ca*" csatorna gatlok (verapamil, diltiazem, nifedipin):

anfiarritnuas hatas (verapamil. diltiazem)
ertagito hatas — sziv munkajanak csokkentése (magas
vVernyomas)



[oncsatornak mint gyogyszerek célpontjal

Nyugtatok, altatok:

* akozponti idegrendszer gatlo szinapszisait aktivizaljak: a
GABA receptorok gyakrabban nyitnak ki (benzodiazepinek)
vagy tovabb tartanak nyitva (barbituratok) — repolarizacio.
nyugtato hatas



Toncsatornak mint gyogyszerek celpontjal

Limfocita K™ csatornagatlo-szerek. mint potencialis
immunszuppresszorok:
(az mtezet elektrofiziologial munkacsoportjanak munkaja)

* bizonyos T lmfocitak (effektor memoria sejtek). melyek
reszt vesznek egyes autoimmun betegseégek (pl. sclerosis
multiplex. I-es ftipusu diabetes) kialakulasaban. nagy
szamban fejezik k1 a Kv1.3 K* csatornat. E csatornakat gatlo
szereket alkalmazva az autoreaktiv T sejtek aktivitasa.
proliferacioja csokkentheto. igy a betegseg elorehaladasa
gatolhato.



Br J Pharmacol. 2014 May;171(10):2474-507.
Transient receptor potential (TRP) channels: a clinical perspective.
Kaneko Y, Szallasi A.

Transient receptor potential (TRP) channels are important mediators of
sensory signals with marked effects on cellular functions and signalling
pathways. Indeed, mutations in genes encoding TRP channels are the
cause of several inherited diseases in humans (the so-called 'TRP
channelopathies') that affect the cardiovascular, renal, skeletal and nervous
systems. TRP channels are also promising targets for drug discovery. The
initial focus of research was on TRP channels that are expressed on
nociceptive neurons. Indeed, a number of potent, small-molecule TRPV1,
TRPV3 and TRPA1 antagonists have already entered clinical trials as novel
analgesic agents. There has been a recent upsurge in the amount of work
that expands TRP channel drug discovery efforts into new disease areas
such as asthma, cancer, anxiety, cardiac hypertrophy, as well as obesity
and metabolic disorders. A better understanding of TRP channel functions
in health and disease should lead to the discovery of first-in-class drugs for
these intractable diseases. With this review, we hope to capture the current
state of this rapidly expanding and changing field.


http://www.ncbi.nlm.nih.gov/pubmed/24102319
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaneko%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24102319

Adv Genet. 2008;64:81-145..
Therapeutic approaches to ion channel diseases.
Camerino DC, Desaphy JF, Tricarico D, Pierno S, Liantonio A.

More than 400 genes are known that encode ion channel subunits. In addition,
alternative splicing and heteromeric assembly of different subunits increase
tremendously the variety of ion channels. Such many channels are needed to
accomplish very complex cellular functions, whereas dysfunction of ion channels are
key events in many pathological processes. The recent discovery of ion
channelopathies, which, in its more stringent definition, encloses monogenic disorders
due to mutations in ion channel genes, has largely contributed to our understanding of
the function of the various channel subtypes and of the role of ion channels in
multigenic or acquired diseases. Last but not least, ion channels are the main targets of
many drugs already used in the clinics. Most of these drugs were introduced in therapy
based on the experience acquired quite empirically, and many were discovered
afterward to target ion channels. Now, intense research is being conducted to develop
new drugs acting selectively on ion channel subtypes and aimed at the understanding
of the intimate drug-channel interaction. In this review, we first focus on the
pharmacotherapy of ion channel diseases, which includes many drugs targeting ion
channels. Then, we describe the molecular pharmacology of ion channels, including the
more recent advancement in drug development. Among the newest aspect of ion
channel pharmacology, we draw attention to how polymorphisms or mutations in ion
channel genes may modify sensitivity to drugs, opening the way toward the
development of pharmacogenetics.
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lin chanmels invalved in chanrelopachies of skelea] miscle s trget af drugs.

Channels and relaved genes, classes of drugs with examples, and thempeusic Indicagions
e regietend], Modshed foom Ashoredt (2006,
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Candiac ion channels invedved in channeloparhies and argets of drugs. Chanavelops-
thies relatel to candiae o channel genes are indicoted in plain boxes, while clisses of
driggs with examgles are listed in dashed boxes. AAD, andarthydsmic doups. Pleass refer
to the text for ather abhevighons.
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lan chansels of ceniral and peripheral neeeous sywtem involved In chanoebopathies and
targets of drugs. Chanoelapathies related o ion channel genes ame indicated in plain
boaes, while classes of drugs with examples are Hsed in dashed boxes. W, volmage gaved.
Flease refer to the texx for ocher abbreviations.
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Kidney ion channels involved in channelopathies and targets of drugs. Channeloparhies
related o fon channel genes are indicaved in plain boxes, while classes of drugs with
eniigrbes are listed in dashed boses. Plense refer mo dhe wexr for ablreviations.
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