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Physiological roles of Ca*-activated Cl- channels (CaCCs)
INn mammalian tissues

v Epithelia............ccc....... fluid transport, mucus secretion
v'Smooth muscile.............. contractility, tone
v'Sensory neurons............ signal amplification, excitability

(and other sensory cells)



Key features of CaCC.:

» Low apparent affinity to
Ca?*: low uM range

> P,>Pg

» Voltage dependence with
outward rectification

> Slow kinetics

» Sensitivity to NPPB, DIDS,
NFA, FFA



Molecular identity CaCC remained elusive for
many years

»CLCA?
»CLC3?

»Bestrophins?

»ANO1/TMEM16A
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Expression of TMEM16A various tissues
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Excitability of sensory neurons Is a way to communicate
sensory information to the brain

Dorsal Root Ganglion

To the brain

Nociceptive afferent




Many inflammatory mediators excite sensory neurons through G
protein coupled receptors
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Several inflammatory mediators act trough G;,-coupled
receptors expressed in sensory neurons

Bradykinin,
Proteases.
Histamine

Substance P
ATP




Both BK and PAR2-AP induces strong activation of PLC in DRG
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Inflammatory mediators induce Ca?* release from the ER stores
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Inflammatory mediators activate Ca?*-activated CI- channels
(CaCC) in small DRG neurons
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SIRNA ANO1 knock-down reduces BK-induced inward current

Scrambled oligo ANOL1 siRNA
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The intracellular ClI- concentration in DRG neurons provides driving
force for depolarizing CI- currents through CI- channels.

Gramicidin-perforated patch leld[erlcm

Gramicidin
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CaCC contributes to the BK-induced excitation of DRG

High [CI, Low [CI].
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Pharmacological inhibition of CaCC in peripheral terminals of
nociceptive fibres reduces BK-induced pain
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Conclusions thus far:

»ANO1 underlies CaCCs In small DRG
neurons

» This channel is activated by Ca?* release
from the ER and this activation has an
excitatory effect which may result in pain



Does it matter where Ca?* is coming from?

Electrical, sensory,
chemical stimuli

IP; releases Ca®* Open VDCC
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Cell function

Hartzell et al. 2005 Annu Rev Physiol.67:719-58



CaCC couple poorly to VGCC in small DRG neurons

VGCC-coupled ‘tail’ CaCC is only seen in a minor proportion of small DRG neurons

80 MV —
I

-80 mV

0mV

no CaCcC

500 pA‘

) -
120 1000 ms

Jin et al. Science Signaling 2013

Depolarization with High-K* extracellular solution also activates CaCC poorly as compared to BK
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ANO1 co-immunoprecipitates with the IP;R in DRG
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ANO1-containing signaling complexes are localized to lipid rafts

Sucrose gradient
centrifugation:

PLA assay:
Control :
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Disruption of the ANO1-containing signaling complex results in
overexcitable neurons
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Summary of the BMCD experiments

Control
GPCR-induced
cytosolic Ca?* transients.................. YES
GPCR-induced
CaCCcurrent......ccovvveieiiiierrennnnneens YES
CaCCcC tail current
after VGCC activation.............c.c....... NO
‘Overexcitable’ neuron
(multiple action potential firing)........ N[@

BMCD  aCD
YES
NO YES
YES NO
YES NO

But if no [CI]; than NO



Some ideas on possible mechanism

Jin et al. Journal of Physiology 2015



Defining structural background of ANO1-IP;R1 interaction in DRG
neurons
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Junctional PM-ER microdomains: current concept & future questions

ER-PM junctions in DRG

Other channels: Plasma T

Kv7? TRPs? P2X? Orai? Membrane
Cav-1

Scaffolding?
Cytoskeleton?

Jin et al J Physiol 2015

12 BK 20 What is the molecular composition of
the junctional multiprotein complexes
In sensory neurons?

1.1 -
Are these complexes dynamics or
static?

FIF,

What is a functional significance of the
complex assembly (vs. its components
functioning separately)?
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Gold nanotubes able to detect and destroy cancer

Scientists have shown that gold nanotubes have many applications in fighting cancer:
internal nanoprobes for high-resolution imaging; drug delivery vehicles; and agents for
destroying cancer cells.

(¥ ==.%,. . ° |ead-oriented synthesis
5 A . Chemistry research at Leeds, funded by EPSRC and in collaboration with GSK, has
’S ja — L= developed a novel synthetic approach which generated compounds as starting

materials for drug discovery which have the properties required by the pharmaceutical
industry and could lead to new breakthroughs in drug discovery.

Despite huge investment and changes in practices over the years, the rate of drug
discovery has not increased and the cost of bringing effective drugs to market remains
very high.

The Pharmaceutical and Biopharmaceutical innovation
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biological sciences to pioneer innovative approaches to
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Reworked scheme of regulation of membrane potential
by CaCC in sensory neurons

Electrical, sensory,

; ” ¥ Nociceptor
chemical stimuli

v N\

IP; releases Ca®* Open VDCC
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CaCC is a dominant BK-induced inward current even at 37°C

Low [CI], 37°C Low [CI] 37°C High [CI], 37°C

1200;

Inward current, pA




Similar arrangements between ANO1/CaCC and intracellular Ca?*

were proposed in other tissues
HEK?293 cells (Kunzelmann et al.
2011 Exp Physiol):

Smooth muscle (Zhuge et al. 2010 JBC):

ICI(Ca) lak

STOC STIC
VDCCs

When BKs are blocked or preferentially suppressed

f—\lcuc::a) :
BK

Xenopus oocytes (Courjaret &

Machaca 2014 Nat Commun):
o Cr Gl




CaCC are in close proximity to the IP; receptors
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TRP channels contribute little to the acute pain induced by BK
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