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~lon channel disea
lon channel disorder
lon channelopathy

e Channelopathies are diseases caused by disturbed
function of ion channel subunits or the proteins that

regulate them.

e Genetic disorders of ion channels and their modifiers
are known as channelopathies.

e Channelopathies are associated with a wide variety of
symptoms.



Mutations In many classes of ion channels

are assoclated with human disease
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Introduction of AD

II. How does presenilin(PS) mutations
perturb ER Ca?* release?

[II. How does B-Amyloid(Ap) disturb
intracellular Ca2* homeostasis?




[
. | -

» - ' 7

ﬂ-!{_'-i et Y -
uiE. ' __
e AD pa ooglca allmarks.: EDOSI IoNn o amy OIC

s plaques and neurofibrillary tangles, neuronal loss,
synaptic degeneration.

pathogenesis: amyloid hypothesis,
hyperphosphorylated tau hypothesis, calcium
homeostasis hypothesis

 PS: an integral membrane protein in the ER of neurons

1. increased production of AB1-42 which then
aggregates and damages neurons.

2. intense sparks of Ca®* emanating from within
neurons

-

« Ap: self-aggregated into amyloid fibrils A\
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3‘%enhanced channel abundance of ER(levels of

“ryanodine receptors are elevated in primary

hippocampal neurons from PS1 mutant knockin
mice)

Chan SL, et al. 2000

e enhanced channel activity of ER In response to
its ligand(InsP3 activated Ca?* release is used
diagnostically to identify individuals with FAD) g5

Cheung KH, et al. 2(




e
_— 5
i _.-""'.
1
- =3 .,J-'—'i_—-u-.-'_ffb:lh".- =/
rd A’ — ¥t -
r iy
- g l‘;‘!’ i \ r
r 'Jli:‘;;l' %
i

IR &
- = 4
il
=

[Ca2+} (nM)

o8 88 8

Hippocampus

{&# Cerebellum

i
(e

PS1M148VKI

Relative RyR3 levels
o
o

cll
EE =

Levels of RYR mRNA are increased
In primary neurons expressing

4 mutant PS1 T | € coloc
=~ S~— @ S ', , /\\

PS1 and RyR protelns

= -_".:”_';;,-':—,1'_’1'-.'..?:‘%_-._"5_—_:— --_""{.\\ W -,L" \ 51‘?.' A1 -gu" NI NoSs==2271111] It -
o S NS S / iz

T



B H

> J..
I




s

~ T=p -
- » v
" ,‘ i -: : .
L ; -
: — -
i il -
V73
C57 I'— I l.l— 2s
o JallL . | i | I Lk il | Il | 1" | [T

i | L I 1 At ol 0 D0 b DO b JUHAT I1"I'I I“ " Iil“ il"[lll ||]|| I” ” HI“"“ [””
- 10=

LS ] 0.5— I L & T N Wl N Iimw i [ & SFNs i |

- — * { - EEEEE O IS EEE W S -

3xTg-AD 0.4 - 11
s m

Ilm 0.3 4
i lml

OB 7NN S T S SRS B B I TR ) D e I

0.2

(VI L0 L oL AL SO LN G B MR UL o
0.1+ o 5 0.2 -

0.0 -

3\5\515%%

D

3ng-AD




i
¥ 9 ‘_. ' - =
i - - i
" 4

A Ve
Twa .

100 nM| 500 —
§ 2 min
€ T A M it
_ =
T £ 300+
:_t‘—l"'_
100 M| ¢ 2007
2 min ey
< 4004
A246E N/A o
e 0 | Qe

CTL
7

s
\

N

? Iarie amilitude Ca?* transients

A246E



#
*f

@ TV 4 7
o 3
= 0 8 ~ — " 5 8_0 _ 100 nMl = i
- i N o
€ 06- 4G 60-
7 g
-} 2
0.4 - L;: 40 -
(&) O
5 (4°]
o
“ 0.0 - L o0- —
] — LL - T
5 € ¢ T G :I 1‘"—*

(D
w
AN
g v acuvategmuuwwuwﬂ LA UMM W <ld‘pon[aneou




Extracellular




2 L]
- » o
; 4 .

- ’f.._?. e L
i < e
. amyloid channel hypothesis
ﬁ*&\% Masahiro K, et al. 2000

 Interactions of AP with various Ca-
permeable channels including voltage-
gated Ca?* channels (N, P, and Q),

nicotinic acetylcholine channels glutamate
receptors (AMPA and NMDA), dopamine
receptors, serotonin receptors , and
intracellular InsP3Rs. &

Demuro A, et al. 2%" :
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A Plasma glucose low

No insulin release
Metabolism low

Decreased ATP
Increased MgADP

Plasma glucose high

K Insulin release

Metabolism high

Increased ATP
Decreased MgADP

Ca?r

AP 2
channels closed channels \“x_ Ca

channels elosed e channels open
open Membrane —
hyperpolarized Depolarization
Low metabolism High metabolism
K, channels open K,» channels closed

Less insulin secreted Insulin secreted

(Frances M. Ashcroft, 2005)
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Schematic structure of the K .., f-cell channel. On all schematic representations, SUR1 subunits are blue and Kir6.2,
purple. (A) Cross-section of the octameric K, p channel in the plasma membrane. The pore of the K' channel is shaped by 4 Kir6.2
subunits, each of them being associated with a regulatory SURI subunit. (B) Transmembrane topology of a single Kir6. 2 subunit. Binding
of the ATP nucleotide to Kir6.2 closes the channel. (C) Transmembrane topology of a single SURI subunit. Nucleotide Binding Domains

(NBDI and NBD2) are highlighted in light blue. Binding of Mg ATP on these domains opens the channel. Sulfonylureas bind to intracellular
loops of SURI and inhibit the channel. (Color version of figure is available online.)

Figure 2

(Cécile Saint Martin, Jean Baptiste Arnoux, Pascale de Lonlay, Christine Bellanné-Chantelot, 2011)
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Metabolism

Glucose-6-
phosphate _» — *
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o e %umkinase ATF' ATP ,\
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exocytosis

glucose uptake

ATP-sensitive
K* channel

Caz+ depolarnzation
Ca2+ Ca2+

Voltage-gated
Ca?* channel

insulin release

(Cécile Saint Martin, Jean Baptiste Arnoux, Pascale de Lonlay, Christine Bellanné-Chantelot, 2011)
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C Gain-of-function-mutations in Kirg.2 D Loss-of-function-mutations in SUR1 and Kir6.2

Glucose

No insulin release A Insulin release

Metabuism high @

increased ATP
Decreased MgADP

K+

¥ Ca? No

channels closed functional o~ > Ca*
. Ky CRANNGI Mainbraine K Channels P - — channels open
insensitive to ATP, i Depolarization continuously
0 remain open hyperpolarized p
K, Channels more open K, channels closed
Less insulin secreted Insulin secretion unregulated
Neonatal diabetes Congenital hyperinsulinemia

(Frances M. Ashcroft, 2005)
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Benign Familial Neonatal Convulsions
and KCNQ2/KCNQ3.
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Figure 1. The structure of M-channels. A, Membrane folding patterr
of KCNQ2 and KCNQ3 subunits and locations of benign familial
neonatal convulsions (BFNC) gene mutations resulting in amino acid
substitutions (circles) or truncation of the polypeptide (red boxes).
Numbers indicate the position of the disease-causing mutations in the
amino acid sequence of each subunit (A, alanine; W, tryptophan;R,
arginine; Y, tyrosine; C, cysteine; G, glycine; and V, valine).
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component containing 6 transmembrane segments (ie, S1 through S6).
Segment S4 is positively charged and moves in response to changes in
the membrane potential, leading the channel to open with depolarization.
Segments S5 and S6 and the extended loop between them form the walls
of the transmembrane ion pathway. Point mutations have been found in
the pore or the S4 regions; truncations, the intracellular C terminus.
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Location of 29 mutations in the KCNQZ2 gene
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Location of three mutations in the KCNQ3 gene



Table 1 Genotype—phenotype

Mutations® Kindred (number Clinician Age of onset Number of individuals and
assessed/number (median) later selzure phenotype (onset)
affected)

KCNQ2

12941 Gto T K4594 (3/7) Thompson |-5 days None

M208V K4629 (2/2) Ronen -2 days 2/2 generalized (4-7 vears)

H228() K2519° (6/6) Kelly |-6 days None

L243F E2670 (2/4) Van Orman/Filloux 3-5 days None

W2eYX K3150 (7T Prince |-3 days, & months 2/7 tebrile, generalized in adulthood

283insGT KI1504° (19/19) Quattlebaum | days— 3 months (3 days) 5/19 generalized seizures (21-45 years)

Y2B4C K3904 (2/2) Murphy |-6 days (1 day) None

A3DAT! K1705% (69/69) Eonen/Rosales =30 daj,'i" (3 days) 1 1/69 febrile, generalized (1-16 years)

Q323X Kd4443= (6/6) Hattori 2-7 days 2/6 BECTS (2 years, 4 years)

R333() K4516 (2/2) Novak 3-7 days None

Del 382-3" utr KI5477 (11/11) Bjerre 24 days, | month* (3 days) 4&/11 febrile, generalized until 10 years

R448X K 15258 (&/6) Fonana 2-% days None

522 dell3 K3369 (6/4) McHarg/Schreiber 2-15 days, 3-5 months /6 generalized (2 years)

544-1 G to Al K3933 (6/6) Gagnon 2-7 days, 4 months (3 days) None

R581X K3450 (4/4) Shevell 2-6 days None

653del 1 K-SR2 (1) Ryan/Sigurdardottir 5 days None

B6TinsGGGOC K3963 (12/12) Lewis/Rioux 3-7 days 3/12 seizures continuous until age 2,3,7 vears

KCNQ3

D305G K-SR3 (1) Ryan 2 days None

G3lovi K-SRI1" (14/14) Rvyan 2-14 days None
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Membrane Potential

M-Current

Membrane Potential

M-Current
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Figure 2. Role of neuronal M-
channels in controlling
excitability and synchronization.
A, Excitatory inputs (green
arrows) cause membrane
depolarization and a single
action potential. Afterward,
Increased activation of M-
channels hyperpolarizes the
membrane potential, preventing
spiking in response to
recurrent excitation.

B, When M-channel activity is
owing to neurotransmitters (eqg,
acetylcholine) or to mutations
In the gene that causes benign
familial neonatal convulsions,
excitatory inputs lead to
multiple action potentials.
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ACh receptors




TABLE 1 Subunit composition and function of Catt channel [ypes

Ca’" current  Primary Previous name  Specitic
Ca’" channel  type localizations of ajsubunits  blocker Functions
Cay1.1 L Skeletal muscle g [DHPs Excitation-contraction coupling
Calcium homeostasis
Gene regulation
Cayl.2 L Cardiac muscle o ¢ DHPs Excitation-contraction coupling
Endocrine cells Hormone secretion
Neurons Gene regulation
Cayl.3 L Endocrine cells o p DHPs Hormone secretion
Neurons Gene regulation
Cayl.d L Retina o F Tonic neurotransmitter release
P/Q Nerve terminals oz co-Agatoxin Neurotransmitter release
Dendrites Dendritic Ca’* transients
N Nerve terminals o p w-CIx-GVIA _ Neurotransmitter release
y \ endiig - Dendritic Ca®* transients
E - L ﬂ = %ﬁl %IJ }i &%f@ ﬁ%ﬁ: _‘C&V@f-d]:p!: ndent action potentials
endrites
Nerve Neurotransmitter release
Terminals
Cay,3.1 T Cardiac muscle g None Repetitive ring
Skeletal muscle
Neurons
Cay3.2 T Cardiac muscle oy None Repetitive ring
Neurons

Cay3.3 T Neurons o] None Repetitive ring
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LEMS confirmed

v

3, 4=0AP 10=-20 mg, 2=-4x/day

v

Mo

SCLC suspected? —P| Screen for tumour (see figure 4)
‘fesf ihlu
SCLC present Mo tumour
Treat tumour
v v -
Remission Mild weakness Severe weakness
Try to diminish or Continue 3,4-DAP Mild/chronic impairment Severefacute impairment
stop 3,4-DAP Add pyridostigmine
Start 3x30 mg ¢ i
(max 6260 mg) Prednisone and azathioprine Intravenous immunoglobulin

plus prednisone and
azathioprine or plasmapheresis
plus prednisone and azathioprine
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| 2.1 B SRE—ACHR-Ab

From Immunity: The Immune Response in Infectious and Inflammatory Disease
by DeFranco, Locksley and Robertson

Normal muscle Myasthenia gravis

no muscle
Na* contraction
|
neuron Na* =
| Na* {/ "‘#
Na endosome

| @ 1999-2007 New Science Press
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2.2 JMf SR

Origin of Viral Onset Autoimmune Response

Unfortunately, the herpes simplex virus has

the same peptide sequence in one area as the
Ach receptor.
il G E
L)
o)
o

T-cells and B-cells attack and destroy
a virus, In this case, herpes simplex.

herpes simplex

T-cells and B-cells now
mistake the Ach receptor as
the herpes simplex virus,
The body then begins an

virus Ach Receptor autoimmune attack on it's
own Ach receptors.




- Adult-Onset Autoimmune Response
| T-cells and B-cells
. recognize abnormal myoid The body launches an
cell as defective or foreign autoImMmune response on
and destroy it. it's own healthy Ach
Abnormal ‘ receplors.
|  Thymus

These cells have mistaken
Ach receptors as part of
the foreign entity. Ach
receptors are now
recognized as 14:::1'&1!—1:1

! Abnormal myoid cells
of the thymus with
'- Ach receptors.

MG BRI RN FEEHTHBI MW, EEH AT
£ UFN) , BAR(L)LEARZERE T (TNF)
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3.1 YL

AJ % H , H#{%X0.03~0.04 mg/kgllit, Hr4JL0.1~0.15
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See you next week!
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