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BoxD 
Diseases Caused by Altered lon Channels 
Several genetic diseases, collectively 
called channelopathies, result from small 
but critical alterations in ion channel 
genes. TI1e best -characterized of these dis
eases are those that affect skeletal muscle 
cells. In these disorders, alterations in ion 
channel proteins produce either myotonia 
(muscle stiffness due to excessive elechi
cal excitability) or paralysis (due to insuf
ficient muscle excitability). Other disor
ders arise from ion channel defects in 
heart, kidney, and the inner ear. 

Channelopathies associated with ion 
channels localized in brain are much 
more difficult to study Nonetheless, 
voltage-gated Ca2' channels have re
cently been implicated in a range of neu
rological diseases. TI1ese include episodic 
ataxia, spinocerebellar degeneration, 
night blindness, and migraine head
achPs. Fa~llilial hemiplegic migraine (FHM) 
is characterized by migraine attacks that 
lvpically last one to three days. Dming 
such episodes, patients experience severe 
headaches and vomiting. Several muta
tic,ns in a human Ca2' channel have been 
idenHied in families with FHM, each 
having different clinical symptoms. For 
example, a mutation in the pore-forming 
region of the channel produces hemi
plegic migraine with progressive cerebel
lar ataxia, whereas other mutations cause 
only the usual FHM symptoms. How 
these altered ca> channel properties 
lead to migraine attacks is not known. 

Episodic ataxia type 2 (EA2) is a neuro
logical disorder in which affected indi
viduals suffer recurrent attacks of abnor
mal limb movements and severe ataxia. 
These problems are sometimes accompa-

Genetic mutations in (A) C12 ' channels, (B) 
Na- channels, (C) K+ channels, and (D) CI
channels that result in diseases. Red regions 
indicate the sites of these mutations; the red 
circles indicate mutations. (Aiter Lehmann
Horn and jurkat-Kott, 1999.) 
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Mutations in Na + channels slow the r,lte of 
inactivation of Na~ currents. (After Barchi, 
1995.) 

10 

nied by vertigo, nausea, and headache. 
Usually, attacks are precipitated by emo
tional stress, exercise, or alcohol and last 
for a few hours. The mutations in EA2 
cause Ca2~ chatmels to be tnmcated at 
various sites, which may cause the clini
cal manifestations of the disease by pre
venting the normal assembly of Ca2+ 
channels in the membrane. 

X-linked co11genital stationary night 
blindness (CSNB) is a recessive retinal dis
order that causes night blindness, 
decreased visual acuity, myopia, nystag
mtL~, and strabismus. Complete CSNB 
causes retinal rod photoreceptors to be 
nonfunctional. Incomplete CSNB causes 
subnormal (but measurable) functioning 

of both rod and cone photoreceptors. 
Like EA2, the incomplete type of CSNB 
is caused by mutations producing trun
cated Ca2+ channels. Abnormal retinal 
function may arise from decreased Ca2• 

currents and neurotransmitter release 
from photoreceptors (see Chapter 11). 

A defect in brain Na' channels causes 
generalized epilepsy with febrile sciwres 
(GEFS) that begins in infancy and usu
ally continues through early puberty. 
This defect has been mapped to two 
mutations: one on chromosome 2 that 
encodes an a subunit for a voltage-gated 
Na+ charu1el, and the other on chromo
some 19 that encodes aNa+ channel~ 
subunit. These mutations cause a slow
ing oi Na' channel inactivation (see fig
ure above), which may explain the neu
ronal hyperexcitability underlying GEFS. 

Another type of seizure, benignfamil
ialneonatal convulsion (BFNC), is due to 
K+ channel mutations. This disease is 
characterized by frequent brief seizures 
commencing within the first week of life 
and disappearing spontaneously within 
a few months. TI1e mutation has been 
mapped to at least two voltage-gated K+ 
channel genes. A reduction inK+ current 
flow through the mutated channels prob
ably accounts for the hyperexcitability 
associated with this defect. A related dis
ease, episodic ataxia type 1 (EAl ), has 
been linked to a defect in another type of 
voltage-gated K+ chatmel. EAl is charac
terized by brief episodes of ataxia. Mu-

tant charu1els inhibit the function of 
other, non-mutant K+ channels and may 
produce clinical symptoms by impairing 
action potential repolarization. Muta
tions in the K• channels of cardiac mus
cle are responsible for the iiTegular heart
beat of patients with long Q-T syndrome. 
Numerous genetic disorders affect the 
voltage-gated channels of skeletal mus
cle and are responsible for a host of mus
cle diseases that either cause muscle 
weakness (paralysis) or muscle contrac
tion (myoto11ia). 
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In short, ion channels are integral membrane proteins with characteristic 
features that allow them to assemble into multi molecular aggregates. Collec
tively, these structures allow channels to conduct ions, sense the transmem
brane potential, to inactivate, and to bind to various neurotoxins. A combi
nation of physiological, molecular biological and crystallographic studies 
has begun to provide a detailed physical picture of K'" channels. This work 
has now provided considerable insight into how ions are conducted from 
one side of the plasma membrane to the other, how a channel can be selec
tively permeable to a single type of ion, how they are able to sense changes 
in membrane voltage, and how they gate the opening of their pores. It is 
likely that other types of ion channels will be similar in their functional 
architecture. Finally, this sort of work has illuminated how mutations in ion 
channel genes can lead to a variety of neurological disorders (Box D). 


