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De novo loss-of-function KCNMA1 variants are associated with a new multiple malformation
syndrome and a broad spectrum of developmental and neurological phenotypes
Lina Liang1 et al，and Qing Kenneth Wang1,15,17

Abstract
KCNMA1 encodes the large-conductance Ca2+- and voltage-activated K+ (BK)
potassium channel α-subunit. Here, we genetically and functionally
characterize eight novel loss-of-function (LoF) variants of KCNMA1.
Patch clamping was used to assess functionality of mutant BK channels. The
KCNMA1 variants p.(Ser351Tyr), p.(Gly356Arg), p.(Gly375Arg), p.(Asn449fs)
and p.(Ile663Val) abolished the BK current, whereas p.(Cys413Tyr) and
p.(Pro805Leu) reduced the BK current amplitude and shifted the activation
curves toward positive potentials. The p.(Asp984Asn) variant reduced the
current amplitude without affecting kinetics. Pathogenic gain-of-function
variants in this gene have been associated with a dominant form of generalized
epilepsy and paroxysmal dyskinesia, Whereas, LoF KCNMA1 variants are
associated with a new syndrome characterized by a broad spectrum of
neurological phenotypes and developmental disorders. LoF variants of
KCNMA1 cause a new syndrome distinctly different from gain-of-function
variants in the same gene.

Results

Figure 4 Electrophysiological characterization of compound heterozygous
variants p.(Asn449fs) and p.(Cys413Tyr) identified in a patient.

Figure 5 De novo variant p.(Ile663Val) abolishes the function of the BK
channel.

Figure 1 Identification eight novel loss-of-function (LoF) variants of KCNMA1.
(A). Schematic structure of the BK channel. The location of variants are
indicated by arrow. (B). Characteristic clinical features and X-ray, CT and MRI
images of some patients.
Figure 6 Identification and electrophysiological characterization of KCNMA1
variants p.(Pro805Leu) and p.(Asp984Asn) in the RCK2 domain of the BK
channel.

Translational Perspective
Figure 2 Identification and electrophysiological characterization of a recurrent
de novo KCNMA1 variant p.(Gly375Arg). (A). Pedigree of three families with
genotyping data. (B). The p.(Gly375Arg) variant occurs at an evolutionally
conserved amino acid residue.(C). Electrophysiological characterization of the
p.(Gly375Arg) variant.

BK channel-associated disease may be amenable to BK channel activators as
BK channel LoF variants are found to abolish or markedly reduce the
potassium current. we identified and functionally characterized eight different
LoF variants in the BK channel affecting nine patients and demonstrated that
impairment of BK channel function is associated with a variable phenotypic
presentation ranging from ID and developmental delay alone to ataxia, axial
hypotonia, apraxia/dysarthria/speech delay, cerebral atrophy, strabismus and
dysmorphism. Our report substantially expands the spectrum of clinical
phenotypes and diseases associated with BK channel variants.
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