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Andersen-Tawil syndrome (ATS) is a skeletal muscle channelopathy with autosomal dominant inheritance re-
sulting in periodic paralysis, arrhythmia characterized by QT prolongation, and dysmorphic features. The KCNJ2
gene has been identified as the causative gene of ATS. Herein, we reported 2 cases of a 21-year-old man and his

KCNJZ_ mother, with episodic paralytic attacks and/or arrhythmia, which are characteristic of ATS. Both G144A, a
Mutation . reported ATS mutation, and V296F, a novel mutation, were identified in the KCNJ2 gene on the same allele from
Electrophysiology

the proband and his mother, but not from his father. In the present study, we investigated the functional effect of
these variants on the potassium channel Kir2.1 and the significance of the double mutation. G144A, V296F, and
G144A-V296F mutant channels expressed in cultured cells revealed a loss-of-function effect of these mutations
on Kir2.1. The K" currents of G144A and G144A-V296F channels were more suppressed than that of V296F
channel alone, whereas was no difference between G144A and G144A-V296F. To our knowledge, a double
mutation in the KCNJ2 gene has not been reported previously. While either of 2 mutations potentially causes
ATS, the G144A mutation might cause the dominant effect on the patients' clinical presentation.

1. Introduction reported so far. We identified two missense mutations in the same allele

in the KCNJ2 gene of members of a family exhibiting clinical ATS

Andersen-Tawil syndrome (ATS) is a skeletal muscle channelopathy
with autosomal dominant inheritance showing periodic paralysis, ar-
rhythmia characterized by QT prolongation, and dysmorphic features
[1,2]. KCNJ2 and KCNJ5 genes have been identified as the causative
genes of ATS [3,4]. About 60-70% of the patients exhibiting clinical
ATS symptoms show genetic abnormalities in the KCNJ2 gene [5]. The
KCNJ2 gene encodes the inward rectifier potassium channel Kir2.1
which is important to stabilize the resting membrane potential of the
sarcolemma [2]. Most causative KCNJ2 mutations in ATS result in a loss
of function indicated by decreased inward rectifying potassium currents
and prolonged action potential durations in cardiac myocytes and
skeletal muscles [6]. Over 50 different mutations of KCNJ2 have been

phenotypes. A double mutation in the KCNJ2 gene has not been re-
ported before to our knowledge. In the present study, we investigated
the functional effect of these variants on the potassium channel Kir2.1
and the significance of the double mutation.

2. Methods
2.1. Case
The proband was a 21-year-old man, born from unrelated parents

(Fig. 1A,C). Pregnancy, delivery, and psychomotor development were
described as normal. At the age of six, he experienced the first attack of
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Fig. 1. Clinical features of the family with Andersen-Tawil syndrome (ATS).
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A) Facial characteristics of the proband (left) and his mother (right): Broad forehead, hypoplastic mandible, low-set ears.

B) Electro cardiogram (ECG) of the proband: The characteristic U waves (inverted red arrows) are detected.

C) Family tree of the family: The inset in the right upper panel indicates the clinical phenotype of the family members. The proband (III-1) revealed paralysis without
arrhythmia though his ECG showed a U-wave. The mother of the proband (II-2) has both paralysis and arrhythmia.

D) Gene analysis for the family with ATS identified two mutations in the same allele, G144A and V296F in the KCNJ2 gene.

lower limbs weakness. He had presented with recurrent and transitory
weakness episodes of upper and lower limbs since then, especially in
the winter season. The attacks became more frequent and severe re-
cently. He consulted our institute when he showed severe generalized
paralysis.

He reported long-time exercise and consuming extreme amounts of
food as a potential trigger. The attacks caused difficulties in walking
and climbing steps lasting for approx. One week. During the interictal
period, he was asymptomatic.

His clinical manifestation during the episode was tetraplegia (level
2 of the MRC grade in the upper limbs and level 3 in the lower limbs).
Grip power was unmeasurable. Deep tendon reflexes were weak but
symmetric. No dysarthria and no disturbance of swallowing were ob-
served. Examination revealed low-set ears, broad nose, small mandible,
broad forehead, and clinodactyly of the fifth fingers. He also has a
peculiarly high-pitched voice. There was no clinical myotonia. He had
not experienced palpitations or syncope. Serum potassium levels were
reduced to 2.6 mEq/L (normal range 3.5-5mEq/L). Serum creatine
kinase levels during the episode were mildly elevated to 324 IU/L
(normal range: 24-190 IU/L). Thyroid function was normal.

On a later day after recovery from the paralysis, a detailed clinical
neurophysiological study was performed. Motor conduction velocity,
distal latency, and F-waves were normal in the right ulnar nerve. The
baseline amplitude of the compound muscle action potential (CMAP)
was 6.0 mV, recorded from the abductor digiti minimi. With the “pro-
longed exercise test” [7,8,9], the CMAP amplitude caused a transient

increase (8.2 mV) followed by a reduction of CMAP amplitude (4.3 mV)
that lasted over 60 min. Needle electromyography showed no myotonic
discharge. Sensory nerve action potentials were normal in the radial
nerve, and in the sural nerves. Electrocardiography(ECG) showed a U
wave (Fig. 1B) and the corrected QT interval was measured as 392 ms,
which was normal.

The mother of the proband was a 47-year old woman. At the age of
16, bidirectional ventricular tachydysrhythmia was detected by mass
electrocardiographic screening of high-school-aged children and she
had been treated with B-blockers. ECG showed a normal QTc interval.
She had had no clinical symptoms like palpitation or syncope. At the
age of 40, she first noted limb weakness after waking up, which re-
solved within two hours. Such attacks, usually associated with resting
after exercise, resembled the attacks her son was experiencing. She
experienced these attacks three times since then. Examination revealed
low-set ears, broad nose, clinodactyly of the fifth fingers, and scoliosis.
Findings of the neurologic examination were normal. There was no
clinical myotonia. The patients provided informed consent for the use
of their clinical courses and facial images in publications.

2.2. Gene analysis

After obtaining informed consent from the proband and the mother
in written form, we performed gene analysis using the DNA extracted
from their lymphocytes. The protocol of the gene analysis was approved
by the ethical committee of Osaka University. Sanger sequencing was
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performed for hot spots of known pathogenic mutations for periodic
paralysis including exons 4, 11, 21, and 30 of CACNAIS
(NM_000069.3), exons 5, 12, 13, 18, 20, 21, 23, and 24 of SCN4A
(NM_000334.4), and the entire exon of KCNJ2 (NM_000891.2).
Targeted exons of CACNA1S, SCN4A, and KCNJ2 genes were amplified
by PCR and the PCR products were sequenced by dideoxynucleotide
chain termination with a DNA sequencer (ABI 3100, Applied
Biosystems, Foster City, CA, USA).

2.3. Molecular biology

Mouse Kir2.1 (mKir2.1) ¢cDNA cloned into the pBluescript SK(—)
(Agilent Technologies) vector was kindly provided by Prof. Yoshihiro
Kubo of the National Institute for Physiological Sciences. The amino
acid identity between mouse and human Kir2.1 is 98.4%. There are
only seven amino acids difference, and the region encompassing the
identified mutations between 120th and 387th amino acid is identical.
Using a conventional mutagenesis method with PfuUltrall High Fidelity
DNA polymerase (Agilent Technologies, Santa Clara, CA), we generated
three clones, mKir2.1 with G144A, mKir2.1 with V296F, and mKir2.1
with both G144A and V296F. The successful introduction of mutations
was confirmed by Sanger sequencing with Big Dye Terminator
Sequencing Kit (Thermo Fisher Scientific) and Applied Biosystems 3730
DNA Analyzer (Thermo Fisher Scientific). The cRNAs of the mKir2.1
clones were synthesized in vitro using linearized the cDNA using an
mMESSAGEmMMACHINE transcription kit (Thermo Fisher Scientific).

2.4. Electrophysiology

Xenopus oocytes were harvested from female Xenopus laevis frogs.
We injected 50 nL of cRNAs per oocyte in two different conditions,
50 ng/pL or 500 ng/uL. We prepared cells of four different conditions;
WT mKir2.1(WT), mKir2.1 with G144A (G144A), mKir2.1 with V296F
(V296F) and mKir2.1 with both G144A and V296F (G144A-V296F).
After incubation for two days at 18 °C in ND96 solution (5 mM HEPES,
96 mM NaCl, 1.8 mM CaCl,, and 1 mM MgCl,, pH7.5), oocytes ex-
pressing mKir2.1 clones were mounted in a two-electrode voltage
clamp set-up.

Macroscopic currents were recorded with the two-electrode voltage
clamp technique using a bath-clamp amplifier OC-725C (Warner
Instruments, Hamden, CT). Stimulation and data acquisition were
performed using a Digidata 1440A (Molecular Devices, San Jose, CA)
and pClamp 10 software (Molecular Devices). Glass microelectrodes
were filled with 3M KCl whose resistance ranged from 0.5 to
0.7 MOhm. Recordings were performed at room temperature
(25-28°C) in the external recording solution, ND96 solution. Step
pulses ranging from —150 to 100 mV in 10-mV steps were applied from
a holding potential of 0 mV for 200 ms (inset shown in Fig. 2B). Data
were analyzed using Clampfit 10 software (Molecular Devices).

3. Results
3.1. Gene analysis

To confirm the diagnosis, we performed gene analysis using DNA
extracted from the proband's and his parents' lymphocytes. Sanger se-
quencing revealed that the proband and his mother had two hetero-
zygous mutations in exon 2 of the KCNJ2 (NM_000891.2), c.431G > C
(p.G144A) and ¢.886G > T (p.V296F), positioned 17: 70175470 and
70,175,925 (GRCh38) respectively (Fig. 1D). Therefore, we concluded
these two heterozygous mutations were inherited from his mother to
the proband and lay on the same allele. Both mutations were not re-
gistered in the database of Tohoku Medical Megabank Organization
(ToMMo) which has genotypes of 4.7 thousand Japanese individuals
(4.7KJPN) [10]. However, G144A was reported in ClinVar [11]
(VCV000067575.1).
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3.2. Electrophysiology

cRNA injection of WT mKir2.1 expression into Xenopus oocytes
(50nL x 50ng/uL, “x 1”) revealed robust inward rectifying currents
(Fig. 2A and Fig. 2B). By contrast, injecting the same amount of cRNA
of the mutants, G144A and V296F, into Xenopus oocytes, did not trigger
significant inward rectifying currents, indicating that these mutations
have a loss-of-function effect. In addition, the double mutation, G144A-
V296F, which was found in our patients, did not show significant cur-
rents. The observed currents were so tiny that their current properties
could not be characterized. Therefore, we prepared oocytes injected
with the ten-fold higher amount of cRNA, (“x 10”) per cell, to obtain
sufficiently large currents that could be resolved. Compared to the re-
sult of “x 17, WT mKir2.1 showed robust inward rectifying currents and
V296F showed small, but distinct currents (Fig. 2C and Fig. 2D).
However, G144A and G144A-V296F did not show significant inward
rectifying currents even in cells injected with “x 10”. These results
suggest that G144A and G144A-V296F have a bigger loss-of-function
effect greater than V296F.

4. Discussion

We identified a novel mutation, G144A-V296F, with features char-
acteristic of ATS. Our patients demonstrated periodic paralysis and
dysmorphic features, and/or ECG abnormalities consistent with ATS. To
our knowledge, this is the first report of ATS harboring two causative
mutations in KCNJ2 gene. In addition, our electrophysiological ex-
periments provided quantitative assessment of each mutation effect,
suggesting that G144A, the known causative mutation for ATS, is most
likely dominant for the pathogenesis of our cases.

In the clinical aspect, there was some variation of the severity of the
symptom between the proband and his mother even though they have
the same mutations. According to a previous report, the patient with
the G144A mutation in the KCNJ2 gene showed proximal muscle
weakness, hyporeflexia, scoliosis, dysmorphic facial features, and
complex ventricular arrhythmia. The mother of the proband also re-
ported a history of ventricular arrhythmia and ECG abnormality con-
sistent with ATS but denied a history of muscle weakness [12].

The prolonged exercise test has been proposed as a useful ex-
amination to make a diagnosis of periodic paralysis [8,9]. Our patient
showed an interesting feature, the significant CMAP increases after
exercise followed by moderate declines in the CMAP peak, indicating
that the patients is likely to have periodic paralysis. Songs et al. re-
ported that this pattern was observed in patients with other mutations
in the KCNJ2 gene (T305A and M307I) [13]. More clinical evidence
will be needed to pursue whether the significant CMAP increase is the
unique findings for specific mutations of ATS or not.

One of the unique features of our cases is that they have two dif-
ferent causative mutation in the causative gene. A few rare cases of
skeletal muscle channelopathy, which harbored two pathogenic muta-
tions with additive effects on the clinical phenotype, have been re-
ported [14,15,16]. To clarify how these double mutations in our cases
influence the phenotype, we investigated the functional effect of each
variant on the potassium channel Kir2.1 using electrophysiological
experiments, resulting in that this double mutation revealed the loss of
function effect most likely due to G144A predominantly.

G144A mutation has been reported before in a family with ATS
[12]. The previous study showed that the channel with the G144A
mutation traffics to the plasma membrane normally, but potassium
currents were not detected, which is consistent with our result. The
glycine at position 144 is a part of the “GYG motif” that plays a crucial
role as the selectivity filter of potassium channels, being compatible
with the fact that the mutation of this residue would lead to non-
functional channels.

To our knowledge, the V296F mutation has never been reported
before and is not found in available databases. Our data revealed that
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V296F causes a loss of function effect in mKir2.1 and presumably as-
sociated with ATS. The mutation locates in the intracellular domain,
not in the pore domain. Although the structure-function relationship of
the intracellular domain has not been fully elucidated, the role of a
nearby residue, E299, has previously been investigated [17]. In that
study, mKir2.1 with E299S did not show a significant decrease in cur-
rent amplitude but differed from wild type in terms of the rectification
and permeation properties. More experimental evidence will be needed
to clarify the molecular function of the intracellular domain including
V296F.

The double mutation, G144A-V296F identified in our patients locate
in the same allele and lead to a loss of function. Its current was sup-
pressed more than that of V296F alone in our electrophysiological
study, whereas there seems to be no difference between G144A and
G144A-V296F, indicating that G144A might be the dominant cause of
the patients' clinical manifestation. In addition, the current measure-
ments from co-injected oocytes of WT and each mutant revealed that
V296F did not exhibit a significant dominant-negative effect, while
G144A had a robust dominant-negative effect (data not shown). This
result also supports that G144A is the dominant pathogenic factor in
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Fig. 2. Functional characterization of mKir2.1 WT,
G144A, V296F, and G144A-V296F in Xenopus oo-
cytes.
0 A) Representative current traces recorded from oo-
cytes which were injected with WT mKir2.1 (WT),
mKir2.1 with G144A (G144A), mKir2.1 with V296F
(V296F) and mKir2.1 with both G144A and V296F
(G144A-V296F). The amount of cRNA injected into
oocytes was 2.5ng (50nL x 50 ng/uL (“x 1”)) per
cell. Currents were elicited at test potentials ranging
from — 150 to 50 mV for 200 ms in 10-mV steps from
a holding potential of 0 mV. The pulse protocol is
shown in inset B. B) Current-voltage relationships of
WT (filled squares), G144A (filled circles), V296F
(up triangles), and G144A-V296F (down triangles)
are shown. Plots represent the current value at
- =2 190 ms after the step-wise test pulse. Data are pre-
sented as mean + SEM (n = 11). “x1” indicates that
the amount of cRNA injected into oocytes was 2.5 ng.
C, D) Representative current traces from oocytes in-
jected with 25ng (50 nL x 500 ng/pL (“x 10”)) of
— -3 cRNA (C) and current-voltage relationships (D)
(n = 3). “x10” indicates that the amount of cRNA
injected into oocytes was 25 ng.

(yr)usung

L -5 (C')
®
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our cases although V296F also has a loss-of-function effect.

In conclusion, we have identified ATS patients with a double mu-
tation in the KCNJ2 gene on the same allele, G144A (reported muta-
tion) and V296F (a novel mutation). Our functional analysis showed
that both mutations induced a loss-of-function effect on Kir2.1, but
G144A has a more potent effect than V296F, indicating that the pa-
thogenesis of our case is most likely due to G144A. Accumulating the
functional analysis data of mutant Kir2.1 channel associated with ATS
is essential for the progress of clinical science of ATS including the
diagnosis and treatment.

Funding

This work was partly supported by Research Grants from the MHLW
(H29-Nanchitou(Nan)-Ippan-030) and AMED(JP19ek0109230) to
M.P.T., and by the Japan Society for the Promotion of Science (JSPS)
(16H02617) to Y.O.



S. Fukumura, et al.

Declaration of Competing Interest

The author has no declaration of competing interest.

Acknowledgement

The authors thank Prof. Yoshihiro Kubo (National Institute for

Physiological Sciences) for the generous gift of the mKir2.1 clone. The
authors appreciate Ms. Terumi Kikuchi for her technical assistance.

References

[1]

[2]

[3]

[4]

[5]

(6]

R. Tawil, L.J. Ptacek, S.G. Pavlakis, D.C. DeVivo, A.S. Penn, C. Ozdemir, R.C. Griggs,
Andersen’s syndrome: potassium-sensitive periodic paralysis, ventricular ectopy,
and dysmorphic features, Ann. Neurol. 35 (1994) 326-330, https://doi.org/10.
1002/ana.410350313.

M. Tristani-Firouzi, J.L. Jensen, M.R. Donaldson, V. Sansone, G. Meola, A. Hahn,
S. Bendahhou, H. Kwiecinski, A. Fidzianska, N. Plaster, Y.H. Fu, L.J. Ptacek,

R. Tawil, Functional and clinical characterization of KCNJ2 mutations associated
with LQT7 (Andersen syndrome), J. Clin. Invest. 110 (2002) 381-388, https://doi.
org/10.1172/JCI15183.

N.M. Plaster, R. Tawil, M. Tristani-Firouzi, S. Cantin, S. Bendahhou, A. Tsunoda,
M.R. Donaldson, S.T. Iannaccone, E. Brunt, R. Barohn, J. Clark, F. Deymeer,

A.L. George, F.A. Fish, A. Hahn, A. Nitu, C. Ozdemir, P. Serdaroglu,

S.H. Subramony, G. Wolfe, Y.H. Fu, L.J. Pta¢ek, Mutations in Kir2.1 cause the de-
velopmental and episodic electrical phenotypes of Andersen’s syndrome, Cell. 105
(2001) 511-519, https://doi.org/10.1016/5S0092-8674(01)00342-7.

Y. Kokunai, T. Nakata, M. Furuta, S. Sakata, H. Kimura, T. Aiba, M. Yoshinaga,
Y. Osaki, M. Nakamori, H. Itoh, T. Sato, T. Kubota, K. Kadota, K. Shindo,

H. Mochizuki, W. Shimizu, M. Horie, Y. Okamura, K. Ohno, M.P. Takahashi, A
Kir3.4 mutation causes Andersen-Tawil syndrome by an inhibitory effect on Kir2.1,
Neurology. 82 (2014) 1058 LP-1064, https://doi.org/10.1212/WNL.
0000000000000239.

H. Kimura, J. Zhou, M. Kawamura, H. Itoh, Y. Mizusawa, W.G. Ding, J. Wu,

S. Ohno, T. Makiyama, A. Miyamoto, N. Naiki, Q. Wang, Y. Xie, T. Suzuki,

S. Tateno, Y. Nakamura, W.J. Zang, M. Ito, H. Matsuura, M. Horie, Phenotype
variability in patients carrying KCNJ2 mutations, Circ. Cardiovasc. Genet. 5 (2012)
344-353, https://doi.org/10.1161/CIRCGENETICS.111.962316.

S.L. Venance, S.C. Cannon, D. Fialho, B. Fontaine, M.G. Hanna, L.J. Ptacek,

M. Tristani-Firouzi, R. Tawil, R.C. Griggs, The primary periodic paralyses:

[71

[8]

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Journal of the Neurological Sciences 407 (2019) 116521

diagnosis, pathogenesis and treatment, Brain. 129 (2006) 8-17, https://doi.org/10.
1093/brain/awh639.

P.G. McManis, E.H. Lambert, J.R. Daube, The exercise test in periodic paralysis,
Muscle Nerve 9 (1986) 704-710, https://doi.org/10.1002/mus.880090805.

E. Fournier, M. Arzel, D. Sternberg, S. Vicart, P. Laforet, B. Eymard, J. Willer,

N. Tabti, B. Fontaine, Electromyography guides toward subgroups of mutations in
muscle channelopathies, Ann. Neurol. 56 (2004) 650-661, https://doi.org/10.
1002/ana.20241.

S.V. Tan, E. Matthews, M. Barber, J.A. Burge, S. Rajakulendran, R. Sud, A. Haworth,
M.G. Hanna, Refined exercise testing can aid DNA-based diagnosis in muscle
Channelopathies, Ann. Neurol. 69 (2012) 328-340, https://doi.org/10.1002/ana.
22238.

Tohoku Medical Megabank Organization, jMorp: Japanese multi omics reference
pane, n.d. https://jmorp.megabank.tohoku.ac.jp/201909/ [accessed 19 Sep 2019].
National Center for Biotechnology Information, ClinVar:public archive of re-
lationships among sequence variation and human phenotype. [VCV000067575.1],
(n.d.). https://www.ncbi.nlm.nih.gov/clinvar/variation/VCV000067575.1 [ac-
cessed 19 Sep 2019].

L.Y. Ballester, D.W. Benson, B. Wong, I.H. Law, K.D. Mathews, C.G. Vanoye,

A.L. George, Trafficking-competent and trafficking-defective KCNJ2 mutations in
Andersen syndrome, Hum. Mutat. 27 (2006) 388, https://doi.org/10.1002/humu.
9418.

J. Song, S. Luo, X. Cheng, D. Yue, W. Zhu, J. Lin, J. Huang, J. Lu, C. Zhao, K. Qiao,
Clinical features and long exercise test in Chinese patients with Andersen-Tawil
syndrome, Muscle Nerve 54 (2016) 1059-1063, https://doi.org/10.1002/mus.
25169.

H. Kato, Y. Kokunai, C. Dalle, T. Kubota, Y. Madokoro, H. Yuasa, Y. Uchida,

T. Ikeda, H. Mochizuki, S. Nicole, B. Fontaine, M.P. Takahashi, S. Mitake, A case of
non-dystrophic myotonia with concomitant mutations in the SCN4A and CLCN1
genes, J. Neurol. Sci. 369 (2016) 254-258, https://doi.org/10.1016/].jns.2016.08.
030.

A. Furby, S. Vicart, J.P. Camdessanché, E. Fournier, S. Chabrier, E. Lagrue,

C. Paricio, P. Blondy, R. Touraine, D. Sternberg, B. Fontaine, Heterozygous CLCN1
mutations can modulate phenotype in sodium channel myotonia, Neuromuscul.
Disord. 24 (2014) 953-959, https://doi.org/10.1016/j.nmd.2014.06.439.

S. Bendahhou, T.R. Cummins, A.F. Hahn, S. Langlois, S.G. Waxman, L.J. Ptacek, A
double mutation in families with periodic paralysis defines new aspects of sodium
channel slow inactivation, J. Clin. Invest. 106 (2000) 431-438, https://doi.org/10.
1172/JCI9654.

Y. Kubo, Y. Murata, Control of rectification and permeation by two distinct sites
after the second transmembrane region in Kir2.1 K + channel, J. Physiol. 531
(2001) 645-660, https://doi.org/10.1111/j.1469-7793.2001.0645h.x.


https://doi.org/10.1002/ana.410350313
https://doi.org/10.1002/ana.410350313
https://doi.org/10.1172/JCI15183
https://doi.org/10.1172/JCI15183
https://doi.org/10.1016/S0092-8674(01)00342-7
https://doi.org/10.1212/WNL.0000000000000239
https://doi.org/10.1212/WNL.0000000000000239
https://doi.org/10.1161/CIRCGENETICS.111.962316
https://doi.org/10.1093/brain/awh639
https://doi.org/10.1093/brain/awh639
https://doi.org/10.1002/mus.880090805
https://doi.org/10.1002/ana.20241
https://doi.org/10.1002/ana.20241
https://doi.org/10.1002/ana.22238
https://doi.org/10.1002/ana.22238
https://jmorp.megabank.tohoku.ac.jp/201909/
https://www.ncbi.nlm.nih.gov/clinvar/variation/VCV000067575.1
https://doi.org/10.1002/humu.9418
https://doi.org/10.1002/humu.9418
https://doi.org/10.1002/mus.25169
https://doi.org/10.1002/mus.25169
https://doi.org/10.1016/j.jns.2016.08.030
https://doi.org/10.1016/j.jns.2016.08.030
https://doi.org/10.1016/j.nmd.2014.06.439
https://doi.org/10.1172/JCI9654
https://doi.org/10.1172/JCI9654
https://doi.org/10.1111/j.1469-7793.2001.0645h.x

	Functional analysis of a double-point mutation in the KCNJ2 gene identified in a family with Andersen-Tawil syndrome
	Introduction
	Methods
	Case
	Gene analysis
	Molecular biology
	Electrophysiology

	Results
	Gene analysis
	Electrophysiology

	Discussion
	Funding
	mk:H1_12
	Acknowledgement
	mk:H1_15
	References




