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We have cloned a cDNA encoding a novel hu-
an voltage-gated sodium channel a subunit gene,
CN12A, from human brain. Two alternative splicing
ariants for SCN12A have been identified. The longest
pen reading frame of SCN12A encodes 1791 amino
cid residues. The deduced amino acid sequence of
CN12A shows 37–73% similarity with various other
ammalian sodium channels. The presence of a serine

esidue (S360) in the SS2 segment of domain I suggests
hat SCN12A is resistant to tetrodotoxin (TTX), as in
he cases of rat Scn10a (rPN3/SNS) and rat Scn11a
NaN/SNS2). SCN12A is expressed predominantly in
lfactory bulb, hippocampus, cerebellar cortex, spinal
ord, spleen, small intestine, and placenta. Although
xpression level could not be determined, SCN12A is
lso expressed in dorsal root ganglia (DRG). Both neu-
ons and glial cells express SCN12A. SCN12A maps to
uman chromosome 3p23-p21.3. These results suggest
hat SCN12A is a tetrodotoxin-resistant (TTX-R) so-
ium channel expressed in the central nervous system
nd nonneural tissues. © 2000 Academic Press

The voltage-gated sodium channel is a membrane
rotein that plays a fundamental role in the rising
hase of the action potential in most excitable cells
uch as neurons and muscle cells (1, 2). The channel is
heteromeric protein complex composed of one a sub-

The HGN-approved nomenclature for voltage-gated sodium chan-
el a subunit gene is SCN12A. Sequence data from this article have
een deposited with the EMBL/GenBank Database Libraries under
ccession Nos. AF109737 and AF150882.
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ll rights of reproduction in any form reserved.
;38 kDa) and b2 (;33 kDa) (3, 4). Expression studies
f sodium channels in Xenopus oocytes and mamma-
ian cell lines have demonstrated that a subunit medi-
tes voltage-dependent gating and ion conductance
nd the b subunits regulate the kinetic properties and
acilitate membrane localization of sodium channels
5). The molecular diversity of a subunit has been
escribed. So far, ten subtypes have been identified in
at (6); Scn1a (rBI/aI), Scn2a (rBII/aII), Scn3a (rBIII/
III), Scn4a (rSkM1/m1), Scn5a (rH1/rSkM2/m2),
cn7a (Na-G/SCL-11), Scn8a (rPN4/NaCh6/CerIII),
cn9a (rPN1), Scn10a (rPN3/SNS), and Scn11a (NaN/
NS2). In human, nine a subunit subtypes have been
eported; SCN1A (partial sequence, 7), SCN2A (8),
CN3A (partial sequence, 9), SCN4A (10), SCN5A

11), SCN6A (12), SCN8A (13), SCN9A (14), and
CN10A (15).
All a subunits contain four internal repeat domains

DI-DIV), two large interdomain cytoplasmic loops (L1
nd L2) and short interdomain loop (L3). Four trans-
embrane domains and loop L3 are highly conserved.
owever, loops L1 and L2, N- and C-termini of the

emaining regions, all of which are assigned to the
ytoplasmic side of the membrane are less well con-
erved (2, 6). Each of the four internal domains con-
ains six presumably a-helical transmembrane seg-
ents (S1–S6); S4 is positively charged and the others

re hydrophobic. The region between S5 and S6 con-
ains two short segments, SS1 and SS2. These may
artly span the membrane as a hairpin. The SS2 seg-
ent is postulated to form part of the channel lining

16). Segment S4 and loop L3 are responsible for
oltage sensor (17) and inactivation (18), respectively.
ll subtypes contain several potential N-glycosyla-



tion sites (19) and cAMP-dependent phosphorylation
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ites (20).
Voltage-gated sodium channels are classified phar-
acologically into two large groups according to their

ensitivity or resistance to block by tetrodotoxin (21).
ost sodium channels are tetrodotoxin-sensitive (TTX-

), but Scn5a/SCN5A, Scn10a/SCN10A and Scn11a are
etrodotoxin-resistant (TTX-R) channels. These TTX-R
hannels contain cysteine or serine residues in the SS2
egment of domain I (22), whereas an aromatic residue
s located in TTX-S channels. They confer the tetrodo-
oxin resistant phenotype (23). SCN5A is expressed
pecifically in cardiac muscle and brain and its muta-
ion is responsible for the cardiac arrhythmia of
ong-QT syndrome type 3 (24). Scn10a/SCN10A and
cn11a have been isolated recently from dorsal root
anglia (DRG) and are expressed specifically in pri-
ary sensory neurons (15, 22, 25, 26). In this study, we
ave identified a novel human TTX-R voltage-gated
odium channel a subunit gene SCN12A that is ex-
ressed in the central nervous system (CNS) and non-
eural tissues. Here, we report molecular cloning,
hromosomal localization and expression of the novel
odium channel.

ATERIALS AND METHODS

cDNA cloning and sequencing. From frozen normal human brain
issue, total RNA was extracted using TRIZOL reagent (Gibco BRL)
nd mRNA was then purified using oligo(dT)-cellulose (NEB). cDNA
as synthesized using SuperScript preamplification kit (Gibco BRL)
ith oligo(dT) and random primers and used as templates for PCR
mplification. Nested PCR was performed with primers designed
ased on the sequences of the EST AA446997 and the consensus
equence of known sodium channel a subunits. The primer se-
uences were as follows: Est-f1, 59-ATC GGC GAC TCT GTC GGA
CC CTT GGA-39; Est-f2, 59-TGA CTG TGG TCC TGG TCA TTG
GA-39; Na-r1, 59-TTC ATK GCR TTR TAG TAY TTC TTC TG-39;
nd Na-r2, 59-GTT GAA RTT RTC WAT GAT GAC RCC AAT-39. The
dapter-conjugated cDNA was constructed from the human brain
RNA using Marathon cDNA constructions kit (Clontech) and used

s templates for the RACE reactions. The primer sequences for
ACEs were as follows: for 59-RACE; Race-5, 59-TGC GGA ATA CCA
TA GGA AGG AGT GCC AG-39 and for 39-RACEs; Race-3a, 59-GAG
GC AAT TCA CTC GGT TAC ATT TAC TTC GTA G-39 and Race-
b, 59-CTC CCT GGC ATA GCC ACA TCC TAC TTT GTC AGT
AC-39. The adapter primer sequences were AP1, 59-CCA TCC TAA
AC GAC TCA CTA TAG GGC-39 and AP2, 59-ACT CAC TAT AGG
CT CGA GCG GC-39. To confirm the presence of a single open

eading frame of SCN12A and SCN12A-s, long RT-PCR was per-
ormed with the primers as follows: for SCN12A; 12A-f, 59-TGG CTT
TC TCT GTC CTG AGG GTG AAG-39 and 12A-r, 59-GGT AGG CGT
GA GGT GAG GGC TCA-39 and for SCN12A-s; 12A-f and 12As-r,
9-CTG GTT CTT AAA GTC CCT CTG ACT GCT GA-39. The PCR
nd RACE products were subcloned into pBluescript II SK1 (Strat-
gene). The subclones were sequenced by a 377 automatic sequencer
Perkin-Elmer). Genetyx-Mac software (Software Development Co.,
td.) was used for DNA sequence analysis.

Chromosome mapping. Fluorescence in situ hybridization (FISH)
as carried out as described in the previous report (27). Three
263
ndependently (Fig. 1A).

Northern blot analysis. Commercial human multiple-tissue RNA
lots (Clontech) containing about 2 mg of poly(A)1 RNA in each lane
ere used for Northern blot analysis of SCN12A. The 656 bp ClaI/
vuII fragment containing the region of L2 of SCN12A was used as
probe for hybridization (Fig. 1A). Human b-actin cDNA was used

s a control probe. The probes were labeled with [a-32P]dCTP (6000
i/mmol) using Ready-To-Go DNA labeling Beads (Amersham Phar-
acia). Hybridization and washing were performed according to the
anufacturer’s instructions.

In situ hybridization. The DNA fragment used in Northern blot
ybridization was subcloned into pBluescript II SK1. Digoxigenin
DIG)-labeled RNA probes (sense and antisense) were synthesized by
n vitro transcription (Roche Diagnostics). Various tissues excised
rom the adult Wistar rats were immersed with paraformaldehyde,
ehydrated, embedded in paraffin, and cut in 5 mm sections. The
ections were treated with proteinase K, acetylated, and dehydrated
ccording to the standard protocols. They were then hybridized with
IG-labeled RNA probes (4 mg per ml) for 16 hours at 55°C, treated
ith RNase (10 mg per ml), and washed to a final stringency of 0.23
SC at 55°C. The sections were further reacted with anti-DIG anti-
ody (Roche Diagnostics), washed, and developed by incubation in
BT and BCIP solution for 24 hours according to the manufacturer’s

nstructions.

RT-PCR. Total RNAs from individual cell lines and tissues were
reated with RNase-free DNase I (Gibco BRL) at room temperature
or 15 min to avoid amplification of genomic DNA, denatured at 70°C
or 10 min, and subsequently reverse transcribed by SuperScript II
Gibco BRL) with 0.5 mg of oligo(dT) primer in a volume of 20 ml
ccording to the manufacturer’s instructions. The primers used for
CR amplification of SCN12A were 59-TTC TGT CAC AAG TGG
GC AGG AAG C-39 and 59-CAG GTA ACC ATC CAA AGC CAT CCT
-39 and the primers for human b-actin were 59-CCA AGG CCA ACC
CG AGA AGA TGA C-39 and 59-AGG GTA CAT GGT GGT GCC
CC AGA C-39. The RT-PCR products were separated in 1.5% aga-

ose gel, stained with 1/10,000 dilution of Vistra Green (Amersham
harmacia) and then analyzed by a FluoroImager 875 (Molecular
ynamics).

ESULTS

Molecular cloning of SCN12A. We have recently
loned cDNA for SCN8A from a human brain (unpub-
ished data). Compared with the EST sequence (Gen-
ank Accession No. AA446997) that was registered as

he human homologue of rat Scn8a, we found that the
equence of 160 bp of AA446997 was a partial sequence
domain II) for a novel human sodium channel a sub-
nit. This novel channel was designated as SCN12A.
o obtain a full-length cDNA clone for this novel so-
ium channel, we proceeded to use PCR-based cloning
s follows. At first, we carried out nested RT-PCR
sing the primers, EST-f1/EST-f2 and Na-r1/Na-r2,
esigned based on the EST sequence and the consensus
equence sodium channel a subunits, respectively.
oly(A)1 RNA used as a template was isolated from a
ormal brain of 59 years old male cadaver. The RT-
CR product pRT, 1.8 kb in length was obtained. Se-
uencing revealed that pRT was a partial cDNA clone
or sodium channel a subunit (Fig. 1A). To obtain a
ull-length cDNA, we performed 59-RACE and 39-
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ACE using the primer sets (AP1/Ap2 and Race-5) and
AP1/Ap2 and Race-3a/Race-3b), respectively. We re-
onstructed the full-length cDNA based on the cDNA
lones, pRT, p5R, p3Ra, p3Ra-s and p3Rb, obtained by
T-PCR and RACEs. There were at least two types of

ranscripts for the channel (Fig. 1A). It is presumed

FIG. 2. Chromosomal location of SCN12A. Metaphase plate sho
arrows). Ideogram of chromosome 3 shows the localization of SCN1

FIG. 1. Schematic structures and predicted amino acid sequence
f the cDNA clones for SCN12A and SCN12A-s. An open box indicat
y solid lines. The fragment used as a probe for Northern blot analys
B) Deduced amino acid sequences of cDNA clones for SCN12A and
1–S6 and SS1–SS2 are underlined in individual domains indicatin
egments, respectively. The serine residue (S360) in the SS2 of dom
ith a bold “S.” The inactivation gate “IFM” residues in the loop L3

esidue (K1444) indicates the C-terminal residue of SCN12A-s.
265
hat they are produced by alternative splicing using
ifferent 39-end exons. The larger clone, designated as
CN12A, consists of 6,527 bp including 5,373 bp of
RF, 198 bp of 59-untranslated regions (UTR), and
56 bp of 39-UTR. The 39-UTR region includes a poly-
denylation signal (AATAAA), followed by a ploy(A)

hybridization signal of SCN12A on human chromosome 3p23-p21.3
(bar on the right side).

cDNA clones for SCN12A and SCN12A-s. (A) Schematic structures
the longest ORF. The cDNA fragments are labeled and represented
nd in situ hybridization is shown above the restriction enzyme sites.
N12A-s. DI-DIV represent the four membrane spanning domains.

ix putative a-helical transmembrane segments and two pore-lining
I, which is predicted to underlie the TTX-R phenotype, is indicated
e shown in bold and are double underlined. The underlined lysine
ws
2A
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es
is a
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ail. The other one, designated as SCN12A-s, consists
f 5,727 bp including a shorter ORF (4,332 bp) and a
ifferent 39-UTR sequence from that of the larger
CN12A. The ORF of SCN12A encodes the complete a
ubunit and SCN12A-s encodes the shorter a subunit
f which the domain IV and C-terminal region are
runcated. To confirm the presence of these two tran-
cripts, full-length ORFs of SCN12A (p12AL) and
CN12A-s (p12AsL) were generated by RT-PCR with
rimer sets (12A-f and 12A-r) and (12A-f and 12As-r),
espectively (Fig. 1A).

Structure of SCN12A and comparison with other so-
ium channels. The longest open reading frame of
CN12A encodes 1,791 amino acid residues with a
alculated molecular mass of 205 kDa (Fig. 1B). The
educed amino acid sequence of SCN12A is aligned
ell with other known mammalian sodium channels,
specially in transmembrane segments. SCN12A con-
ains four internal repeat domains (I–IV), each con-
aining six putative a-helical transmembrane seg-
ents (S1–S6) and two pore-lining segments (SS1 and
S2), as in other voltage-gated sodium channel a sub-
nits. The positively charged residues in the voltage
ensor (S4) and the inactivation gate (IFM residues)
28) in the L3 loop region are also conserved in
CN12A. Multiple putative sites for cAMP-dependent
hosphorylation also exist in loop L1 and L2 regions of
CN12A. The serine residue (S360) in the SS2 of do-
ain I confers the tetrodotoxin resistant phenotype

23) on SCN12A. As shown in Table 1, in overall com-
arison, rat Scn11a shows exceptionally high similar-

Amino Acid Similarities between SCN12A and
Other Sodium Channel a Subunits (%)

ubunits Total N DI L1 DII L2 DIII L3 DIV C

cn1a 47 49 48 22 60 24 61 90 59 44
CN2A 47 51 48 24 60 24 63 90 58 47
cn3a 49 50 48 27 61 27 63 90 59 46
CN4A 49 49 48 28 60 24 64 89 59 44
CN5A 50 52 50 28 61 28 67 92 61 45
CN6A 40 39 40 24 46 23 51 54 42 41
cn7a 37 40 35 22 40 21 48 54 40 41
CN8A 47 49 48 22 60 25 62 92 58 47
CN9A 48 45 53 24 60 25 64 90 59 46
CN10A 51 55 55 28 60 28 63 94 62 44
cn11a 73 84 70 77 73 52 77 94 77 78

Note. Percentage (%) amino acid similarities were calculated after
ligning SCN12A with each sodium channel to maximize their re-
pective similarities. DI-DIV and L1-L3 are depicted in Fig. 1B. N
nd C represent N- and C-termini, respectively. GenBank Accession
os: rat Scn1a, X03638; human SCN2A, M94055; rat Scn3a, Y00766;
uman SCN4A, L01983; human SCN5A, M77235; human SCN6A,
91556; rat Scn7a, Y09164; human SCN8A, AF050736; human

CN9A, X82835; human SCN10A, AF117907; rat Scn11a, AF059030;
uman SCN12A, AF109737.
266
antly lower similarity (37–51%). The interdomain
oops L1 and L2 of SCN12A show low sequence simi-
arities to other channels; specifically, loop L2 shows
he lowest similarity to rat Scn11a (52%). The remain-
ng regions, N- and C-termini, four internal repeat
omains (DI-DIV) and loop L3, show high similarity.
he truncated form SCN12A-s encodes 1444 amino
cid residues and lacks internal repeat domain IV and
-terminal domain (Fig. 1B). The stop codon is located

n the transmembrane segment S3 of domain IV. As-
uming that the exon-intron structure is conserved
mong the voltage-gated sodium channel a subunits,
he border between the sequences of SCN12A-s and
CN12A is presumably an exon border.

Chromosomal localization of SCN12A. For chromo-
omal mapping of SCN12A, we performed fluorescence
n situ hybridization (FISH) using three clones, pRT,
5R and p3Rb. These probes were used independently,
ach containing a different region of SCN12A (Fig. 1A).
CN12A was mapped to human chromosome 3p23-
21.3 (Fig. 2). Interestingly, two TTX-R sodium chan-
el a subunit genes, SCN5A and SCN10A have been
apped to this region previously (6).

Expression of SCN12A. To investigate the expres-
ion of SCN12A mRNA transcript in human tissues,
e performed Northern hybridization using human
ultiple-tissue Northern blots (Figs. 3A and 3B). To

void cross-hybridization with other sodium channels,
specific probe for SCN12A containing the loop L2

egion that showed the lowest similarity to other so-
ium channels (Table 1) was used (Fig. 1A). The chan-
el was predominantly expressed in brain, spinal cord,
pleen, small intestine and placenta (Fig. 3A). In the
NS, SCN12A was ubiquitously expressed in the areas
xamined (Fig. 3B). The size of the transcript is ap-
roximately 7.0 kb.
To examine the expression of SCN12A in detail, we

erformed in situ hybridization of rat tissues (Fig. 4).
ll previous rat and human sodium channel orthologs
how greater than 83% homology. Because of this fact
e were able to use an SCN12A probe on rat tissues.
CN12A was broadly expressed in the CNS. In the
rain, the transcripts are abundant in gray matter
ather than whiter matter. High levels of expression
ere observed in granule cells of dentate gyrus of hip-
ocampal formation, pyramidal cells in CA1 to CA3 of
ippocampus, the granular layer of cerebellum, and
ranule cells of olfactory bulb (Figs. 4A–4D). Moderate
xpression was also found in superior and inferior col-
iculi (data not shown). In the spinal cord, signals were
ound in ependymal cells lining the central canal and
lial cells in the central gray matter (Figs. 4E and 4F).
CN12A was also expressed in non-neural tissues, ger-
inal center cells of spleen and trophoblasts of pla-
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etected in all sections hybridized with sense RNA
robe (data not shown). These results of rat are con-
istent with the results of Northern blot analysis of
uman tissues described above.
To elucidate what kind of cells express SCN12A in

he nervous system, we performed RT-PCR analysis of
everal human cell lines and several areas of the ner-
ous system (Fig. 3C). The analysis included glioblas-
oma cell line U251, neuroblastoma cell lines LAN-5
nd SHSY-5Y, adult human whole brain, cerebral
hite matter, cerebellum, spinal cord, and DRG.
AN-5 is a differentiated neuroblastoma cell line while
HSY-5Y is undifferentiated. Molecular characteris-
ics of these three cell lines were described previously
29). SCN12A mRNA was amplified by RT-PCR in all
ell lines and tissues, except for DRG (Fig. 3C). We
ave cloned the cDNA fragments of SCN12A from the
ame DRG sample by high frequency nested RT-PCR
data not shown), indicating that SCN12A is expressed
n DRG. Using this sample tissue, expression level
ould not be determined in DRG. Indeed, the low
-actin level implies that the lack of SCN12A tran-
cript may be caused by mRNA degradation. The
mounts of SCN12A RT-PCR product expressed in
oth U251 and SHSY-5Y cell lines were low. In con-
rast, the products were ten times or more abundant in
AN-5. The products in cerebellum were two or three
imes more abundant than in cerebral white matter.
rom these results SCN12A appears to be expressed in
oth neurons and glia, more predominantly in neurons.

ISCUSSION

SCN12A is a novel human voltage-gated sodium
hannel a subunit gene. Comparison of the deduced
mino acid sequence demonstrated that the molecular
eatures of sodium channels are well conserved in
CN12A as described above. Interestingly, SCN12A
ontains a serine residue at a position in the SS2 seg-
ent of domain I that is occupied by an aromatic res-

due in the TTX-S channels (Fig. 1B). Rat Scn10a
rPN3/SNS) and rat Scn11a (NaN/SNS2) are TTX-R
hannels that contain a serine residue at the position
22, 25). Recently, expression studies have demon-
trated that rats Scn10a and Scn11a produce TTX-R
odium currents in Xenopus oocytes (22) and HEK293
ells (30), respectively. These results suggest that
CN12A is a TTX-R sodium channel.
Among the previously reported mammalian sodium

hannels, rat Scn11a showed the highest similarity to
CN12A (73%) (Table 1). These two channels have less
han 50% similarity to the other channels. The inter-
omain loops L1 and L2 of SCN12A showed especially
ow similarities to those of the other channels, confirm-
ng that cytoplasmic L1 and L2 loops may characterize
FIG. 3. Analysis of SCN12A expression in human tissues
y Northern hybridization and RT-PCR. Northern blot anal-
sis of various adult human tissues (A) and various regions
f the CNS (B) using 32P-labeled probes for SCN12A (top) and
uman b-actin (bottom). Each lane contains 2 mg of poly(A)1

NA. Sizes in kilobases are indicated along the left side. (C)
T-PCR analysis of SCN12A in human cell lines. RT-PCR of
uman cell lines, glioblastoma U251, neuroblastoma LAN-5 and
HSY-5Y, and whole brain, cerebral white matter, cerebellum,
pinal cord, and DRG. RT-PCR showed the specific amplification
f SCN12A and human b-action with 466 bp and 587 bp products,
espectively.
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FIG. 4. In situ hybridization of SCN12A in rat tissues. In situ hybridization to adult rat sections using DIG-labeled RNA probes specific to
CN12A. Sections show hippocampus (A), olfactory bulb (B), lower magnification of cerebellum (C), higher magnification of cerebellum (D), lower
agnification of spinal cord (E), higher magnification of spinal cord (F), spleen (G), and placenta (H) hybridization with antisense probe.
268



a unique feature of an individual sodium channel.
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hese loops contain multiple putative sites of cAMP-
ependent phosphorylation that give distinct effects to
he kinetics of sodium channels (31).

Twelve voltage-gated sodium channel a subunits
ave been identified in mammals forming a large gene
amily. SCN5A and SCN10A have been mapped to
uman chromosome 3p where SCN12A is localized
Fig. 2). Mouse Scn11a has been mapped to mouse
hromosome 9 that is syntenic to that region (26).
hese four channels are TTX-resistant and form a clus-
er on human chromosome 3p, suggesting that the
TX-R sodium channels may be closely related in evo-

ution (6). All other channels are TTX-sensitive. Among
hem SCN2A, SCN6A, SCN9A and the human or-
hologs of Scn1a, Scn3a and Scn7a are located on hu-
an chromosome 2q in a cluster (6). SCN4A and
CN8A are located on human chromosome 17q and
2q, respectively (6). All of the sodium channel a sub-
nit genes map to within four paralogous chromosome
egments including the HOX gene clusters (32). It has
een inferred that the expansion of the sodium channel
subunit gene family was initially associated with the

arge-scale genomic duplications of the ancestral chro-
osome and intrachromosomal gene duplications oc-

urred after the divergence of the four chromosome
egments (6). The results of mapping and comparative
nalysis of SCN12A support the inference of divergent
volution of sodium channel a subunit genes.
Alternative splicing has been reported in Scn1a,

cn2a, Scn3a, Scn8a/SCN8A and Scn9a (6). The trun-
ated forms of Scn1a and Scn8a have been identified in
strocytes and neuroblastoma cells (33, 34). These con-
ain the stop codon in domain III. There are at least
wo alternative-splicing variants of SCN12A. One of
hem, SCN12A-s, is a truncated form that lacks do-
ain IV and C-terminal region (Fig. 1). The stop codon

s located in the transmembrane segment S3 of domain
V. The exon boundary is the same as human SCN5A
35) and mouse Scn10a (36). RT-PCR analysis demon-
trated that both transcripts of SCN12A are expressed
imilarly (data not shown). Several EST sequences (Ac-
ession Nos. AA885211 and AA91388, etc) identical to
he end of the ORF and 39-UTR region of the SCN12A-s
ave been registered in the GenBank database, dem-
nstrating the existence of truncated splicing variant,
CN12A-s. The function of the truncated sodium chan-
el a subunit has not yet been elucidated.
The voltage-gated sodium channels are essential for

xcitability of neurons and muscle cells. Individual
odium channel subtypes play unique physiological
oles and show differences in tissue specificity (6).
riefly, seven sodium channels are primarily ex-
ressed in neurons; Scn1a, SCN2A, Scn3a, Scn8a/
CN8A, Scn9a/SCN9A, Scn10a/SCN10A and Scn11a.
cn4a/SCN4A is expressed primarily in skeletal mus-
269
NS (37). SCN6A is expressed in heart and uterus
12). Scn7a is expressed in various tissues including
ung and smooth muscles (38). In the CNS, glial cells
xpress sodium channels as well as neurons. Scn2a/
CN2A, Scn3a, Scn7a, Scn8a/SCN8A and Scn9a/
CN9A are expressed in glia. Although SCN12A and
cn11a share similar structural features and are lo-
ated on syntenic regions of their respective chromo-
omes, their tissue distributions are strikingly differ-
nt. Rat Scn11a is expressed specifically in sensory
eurons of DRG and trigeminal ganglia (25). Our new
ene, SCN12A, is expressed in the CNS and non-
eural tissues as well as DRG (Figs. 3 and 4).
TTX-R sodium current was observed in both neurons

39) and glial cells (40) in the central nervous system.
he previously reported TTX-R sodium channels are
xpressed primarily in DRG (15, 22, 25), cardiac mus-
le (11) and the CNS (37). Along with SCN5A, SCN12A
ay be responsible for TTX-R sodium current observed

n the CNS. Further studies including the functional
xpression of SCN12A will help to elucidate its physi-
logical roles in the CNS and other tissues.
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