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Abstract

Background.—Genetic variants at the SCN5A/ SCN10A locus are strongly associated with
electrocardiographic PR and QRS intervals. While SCN5A is the canonical cardiac sodium
channel gene, the role of SCNVI0A in cardiac conduction is less well characterized.

Methods and Results.—We sequenced the SCNI0A locus in 3699 European-ancestry
individuals, and identified two intronic SNPs in high linkage disequilibrium (LD, r2=0.86) with
each other to be the strongest signals for PR (rs10428132, Beta=—4.74, P=1.52x10714) and QRS
intervals (rs6599251, QRS Beta=—0.73; P=1.2x10"4) respectively. While these variants were not
associated with SCN5A or SCN10A expression in human atrial tissue (n=490), they were in high
LD (r220.72) with a common SCNI0A missense variant, rs6795970 (V1073A). In total, we
identified seven missense variants, four of which (1962V, P1045T, V1073A and L1092P) were
associated with cardiac conduction. We replicated our findings in over 21,000 individuals of
European ancestry. These four missense variants cluster in the cytoplasmic linker of the second
and third domains of the SCNI0A protein, and together form six common haplotypes. Using
cellular electrophysiology, we found that haplotypes associated with shorter PR intervals had a
significantly larger percentage of late current compared with wild-type (1962V+V1073A+L1092P,
20.2+3.3%, P=0.03, and 1962V+V1073A, 22.4+0.8%, P=0.0004 vs. WT 11.7 + 1.6%), and the
haplotype associated with the longest PR interval had a significantly smaller late current
percentage (P1045T, 6.4+1.2%, P=0.03).
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Conclusions.—Our findings suggest an association between genetic variation in SCNI0A, the
late sodium current, and alterations in cardiac conduction.

Clinical Perspective:

Genetic variants at the SCN5A/ SCN10A locus are strongly associated with electrocardiographic
PR and QRS intervals. In addition, variants in SCN10A have also been linked to atrial fibrillation.
While SCN5A is the canonical cardiac sodium channel gene responsible for the upstroke of the
cardiac action potential, the role of SCNI0A, is less well characterized in cardiac conduction. In
this study, we have characterized the electrophysiologic function of several missense coding
variants in SCN10A identified from large populations where the PR interval was known. We found
that these missense variants all clustered in the cytoplasmic linker between two domains of the
channel. When these missense mutations were generated and characterized via patch clamp, they
were found to alter the amount of late sodium current present. Genetic haplotypes coding for
channels that were associated with shorter PR intervals had a larger late sodium current, and
therefore our results suggest that there is an association between the amount of late sodium current
and the PR interval. Clinically, this may be relevant as longer PR intervals are associated with a
higher risk of atrial fibrillation and therefore further characterization of the role of SCN10A may
provide a novel target for future therapies.

Journal Subject Terms
Atrial Fibrillation; Electrophysiology; lon Channels/Membrane Transport; Functional Genomics

Keywords

population genetics; electrocardiography; cardiovascular genomics; conduction; Na+ current;
SCN10A,; PR interval

Introduction

The PR and QRS intervals on the surface electrocardiogram reflect atrioventricular
conduction and ventricular depolarization, respectively. PR interval prolongation is
associated with increased risk of atrial fibrillation (AF), the need for pacemaker
implantation, and death.! Similarly, QRS interval prolongation is associated with increased
risk for heart failure and death.2 3 Genome wide association studies (GWAS) have identified
a locus on chromosome 3 associated with the PR and QRS intervals, with the most
significant signal mapping to an intronic region of SCNI0A.4~" SCN10A encodes for the
voltage-gated sodium channel, Nav1.8, and is flanked by SCN5A and SCN11A, both of
which encode for voltage-gated sodium channels, Nav1.5 (cardiac) and Nav1.9 (neuronal),
respectively.8 9

Until recently, Nav1.8 channels were thought to be restricted to the dorsal root ganglia and
peripheral sensory neurons.1%: 11 However, we have previously shown that SCNI0A is
expressed in the myocardium, and preferentially in the specialized Purkinje fibers of the
cardiac conduction system.® Further, blocking the Nav1.8 channel in mice with a selective
antagonist, A-803467, prolongs the PR and QRS intervals, reduces the late sodium current
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(Ina,L) in ventricular myocytes, and slows action potential firing in intracardiac neurons,
suggesting a direct role for SCNZ0A in cardiac electrophysiology.® 12: 13 |In GWAS of PR
and QRS intervals, two common SCNI0A coding variants have been identified, both
significantly associated with cardiac conduction.#~7 Recent work has also found that
rs6801957, the most significant intronic single nucleotide polymorphism (SNP) in SCN10A
associated with the QRS interval, alters a transcription factor binding site for Thx5 in mice
that regulates the expression of SCN5A4.14-16

To further define the relationship of variation in SCN10A with cardiac conduction, we
sequenced the SCNI0A gene in the Cohorts for Heart and Aging Research in Genomic
Epidemiology Targeted Sequencing Study (CHARGE-TSS) to identify rare and common
variants in SCNI0A. We examined the association of these variants with atrioventricular
conduction. We then replicated our findings among European and African-ancestry subjects
sequenced as part of the Exome Sequencing Project (ESP) and by direct genotyping in a
larger sample of CHARGE participants. Next, we examined whether coding variants are
functionally related to cardiac conduction using cellular electrophysiology. Finally, we
sought to determine whether the most significant SCNVI0A signal is associated with SCN5A
and SCN10A transcript expression in humans.

Study Populations and Genetic Assays

Discovery Study Sample: CHARGE Targeted Sequencing Study—The Cohorts
for Heart and Aging Research in Genetic Epidemiology (CHARGE) Consortium is a
consortium of population- and community-based cohorts designed to facilitate studies of
genetic epidemiology.l” CHARGE-TSS included a random sample, stratified by sex, of at
least 1000 Atherosclerosis Risk in Communities (ARIC) Study, 500 Cardiovascular Health
Study (CHS), and 500 Framingham Heart Study (FHS) participants of European ancestry. In
each cohort, investigators selected an additional sample of individuals from the extremes of
the phenotype distribution of several cardio-metabolic traits, including PR and QRS
intervals. Loci for targeted sequencing were identified by GWAS conducted by the
CHARGE consortium for a number of phenotypes. The present analysis focuses on targeted
sequencing of regions of the SCN10A gene for PR and QRS intervals. In total 3,699
participants of European ancestry were used in this analysis, including individuals selected
on the basis of extreme PR, QRS, or other cardio-metabolic traits and a cohort random
sample. All studies performed were approved by the Institutional Review Board of the
participating institutions. Details of case and cohort selection, and sequencing can be found
in Supplementary Methods.

Replication and Haplotype Study Sample: Exome Sequencing Project—The
NHLBI Exome Sequencing Project (ESP), a parallel exome sequencing consortium, served
as the replication cohort. In total, our replication sample included 607 ESP participants of
European ancestry and 972 African American participants. Haplotypes were derived from all
ESP participants, increasing the ESP-Haplotype sample to 4,306 participants of European
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ancestry and 972 African American participants. Full details of the ESP cohort selection are
available in the Supplementary Methods.

Extension Study Sample: CHARGE Exome chip cohorts—To increase the sample
size, we examined directly genotyped data from the entire ARIC, CHS and FHS cohorts.
Participants with a QRS interval >120ms were excluded from the QRS interval analyses. A
total of 20,666 European ancestry participants (CHARGE-Exome sample) were analyzed.
Full details of cohort selection are available in Supplementary Methods.

Haplotype Analysis

Genotypes of both European and African descent populations from ESP were phased
separately by race using PHASE.18 PHASE estimates of haplotype frequency were reported.
Full details are available in the Supplementary Methods.

Gene expression analysis

We performed an expression quantitative trait loci (eQTL) analysis using the most
significant 5 SNPs at the SCN10A locus associated with PR or QRS intervals in this study or
in prior GWAS efforts of PR or QRS intervals (rs10428132, rs6795970, rs6801957,
rs6800541, rs6599250). Please see the Supplemental Methods for details.

Human SCN10A clone, mutagenesis, expression, and characterization

Results

The human SCN10A alpha subunit cDNA built-in a pCMV6-XL5 vector was purchased
from OriGene. The SCNI0A DII-DIII linker variants/haplotypes (1V, PT, VA, LP, VA+LP,
IV+VA and IV+VA+LP) were generated using appropriately designed mutagenic primers.
The SCNI0A constructs were expressed in a Neuroblastoma 2a (N2a) cell line derived from
mouse (ATCC, catalog number CCL-131). N2a cells were used because these neuronal cells
expressed functional SCN10A channels after transfection. SCNI0A expression was verified
in freshly obtained human atrial tissue via immunohistochemistry. Wild type and variant/
haplotype Nav1.8 currents were measured using the whole-cell patch clamp recordings.
Tetrodotoxin (TTX, 150 nM) was used to block endogenous sodium currents. The data are
presented as mean + standard error and a student’s t-test was used to determine a significant
difference (P<0.05). Full details of patch clamping methods and analysis are available in the
Supplementary Methods.

Sequence Results in Discovery Samples

We sequenced an approximately 117 kilobase region encompassing the SCNV10A gene in a
discovery sample of 3699 individuals of European ancestry from the Atherosclerosis Risk in
Communities (ARIC) study, the Cardiovascular Health Study (CHS), and the Framingham
Heart Study (FHS) (Table S1). We identified 3005 non-coding (intronic/intergenic) and 204
coding variants (Tables S2, S3A). There was evidence of selection pressure against
putatively functional variants; nonsynonymous variants tended to have a lower minor allele
frequency than synonymous variants (£=0.046), and rare nonsynonymous variants were
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more likely to be predicted as having adverse effects compared to common nonsynonymous
variants, £=0.014-0.000013 (Table S3B).

of Common Variants with PR and QRS Intervals

We examined the association of cardiac conduction with common and rare SCN10A
variants. The SNP with the most significant association with the PR (rs10428132, Beta=
-4.74; P=1.5x10"14; n=3699, Figure 1A, Table S4) and QRS (rs6599251, Beta=—0.73;
P=1.2x107%; n=3699, Table S4) intervals were both intronic and in high linkage
disequilibrium (LD) with each other (r2=0.86). These variants are also in high LD (r2>0.72)
with the most significant SNPs identified by prior GWAS of the PR or QRS intervals, and
importantly, with the most significant nonsynonymous SCN10A coding SNP rs6795970,
V1073A (Table 1, Tables S4-S5).4-7 The most significant SCNZ0A SNPs associated with
PR (rs10428132) and QRS (rs6599251) were not in LD with common variants in two
neighboring loci, SCN5A and SCN11A, which also encode for voltage-gated sodium
channels (Figure S1).

Expression QTL (eQTL) analyses for SCN5A and SCN10A and Nav1.8 channel protein

expression

Examining transcripts from human atria (n=369 samples), ventricle (n=313 samples) and
other tissues, we found no evidence that SCN5A transcript expression is associated with the
PR and QRS index SNPs identified in the current study (rs10428132 or rs6599251), nor with
the most significant SCNVZ0A SNPs from prior studies of PR or QRS, including rs6801957
(Figure S2, Supplemental Methods, Results, and Table S6).14 15 While we found expression
of Nav1.8 channel protein in freshly obtained human atrial tissues using
immunohistochemistry (Figures S3-S4), expression of SCNI0A transcript was low in atrial
and ventricular tissue, therefore hampering our ability to identify a SNP SCNI0A eQTL
association. Nonetheless, in an additional 121 samples from human left atrial appendage, we
found no association by quantitative PCR between SCN5A and SCN10A transcript
expression and the most significant SCAZ0A SNP (rs6800541) identified by prior GWAS of
the PR interval (Figure S5, Table $7).5: 19

Missense SNPs

While the most significant intronic PR and QRS SNPs were not associated with expression
of the two cardiac sodium channels, SCN5A and SCN10A, they were in high LD (r2=0.83
and 0.72, respectively) with a common SCNI0A missense variant, rs6795970 (V1073A).
We therefore examined common SCNI0A missense variants for association with cardiac
conduction. We identified seven common missense SNPs in SCN10A among individuals of
European descent, and four — 1962V (1V), P1045T (PT), V1073A (VA) and L1092P (LP) -
were associated with PR interval duration (Table 1, Table S2). The four SNPs associated
with PR interval duration clustered within a 130 amino acid residue region of the
cytoplasmic linker that connects the second and third domains (DII-DIII linker) of the
Nav1.8 channel (Figure 1B). The V1073A and P1045T variants were associated with the
largest effects on PR interval and were nominally associated with QRS duration (Table 1,
Table S4).
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We sought to replicate and extend our significant findings from the CHARGE-TSS in
additional samples using two approaches. First, the coding regions of SCN10A were
sequenced among those of European and African descent as part of ESP. Both the V1073A
and P1045T variants were associated with PR interval in 607 European-descent individuals
who were part of our ESP-replication sample. The other two coding variants, 1962V and
L1092P, while not reaching statistical significance in the smaller sample size of ESP, showed
an equal or larger magnitude of effect on PR interval. We did not find significant
associations among African Americans (n=972); however, power to identify a significant
association was more limited due to lower minor allele frequencies and smaller sample sizes
(Table 1).

In our second approach, we directly genotyped the seven SCNZ0A common coding variants
in 20,666 individuals from the CHARGE Exome Chip Project (FHS, ARIC and CHS) using
the Illumina HumanExome v1.0 array (Table 1, Table S1). We found that all four common
coding variants (1962V, P1045T, V1073A and L1092P) were significantly associated with
both PR (P-values ranging from 1077 to 10749, Table 1) and QRS (p-values ranging from
107 to 1014, Table S4) intervals.

To determine whether the four common coding SCNZ0A SNPs associated with the PR
interval were independent from SNPs in neighboring sodium channel genes, SCN5A and
SCN11A, we performed a conditional analysis of the PR interval using the ESP cohort and
common SNPs in SCN5A and SCN11A. We found that both V1073A and P1045T remained
significantly associated with PR interval duration and that the effect size was preserved
among the four common coding SNPs (Table S8).

Haplotype Analysis

Biophysical

Three of the four SNPs associated with the PR interval were in moderate to high LD, Table
S5, and six common haplotypes were present among individuals of European or African
ancestry (Figure 1C). Haplotype analyses were performed using 5278 individuals of
European and African ancestry sequenced in ESP. The most frequent haplotype among
individuals of European ancestry (frequency of 36%) was designated the wild type (WT)
SCN10A haplotype and was associated with a mean PR interval of 161 milliseconds (msec)
among European Americans and 169 msec among African Americans. The VA haplotype
and IV+VA+LP haplotype both had mean PR intervals that were shorter compared to WT in
both ethnic groups (Figure 1C). By contrast, the PT haplotype had a significantly longer
mean PR interval compared with WT (Figure 1C). There was suggestive evidence that
haplotype structure influenced PR interval given that the VA+LP haplotype had a longer
mean PR interval compared with the VA only haplotype (P=0.02). Similar to the PR
findings, the PT haplotype tended to have the longest QRS interval; however no significant
haplotype-QRS associations were detected, due in part to the smaller effect sizes with QRS
(Table S9).

Effects of SNPs and Haplotypes on Channel Function

Given the common location of the four nonsynonymous variants in the DII-DIII linker of
SCNI0A (Figure 1B), we sought to determine the biophysical effects of the haplotype
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combinations on channel function using cellular electrophysiology. SCNZ0A wild type and
haplotype whole-cell currents were acquired by heterologous expression in N2A cells using
patch clamp electrophysiology (See Supplemental Methods). Analyses were performed for
all six common haplotype combinations observed, as well as for the two variants, 1962V and
L1092P, which were not seen in isolation among European Americans and African
Americans (Table 2, Figure S6).

Representative current traces of the most frequently observed haplotypes are illustrated in
Figure 2A. Plots of current density versus voltage for the four most common haplotypes are
shown in Figure 2B. The VA haplotype had a significantly larger current density than the
WT at +10 mV, while the other haplotypes were not significantly different from WT (Table
2). Plots of conductance-voltage (G-V) relationships are shown in Figure 2C. We observed a
subtle relationship in voltage-dependent opening (V1) and PR interval among the
haplotypes (Figures S6-S7, Table 2). The midpoint of channel opening (V1/,) of the G-V
relationship for PT was significantly right-shifted (+11.8 + 1.8 mV; £=0.001; n=7), and both
VA (6.3 £ 1.5 mV,; P=0.0002; n=6) and IV+VA+LP (-3.5 £ 1.0 mV; P=0.0008; n=7) were
significantly left-shifted compared to WT (+3.0 £ 1.0 mV; n=7). There was no difference in
the slope for voltage-dependent opening (Table 2). Furthermore, there was no relation
between haplotype differences in the PR interval and voltage-dependent inactivation (Figure
2D, Table 2), the recovery from inactivation (Figure S8, Table 2), or open-state inactivation
(Figure S9).

A distinct feature of the Nav1.8 channel compared to other sodium channels is the
persistence of a significant Iy, . A visual inspection of the recordings (Figure 2A)
suggested a difference in the I, | between haplotypes. To assess this difference
systematically, we measured Iy at the end of a test pulse (+20 mV at 475 msec) when the
inactivated current reached steady-state which was then normalized to the peak current. We
observed marked differences in Iy, | between haplotypes ranging from 6.4 to 22.4%.
Compared to WT Ina L (11.7£1.6%, n=7), smaller Iy, _ for the PT (6.4%1.2%; P=0.03; n=5)
and larger I, for the IV+VA+LP (20.2+3.3%, P=0.03, n=5) haplotypes were observed
(Figure 2E, Table 2). We next sought to determine if there was a relation between haplotype
differences in the PR interval and Iy . When the haplotypes were arranged from the
shortest to the longest PR intervals, we observed an inverse linear relation between percent
Ina L Versus the PR interval, Figure 2F (percent I, L, r2=0.83, P=0.001).

Secondary Analyses

To comprehensively examine the associations at this locus with cardiac conduction, we
secondarily examined association of rare SCNI0A variants in aggregate (locus-wide or
limited to coding variants) with either the PR or QRS intervals in approximately 3699
individuals from CHARGE-TSS and 1579 individuals from ESP. While no significant
association was identified (p>0.05 for all associations tested), power was limited due to a
low cumulative allele frequency.
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Discussion

By sequencing the SCNV10A locus, we identified a cluster of common coding variants in the
DIIDI linker that influence cardiac depolarization and conduction. We have identified an
inverse linear relationship between the percent Iy, | and the PR interval duration.
Haplotypes that reduce the Nav1.8 Iy, | were associated with a longer PR interval and
conversely, haplotypes that increased the Nav1.8 I, | Were associated with a shorter PR
interval compared with WT.

The functional role of SCNZ0A/Nav1.8 channel on cardiac conduction has only recently
begun to be elucidated.20 Increasing experimental data suggests that the SCNZ0A/Nav1.8
channel may have a direct role in cardiac conduction. First, the specific SCNZ0A blocker,
A-803467, lengthened the PR and QRS intervals in mice,® and reduced the SCNZ0A/Nav1.8
Ina L in isolated ventricular myocytes from mouse and rabbit.*? Second, the SCNZ0A/
Nav1.8 channel has been identified in the specialized cardiac conduction fibers and atrial
myocytes, as well as in cholinergic, and to a lesser extent, sympathetic intracardiac neurons
(Table S10). Third, SCNI0A missense variants are associated with PR and QRS intervals.
Taken together, these data provide evidence that the SCNVZ0A/Nav1.8 channel participates in
cardiac conduction.

Our results suggest a correlation between the amount of Iy, | and the PR interval measured
amongst our study cohorts. The PR interval is modulated by many factors, and the
correlation observed in this study is not necessarily causative. SCNI0A influence on
atrioventricular conduction may be secondary to neuronal modulation, a direct effect on
cardiomyocyte depolarization, or both.20 Supportive of the cardiomyocyte hypothesis, we
found qualitative evidence of Nav1.8 expression in human atrial cardiomyocytes using
immunohistochemistry, similar to prior findings with a different antibody.2! While we
acknowledge that there is no quantitative data on SCNI0A expression in human cardiac
conduction tissue, we have documented SCNZ0A expression in the murine Purkinje system
previously.® Alternatively, SCNI0A has also been identified in intracardiac neurons and in
cardiac ganglionated plexi.13 Recently, injection of A-803467 into cardiac ganglionated
plexi was shown to be protective from AF, underscoring the potential for neuronal SCNI0A
expression to influence the electrophysiology of the myocardium.22 Future studies of
SCNI0A expression in the human conduction system and cardiac innervation may further
elucidate the role of SCN10A in atrioventricular conduction.

Our findings highlight the role of the DII-DIII linker in Nav1.8 channel inactivation.
Previous studies indicated that point mutations in the DII-DIII linker of cardiac (SCN5A)
and brain (SCNIA) voltage-gated sodium channels both increased the Iy, | in patients with
type 111 long QT syndrome and epilepsy, respectively.23: 24 Crystal structures of sodium
channels showed that the S6 transmembrane spanning region forms the inner lining of the
pore.25 Since the DII-DIII linker connects the S6 of domain Il with S1 of domain Ill, we
hypothesize that this region of the channel has an important role in the process of prolonged
inactivation. In support of that conclusion, several variants in this linker are associated with
Brugada Syndrome, 26 including V1073A, which was independently shown to cause a higher
Ina L density with an A in position 1073 compared to V, similar to our findings.2” In that
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study, the higher current density allele (V1073A) was protective from Brugada Syndrome,
signifying that haplotypes at this position may have multiple effects depending on relative
expression in atrial, ventricular, and conduction system myocytes.

In this study, we did not find an association between the intronic SCNZ0A SNP and
expression levels of SCNV5A in human atrial or ventricular tissue. However, the relation
between the SCN5A/SCN10A genomic region and cardiac conduction is highly complex
with at least six independent association signals for QRS interval that span both genes. The
intronic SCN10A SNP associated with the QRS interval, rs6801957, modulates the function
of a Thx5 and Thx3 enhancer.1® A recent study demonstrated that while no SCNI0A
transcript could be identified in ventricular cardiomyocytes in either wild-type or SCN10A
-/-mice, Nav 1.8 contributes to late sodium current at slow rates, perhaps through
modulation of SCN5A.28 In our study, we did not characterize Nav1.8 or Nav1.5 directly in
the human ventricular myocardium or Purkinje system, however these will be important
future investigations to define the contributions and potential interactions of the Nav1.8 and
Nav1.5 channels on ventricular conduction in humans.

Our study was subject to a number of limitations. First, although we examined individuals of
both European and African descent, our results may not be generalizable to other ethnicities.
Second, despite performing sequencing in 3699 and 1579 individuals in the discovery and
replication samples respectively, our power to detect modest associations, particularly with
rare variants, was limited. Third, we did not examine whether these genetic variants were
related to expression of SCNI0A in the conduction system. Fourth, our genetic association
and heterologous electrophysiology data regarding SCNI0A are correlative and do not imply
causality. Finally, /n vitro cellular electrophysiology studies may not fully recapitulate the
cellular milieu of the cardiomyocyte or the cardiac conduction system.

In conclusion, our sequencing and functional data provide new insights for the physiological
role of SCNI0A/Nav1.8 channel as a contributing factor to human cardiac conduction. As
the SCN10A/Nav1.8 channel has only recently been identified as a novel modifier on
cardiac conduction and electrophysiology, further studies are necessary to define the relative
contributions of the Nav1.8 and Nav1.5 channels on cardiac conduction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Hapl:\)ltype Variants in Haplotype Alleles* Freqt PR interval® Freqt PRinterval’ P-value
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Figure 1. Association of genetic variation in SCN10A with the PR interval.
A) Regional association plot of SCNZ0A with PR interval in the CHARGE-TSS discovery

sample. Each shape represents a single variant. The rhombus marks the index variant.
Triangles denote nonsynonymous coding variants. Color-coding denotes the correlation
between each variant and the index SNP. B) Schematic of the Nav1.8 channel a-subunit,
which is comprised of four repeating domains (DI-DIV), each consisting of six

transmembrane spanning segments (S1-S6). The four nonsynonymous variants significantly
associated with PR interval are clustered within a cytoplasmic linker between the second and
third domains (DI1-DIII linker). C) Six haplotypes were observed in the ESP European
American (EA) and African American (AA) populations. The table lists the SNPs where the
haplotypes differ from WT, the specific alleles of the four common coding variants carried
on each haplotype, haplotype frequency (%), mean PR interval and standard error among
EA and AA. PR association results combine both ethnicities; each haplotype is compared to
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WT. Two rare haplotypes, IV+VA and VA+LP, were identified but had limited power to
compare differences in PR interval with WT (frequency among EA 2% and 1%
respectively). Neither 1962V nor L1092P variant occurred in isolation. *Specific alleles
listed in order from 5° end of gene for the four variants: 1962V, P1045T, V1073A, L1092P; T
% Frequency (SE); *Mean, msec (SE)
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Figure 2. Electrophysiological characteristics of Nav1.8 channel haplotypes.
A) Four haplotype Nav1.8 whole-cell sodium currents recorded from N2a cells in the

presence of 150 nM tetrodotoxin. Currents were elicited from a holding potential of —100
mV with depolarizing steps between —70 and +60mV in 10mV increments. B) Current
density (pA/pF) versus voltage for WT, PT, VA, and IV+VA+LP constructs. C) Conductance
versus voltage for WT, PT, VA, and IV+VA+LP, fit with a Boltzmann function (see
Supplemental Methods). V1, for PT was shifted rightward, and VA and IV+VA+LP were
both shifted leftward compared to WT. Slope factors (k) were not significantly different. D)
\oltage-dependent inactivation as normalized current versus voltage. The V1, and k for the
haplotype variants were not significantly different from WT. E) Normalized Iy, of PT,
WT, and IV+VA+LP, measured from a holding current of ~100mV with pulse to +20mV for
475ms. PT shows a smaller and VA+LP+IV a greater Iy, | compared to WT, respectively. F)
Percent I, | versus PR interval. The percent Iy, | decreases moving from haplotypes with
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short to long PR intervals. The data were significantly correlated by the fitted line (r?=0.83,
P=0.01). *: statistically different from WT (~>0.05).
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