
TYPE Brief Research Report
PUBLISHED 30 January 2023| DOI 10.3389/fdmed.2022.988094
EDITED BY

Cameron L Randall,

University of Washington, United States

REVIEWED BY

Henrique Ballassini Abdalla,

São Leopoldo Mandic School, Brazil

Jun Zhong,

Shanghai Jiao Tong University, China

Phillip R Kramer,

Texas A&M University, United States

*CORRESPONDENCE

Alexandre R. Vieira

arv11@pitt.edu

SPECIALTY SECTION

This article was submitted to Systems

Integration, a section of the journal Frontiers in

Dental Medicine

RECEIVED 06 July 2022

ACCEPTED 21 December 2022

PUBLISHED 30 January 2023

CITATION

Vieira AR, Sekula Jr. RF and Deeley K (2023)

Classical trigeminal neuralgia is associated with

gephyrin and sodium voltage-gated channel

alpha subunit 8.

Front. Dent. Med 3:988094.

doi: 10.3389/fdmed.2022.988094

COPYRIGHT

© 2023 Vieira, Sekula and Deeley. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.
Frontiers in Dental Medicine
Classical trigeminal neuralgia
is associated with gephyrin and
sodium voltage-gated channel
alpha subunit 8
Alexandre R. Vieira* , Raymond F. Sekula Jr. and Kathleen Deeley

Department of Oral and Craniofacial Sciences, School of Dental Medicine, University of Pittsburgh, Pittsburgh,
PA, United States

Trigeminal neuralgia is highly debilitating, and its etiology is still undefined. The goal of
this work was to define associations between well-characterized trigeminal neuralgia
cases and common genetic variants in the population. Two hundred and fifty-seven
individuals diagnosed with classical trigeminal neuralgia were compared to 865
individuals without classical trigeminal neuralgia and with an assessment for lower
or higher pain threshold based on the amount of anesthetic required for routine
dental treatment. Genotypes of 24 variants marking genes in the VGSC (voltage-
gated sodium channels) or GABA (gamma-aminobutyric acid) pathways were
obtained using TaqMan chemistry end end-point analysis. Chi-square was used for
all comparisons with an alpha of 0.002. An association between classical trigeminal
neuralgia and individuals requiring less or more anesthetic for routine dental
treatments showed associations with SCN8A rs1601012 and GPHN rs723432 (p=
0.0009 and p= 0.0002, respectively). In conclusion, classical trigeminal neuralgia is
associated with SCN8A and GPHN and markers rs1601012 rs723432 may be useful
to determine individual risks for the condition.
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Introduction

The term trigeminal neuralgia includes any “pain related to a lesion or disease of the

trigeminal nerve” (1). Recognized variants of trigeminal neuralgia include those related to

trauma, demyelination (e.g., multiple sclerosis), viruses (e.g., varicella zoster), tumors and

neurovascular compression. Classical trigeminal neuralgia is characterized by severe,

intermittent, and brief paroxysms of pain. Although approximately 80-90% of patients with

classical trigeminal neuralgia have MRI- evidence of neurovascular compression of the

trigeminal nerve (2, 3), the mechanism by which neurovascular compression may cause

classical trigeminal neuralgia in these patients remains poorly understood (4). Demyelination

of the trigeminal nerve in trigeminal neuralgia patients with and without neurovascular

compression has been documented (5). Classical trigeminal neuralgia aggregates in families,

affecting particularly women, suggesting there is a genetic basis for the condition (6). Based

on prior observations concerning the role of voltage- gated sodium channel (VGSC) and

gamma-aminobutyric acid (GABA) in various forms of trigeminal neuralgia (7–9), we

hypothesized that genetic contributors to classical trigeminal neuralgia could be identified

through existing techniques. Phenotypes that have been studied as a proxy for orofacial pain

in the search of genetic contributors included opioid sensitivity, alveolar nerve changes after

bilateral sagittal split ramus osteotomy, underlying temporomandibular disorders, mechanical,

cold and heat pain threshold tests, and fear of pain scales (10–16). The framework of these
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analyses involves the comparison of affected and unaffected

individuals. To bolster this framework, we created an additional

comparison group, distinguishing individuals with higher from

lower pain sensitivity, with the hypothesis that this distinction

may facilitate the identification of genetic contributors to

classical trigeminal neuralgia (i.e., the group with less sensitivity

to pain may be a better comparison group). Therefore, the aim

of this work was to test for over-representation of alleles of

genes in the VGSC and GABA pathways in individuals with

trigeminal neuralgia.
Materials and methods

Study sample

Participants were recruited through two registries. The University

of Pittsburgh Orofacial Pain Registry and Sample Repository and the

Dental Registry and DNA Repository project at the University

of Pittsburgh School of Dental Medicine. Starting in September of

2006, all individuals who seek treatment at the University of

Pittsburgh School of Dental Medicine have been invited to be part

of the Dental Registry and DNA Repository project. Starting in

January 2016, all individuals seeking treatment for various forms of

trigeminal neuralgia at the University of Pittsburgh Presbyterian

Hospital Department of Neurological Surgery have been invited to

be part of the Orofacial Pain Registry project. All samples were

categorized according to the International Headache Society’s

classification of “painful cranial neuropathies, other facial pains

and other headaches” (1).

The provisions of the Declaration of Helsinki and US Federal

Policy for the Protection of Human Subjects have been followed

during the present study, which was approved by the University

of Pittsburgh Institutional Review Board (IRB) under the

protocols # 19050020 and 20050101. All subjects gave written

informed consent to participate in this study after a full

explanation of the procedures of the study and submitted to

providing a saliva sample as a source of genomic DNA. The

sample is typically collected at the first visit, before any necessary

dental treatment is performed. From 5,025 records of

participants in the Dental Registry and DNA Repository project,

we selected 865 adults (513 women) who required more than one

anesthetic tube to allow for a single posterior tooth restoration to

be performed and compared to 365 adults (206 women) that did

not need more than one tube to perform similar work (17).

Although it can be argued that differences in anatomical

structures, metabolism, and presence of infection may account

for the need to give additional anesthetic solution to perform

regular dental treatments, the assumption is that by matching

subjects by the procedures done, the need for additional

anesthetic solution may be related to higher levels of pain

sensitivity. These two groups were compared to a group of 257

individuals (142 women) with purely paroxysmal classical

trigeminal neuralgia out of the 660 individuals with various

forms of trigeminal neuralgia participating in the Orofacial Pain

Registry project. The reason for selecting only pure forms of

trigeminal neuralgia (and not secondary or idiopathic cases)
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aimed to improve homogeneity. Trigeminal neuralgia is evoked

by ectopic action potentials generated from the V root while

compressed by a vessel. Idiopathic forms of trigeminal neuralgia

have the same symptoms as classical trigeminal neuralgia but

very mild or no compression by a vessel. Secondary forms of

trigeminal neuralgia are reserved for cases that are associated

with multiple sclerosis or resulting from trauma. Therefore, the

molecular mechanisms underlying these subtypes of trigeminal

neuralgia may be distinct. These three groups had similar ages

(i.e., most individuals are above 45 years of age and reflect the

demographic breakdown of the Pittsburgh area; 76% Whites,

18% Blacks, and the rest comprised by other groups).
Genotyping

Twenty-four single nucleotide polymorphisms (SNPs) were

chosen (one for each gene) as markers for genes in the VGSC and

GABA pathways (Table 1). These SNPs were selected based on

their heterozygosity and the existence of an assay that has been

optimized and were chosen based on their probability of having

functional outcomes as tag-SNPs that were representative of the

genes.

Saliva samples were obtained from volunteer participants, and no

buffering reagent was added to the saliva samples and samples were

stored at ice (2 h maximum) and then at −80 until extraction.

Genomic DNA extraction from saliva samples was performed

using the following protocol. Samples were brought to room

temperature and centrifuged for 5 min at 10,000 × g. After the

supernatant was removed, 1 ml of extraction buffer (10 mM Tris-

HCL pH 7.8, 5 mM EDTA, 0.5% SDS) was added to the buccal

cell pellet and thoroughly mixed. Five ul of proteinase K were

added, and the samples were incubated in a 56°C water bath

overnight. After removal, the samples were vortexed and 500 ul of

10 M ammonium acetate was added. Samples were inverted for

3 min and centrifuged at 21,000 × g for 15 min. The supernatant

was then transferred to two eppendorfs with an equal volume of

cold isopropanol and shaken vigorously. Samples were then

incubated at −20°C for a minimum of 30 min, after which they

were centrifuged at 10,000 × g for 20 min at 4°C. The supernatant

was poured off, and 1 ml of cold 70% EtOH was added and

samples were inverted 3 times. Samples were then centrifuged at

10,000 × g for 5 min at 4°C. The supernatant was poured off and

samples were allowed to air dry before 100 ul of TE buffer was

added. Samples were kept in a 4°C refrigerator for 2–3 days before

ensuring the DNA was completely dissolved before reading the

concentration of the samples. The extracted DNA was preserved

−20°C for further analysis.

The quality assessment and concentrations of the genomic DNA

were conducted with a NanoDrop 2000 (Thermo Fisher Scientific,

USA) spectrophotometer. A260/A280 curve was applied to

determine the purity of DNA.

Taqman chemistry was used for the generation of the genotypes

(18). Reactions were performed in 3 μl volumes in a QuantStudio 6

Flex automatic instrument and pre-designed assays (Applied

Biosystems, Foster City, CA, USA), and reagents of the same

system were used.
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TABLE 1 Markers studied and summary of association results.

Gene Marker Groups Genotypes p-value genotyping distribution
(2 degrees of freedom)

p-value allele
distribution

AA AB BB

SCN1A rs6432860 Trigeminal neuralgia 22 87 107

Individuals requiring less anesthetic 42 159 175 0.77 0.52

Individuals requiring more anesthetic 68 363 447 0.5 0.43

SCN2A rs10174400 Trigeminal neuralgia 81 94 33

Individuals requiring less anesthetic 157 171 39 0.28 0.17

Individuals requiring more anesthetic 369 405 104 0.18 0.12

SCN3A rs34565727 Assay was not informative

SCN4A rs2302237 Trigeminal neuralgia 86 91 41

Individuals requiring less anesthetic 169 148 60 0.4 0.16

Individuals requiring more anesthetic 354 417 122 0.13 0.3

SCN5A rs1805126 Trigeminal neuralgia 90 102 35

Individuals requiring less anesthetic 137 175 59 0.8 0.58

Individuals requiring more anesthetic 350 387 148 0.88 0.78

SCN8A rs1601012 Trigeminal neuralgia 8 65 152

Individuals requiring less anesthetic 38 124 220 0.005 0.001

Individuals requiring more anesthetic 78 302 520 0.006 0.0009

SCN9A rs16851778 Trigeminal neuralgia 151 60 8

Individuals requiring less anesthetic 261 107 11 0.87 0.88

Individuals requiring more anesthetic 597 249 25 0.8 1.0

SCN10A rs6795970 Trigeminal neuralgia 28 105 91

Individuals requiring less anesthetic 42 164 170 0.54 0.3

Individuals requiring more anesthetic 125 376 397 0.4 0.67

SCN11A rs33985936 Trigeminal neuralgia 133 72 20

Individuals requiring less anesthetic 246 119 19 0.13 0.07

Individuals requiring more anesthetic 571 275 46 0.08 0.05

SCN7A rs7597971 Trigeminal neuralgia 95 96 29

Individuals requiring less anesthetic 185 154 41 0.38 0.16

Individuals requiring more anesthetic 424 366 88 0.25 0.1

SCN1B rs55742440 Trigeminal neuralgia 54 80 71

Individuals requiring less anesthetic 66 172 143 0.03 0.05

Individuals requiring more anesthetic 170 421 290 0.03 0.33

SCN2B rs8192613 Trigeminal neuralgia 63 112 42

Individuals requiring less anesthetic 110 192 79 0.91 0.8

Individuals requiring more anesthetic 251 463 169 0.98 1.0

SCN3B rs1148110 Trigeminal neuralgia 46 100 83

Individuals requiring less anesthetic 59 185 138 0.29 0.44

Individuals requiring more anesthetic 145 378 364 0.28 0.17

SCN4B rs678262 Trigeminal neuralgia 62 118 43

Individuals requiring less anesthetic 118 179 81 0.42 0.83

Individuals requiring more anesthetic 269 444 173 0.71 0.66

(continued)
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TABLE 1 Continued

Gene Marker Groups Genotypes p-value genotyping distribution
(2 degrees of freedom)

p-value allele
distribution

GABRA1 rs4263535 Trigeminal neuralgia 133 75 8

Individuals requiring less anesthetic 218 134 22 0.46 0.28

Individuals requiring more anesthetic 511 291 68 0.11 0.13

GABRA2 rs279858 Trigeminal neuralgia 29 110 83

Individuals requiring less anesthetic 61 181 140 0.62 0.53

Individuals requiring more anesthetic 136 393 364 0.32 0.81

GABRA3 rs6627221 Trigeminal neuralgia 19 43 162

Individuals requiring less anesthetic 46 71 258 0.35 0.13

Individuals requiring more anesthetic 100 163 620 0.47 0.24

GABRA5 rs35399885 Trigeminal neuralgia 120 80 23

Individuals requiring less anesthetic 162 170 41 0.04 0.05

Individuals requiring more anesthetic 419 377 80 0.15 0.32

GABRA6 rs3219151 Trigeminal neuralgia 39 107 68

Individuals requiring less anesthetic 90 182 101 0.2 0.08

Individuals requiring more anesthetic 195 425 227 0.19 0.07

GPHN rs723432 Trigeminal neuralgia 155 54 8

Individuals requiring less anesthetic 220 91 39 0.005 0.001

Individuals requiring more anesthetic 527 249 89 0.002 0.0002

NSF rs7224296 Trigeminal neuralgia 101 96 29

Individuals requiring less anesthetic 159 140 68 0.17 0.22

Individuals requiring more anesthetic 423 344 121 0.59 0.66

GABARAP rs17710 Trigeminal neuralgia 161 47 6

Individuals requiring less anesthetic 270 77 17 0.54 0.5

Individuals requiring more anesthetic 641 204 26 0.89 0.63

UBQLN1 rs7866234 Trigeminal neuralgia 17 78 133

Individuals requiring less anesthetic 27 124 202 0.97 0.8

Individuals requiring more anesthetic 64 329 492 0.71 0.58

GABRA4 rs2229940 Trigeminal neuralgia 23 107 95

Individuals requiring less anesthetic 37 174 168 0.88 0.12

Individuals requiring more anesthetic 105 387 398 0.52 0.85

Note: Differences in total genotypes are due to PCR (polymerase chain reaction) failures.

Vieira et al. 10.3389/fdmed.2022.988094
Statistical analysis

Overrepresentation of genotypes and alleles was tested

using chi-square and alpha of 0.002 (0.05/23, SNP SCN3A

rs34565727 was not informative and therefore not analyzed

further). The distribution of genotypes (AA, AB, and BB)

between the two groups was compared, as well as the

number of alleles (A and B). Genotypic distributions were

also tested for Hardy-Weinberg equilibrium using

Pearson’s chi-square test (two-tailed) based on the classical

formula (p2 + 2pq + q2 = 1).
Frontiers in Dental Medicine 04
Results

All genotypes were in Hardy-Weinberg equilibrium (p > 0.001)

(data not shown). Table 1 presents all raw genotyping data.

Comparisons between individuals with classical trigeminal

neuralgia and individuals requiring less or more anesthetic for

routine dental treatments showed associations with SCN8A

rs1601012 and GPHN rs723432 (p = 0.0009 and p = 0.0002,

respectively). There were no differences in the distributions of

genotypes between individuals requiring less or more anesthetic for

routine dental treatment.
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Discussion

Classical trigeminal neuralgia is associated with genetic variations

in the SCN8A and GPHN genes. Sodium channels are

transmembrane proteins that can selectively conduct sodium. They

determine the electrical excitability of sensory neurons modulating

pain sensation. SCN8A (a sodium channel also called Nav1.6) is

expressed in several painful and excitatory scenarios that have been

tested in murine (19–35), zebrafish (36), Xenopus (37, 38), and

human cell models (39, 40). In humans, SCN8A encephalopathy is

a condition that presents in infancy with multiple seizure types

and poor outcomes linked to mutations that for the most part arise

de novo, although at least one case of a somatic mosaicism has

been reported (41). Variants in SCN8A located in exons 13, 16, 21,

and 26 have also been reported in cases diabetic and idiopathic

neuropathy (42). A mutation in SCN8A was reported in a 64-year-

old white woman who presented with classical trigeminal

neuralgia. A Met136Val change produced a significant increase in

peak transient and resurgent currents of Nav1.6, reduced the

threshold for action potential in trigeminal ganglia neurons, and

enhanced the neuronal evoked response and the fraction of

neurons that fire at a higher rate than those expressing wild-type

channels (43). We showed that this mutation is unlikely to be a

common cause of classical trigeminal neuralgia, since we did not

find it in 123 cases (9). Here, we expanded this work to additional

cases (N = 660) and unveiled an association between trigeminal

neuralgia and SCN8A. Individuals carrying the less common allele

of rs1601012 were 36% less likely (odds ratio 0.64, 95% confidence

interval 0.49–0.84) to show trigeminal neuralgia. Due to the

evidence that coding mutation in SCN8A is associated with forms

of encephalopathy, we suggest that hypomorphic alleles of SCN8A

may underlie instances of trigeminal neuralgia and rs1601012 may

be a risk marker for the condition.

Gephyrin is a cytoplasmatic protein that forms postsynaptic

scaffolds to anchor GABA and glycine receptors, among other

synaptic inhibitory functions, impacting in multiple ways pain

sensation. Alterations in the human gephyrin (GPNH) gene are

associated with leukemia (44), molybdenum cofactor deficiency (45),

hyperekplexia (46), autism, schizophrenia, and seizures (47). The

association we found between GPNH and trigeminal neuralgia is

unlikely to be an indication that coding mutations in GPNH are

common causes of the condition, since there is a range of

neurological conditions that have been associated with the gene.

Individuals carrying the less common allele of rs723432 were 41%

less likely to have trigeminal neuralgia (odds ratio 0.59, 95%

confidence interval 0.44–0.78). Hypomorphic GPNH alleles, however,

could underlie some cases of trigeminal neuralgia, and rs723432

could serve as a genomic marker for the risk of the condition.

The three study groups, although very similar, were not precisely

matched by sex, age, and ethnicity, but it is unlikely that population

stratification explains the associations found. The phenotype we

created related to the number of anesthetic tubetes used by the

dentist for routine treatment is not easy to replicate since we are
Frontiers in Dental Medicine 05
not aware of any other groups that keep comprehensive medical

and dental records linked to biological samples. In conclusion,

classical trigeminal neuralgia is associated with SCN8A and GPHN

and markers rs1601012 rs723432 may be useful to determine

individual risks for the condition.
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