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Trigeminal neuralgia (TN), traditionally referred as tic dou-
loureux, is a rare (incidence of about 4 per 100,000 cases 
per year) form of chronic neuropathic pain characterized by 
spontaneous or elicited paroxysms of electric shock–like or 
stabbing pain in a region of the face [4]. While the etiology 
of TN is not fully understood, most cases occur in a sporadic 
manner and are associated with intracranial vascular com-
pression of the trigeminal nerve root that is often assumed 
to be the pain-initiating mechanism. However, although 
compression of the trigeminal root appears to be common 
in the aging population, only few individuals develop TN 
[7]. Conversely, many TN patients do no show compres-
sion of the trigeminal nerve [8]. TN can also occur in a 
familial manner suggesting the existence of predisposing 
genetic factors [3]. Whole genome sequencing studies have 
indeed revealed numerous genetic variants especially in 
genes encoding ion channels [9]. However, the pathologi-
cal relevance of ion channel variants in the etiology of TN 
remains largely unknown.

In a recent study published in the Proceedings of 
the National Academy of Sciences, Gualdani and col-
leagues report on a new heterozygous missense mutation 
c.2791G > A in TRPM7 identified in a 73-year-old man 
presenting with familial TN. This mutation results in the 

substitution of an alanine to threonine at position p.931 
(A931T) in the third transmembrane domain (S3) of the 
transient receptor potential melastatin 7 (TRPM7) channel. 
Under physiological conditions, TRPM7 is a divalent cat-
ion channel permeable to  Ca2+ and  Mg2+ with pronounced 
outward rectification and small inward conductance [11]. 
Using patch clamp recordings in HEK293 cells expressing 
recombinant TRPM7 channels, Gualdani and colleagues 
demonstrate that the A931T mutation produces a substan-
tial increase of the inward conductance carried exclusively 
by  Na+. Importantly, this  Na+ conductance was essentially 
insensitive to the pore blocker  Gd3+ and to the TRPM7 acti-
vator Naltriben suggesting that the A931T-mediated inward 
 Na+ current occurs via an alternative permeation pathway 
independent of the canonical central pore of the channel. 
This is reminiscent of what occurs with certain sodium and 
calcium channel mutations found in patients with hypoka-
lemic periodic paralysis [1]. To further assess the underlying 
mechanism at the origin of this non-canonical permeation 
pathway, the authors performed a structure–function analy-
sis where hydrophobic amino acids in the fourth transmem-
brane domain (S4) of TRPM7 and adjacent to the A931 
were replaced with alanine. A functional analysis of these 
mutants revealed that the A931T substitution is likely to 
disrupt the A931-W972 interaction thereby destabilizing 
the S3-S4 hydrophobic seal and generating an omega pore 
that allows  Na+ to leak through the channel protein. Finally, 
to explore the pathophysiological relevance of the A931T 
mutation in TN, the authors assessed the electrophysiologi-
cal properties of cultured mouse trigeminal ganglion (TG) 
neurons transiently expressing recombinant TRPM7. TG 
neurons expressing the A931T mutant were characterized 
by increased basal  [Ca2+]i and  [Na+]i concentrations, a depo-
larized resting membrane potential, and increased evoked 
excitability compared to neurons expressing recombinant 
WT channels (Fig. 1).
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Previous studies have reported that TN-associated gain-
of-function (GOF) mutations in the  Nav1.6 voltage-gated 
sodium channel [10],  Cav3.2 voltage-gated calcium channel 
[5], and in the TRPM8 channel [6] increase excitability of 
TG neurons thereby suggesting that abnormal functioning of 
ion channels may contribute to the etiology of TN. Hence, 
the new findings by Gualdani and colleagues add to the 
notion that abnormal functioning of ion channels could con-
tribute to the etiology of TN. However, the observation that 
the TRPM7 A931T mutation was also found in unaffected 
siblings [2] may suggest that this GOF of TRPM7 activity 
may require other co-factors to result in a clinical manifes-
tation. Indeed, it is noteworthy that the patient harboring 
this variant also presented with classical compression of the 
trigeminal nerve. Thus, it appears that A931T-induced GOF 
of TRPM7 is not causal per se but could rather exacerbate 
the sensitisation of the trigeminal nerve after physical injury.

In conclusion, it has become evident that TN-associated 
polymorphisms can cause significant alterations in the func-
tion of several ion channels. However, as far as the current 
knowledge goes, no front runner has been identified yet and 
the question then remains as to whether some rare cases of 
familial TN can be seen as a pure channelopathy.
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Fig. 1  Pathophysiology of the trigeminal neuralgia-associated 
TRPM7 A931T mutation. A Location of the A931T mutation in the 
cryo-EM structure of TRPM7 (PDB: 5ZX5). Alanine 931 is located 
in the S3 transmembrane domain of the channel at the interface with 
the S4 voltage sensor. B While TRPM7 is essentially permeable to 
 Ca2+ and  Mg2+ through the canonical pore, the A931T produces an 

additional non-canonical omega pore causing a passive influx of  Na2+ 
under physiological conditions. C An A931T-mediated  Na+ leak cur-
rent causes the depolarization of the resting membrane potential of 
trigeminal ganglion (TG) neurons and an increased evoked excitabil-
ity possibly contributing to the sensitization of the trigeminal nerve
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