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Summary

The voltage-gated Na+ channel NaV1.9 is expressed in pe-
ripheral nociceptors and highly sensitive to inflammatory 
mediators. However, its investigation is hampered by un-
resolved technical challenges, leaving its role in pain elu-
sive and its therapeutic potential untapped. This disserta-
tion addresses this gap through two main aims: (1) to es-
tablish a reproducible platform for heterologous NaV1.9 ex-
pression, and (2) to investigate regulation of NaV1.9 by the 
G protein-coupled receptor GPR35, an emerging drug tar-
get in inflammatory diseases.

The first aim led to the development of a reliable, cost-ef-
fective protocol for NaV1.9 expression in heterologous sys-
tems. This approach facilitates pharmacological screening 
and accelerates characterization of disease-associated 
variants, as demonstrated with the congenital insensitivity 
to pain mutation and its mouse analogue. The pro-
tocol requires only standard laboratory equipment and 
provides a fully transparent methodology, lowering tech-
nical barriers for the broader research community. We also 
demonstrate this method can be used to gain insights into 
the relationship between the distinctive gating properties 
of NaV1.9 and its sequence, identifying the pre-IQ region as 
a key determinant of channel availability.

The second aim examined NaV1.9 regulation by GPR35. Usi
ng immunofluorescence and proximity ligation assays, we 
show that GPR35 co-localizes with NaV1.9 in dorsal root 
ganglia. Functional assays revealed context-dependent 
modulation: receptor activation enhanced NaV1.9 currents 
under baseline conditions, but had the opposite effect in 
PGE2-sensitized neurons. Recordings from GPR35-deficient 
mice showed altered channel kinetics and depolarized 

resting membrane potentials, consistent with constitutive 
modulation of neural excitability. Moreover, cGMP accumu-
lation was sufficient to potentiate NaV1.9 currents in a 
GPR35-dependent manner, suggesting cGMP may be a 
more relevant agonist than previously recognized.

Together, these studies establish a tractable framework for 
NaV1.9 research and identify GPR35 as a novel regulator of 
its activity. By addressing key technical and mechanistic 

of NaV1.9 gating and function but also provides new entry 
points for ligand screenings and probing its role in noci-
ception.
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Summary

The voltage-gated Na+ channel NaV1.9 is expressed in pe-
ripheral nociceptors and highly sensitive to inflammatory 
mediators. However, its investigation is hampered by un-
resolved technical challenges, leaving its role in pain elu-
sive and its therapeutic potential untapped. This disserta-
tion addresses this gap through two main aims: (1) to es-
tablish a reproducible platform for heterologous NaV1.9 ex-
pression, and (2) to investigate regulation of NaV1.9 by the 
G protein-coupled receptor GPR35, an emerging drug tar-
get in inflammatory diseases.

The first aim led to the development of a reliable, cost-ef-
fective protocol for NaV1.9 expression in heterologous sys-
tems. This approach facilitates pharmacological screening 
and accelerates characterization of disease-associated 
variants, as demonstrated with the congenital insensitivity 
to pain mutation and its mouse analogue. The pro-
tocol requires only standard laboratory equipment and 
provides a fully transparent methodology, lowering tech-
nical barriers for the broader research community. We also 
demonstrate this method can be used to gain insights into 
the relationship between the distinctive gating properties 
of NaV1.9 and its sequence, identifying the pre-IQ region as 
a key determinant of channel availability.

The second aim examined NaV1.9 regulation by GPR35. Usi
ng immunofluorescence and proximity ligation assays, we 
show that GPR35 co-localizes with NaV1.9 in dorsal root 
ganglia. Functional assays revealed context-dependent 
modulation: receptor activation enhanced NaV1.9 currents 
under baseline conditions, but had the opposite effect in 
PGE2-sensitized neurons. Recordings from GPR35-deficient 
mice showed altered channel kinetics and depolarized 

resting membrane potentials, consistent with constitutive 
modulation of neural excitability. Moreover, cGMP accumu-
lation was sufficient to potentiate NaV1.9 currents in a 
GPR35-dependent manner, suggesting cGMP may be a 
more relevant agonist than previously recognized.

Together, these studies establish a tractable framework for 
NaV1.9 research and identify GPR35 as a novel regulator of 
its activity. By addressing key technical and mechanistic 

of NaV1.9 gating and function but also provides new entry 
points for ligand screenings and probing its role in noci-
ception.
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Summary

The voltage-gated Na+ channel NaV1.9 is expressed in pe-
ripheral nociceptors and highly sensitive to inflammatory 
mediators. However, its investigation is hampered by un-
resolved technical challenges, leaving its role in pain elu-
sive and its therapeutic potential untapped. This disserta-
tion addresses this gap through two main aims: (1) to es-
tablish a reproducible platform for heterologous NaV1.9 ex-
pression, and (2) to investigate regulation of NaV1.9 by the 
G protein-coupled receptor GPR35, an emerging drug tar-
get in inflammatory diseases.

The first aim led to the development of a reliable, cost-ef-
fective protocol for NaV1.9 expression in heterologous sys-
tems. This approach facilitates pharmacological screening 
and accelerates characterization of disease-associated 
variants, as demonstrated with the congenital insensitivity 
to pain mutation and its mouse analogue. The pro-
tocol requires only standard laboratory equipment and 
provides a fully transparent methodology, lowering tech-
nical barriers for the broader research community. We also 
demonstrate this method can be used to gain insights into 
the relationship between the distinctive gating properties 
of NaV1.9 and its sequence, identifying the pre-IQ region as 
a key determinant of channel availability.

The second aim examined NaV1.9 regulation by GPR35. Usi
ng immunofluorescence and proximity ligation assays, we 
show that GPR35 co-localizes with NaV1.9 in dorsal root 
ganglia. Functional assays revealed context-dependent 
modulation: receptor activation enhanced NaV1.9 currents 
under baseline conditions, but had the opposite effect in 
PGE2-sensitized neurons. Recordings from GPR35-deficient 
mice showed altered channel kinetics and depolarized 

resting membrane potentials, consistent with constitutive 
modulation of neural excitability. Moreover, cGMP accumu-
lation was sufficient to potentiate NaV1.9 currents in a 
GPR35-dependent manner, suggesting cGMP may be a 
more relevant agonist than previously recognized.

Together, these studies establish a tractable framework for 
NaV1.9 research and identify GPR35 as a novel regulator of 
its activity. By addressing key technical and mechanistic 

of NaV1.9 gating and function but also provides new entry 
points for ligand screenings and probing its role in noci-
ception.
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Summary

The voltage-gated Na+ channel NaV1.9 is expressed in pe-
ripheral nociceptors and highly sensitive to inflammatory 
mediators. However, its investigation is hampered by un-
resolved technical challenges, leaving its role in pain elu-
sive and its therapeutic potential untapped. This disserta-
tion addresses this gap through two main aims: (1) to es-
tablish a reproducible platform for heterologous NaV1.9 ex-
pression, and (2) to investigate regulation of NaV1.9 by the 
G protein-coupled receptor GPR35, an emerging drug tar-
get in inflammatory diseases.

The first aim led to the development of a reliable, cost-ef-
fective protocol for NaV1.9 expression in heterologous sys-
tems. This approach facilitates pharmacological screening 
and accelerates characterization of disease-associated 
variants, as demonstrated with the congenital insensitivity 
to pain mutation and its mouse analogue. The pro-
tocol requires only standard laboratory equipment and 
provides a fully transparent methodology, lowering tech-
nical barriers for the broader research community. We also 
demonstrate this method can be used to gain insights into 
the relationship between the distinctive gating properties 
of NaV1.9 and its sequence, identifying the pre-IQ region as 
a key determinant of channel availability.

The second aim examined NaV1.9 regulation by GPR35. Usi
ng immunofluorescence and proximity ligation assays, we 
show that GPR35 co-localizes with NaV1.9 in dorsal root 
ganglia. Functional assays revealed context-dependent 
modulation: receptor activation enhanced NaV1.9 currents 
under baseline conditions, but had the opposite effect in 
PGE2-sensitized neurons. Recordings from GPR35-deficient 
mice showed altered channel kinetics and depolarized 

resting membrane potentials, consistent with constitutive 
modulation of neural excitability. Moreover, cGMP accumu-
lation was sufficient to potentiate NaV1.9 currents in a 
GPR35-dependent manner, suggesting cGMP may be a 
more relevant agonist than previously recognized.

Together, these studies establish a tractable framework for 
NaV1.9 research and identify GPR35 as a novel regulator of 
its activity. By addressing key technical and mechanistic 

of NaV1.9 gating and function but also provides new entry 
points for ligand screenings and probing its role in noci-
ception.
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lation was sufficient to potentiate NaV1.9 currents in a 
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variants, as demonstrated with the congenital insensitivity 
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demonstrate this method can be used to gain insights into 
the relationship between the distinctive gating properties 
of NaV1.9 and its sequence, identifying the pre-IQ region as 
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show that GPR35 co-localizes with NaV1.9 in dorsal root 
ganglia. Functional assays revealed context-dependent 
modulation: receptor activation enhanced NaV1.9 currents 
under baseline conditions, but had the opposite effect in 
PGE2-sensitized neurons. Recordings from GPR35-deficient 
mice showed altered channel kinetics and depolarized 

resting membrane potentials, consistent with constitutive 
modulation of neural excitability. Moreover, cGMP accumu-
lation was sufficient to potentiate NaV1.9 currents in a 
GPR35-dependent manner, suggesting cGMP may be a 
more relevant agonist than previously recognized.
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