Kv6.4 as a Selective Therapeutic Target for Uterine Pain: Functional Consequences
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BACKGROUND

Female pain remains significantly under-researched and frequently under-treated. Chronic primary pain conditions, such as migraine, fibromyalgia, and complex regional pain
syndrome, affect women up to four times more often than men. Uterine-specific conditions like dysmenorrhea and endometriosis further exacerbate this disparity, significantly
impacting quality of life and contributing to a growing socioeconomic burden.

In 2020, the Woods lab identified a rare genetic variant (rs140124801, K, 6.4-Met419) associated with reduced labor pain. Healthy women who did not request analgesia during
their first delivery, despite normal sensory thresholds, were significantly enriched for this variant in the KCNG4 gene.

KCNG4 encodes Kv6.4, a silent voltage-gated potassium channel subunit that modulates sensory neuron excitability through interaction with Kv2.1, a key delayed-rectifier
potassium channel expressed in the central and peripheral nervous systems.
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Kv6.4-Met419 fails to modulate Kv2.1 currents in

Schematic of the Mechanism by which the Rare Allele SNP
HEK293 transfected cells

rs140124801 p.Val419Met in KCNG4 (Encoding the K,, Subunit K,/6.4)

3.rs140124801 Disrupts Kv2.1 Modulation by Kv6.4
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of HA-Kv6.4 (green) and Na*/K*-ATPase (red), as a plasma membrane marker.
HEK293 cells were transfected with Kv2.1 and either HA-Kv6.4 or HA-Kv6.4-
Met419 or both. The results show that Kv6.4-Met419 fails to reach the plasma
membrane and exerts a dominant-negative effect when co-expressed with
wild-type Kv6.4-Val19.

Current clamp recordings and action potential threshold analysis of mouse
neurons transfected with K\6.4 or K,6.4-Met419, showing action potentials
evoked by ramp injection of current (0O—1 nA, 1 s). The thresholds for action
potential discharge are annotated with light dashed (K\6.4) or heavy dashed
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Kv6.4-Met 419 dominant negative effect is specific to the Kv6.4 subunit
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Pearson colocalization coefficient analysis from co-immunostaining of (A) Kv6.1 WT or Kv6.1-
Met425, (B) Kv6.2 WT or Kv6.2Met370, and (C) Kv6.3 WT or Kv6.3Met374, along with Na*/K*-
ATPase as a plasma membrane marker in SH-SY5Y cells. The analysis shows that mutant Kv6.1,
Kv6.2, and Kv6.3 variants don’t reach the plasma membrane compared to their respective wild-type
subunits, indicating that the rs140124801-like mutation disrupts trafficking across the Kv6 family

Pearson colocalization coefficient analysis from co-immunostaining of Kv6.4 Wild Type (WT) or Kv6.4-
Met419 with either Kv6.1 WT (A), Kv6.2 WT (B), Kv6.3 WT (C), and NaK-ATPase in SH-SY5Y cells. The
analysis shows that co-transfection of Kv6.1, Kv6.2, and Kv6.3 allows these subunits to reach the plasma
membrane when co-transfected with Kv6.4 WT and that Kv6.4Met419 does not affect the membrane
localization of Kv6 subunit members. *p = 0.05, t-test.

5- Kv6.4 is expressed in uterine-innervating sensory neurons and does not 6- Summary

rs140124801 (Kv6.4-Met419) is enriched in women who didn’t request analgesia
The variant acts as a dominant-negative, impairing Kv6.4/Kv2.1 function
This effect is specific to Kv6.4, sparing Kv6.1/2/3

interact or colocalize with other Kv6 subunits
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Expression pattern of KCNG4 and other KCNG subunits in mouse sensory neurons.
Single-cell analysis reveals that KCNG4 is expressed in a distinct population of DRG sensory
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Kcng4 Is Coexpressed with Kcnbl in
Mouse Uterine Sensory Neurons

Next step
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