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Emerging evidence indicates that females are more sensitive to pain than males, and have a higher prevalence of
diseases associated with severe pain, such as migraines and fibromyalgia, than men. To realize a society in which
females can play an active role, it is essential to understand the pathogenesis of pain and establish sex-specific pain
treatments. In this study, we investigated the mechanisms of female-specific pain relief by androgen signaling and

proposed a novel pharmacotherapy that can dramatically improve the quality of life of females.

In a mouse model of neuropathic pain caused by partial sciatic nerve ligation (PSL), allodynia (pain caused by
normally innoxious stimuli), hyperalgesia and microglial activation were suppressed by the systemic administration of
testosterone propionate or dihydrotestosterone in female mice but not in male mice. Moreover, we found that the
susceptibility of microglia to a microglial inhibitor (PLX3397) in the PSL model was greater in male mice than in
female mice. Immunohistochemical analysis of dorsal root ganglia and spinal dorsal horn tissues revealed the
expression of androgen receptor (AR) in the nuclei of neurons but not in glial cells. Transcriptomic and epigenomic
analyses have revealed several groups of genes, including many pain-related genes, the expression of which is affected
by androgens. Gene Ontology analysis suggests that the expression of various ion channels and transporters is affected

by androgens, providing insight into the changes in neuronal function caused by androgens.

To identify the mechanisms underlying the chronic pain-relieving effects of androgens, neuronal- or glial cell-
specific conditional AR knockout (AR-cKO) mice were generated using the Cre-loxP system and analyzed. The
effects of androgens on PSL-induced neuropathic pain in female mice were canceled in primary sensory neuron-, but
not microglia-, specific AR-cKO mice, implying that androgens relieve neuropathic pain in female mice through AR
signaling in sensory neurons. Furthermore, we demonstrated that the pain threshold of male AR-cKO mice in primary
sensory neurons was lower than that of wild-type mice and that AR in primary sensory neurons is also important for

the increase in pain threshold following the administration of androgens to healthy female mice.

We performed confocal live imaging using spinal cord tissue sections from mice with fluorescence-labeled
microglia and analyzed the filopodia, migration distance, and cell body area of the microglia to visualize the activation
of spinal microglia, which reflects the pathology of neuropathic pain. We also evaluated the effects of the microglial
inhibitor, minocycline, which suppressed various parameters of activated microglia, thus proving that the results of the
behavioral analysis were supported by a live imaging system. It might be possible to evaluate the effects of candidate
molecules and compounds that suppress microglia and improve chronic pain and to be used as a screening system for

narrowing down more effective ingredients.

Collectively, we revealed that androgens act directly on primary sensory neurons and change the expression of
various pain-related molecules and that chronic pain in females might be improved by androgen signaling. We
established a live imaging system to assess the properties of neuropathic pain-related microglia and demonstrated its
usefulness for screening drugs for chronic pain treatment. Further studies could propose a new pain treatment strategy
that comprehensively supports female health by developing it into translational research in clinical practice and drug

discovery research, leading to its practical application.



