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Migraine is much more common in women than in men," and painful episodes have
been linked with the hormonal fluctuations of the menstrual cycle, puberty, pregnancy,
and menopause. Evidence that estrogen influences hormonally-related headache was
initially provided by Somerville, who not only showed that preventing estrogen
withdrawal in the late luteal phase of the cycle prevents migraine, but also that estrogen
in oral contraceptives and hormone replacement therapy can trigger migraine.?*
Although estrogen receptors are present throughout the trigeminal vascular system, our
studies have focused on their role in the trigeminal ganglion.

In our first study,* we investigated the effect of physiological levels (10(-9) m) estrogen
on female rat trigeminal ganglia in vitro. Immunocytochemical analysis demonstrated
the presence of estrogen receptor-alpha in a predominantly cytoplasmic location and in
neurites. Microarray analysis demonstrated that estrogen treatment regulates several
genes with potential relevance to menstrual migraine. The genes that were upregulated
included synapsin-2, endothelin receptor type B, activity and neurotransmitter-induced
early gene 7 (ania-7), phosphoserine aminotransferase, major histocompatibility
complex class 1b (MHC-1b), and extracellular-signal regulated kinase 1 (ERK-1).
Down-regulated genes included the Arabidopsis thaliana indole-3-acetic acid (IAA)
amidohydrolase IL-R1, bradykinin B2 receptor, N-tropomodulin, chemokine (C-C motif)
ligand 20 (CCL20), gamma-aminobutyric acid (GABA) transporter protein, fetal intestinal
lactase-phlorizin hydrolase, carcinoembryonic antigen-related protein, zinc finger protein
36, epsin 1, and cysteine string protein. Protein activity assays demonstrated that
exposure of the cultured neurons to estrogen leads to activation of ERK, which has
been linked to inflammatory pain. Immunocytochemistry demonstrated that activated
ERK was present in neurons containing peripherin, a marker of nociceptive neurons.
Several of the genes in the present study may provide potential targets for
understanding the association of estrogen with migraine and other hormone-related
orofacial pain.*

A number of investigators have shown increases in ERK activation in sensory ganglia
following peripheral injury and neuropathic pain.>” Furthermore, since blocking ERK
reduces pain, ERK activation appears to be involved in the maintenance of pain.>®°
To determine whether ERK activation plays a role in hormone-related trigeminal pain
disorders, we used an established model of inflammatory trigeminal pain, injection of
Complete Freund's Adjuvant (CFA) into the masseter muscle."” We measured
withdrawal responses to stimulation of the masseter (V3, primary allodynia) and whisker
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pad (V2, secondary allodynia) using graded monofilaments. We study the trigeminal
ganglion because it is the primary sensory structure for the head and face; the cell

bodies of first order neurons sit in the gan%lion and project to the face, dura, and TMJ

and back to the spinal trigeminal nucleus.

Adapted from Leiser and Moxon. J Neurophysiol. 2006;95:3129-3145.

Estrogen treatment in the presence of inflammation increased withdrawal response to
stimulation of both masseter and whisker pad compared with inflammation alone,
indicating an additive effect of inflammation and estrogen on both primary and
secondary allodynia.'” We examined ERK activation in trigeminal ganglia from each
treatment group using western blot and immunohistochemistry. Both masseter
inflammation and estrogen treatment increased ERK activation, and combined
treatment had an additive effect. Both masseter inflammation and estrogen increased
the percentage of pERK immunoreactive neurons in divisions 1 and 2 (V1/2), and
combined treatment increased pERK immunoreactivity in V1/2 compared with
inflammation alone. We stereotactically administered ERK antagonist U0126, or
inactive control U0124, to the trigeminal ganglion of CFA+E2-treated rats. U0126
decreased withdrawal responses to mechanical stimulation of the whisker pad
compared with U0124-treated rats. Because the secondary allodynia in V2 after
inflammation in V3 was reduced by antagonizing ERK activation in the periphery, these
data suggest a peripheral component to secondary allodynia mediated through ERK
activation."

Since estrogen increases facial allodynia through its actions on activation of ERK in
trigeminal ganglion neurons, our goal in subsequent work was to determine which
estrogen receptor is required for behavioral sensitization.’® Immunohistochemical
studies demonstrated the presence of estrogen receptor alpha (ERalpha) in nuclei of
larger neurons and cytoplasm of smaller neurons, and the novel estrogen receptor G-
protein coupled receptor 30 (GPR30) in small diameter neurons that also contained
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peripherin, a marker of unmyelinated C-fibers. Specific agonists for ERalpha (PPT) and
GPR30 (G-1), but not ERbeta (DPN), activated ERK in trigeminal ganglion neurons in
vitro. Both G-1 and PPT treatment increased allodynia after CFA injections into the
masseter of ovariectomized Sprague-Dawley rats. Treatment with estrogen increased
expression of ERalpha but not GPR30, while masseter inflammation increased GRP30
but not ERalpha. Differential modulation of these ERK-coupled receptors by estrogen
and inflammation may play a role in painful episodes of temporomandibular disorder
and migraine.™

These data indicate that GPR30 and ERa are expressed in trigeminal nociceptors and
show that ERa and GPR30 specific ligands activate ERK in vitro and sensitize
trigeminal neurons in vivo. They also suggest that GPR30 is upregulated by
inflammation, while ERa is upregulated by estrogen.
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