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Discoveries of anti-Miillerian hormone and anti-Mullerian hormone receptor type 2 in bovine
GnRH neurons and gonadotrophs
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Fertility decreases during aging in human and bovine females, but the exact pathophysiological
mechanisms in the pituitaries and hypothalamus are not clarified yet. Anti-Miillerian hormone (AMH)
is a glycoprotein that belongs to the transforming growth factor (TGF)-f superfamily. Plasma AMH
concentrations can predict the fertility of adult female goats, ewes, cows, and women via unknown
physiological mechanisms. This thesis study attempted to clarify whether AMH, and the main receptor
for AMH, AMH receptor type 2 (AMHR?2) are expressed in pituitaries and hypothalamus, and whether
AMH and AMHR?2 have important roles for the age-related infertility.

Preantral and small antral follicles may secret AMH to control gonadotrophin secretion from
ruminant gonadotrophs. In first, I investigated whether AMHR?2 is expressed in gonadotrophs of
postpubertal heifers to control gonadotrophin secretion. Expression of AMHR2 mRNA was detected
in anterior pituitaries (APs) of postpubertal heifers using reverse transcription—polymerase chain
reaction (RT-PCR). An anti-AMHR?2 chicken antibody was developed against the extracellular region
near the N-terminus of bovine AMHR2. Western blotting using this antibody detected the expression
of AMHR2 protein in APs. Immunofluorescence microscopy using the same antibody visualised
colocalisation of AMHR2 with gonadotrophin-releasing hormone (GnRH) receptor on the plasma
membrane of gonadotrophs. AP cells were cultured for 3.5 days and then treated with increasing
concentrations (0, 1, 10, 100, or 1000 pgmL—1) of AMH. AMH (10-1000 pg mL—1) stimulated
(P <0.05) basal FSH secretion. In addition, AMH (100—1000 pg mL—1) weakly stimulated (P <0.05)
basal LH secretion. AMH (100-1000 pg mL—1) inhibited GnRH-induced FSH secretion, but not
GnRH-induced LH secretion, in AP cells. I also compared expression levels between old Holsteins
(79.2 £ 10.3 months old) and young (25.9 + 0.6 months old) and old Japanese Black females (89.7 +
20.3 months old), but no significant differences were observed among the groups. Therefore, AMHR2
is expressed in gonadotrophs of postpubertal heifers to control gonadotrophin secretion.

Other important hormones for endocrinological gonadotroph regulation (e.g. GnRH, inhibin and
activin) have paracrine and autocrine roles. Therefore, in the next study, I evaluated AMH expression

in bovine gonadotroph cells and the relationships between AMH expression in the bovine AP and

(Fn3z 2,000 F= X 13 F3C 800 FEFEEE)




(BIHHRAEE 3 5)

oestrous stage, age and breed. AMH mRNA expression was detected in APs of postpubertal heifers
(26 months old) by RT-PCR. Based on western blotting using an antibody to mature C-terminal AMH,
AMH protein expression was detected in APs. Immunofluorescence microscopy utilising the same
antibody indicated that AMH is expressed in gonadotrophs. The expression of AMH mRNA and
protein in APs did not differ between oestrous phases (P> 0.1). I compared expression levels between
old Holsteins (79.2+10.3 months old) and young (25.9+ 0.6 months old) and old Japanese Black
females (89.7+20.3 months old). The APs of old Holsteins exhibited lower AMH mRNA levels
(P <0.05), but higher AMH protein levels than those of young Japanese Black females (P <0.05).
Therefore, bovine gonadotrophs express AMH and this AMH expression may be breed-dependent.

Circulating concentrations of AMH can indicate fertility in various animals, but the physiological
mechanisms underlying the effect of AMH on fertility remain unknown. I recently discovered that
AMH has extragonadal functions via its main receptor, AMHR2. Specifically, AMH stimulates the
secretion of LH and FSH from bovine gonadotrophs. Moreover, gonadotrophs themselves express
AMH to exert paracrine/autocrine functions, and AMH can activate GnRH neurons in mice. The next
study aimed to evaluate whether AMH and AMHR?2 are detected in areas of the brain relevant to
neuroendocrine control of reproduction: the preoptic area (POA), arcuate nucleus (ARC), and median
eminence (ME), and in particular within GnRH neurons. RT-PCR detected both AMH and AMHR2
mRNA in tissues containing POA, as well as in those containing both ARC and ME, collected from
postpubertal heifers. Western blotting detected AMH and AMHR?2 protein in the collected tissues.
Triple fluorescence immunohistochemistry revealed that most cell bodies or fibers of GnRH neurons
were AMHR2-positive and AMH-positive, although some were negative. Immunohistochemistry
revealed that 75% to 85% of cell bodies and fibers of GnRH neurons were positive for both AMH and
AMHR2 in the POA, ARC, and both the internal and external zones of the ME. The cell bodies of
GnRH neurons were situated around other AMH-positive cell bodies or fibers of GnRH and
non-GNRH neurons. Therefore, AMH and AMHR2 are detected in most cell bodies or fibers of GnRH
neurons in the POA, ARC, and ME of heifer brains.

Cow fertility decreases with age, but the hypothalamic pathomechanisms are not understood. AMH
stimulates GnRH neurons via AMHR2 in rodent, and most GnRH neurons in the POA, ARC, and ME
express AMH and AMHR?2. Therefore,in my thesis study I hypothesized that both protein amounts
would differ in the anterior hypothalamus (including POA) and posterior hypothalamus (including
ARC and ME) between young post-pubertal heifers and old cows. Western blot analysis showed lower
(P<0.05) expressions of AMH and AMHR?2 in the posterior hypothalamus, but not in the anterior
hypothalamus, of old Holstein cows and old Japanese Black cows compared to young heifers.
Therefore, AMH and AMHR2 were decreased in the posterior hypothalami of old cows, suggesting
decreased AMH and AMHR2 in ARC and/or ME.

In conclusion, this thesis study discovered and revealed AMH andAMHR2 expression in

gonadotrophs and GnRH neurons, which have important contribution for the age-related infertility.
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Discoveries of anti-Millerian hormone and anti-Miillerian hormone
receptor type 2 in bovine GnRH neurons and gonadotrophs
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