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Brain Ageing and Reproductive System

Ageing process entails the deregulation of homeostatic mechanisms that maintain integrity. A
key indicator of brain deregulation during aging is reproduction. Age-induced alterations in
levels of sex steroids, peptide hormones and associated receptors, and decreased glutamate levels
in the brain have all been linked to age-induced sexual dysfunction. In this talk, the role of the
gonadotropin-releasing hormone (GnRH) neurons in the preoptic area (POA) is considered in
this context. Recent studies have demonstrated that sirtuins, encoded by sirt /-7 genes, are
known as ageing molecules. In particular, sirt4 gene plays an important role in glutamate
metabolism and its wide distribution in the brain. This seminar will provide new insights into the
role of sirt4 gene through glutamate signalling in GnRH neurons during ageing.
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(1) July 15" (Fri) 10:30-12:00 Writing for Publication
(2) July 19" (Tue) 14:40-16:10 Brain Ageing and Reproductive System
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Special Lectures for the International Collaborative Research Promotion Project, Meiji University

Research at Brain research institute Monash
University Malaysia (BRIMS)
Dr. Ishwar S Parhar 13:00~14:30

Director and Professor, BRIMS, Malaysia
At the BRIMS, we have four research platforms namely, Bioimaging, Functional Genomics,
Neurochemistry and Drug Discovery, which have been used to address issues in neuroscience
related to reproduction, addiction, neurodegeneration, depression and autism. Extensive
research carried out at the institute is related to reproduction. One example is our work on
reproductive neuropeptides, such as kisspeptin, neurokinin B and gonadotropin-inhibitory
hormone that have led to a significant revision of our understanding of the modulation of
gonadotropin-releasing hormone, a pivotal molecule for reproduction, defect of which results
in hypogonadotrophic hypogonadism. Another example is our recent work on deep brain
photoreceptors, which convey light information for mediating non-image-forming responses.
We have identified two genes encoding vertebrate ancient long (VAL)-opsin photoreceptors
(valopa and valopb) in the zebrafish, which exhibit differential response to light, time-of-day
and contribute to reproduction.
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Special Lectures for the International Exchange Fund, Meiji University

Brain Ageing and Reproductive System

Dr. Tomoko Soga 1 4,40,.\_, 1 6,1 0

Associate Professor, BRIMS, Malaysia ° °
Ageing process entails the deregulation of homeostatic mechanisms that maintain integrity. A
key indicator of brain deregulation during aging is reproduction. Age-induced alterations in
levels of sex steroids, peptide hormones and associated receptors, and decreased glutamate
levels in the brain have all been linked to age-induced sexual dysfunction. In this talk, the role
of the gonadotropin-releasing hormone (GnRH) neurons in the preoptic area (POA) is
considered in this context. Recent studies have demonstrated that sirtuins, encoded by sirt 1-7
genes, are known as ageing molecules. In particular, sirt4 gene plays an important role in
glutamate metabolism and its wide distribution in the brain. This seminar will provide new
insights into the role of sirt4 gene through glutamate signalling in GnRH neurons during ageing.
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AGEING

= Accumulation of damage = impairments in functionality

Ageing process

Molecular levels Cellular level Systemic level
- Activation of age- « Shortening of « Neuroendocrine
related genes telomerase + Immune system
* Apoptosis dysfunction
« Free radical sources * Metabolic system

from cellular
respiration




Brain Aging

Reductions in dendritic
development

Loss of neurons

Reductions in spine
densities

Volume shrinkage
Dysfunction of Brain

Reduction in the
Innervation pattern

Reproductive Ageing

Marked reduced fecundity and reproductive ability

Central control of reproduction

Preoptic area (POA) — — -
L= - ——

*Receives indirect input
from sensory cues
*Sends projections to
areas for sexual behaviour
eLesions abolish male
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copulation \k _ A

-Fac!lltat.e ejaculation (Adapted from works of Simerly et al. 1986,1988)
*Mating induced cFOS




REPRODUCTIVE SYSTEM

Sex steroids -

Mechanism (HPG axis
. . Neurotransmitter Neuropeptides |
GnRH is the ultimate
driving force
Regulatory - 4 Pon
8 . y e ' GnRH
mechanisms neurons
- Sexual steroids vedian
- Neuropeptides ! { eminence
. ‘.' —————— '! _Hypothalamus
- Neurotransmitters in general
I"‘ // O Gonadotrope i~\
\ '.'I Pituitary cells i \‘
Sex s\t:é(\oids FSH, LH Se>l<' steroids
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Hypothalamic Regulation of Reproduction

GnRH — geRare

MS POA

medial septum (MS), \

preoptic area (POA)
anterior hypothalamic area (AHA)

* GnRH-secreting neurons

(Trends in Neuroscience 30: 638-644,2007)

VNO : the vomeronasal organ
VNN: vomeronasal nerves
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Central reproductive peptide

GnRH neurons in the POA

GnRH-induced LH pulse Aged GnRH

neuronal characteristics

eunaltered neuronal numbers,
Young morphology and distribution
*Altered GnRH terminals
*Decreased GnRH pulsatile
release

Aged /\/\/\/\/\ *Decreased GnRH neuronal
activation

*Attenuated LH surges in aged females
leading to acyclic estrous

Age related gene.....
Sirtuins

+ Deacylase activity —histone deacetylase protein ( gene transcription)

+ a wide range of cellular processes like aging, apoptosis, inflammation
energy efficiency and stress resistance.

* Sirtuins can also control circadian clocks and mitochondrial

+ Age
extend lifespan
repair of DNA and regulates genes that undergo altered expression
with age.




SIRTUINS: Ageing related genes

Human sirtuin gene structure

L 747 aa Mice sirtuin has high homology
Sirtuin 1 | L | | to human sirtuin proteins
. . 389 aa 0,
SIRT2 87.70%
o 399 aa
Sirtuin 3 | LI [ ] SIRT3  83.50%
. . 314 aa SIRT4 87.30%
Sirtuin 4[] ] ] SIRTS  86.10%
. . 310 aa
Sirtuin 5 [ [ _]] 1] SIRT6 88.70%
355 aa SIRT7 94.50%
Sirtuin6 [ ] I ] [ catalytic domain
L 400 aa [ NAD binding site
Sirtuin 7 l [ ] [ l Nicotinamide adenine dinucleotide (NAD(+))

Intracellular location: nucleus, cytoplasm or mitochondria =
(Modified from McGee-Lawrence et al. 2011)

Animal models(C57BL6)

12 week male mice 52 week male mice

QlImpaired cognitive functions
WImpaired spermatogenesis
UReproductive dysfunction
QCircadian rhythm desynchrony
UKisspeptin neurons onset of ageing
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sirt1 sirt2 sirt3 sirt4 sirt5 sirté sirt7

(Wong, Soga et al 2015)

Localization of SIRT4 cell in the POA

12 weeks 52 weeks

(Wong, Soga et al 2015)




SIRT4 cell count in the POA
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(Wong, Soga et al 2015)

Sirt4 and 5-HT system

CIT; citalopram ( antidepressant)

Relative fold change
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(Wong, Soga et al 2015)




Summary of SIRT4 in the POA

sirt4 Gene expression

e Ageing - sirtl, sirt4, sirt5, sirt6 and sirt7 gene
expression up-regulated

* Adult cit — sirt2 and sirt4 gene expression up-
regulated

SIRT4 expression
SIRT4 -immunoreactivity in the POA
—ageing up-regulated SIRT4 in the MS area

(A) IntaCt ad u It (8) Chronic CIT treated adult © Ag ed _
Presynaptic neurons Presynaptic neurons Presynaptic neurons
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(Wong, Soga et al 2015)




