CNS a pohlavi

https://www.youtube.com/watch?v=q9EbalOSSzk



CNS a pohlavi

- muzi maji vétsSi mozek nez zZeny (i po korekci na velikost téla) — cca o0 10%
- plati pro vSechny vékové kategorie

- zeny vice bilé hmoty (multitasking), muzi Sedé (task focus)

Rozdily — anatomie (velikost, poCet bunék, morfologie bunék ...)
- konektivita
- myelinizace
- neurotransmise
- chovani (emoce, strach, nalady ...)
- uCeni a pamet
- prevalence chorob
- imunita

- vliv pohlavnich hormonu, gent na pohlavnich chromozdmech



Selected neuroanatomical sex differences in the rat.

Structure/Region

Known roles

Sex difference

Basis of difference

Sexually dimorphic nucleus
of the Preoptic Area (SDN-
POA)

The POA 15 implicated in the
regulation of male copulatory
behavior [14]. Lesions of the SDN
alone slow acquisition of this
behavior. Potential human
equivalent 1s INAH-3 [18].

2.6 times larger in males

[19].

Perinatal aromatized androgen
decreases neurconal apoptotic rates in
males [20].

Anteroventral
Perntventricular Nucleus
(AVPV)

Involved in regulating the luteinizing
hormone surge n females [20] and
male copulatory behavior [21].

2.2 tumes larger in females
with a higher cell density
[22].

Degeneration of cells in this region 1s
greater in males [23] due to prenatal
action of androgen

Bed MNucleus of Sinia
Terminalis (BNST)

Plays a role m the control of male
sexual behavior [24], release of
gonadotropin [25]. and modulation
of stress [26; 27].

The principal nucleus
{BNSTp) 1s larger 1n volume
in males [28].

The larger volume in males 1s due to
sexually different apoptotic rates
caused by testosterone [29].

processes from memory [41] to
language [42] to emotional
processing [43]

thicker than left but only in
males [44].

Corpus Callosum Conducts mformation between the Larger in neonatal males Organizational effects of testosterone
two halves of the cortex [30]. [31]. lead to masculinization while
femimzation appears to be dependent
on estrogens [32; 33].
Arcuate Nucleus (ARC) Helps regulate the estrus cycle [34]. Neurokin-B neurons Dihydrotestosterone is responsible for
appetite and body weight [35]. innervate capillary vessels in | the masculine projection pattern [36].
the ventromedial ARC in
post-pubertal males only [6].
Amygdala Strongly associated with emotion, Adult males have a larger Treatment of females with estradiol
decision-making and Pavlovian medial nucleus than adul masculinizes this nucleuns [38].
conditioning [37]. females [38].
The posterodorsal aspect of Activational effects of circulating
the medial amydala 1s 65% androgens accounts for the larger
larger in males [39]. region in males [40].
Cerebral cortex Connected to a wide range of Right posterior cortex is Gonadal hormones play a role in

maintaining the sex difference
{ovaniectomy masculimzes the cortex
of females) [44].

Ventromedial Hypothalamic
Nucleus (VMN)

Involved in the control of lordosis,
mounting, and norepinephrine
release [45].

High concentrations of steroid
receptor mRNA have been observed
in the ventrolateral VIVIV [46].

Females have less synapses
in the ventrolateral VIVIN
compared to males [8].

Organizational effects of aromatized
testosterone appear to be crucial
establishing the masculme trait [47].

Substantia nigra pars
compacta

Made up almost entirely of
dopaminergic neurons.

Dopamine 1s involved in control of
motor activity [48].

Females have 20% fewer
dopaminergic neurons [49].

A genetic component has been
demonstrated in mice [50].




Anatomie

SDN-POA

oblast dulezita pro projevy sexualniho chovani, matefského chovani ...

pro dimorfismus — klicova produkce testosteronu z varlat v perinatalnim obdobi -
,kritické obdobi“ do 10 dnu po porodu u krys (ne vliv testosteronu na velikost SDN-
POA v pozdéjsim véku)

u krys — produkce testosteronu — dvé maxima - 18. den embrya a tésné po porodu
podobné testosteron produkovan i v embryonalnim vyvoji u lidi
P450 aromataza — konverze testosteronu na estradiol

injekce 1mg testosteronu 4-dennim samickam u mysi — mirné zvétSeni SDN-POA |
v dospélosti (pokud denné v tomto obdobi tak stejna velikost v dospélosti jako u
samecku), Ize i injekci estradiolu (perinatalni kastrace opak)

neurony — samci vice synapsi
| astrocyty dimorfismus v té oblasti — vétSi mnozstvi vybezkl u samcu
dulezitym efektorem estradiolu je zvySeni produkce PGE2

vice neuronl umira v této oblasti ranné-postnatalné u samicek



- ,Zzensky mozek” tedy prednastaven (bez testosteronu)

- KO mysi pro ER a aromatazu — poruchy maskulinizace

- ale i role AR v maskulinizaci nékterych oblasti mozku dulezita
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Estrogeny

Jaderné a membranové receptory (ERa, ERB, GPR-30)
o,




Genomicka signalizace:
- mouse cerebral cortex

- ER-regulovane procesy |

Biological process GO term or Pathway Genes
Network 1

Regulation of centrosome cycle Gjal, Plk2
Inactivation of MAPK activity Dusp4, Spred2
Cell-cell junction assembly Gjal, Ugt8a
Regulation of tissue remodeling Gjal, Tfrc
Regulation of mRNA splicing, via spliceosome Gjal, Srrm4
Carbohydrate derivative transport Gjal, Gltp
Regulation of signal transduction by p53 class mediator Gjal, Spred2
Long-term potentiation Gfap, Plk2
Regulation of cell junction assembly Gjal, Tscl
Lens development in camera-type eye Cryab, Gjal, Tgfrb1
Regulation of phosphoprotein phosphatase activity Nuak1, Tscl
rRNA transport Gjal, Tscl, Tst
Network 2

Cerebellum morphogenesis Herc1, Pcnt

Vasoconstriction

Vasodilation

Network 3

Fatty acid elongation
Triglyceride biosynthesis
Histone H4 acetylation
Histone H3-K4 methylation
Regulation of ligase activity
Lysine degradation

Negative regulation of protein complex disassembly
Network 4

Response to estradiol stimulus

Vasopressin-regulated water reabsorption

Myelination

Meiotic chromosome separation

Network 1 and 2

Olfactory lobe development

Regulation of phosphatidylinositol 3-kinase activity
Tissue regeneration

Regulation of lipid kinase activity

Network 2 and 3

Positive regulation of fatty acid metabolic process
Fatty acid beta oxidation

Regulation of polysaccharide metabolic process

Apln, Ednrb, Pdgfb
Apln, Cnp, Pdgfb

ElovlS, Hadha
ElovIs, Slc25a1
MII1, Phf15
MIl, Tet3
Mid1ip1, Trib2
Hadha, MIl
Gsn, Mid1ip1

Aqp4, Cryab, Igfbp2
Adcy9, Agpd

Fa2h, Pllp, Tsc1, Ugt8a

Bhlhed0, Top2a

Erbb4, Pent
Erbb4, Pdgfb
Erbb4, Gjal
Erbb4, Pdafb

Irs2, Mid1ip1
Hadha, Irs2
Irs2, Pdgfb

doi:10.1371/journal.pone.0111975.t004



Priklady negenomicke signalizace:
- Akt — regulace prezivani
- Moesin — motilita, migrace

- FAK — regulace motility a migrace, tvorba pseudopodii, tvorba a zanik synapsi
a regulace morfologie (pres regulace dynamiky aktinu)
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Epigenetika

rozdilna acetylace/metylace histonu v promotorech ER a aromatazy v POA oblasti

rozdilna exprese ER u sameckl a samicek (i v jinych ¢astech mozku)
- i az do dospélosti

inhibice HDAC v ,kritickém obdobi“ — redukce maskulinizace
celkoveé nizSi metylace v ER promotorech u samicek (i site/sex-specific metylace)
pohlavni hormony — vliv na aktivitu metylaz, ...

samecci bez materské péce — nizsi projevy muzskeho sexualniho chovani v
dospélosti — vliv na metylaci promotoru ER
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Neurosteroidy

- syntéza v mozku z cirkulujicich steroidd — genomicka, negenomicka signalni draha
- lipofilni — pruchod pres BBB

Progesterone Deoxycorticosterone Testosterone
l Su-Reductase l S5u-Reductase lﬁu—Redu:tase l Aromatase
Dihydro-Prog Dihydro-DOC Dihydro-Test Estradiol
3a-HSOR 3a-HSOR 3a-HSOR
MNAMOA or
Allopregnanolone THDOC Androstanediol | | Other Receptors

GABA-A Receplors
\ Y

Seizure susceptibility Cognition
Anxiety, Stress Alzheimer’s disease
Depression Seizures
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Neurosteroidy i

Meurosteroid site

U

modulatory excitability — modulace aktivity (+ i -) GABA -
denzodiazeping

- NMDAR (uceni a pamét) .

Pharmacological profile of major neurosteroids.

Neurosteroid Pharmacological Actions Mechanizm of Action

Allopregnanolone Sedative-hypnotic Potentiation of GABA-A receptor funchion
Amaolyhe, anbconvulsant
Antistress, neuroprotection

THDOC Sedative-hvponotic Potephation of GABA-A receptor funchion
Anxiolyvhe, antconvulsant
Antistress, neuroprotection

Androstanediol Anaolyhe, anticonvulsant Potephation of GABA-A receptor funchion

Pregnenclone sulfate Anxiogemc, proconvulzant Inhiition of GABA-A receptor funchion
Memory enhancing, newroprotechon | Enhanced NMDA receptor funchon

Dehydroepiandrosterone sulfate | Anxiozemc, proconvulzant Inhibiton of GABA-A receptor function
Memory enhancing Enhanced NMDA receptor funchon

MNeuwrogenesis, neuwroprotection Anh-glucocorticord achon




Myelinizace
- efekt pohlavnich hormonu na gliové bunky

- progesteron — podpora proliferace oligodendrocytl, produkce myelinu a
proteinovych slozek myelinu

- progesteron, estradiol, testosteron — podpora proliferace Schwannovych bunék
- neuroprotekce — podpora re-myelinizace

Konektivita
- rozdilna aktivita komunikace mezi hemisférami béhem menstruacniho cyklu
- pohlavni hormony - vliv na konektivitu mezi rtznymi ¢astmi mozku



Imunita

[ a4

zeny - silnéjsi imunitni reakce
- vétSi odolnost k infekcim, parazitim
- vySSi titry protilatek
ale — Castéji autoimunitni choroby - symptomy se ¢asto méni v t€hotenstuvi,
nebo s ménicimi se hladinami hormonu

Pohlavni hormony — imunomodulacni funkce
- estradiol — posilujici uCinek na imunitu vs. testosteron

- nekteré imunitu-modulujici geny i na ponhl. chr.

pohlavi — rozdily v mnozstvi mikroglii a imunomodulatord v nékterych oblastech CNS

Krysy — samci — infekce E.coli den P4 — vliv na uCeni a pamét v dospélosti (ne v P30)
- samice - infekce E.coli den P4 — zadny efekt (ani v P30)

- tedy rozdily v imunité uz od narozeni — reaktivita mikroglii a astrocytu

- muzi obecné citlivéjSi na ,early-life challenges® (vice neuront hipokampu umira u
samcu po Casném odebrani od matky)



Mozek novorozencu — rozdily v mnozstvi glii a produkci chemokinu

- béhem dospivani se rozdily meéni
- ale i v dospélosti zeny v hippokampu vice mikroglii
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CORTEX and HIPPOCAMPUS
« sex difference in cell
proliferation (BrdU+ cells) (M>F)
* sex difference in microglial
colonization (M=>F)

*sex difference in chemokine
production (M=>F)

AMYGDALA nuclei
» sex difference in cell
proliferation (BrdU+ cells)

o (F>M)

\ sex difference in
astrocyte proliferation
“\ (F=M)
| »sey difference in
/4 chemokine production
«sex difference in
microglial number (M>F)

ARCUATE NUCLEUS

* sex difference in synaptic
patterning (F>M)

» sex difference in astrocyte
complexity (M =F)

PREOPTIC AREA

* sex difference in synaptic patterning (M=>F)

=sex difference in astrocyte complexity (M=>F)
*sex difference in prostaglandin synthesis (M=F)
*sex difference in cell death within the SDN (F>M)
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Nadory mozku

- muzi — vySi vyskyt nadorovych onemocnéni mozku (puvodem z glii a neuronu)

United Kingdom (Arora, e¢ &l (2008 Farmany (Rickert, er al. (2001} Swedan (Lannering, et al. (2009]) ltaly (Giordana, er al (199g)
Adult: MB (1.73); GBM (1.75); OLG(3.21); EPDY{1.28) Pediatric: Owerall (1.55) Pediatric: MB=1.4; AST=1; Adolescent and aduft; MB= 2.45
Pediatric: MB(1.73); AST(1); OLG{ 3.21); EPD{1.38) EPD=1

France (Rigau, et & (2011))

Adult: MB (1.30); GBM(1.46); OLG
{1.31); EPD {1.3)

China @hou, er ai. {2008}
Pediatric: MB=2.6; AS5T=1.3;
EPD=1.3

Canada (Tabodi, er al. (2005))
Adolescent: MB (1.4)

Japan (Homura, ef ai. {2011))
Adult and pediatric: GBM=1.25 ;
OLG=1.25; EPD=1.11

USA

Hess, et all (2004))
Adult: GBM (1.36); OLG (1.26)

{Kohler, et al. (2011))

Adult: GBM (1.58); OLG (1.36)
Pediatric: MB (1.33); PA (1.1); GEM
{1.42); OLG (1.12)

Pakistan (Ahmed, er al. (2007}
Pediatric: MB= 3; PA=3; GEM=2;
EPD=3

Brazil (Rosenberg, eral. (20050 | Morocco (Karkouri, eral (20100} N Israel (Kushiner, e+ a. Iran iMehrazin, e+ a. i2006))] Australia (Dobes, et al (20100
Pediatric: Overall {1.17); first Pediatric: MB=1.2; GBM (1.5); {2011)) Adult and Pediatric: Elderly adult: Overall {1.31)
2 years of lile {2.15) OLG (3.5); EPD (3.5) Adult: GBM {1.38) MB=1.85; GEM=2.0;

OLG=1.45




- vyS8Si vyskyt u muzu je nezavisly na véku, stupni dospélosti ...
- plati i pro sekundarni nadory mozku

Table 1 Sex dependent pattern of brain metastases (BM)

Study (year) Total BM

BM (lung cancer)

EM (melanoma) survival

Lagerwaard et al (1999):

Male B10 (75%)

Female 260" (259
Chao et al. (2006):

Male 687 (51%)

Female 443 (399
Videtic et al (2009):

Male

Female

Arrieta et al. (2009):

Male

Female

Assouline et al. (2011}

Male 154 (78%)

Female 457 (22%)

Sampson et al

W
[Fe]
i

Male

Female

Hofmann et al. (2007):
Male

Female

Haizer ef al. (2008):
Male

Female

601 (B3%)
120 (17%)

487 (58%)
348 (42%)

164 (56%)
125 (443

5.8 months
6.1 months

5.5 months

6.3 months

431 {64%)
239 (36%)

77 (58%) 17 weeks
55 (429%) 35 weeks

217 161%)
138 (39%)




- u nékterych typu mozkovych nadoru — rozdily v incidenci jen u urcitych subtypu
- glioblastom
- medulloblastom

... a tedy rozdilné ,mechanismy”“ tumorigeneze u muzu a zen zde?

- muzi i Casto horsi prognéza nez zeny (meduloblastom, gliomy ...)
- plati i pro metastazy melanomu a karcinomu plic

MoZzné dlvody

- rozdily v metabolismu, imunité, mikroprostredi, ...

- rozdily v epigenetickych modifikacich

- opét vlivy hormonu a genu z pohlavnich chromozému



P93 — 25% samicek (embryi) mysSi s KO p53 — umira — neural tube defects
- overexprese prodluzuje zivot sameckum Drozofil (u samiCek spiSe opak)
- u samecku s KO p53 CastéjSi tumorigeneze astrocytu

Rb — rozdily v aktivité u astrocytu dle pohlavi — rozdilna frekvence tumorigeneze
mezi pohlavimi u KO mysi



Sex differences in neurological disease.

Disease

Sex Bias

Evidence for the role
of hormones

Evidence for the role of
genefics

Other factors affecting
sex differences in
disease

Alzheimer's Disease (AD)

Women demonstrate
higher AD prevalence
at older ages [143;
144].

Gonadal hormones
implicated in gender-
related cognitive
deficits of AD but the
mteraction 1s complex
[145]

APOE allele type [146; 147]
(ie. Less and slower rate of
amyloid plaque formation in
men due to APOE e2 [148])

Greater degeneration in
areas of orbitofrontal
cortex. middle and
posterior cingulate
cortex, hypothalamus,
and mammulary bodies
m men. and anterior
thalamic 1n women
[149].

Parkinson's disease (PD) Overrepresented in Most women manifest Linkage to X chromosome Environmental factors
males [150; 151] PD after menopause markers in 362 families, and [164]

Age at onset is later in [156] to Xq28 in 443 discordant Anatomical and
women [152]. Estrogen affecting sibling pairs [161; 162] structural differences in
Pathological symptoms | BDNF secretion [157] Val66met polymorphism in dopaminergic systems
of PD differ among Early life estrogen BDNF 1n women [163] among males and
males and females decline seems to be females [107]
[153; 154; 155] more important [158;

159: 160]

Autism There 15 a lugh male to Gonadal hormeones Single nucleotide Alterations m oxytocin
female ratio i the affecting oxytocm (OT) | polymorphisms m the OT Of arginine vasopressin
prevalence of autism and arginine receptor in the Chinese Han activity, and differential
[165] vasopressin (AVP) [168] and American processing of the

receptors [166; 167] Caucasian population [169], oxytocin precursor [174;
SNPs in the vasopressin 175; 176]
receptor (V1aR) gene [170;
171]
X-chromosome has effects
on cognition and social
aspects [172; 173]

Addiction Drug addiction more Estradiol levels Genes encoded on sex Neuroanatomical
frequent 1n men [12] correlate with drug chromosomes can affect sex- | differences in motivation
Higher relapse rates, imduced remforcing related differences in systems among males
faster progression of behavior whereas addiction (the four core and females [107]
compulsive drug abuse progesterone levels are genotype mice) [182] Sex-related alterations i
and dependence have in | negatively associated the cortico-limbic-
women [177; 178]) with addiction [179; striatal system that

180; 181] mediates reward
processing [183]
Depression Women are twice as Low estrogen levels in Heritability rates estimated to | Maladaptive coping,

likely as men to
develop depression
during reproductive
vears [184]

female rats mediated
by influences on
neurotransmitter levels
[185]

Low testosterone levels
associate with risk for
depression m young
and middle aged-men
[186: 187]

be 70% [188]
Polymorphisms in serotonin
gene. estrogen receptor 1
(ESR.1) polymorphism in the
presence of Val/Val genotype
of the Vall 58Met
polymorphism in the
Catechol-O-methyl
transferase (COMT) gene,
longer CA repeats of human
estrogen receptor 2 (ESR2),
short CAG repeats in
androgen receptor gene [189]

pessinusm. dependency,
low self- esteem,
victinuzation, sexual
abuse, comorbid anxiety
disorder more common
in depressed women
[190]

Early life events increase
depression rates m adult
women [191]




Alzheimer

castéjsi u zen
| transgenni mysi modely AD — Casnéjsi a vetsi patologické zmény u samic
- akumulace AP, horsi vysledky v cognitive a behavioral testech...

protektivni uloha estrogenu — ale klesa po menopauze
- zeny s AD nizSi hladina estrogenu nez kontroly
- ovarektomie u mysi — akumulace AP
(reverze dodanim E2)
- ale ne u vSech kmenu
(vliv genet. pozadi)
- podporuji expresi a aktivitu a-sekretaz — ok Stepeni APP
- podpora clearence AR
- studie kde HRT po menopauze protektivni uloha
(ale zde i kontroverze)

zda se Ze i testosteron ma protektivni ulohu (muzi s AD — nizSi testosteron)
- korelace s A3



Alzheimer

Estrogeny — neuroprotekce — zlepSuji pamét’ (regulace LTP, denzity synapsi ...)
- antiapoptotickeé
- inhibice akumulace AB a hyperfosforylace tau

Androgeny — neuroprotekce — podpora rlstu a regenerace axonu
- antiapoptotické (zalezi na oblasti — hippokamp x striatum)
- inhibice akumulace AB (regulace APP Sstépeni, clearence)
- regulace LTP, denzity synapsi ...
- nadory prostaty — antiandrogenni terapie — zvySeni A
- nekteré ucinky dany premenou na estradiol aromatazou
- nekteré nikoli (KO mysSi pro aromatazu)

- muzi — andropauza — pozvolna — pokles testosteronu cca o 2% rocné



Parkinson

castéji u muzu
estrogeny — protekce nigrostriatalnich neuront — genomicka draha
- negenomicka draha (aktivace Akt)

- v ¢asnych stadiich zmirnéni pfiznaku
- modulace aktivity dopaminovych receptord, TH, transportéra ...
- brzky pokles hladiny — zvysene riziko vzniku PD

ale rozdily v embryonalnich DA-neuronech mysSich samcui a samic (morfologie,
aktivita, pocet) jesté pred vlivem pohlavnich hormonu

primy vliv exprese genu Sry na expresi TH enzymu v substantia nigra
- redukce TH-exprimujicich neuront v substantia nigra u KO Sry mysi



Autismus
- Castéji u muzu

- nékolik teorii — extreme male brain, vliv X. chr, Y chr., ...

Table 4. Evidence for the effect of sex steroids in autism (see Text 51 for a fuller discussion).

Evidence

Key References

From typically developing children

Eve contact is inversely related to T

Quality of sodal relationships are inversely related to fT

Vaocabulary size is inversely related to fT

Empathy is imversely related to fT

Autistic traits are positively associated with fT

Restricted interests are positively associated with fT

Systemizing is positively associated with fT

Rightward asymmetry in the isthmus of the compus callosum is positively associated with fT
From people with ASC

10 genes invohed in sex steroid synthesis, transport, and/or metabolism associated with AS or AQ or empathy:
HSD11B1, LHCGR, CYPI7AL CYPI9AL, S5CP2, CYP! 181, B5R1, E5R2, HSD 1784, HSD1782

Timing of puberty: Boys with ASC enter pubserty eadier. Gids with ASC enter puberty later

Testasterone related medical conditions in women with ASC and their mothers (eg., PCOS, breast and ovardan cancers, acne)
Testosterone related chamacteristics in women with ASC and their mothers

Lower 204D ratio in ASC, and parents

SRD5AT and AR genes associated with ASC

Decreased expressicn of RORA gene and aromatase in post-mortern frontal and cerebellar tissue

Females with Congenital Adrenal Hyperplasia [{CAH} have elevated AQ

Testosterone levels are elevated in ASC

Androstenedione levels are elevated in ASC

[45]
[47]

[48.49]
[52,53]
[47]
[18]
[51]

[ 169)

(170-172]
[172)
[172,173]
[174-176)
[177,178)
[179,180]
[181]
[182]
[183]




Alkohol

- atrofie neuronu v urditych oblastech mozku u alkoholiku

- zda se ze u zen atrofie vetsi

- U zen k projevim stejnych pfiznaku alkoholismu jako u muzu asi staci kratSi
obdobi zvyseného prijmu alkoholu

CMP

- CastéjSi u muzd, u Zen ale vétsi poSkozeni
- opét hormony i geny z pohlavnich chromozom
- rozdilna citlivost k hypoxii u nékterych neuronti muzu a Zen

Ale nejen choroby — napf. dyslexie 4x ¢astéjsi u chlapcu nez u divek



Sex differences in behavioral traits in humans.

solving [95] Women
do better on verbal
fluency. articulation,
and verbal memory
tests [12].

Tumer's and androgen
msensitivity syndromes

from studies of Turner's
and XX males [97]

Trait Sex Bias Evidence for the role Evidence for the role of Other factors affecting sex
ofwmun\ genetic factors differences in behavior
Cognition Men do better at 4&3}3131 hormone \ No reliable evidence for Greater brain asymmetry in
spatial tasks [94] and effects shown from the effect of sex men for both verbal and non-
mathematical problem studies of CAH. chromosome genes proven | verbal tasks [98; 99]

Play behavior-movement

There are sex
differences in choice of
toys, gender of the play
partner. social play
[100] and movement
[101: 102; 103]

Testosterone influences
juvenile play [104]
Prenatal androgen
levels affect play
behavior and
movement [105; 106]

Genetics sex seems to
affect play behavior more
than prenatal hormone
exposure [104]

Parents and other socializing
agents (1.e. peers,
community, and child's own
cognitive processes) [107]
Developmental experience
[108], visual information
[109] affect movement

between testosterone
and aggression in both
sexes [134; 135]

High testosterone
levels leading to
mcreased verbal
aggression and
mpulsivity in women
[136: 137]

Polymorphisms in
monoamine oxidase-A
(MAOA) gene associated
with antisocial personality
disorder and aggression in
males [139]

organization

Language Women perform better | Estrogen influences Single nucleotide Greater degrees of left
on episodic memory word and declarative polymorphisms in the hemispheric lateralization of
[110] and verbal memory abilities in gene. brain derived brain for language in males
fluency tasks. men are women [116; 117; 118; | neurotrophic factor and the bilateral language
better at visuospatial 119; 120; 121; 122; (BDNF) affecting BDNF processing in females [128]
processing [111; 112; 123; 124] secretion rates, parily Faster development of
113] Testosterone influences | accounting for greater hippocampal brain regions in
Greater dependence of | word memory in men dependence of females on girls, activation of certain
females on declarative [125] declarative memory and brain regions such as
memory and males on Prenatal testosterone the sex differences hippocampus and
procedural memory levels relate to observed in language- parahippocampal gyrus [129;
[114: 115] language processing n | related tasks [127] 130]

girls [126]

Aggression Foul language, Estradiol and Association between Low self-control. high
imitation of aggressive | progesterone serotonin transporter gene | mmpulsivity and negative
models, violence and mfluencing the polymorphisms and emotionality [140]
physical aggression serotonergic system greater impulsivity in Sex-specific disparities i the
more common i males | [132; 133] males but not females neural circuitry of impulse
[131] Weak association [138] control and emotion

regulation, as well as
serofonergic systems [141]
Larger orbitofrontal cortexes
in women [142]




Spanek

- muzi a zeny spi jinak (zeny spi subjektivhé ,hure”)
- zeny chodi spat drive (do menopauzy)
- zeny — zmeény Vv kvalité spanku béhem menstruacniho cyklu (EEG, ...)
- nekteré studie naznacCuiji pozitivni vliv HRT na spanek po menopauze
- i studie na mySich - akutni expozice estrogenim — mysi spi kratSi dobu

Emoce

- rozdilna aktivita rGznych oblasti mozku u muzl a zen

Mark Gungor — ,Tale of two brains”
https://www.youtube.com/watch?v=3XjUFYxSxDk



Hormony vs. geny

Strategy One: Adult

Gonadectomize adult males and females

L

Compare males to males

Equalize hormones in Deprive hormones in or females to females
males and females males and females with and without
hormone replacement

F TN

Are they different?
No
) O ¢ -
No




Sex chromosome

FGC model

« >
- Sry—naY chr. D D A
- determinace vyvoje varlat d Q 3
XY — varlata -

Females

] @
XY-Sry — ovaria 3
XX — ovaria 5

Males

XXSry — varlata

Figure 3.

2x2 comparison in the four core genotypes model. In this comparison. the factors are
gonadal sex and sex chromosome complement.

Zavislost — u samic rychleji navozena (XX nezavisle na Sry)
Agresivita — samci agresivnéjsi nez samicky (ale odstupnovana — tedy vliv obou
faktoru)



- uz ve stadiu blastocysty — samcCi embrya vice bunéek

Geny na pohl chr. - glucose-6 phosphate dehydrogenase (G6PD)
- hypoxanthine phosphoribosyltransferase 1 (HPRT1)
- X-linked inhibitor of apoptosis protein (XIAP)

- Rozdilna exprese téchto genu jiz ve stadiu blastocysty mezi samickami a
samecky

- Rozdilny metabolismus samcich a samiCich embryi



