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- Autism prevalence and risk in males
vs. females




-
Autism spectrum disorders (ASDs)

- Pervasive neurodevelopmental disorders
- Deficits in social communication and interaction
- Restricted, repetitive behavior, interests, or activities’

Prevalence in US is 1/68 children = 1.5%?2

Costs of ASD
- Monetary: $236-262 billion per year in US3
- Quality of life: Poor engagement in society, poor health outcomes

Best current treatments are behavioral interventions

Genetic factors contribute to ASD risk

1APA, 2013, DSM-5. 2Christensen et al., 2016, MMWR Surveil. Summ. 3Buescher et al., 2014, JAMA Pediatr. 3



ASDs have sex-biased prevalence

- 4.5:1 males:females have an 30
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ASDs have sex-biased prevalence

- 4.5:1 males:females have an PATHOLOGY
ASD diagnosis in US'

® 8 : 3 M : F i n Leo Ka n n e r,S AUTISTIC DISTURBANCES OF AFFECTIVE CONTACT

By Leo KANNER

[l [ 2 .

O rl I n a I Ca S e S 1 9 4 3 INCE 1938, there have come to our attention a number of children whose
b S condition differs so markedly and uniquely from anything reported so
far, that each case merits—and, I hope, will eventually receive—a detailed
ideration of its fascinati iarities. In this place, the limitations neces-
sarily imposed by space call for a condensed presentation of the case material.
For the same reason, photographs have also been omitted. Since none of the
children of this group has as yet attained an age beyond 11 years, this must be
considered a preliminary report, to be en
and further observation of their develoy
Case 1. Donald T. was first seen in (]
month. Before the family’s arrival fron
thirty-three-page typewritten history th
detail, gave an excellent account of Don
full term on September 8, 1933. He weig
breast fed, with supplementary feeding,
were frequent changes of formulas. “Eati
2 problem with him. He has never shor
eating candy and ice cream has never
proceeded satisfactorily. He walked at 1
At the age of 1 year “he could hum a
he was 2 years old, he had “an unusual
names of a great number of houses” in h
the family in learning and reciting short]
third Psalm and twenty-five questions 4
chism.” The parents observed that ‘“he ¥
answer questions unless they pertained
often then he would ask no question ex
was clear. He became interested in pictu
From the Henry Phipps Psychiatric Clinil
Children, the Johns Hopkins Hospital, and

Maryland.
* See THE RECENT BOOKS.

To understand and measure emotional qualities is very difficult, Psychologists
and educators have been snu%gling with that problem for years but we are still
unable to measure emotional and personality traits with the exactness with

21

1Christensen et al., 2016, MMWR Surveil. Summ., 2?Kanner, 1943, Nervous Child. 5



-
ASDs have sex-biased prevalence

- 4.5:1 males:females have an e £ S,
ASD diagnosis in US' O%>
- 8:3 M:F in Leo Kanner’s B,
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1Christensen et al., 2016, MMWR Surveil. Summ., 2Kanner, 1943, Nervous Child., 3Fombonne, 2009, Pediatr Res. 6



ASDs have sex-biased prevalence

- 4.5:1 males:females have an
ASD diagnosis in US'

- 8:3 M:F in Leo Kanner’s
original cases, 19432

- Male bias consistent over time
and across countries3
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- Male bias varies by intellectual
ability
- 1Q>70, M:F 5.1:1
- 1Q<70, M:F 3.7:1

(9]
|

Prevalence per 1,000 children
o
|

o
|

1 1
Male Female Male Female

1Christensen et al., 2016, MMWR Surveil. Summ., 2Kanner, 1943, Nervous Child., 3Fombonne, 2009, Pediatr Res. 7



b SPECTRUM

Misdiagnosed, misunderstood or missed altogether,
many women with autism struggle to get the help

they need.

BY APOORVA MANDAVILLI

9 OCTOBER 2015

COMMENTS

PEP BOATELLA

SCIENTIFIC _
AMERICAN [svmscnree |

SHARE LATEST

SCIENTIFIC AMERICAN

MENTAL HEALTH

Autism—It's Different in Girls

New research suggests the disorder often looks different in females, many of whom are

being misdiagnosed and missing out on the support they need




[
ASD females show different social abilities and
strategies than males

- Female children with ASD:

- Show greater desire to liked by peers'
- More likely to use mimicking as a social strategy'’

- Adult, autistic females with normal-to-high 1Q:

- Present with fewer social communication difficulties than males (clinician
observation)?

- Self report more ASD traits than males?

- Females might “camouflage” their social difficulties

- “Conscious, observational learning of how to act in a social setting by adopting
social roles and following social scripts”

- Requires substantial effort to maintain this strategy on a prolonged basis

Hiiller et al, 2015, Autism; ?Lai et al, 2011, PLoS One. 9



Questions about ASD diagnoses

- Are the diagnostic criteria for ASD

—
o
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[ 1a>70
biased toward a male - ~H—
presentation? s

- Are autistic females not being 2
diagnosed? g
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e
When we look harder, we find more ASD females
...but still fewer than males

. Fombonne.2009 - X 3
Elsabbagh.2012.Europe ] <o
Elsabbagh.2012.Asia - 3
Elsabbagh.2012.Americas - X 3
Recorded Wingate.2014 - X3
diagnoses Kogan.2009 - 3
Blumberg.2013 X 3
Zablotsky.2015 - ®
Taylor.2013 - o
Kohane.2012 - X 3

|

\

Kim.2011 - ‘
Mattila.2011.Autism | <>
Mattila.2011.ASD - O
—= Mattila.2011.HighFuncASD - <>
Mattila.2011.ASD.ID - ‘
Kawamura.2008 - ‘

- Idring.2014 - 20

I I I I
0.2 025 033 05 1 2 3 4 5
Sex ratio (M:F) 11

Population
screening




T
More females, including those with normal-to-high
IQ, are being diagnosed as the years go on

100%
90%
80% 1

[ 1Q<70
70% - W Q>70

60% 1

50% T

Percent of cases

40% T

30% T

20% T

10% T

0% -
Male Female Male Female Male Female Male Female Male Female
2002 2004 2008 2010 2012
Adapted from CDC ADDM, 2007-2016, MMWR Surveil. Summ. 12



- 4.5 times as many males have an ASD
diagnosis than females in the US

- ASD may present differently in females

T
- Population screens are better at

Summary:
e e
identifying ASD females

Sex differences in ASD prevalence
- Over time, we are diagnosing more

ASD females, especially those with
normal-to-high 1Q

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
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Why study sex bias in ASD from a biological
perspective?

Hypothesis: Sex-differential biology contributes Illlllllllllll
to male and female differences in ASD risk and
[

symptom presentation
x '/ 0\

/ Insights into

Treatment £ fundamental
development biology of ASD
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Male risk for, or female protection against, ASD?

ASD

16



Male risk for, or female protection against, ASD?

T



Male risk for ASD

ASD

of l THEreeY

18



Female protection against ASD




Protection, risk, or both mechanisms may be acting
in ASD

ASD

of i THITREY

20
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ASD risk is normally distributed in the general population

A Population mean

No. individuals in population

21



Individuals who have been exposed to high levels of
liability present ASD symptoms
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Female Protective Effect Model.:
Females have a higher liability threshold than males
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Female Protective Effect Model.:
Females have a higher liability threshold than males

A Population mean

No. individuals in population

— Liability for ASD —»

[gen%g:;n \r/g?ignts} + [ Perinatal i"SU“] + - + .
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Prediction 1: Females can tolerate/are protected from
a higher level of risk than males

of
¥

A Population mean

No. individuals in population

— Liability for ASD —»

Liability for ASD

. | J
Level of risk where:
OZ have ASD
Q do not have ASD
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Prediction 2: Females with ASD have greater burden of
risk factors than males

of

A Population mean

No. individuals in population

— Liability for ASD —»

Liability for ASD
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Mean liability < Mean liability
in diagnosed OZ in diagnosed (_P

26



Prediction 2: Females with ASD have greater burden of
risk factors than males

of

A Population mean

No. individuals in population

¥

S J
- J

Mean genetic burden < Mean genetic burden
in diagnosed OZ in diagnosed 9

— Liability for ASD —»

Liability for ASD
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There are 2 ways to test for greater genetic burden
in females with ASD

- Indirect: - Direct:
- Compare recurrence rates in - Compare genetic variants in
siblings of ASD females vs. the genomes of ASD females
males = “Carter Effect” vs. males

XXal o
N S

28



N
Evidence for higher ASD recurrence in % % 2
siblings of females is inconsistent ¥ i

- The sex of the older, affected
sibling does not affect recurrence

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

hhhhh

riginal Investigation
The Familial Risk of Autism

Sven Sandin, MSc; Paul Lichtenstein, PhD; Ralf Kuja-Halkola, MSc; Henrik Larsson, PhD;
isti raham Reichenberg, PhD

29



N
Evidence for higher ASD recurrence in % % 2
siblings of females is inconsistent ¥ i

- The sex of the older, affected - Siblings of females with ASD have
sibling does not affect recurrence @ higher rate of ASD diagnoses

PEDIATRICS  ™"™°

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

80% - RR = 1.46
: P =1.8¢-03*

Recurrence Risk for Autism Spectrum Disorders: A Baby Siblings Research

Dobkins, Tedresearch

Original Investigation

Pediatrid

rch

Reseal

- Original Investigation
The Familial Risk of Autism

Sven Sandin, MSc; Paul Lichtenstein, PhD; Ralf Kuja-Halkola, MSc; Henrik Larsson, PhD;
IChristina M. Hultman, PhD; Abraham Reichenberg, PhD

>1 female Only male
probands probands

Werling & Geschwind, 2015, Mol Autism. 30



Evidence for higher ASD recurrence in % % 2
siblings of females is inconsistent ¥ i

- The sex of the older, affected - Siblings of females with ASD have
sibling does not affect recurrence  a higher rate of ASD diagnoses

PEDIATRICS  ™"™°

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

N

Recurrence Risk for Autism Spectrum Disorders: A Baby Siblings Research 08
Sally Ozonof; 06 I
Lonnie Zwaig
3 Research
Dobkins, Teqsest Mean ASD trait 4 1
Original Investigation Z B
Pediatrid scores
0.2
0
Research
[Therese K. -0.2
Original Investigation TEDS CATSS

The Familial Risk of Autism

Sven Sandin, MSc; Paul Lichtenstein, PhD; Ralf Kuja-Halkola, MSc; Henrik Larsson, PhD;
IChristina M. Hultman, PhD; Abraham Reichenberg, PhD

[l Siblings of all non-probands
M Siblings of male probands
[ Siblings of female probands

Werling & Geschwind, 2015, Mol Autism; Adapted from Robinson et al., 2013, PNAS 31



T
Evidence for higher ASD recurrence in

siblings of females is inconsistent

- The sex of the older, affected
sibling does not affect recurrence

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Recurrence Risk for Autism Spectrum Disorders: A Baby Siblings Research

Dobkins, Ted

Pediatrid

Research

Original Investigation

Research

Original Investigation

The Familial Risk of Autism

Sven Sandin, MSc; Paul Lichtenstein, PhD; Ralf Kuja-Halkola, MSc; Henrik Larsson, PhD;
IChristina M. Hultman, PhD; Abraham Reichenberg, PhD

Probability of Recurrence

Werling & Geschwind, 2015, Mol Autism; Robinson et al., 2013, PNAS; Adapted from Palmer et al., 2017, JAMA Pediatr
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Male child

Female child

L

Younger Male
With Older
Female With
ASD Diagnosis

Younger Male Younger Female  Younger Female

With Older With Older With Older
Male With Female With Male With
ASD Diagnosis ASD Diagnosis ASD Diagnosis

Sex

Y11}

- Siblings - especially males of
females with ASD have a higher
rate of ASD diagnoses and traits
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ASD females have a higher incidence of SX) SX)
disruptive, de novo variants than males §§ é %

p=0.04 | [ Duplications
1

Copy number variants (CNVs):

= :
(NI TEE D ACID Deletion S 0.9 M Deletions
7 S
£ Z
(N == DaEn c
e 5 0.06 - V
(M _T=1SE0= DO W) Duplication 7
>
pd
O 0.03 4
N
Q
=
] o

Male Female

Adapted from Sanders et al, 2015, Neuron. 33



I
ASD females have a higher incidence of % SX) .

disruptive, de novo variants than males ¥
B
Insertion/Deletions (Indels): p=0.02 p=0.01
§ . Females
AGGCTACCGTAAGTCG Insertion S Bl vales
/' S 0.15
AGGCTAAAGTCG 3 r
@ 0.10 - r
AGGCAAGTCG Deletion §
HA g 0.05
8 o

l All BrainI

Frameshift

Adapted from Dong et al, 2014, Cell Rep. 34



e
ASD females have a higher incidence of SX)
disruptive, de novo variants than males §§ %é é %

<0.01
0 05, P2 B Female

B Male
0.04 -
p<0.01
0.03 - I
0.02
0.01
o sl

| LoF MissenseI

Single nucleotide variants (SNVs):

lytslpre90heatjkopscna |jissense

spovenmbxsd844poialata” yariant
QoiewclnviowaSoab
snedegreesskbinalcbeat
sdadd4ggkwbutterasandie
urnasugarnncippefmnbl8 Nonsense
91mcdmoomfmosa1argeé variant
(Loss-of-
function, LoF)

De novo SNVs per individual

- ASD genes
Silent variant (TADA g=<0.1)

Adapted from De Rubeis et al, 2014, Nature. 35
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ASD females have a higher incidence of % %
disruptive, de novo variants than males i é %

Copy number variants (CNVs)' Insertion/Deletions (Indels)?  Single nucleotide variants (SNVs)3
p=0.04 Duplications| _ p=0.02 p=0.01 — 0.05- p<0.01 B Female
B B Deletions 3 s ' m l Male
3 0.09 - S ke]
= % % 0.04 -
2 £ = p<0.01
é 0.06 - 4 o 0.03 - —
n w0 g
= 3 > 0.02-
O 0.03 - = &
S S S
S S 3 0.01-
P < c
Q o0- S 3 o- ,
Male Female | All BrainI | LoF M|ssenseI
Frameshift ASD genes
(TADA g=0.1)

Adapted from: 'Sanders et al, 2015, Neuron. 2Dong et al, 2014, Cell Rep. 3De Rubeis et al, 2014, Nature. 36



Summary:
Female Protective Effect (FPE) model

- Females with diagnosed ASD show greater genetic liability than
diagnosed males

- More frequent, larger, more deleterious genetic
variants

- Genetic liability might be shared with siblings,
in some cases

- Pattern suggests that females are
protected from less deleterious
variants/risk factors m“g?:;n'g;ggté, < in“gfggngzzgwg

What is responsible for this protective effect?

37
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Do known sexual dimorphisms contribute
to ASD risk”?

Proposed mechanisms

Hypothesis Females

X-linked condition XY =1X XX =2 Xs

X chr carries protective genes, imprinted & X_Y = NO paternal X X X., = has patemal X
paternally expressed'

Fetal testosterone exposure increases risk -
(aka Extreme Male Brain theory?) T exposure, prenatally Little/no T exposure prenatally

Skuse, 2000, Pediatr Res. 2Baron-Cohen, 2002, Trends Cogn Sci.



Elevated prenatal testosterone exposure
Is associated with ASD diagnoses

Fetal testosterone levels are elevated in males who are
later diagnosed with ASD

Testosterone
20 - L Control N=217
' ) PDD-NOS N=58
Asger er Syndrome N=29
I hildhood Autism N=41
15 - : !

.r

ﬂ$

sopeonagers foogee

Concentration nmol/L

;

Baron-Cohen et al, 2014, Mol Psychiatry.



T
Genomic analyses provide an alternate

approach for identifying key mechanisms

- Candidate mechanism approach

- Sex chromosomes
- Sex hormones

- Sexually dimorphic neural circuitry (e.g.
hypothalamic nuclei)

- Genome-wide survey approach
- Characterize sex differences in the brain
- Characterize ASD differences in the brain
- Look for common processes




How can we find the factors that protect females, or
Increase males’ risk”?

ASD
neurobiology

Sex-differential
neurobiology

42



How can we find the factors that protect females, or
Increase males’ risk”?

- ldentify biological processes that:

- Differ between typical males

and females
and Sex-differential ASD

. Are affected in ASD neurobiology neurobiology

43



T
How can we find the factors that protect females, or

Increase males’ risk?

- ldentify biological processes that:

- Differ between typical males
and females

and : -
. Are affected in ASD neurobiglogy newrobiology

44



T
How can we find the factors that protect females, or

Increase males’ risk?

- ldentify biological processes that:

- Differ between typical males
and females

and
- Are affected in ASD

ASD
neurobiology

Sex-differential
neurobiology

=4
N
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ASD cognition and behavior are the end result of
changes across multiple levels of biology

Behavior
Cognition
Brain  Brain / A
region
Cell-cell Circuits
interaction
Sub- Cell —
Protein cellular
function o
Protein ]
RNA
o Complexity
o [l A
variability
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ASD cognition and behavior are the end result of
changes across multiple levels of biology

Sub-
Protein cellular
~ function
Protein

—1

_Cell-cell Circuits
interaction

Cell

—1

Behavior
Cognition
Brain  Brain / m A
region
Complexity
&
variability
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We can also observe sex differences at multiple
levels of biology

Behavior
Cognition
Brain  Brain / A
region
Cell-cell Circuits
interaction
Sub- Cell —]
Protein cellular ]
function w
Protein ]
RNA
o Complexity
o A
‘ variability
“ }' % =

48



DNA and RNA are easy to measure and
iInformative about downstream biological processes

Sub- Cell
Protein cellular
function o
RNA Protein w
DNA o 4 4
—

_Cell-cell Circuits
interaction

Brain  Brain
region

Behavior
Cognition R

Complexity
&

variability
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We can use gene expression to identify sex

differences in the brain

(1. Determine whether sex-biased gene
expression is apparent in the human

brain

2. Identify genes with sex-differential
expression levels in the human brain

3. Characterize the relationship between
sex-DEX genes and ASD biology

Previous studies: This study:

Sex-differential
neurobiology

iology

Autistic

50



Table 1 | Periods of human development and adulthood as defined
in this study

{i

Period Description Age

1 Embryonic 4 PCW = Age <8PCW
2 Early fetal 8 PCW = Age < 10 PCW
3 Early fetal 10PCW =Age < 13PCW
4 Early mid-fetal 13PCW =Age< 16 PCW
5 Early mid-fetal 16 PCW = Age < 19 PCW
6 Late mid-fetal 19 PCW = Age <24 PCW
7 Late fetal 24 PCW = Age <38 PCW
8 Neonatal and early infancy OM (birth)=Age <6 M
9 Late infancy 6eM=Age<12M

10 Early childhood 1Y=Age<6Y

11 Middle and late childhood 6Y=Age<12Y

12 Adolescence 12Y=Age<20Y

13 Young adulthood 20Y =Age<40Y

14 Middle adulthood 40Y =Age<60Y

15 Late adulthood 60Y =Age

M, postnatal months; PCW, post-conceptional weeks; Y, postnatal years.

sLHLHLE L8
L it LT L
[ B

Mo
|_|3_L oy M | -

Kang, et al., Nature, 2011; www.brainspan.org
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T
There is no evidence of an autosomal gene with
XY levels of sexual dimorphism

120 - . -
o Sex-DEX genes identified by
100 . permutation approach (a<o.os;
top-ranking sex-DEX in =2 consecutive
Chromosome Y genes developmental periods from same brain region):
80 - .o - Higher expression in males:
@ o - 343 protein-coding genes, 54
U'F;’ 60 - ° noncoding transcripts
T $ ° High ion in females:
T 40 H - Higher expression in females:
AHtosomes an><(j ° - 244 protein-coding genes, 176
20 XIST © rogecﬁé)gqe %o noncoding transcripts
° (L] 10 - n |
- e® T 8
0 - T T T T T T T 1 % 6 7
-6 -4 -2 0 2 4 6 8 % 4
% Higher ey © Higher 3 2
expression expression o = R
Fold difference in gene expression (log, scale) 100 200 500 1000 2000 5000 10,000

Age in days 52



We use enrichment analysis to find
biological processes that differ by sex

®

Male-DEX ‘ ‘ O o
-0.8

Female-DEX ‘ . O .
-2.5

JUSWIYDLIUS
JO sppo 607

-
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T
We use enrichment analysis to find

biological processes that differ by sex

Male-DEX @ @ @ @
Female-DEX @ GD @ @
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We use enrichment analysis to find
biological processes that differ by sex

®

weoex| @ QD @D Q|
0.8

maeoex (3D QD Q) Q)| g ™
-2.5

JUSWIYDLIUS
JO sppo 607

-
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We use enrichment analysis to find
biological processes that differ by sex

®

Male-DEX ‘ ‘ O o
-0.8

Female-DEX ‘ . O .
-2.5

JUSWIYDLIUS
JO sppo 607

-
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ASD risk genes and associated pathways /o
do not show sex-differential expression

ASD risk genes' ASD pathways®>*

1.6
Male-Dex | X X X ‘ X 10 5 =
05 w O
1.8e-04 o £
0 O
05 9 0O
Fem-Dex | X X | X X X 10 SCE
16 = ©

N genes: 63 170 790 2683 5413

I || |
TADA algorithm Binding targets of:

| || || || |
FDR<0.1 FDR<0.3 FMRP CHD8

Sanders et al, Neuron, 2015; 2Darnell et al, Cell, 2011; 3Cotney et al, Nat Comm, 2015; 4Sugathan et al, PNAS, 2014 57




Genes up-regulated in the ASD brain
are also sex-differentially expressed

Lower expr. in ASD' Higher expr. in ASD'

27
Male-Dex | < X X X ‘ . .

1.4e-49 3.5e-20

Fem-Dex | X X X X

1.1e-05 1.9e-15

N genes: | 241 ! 257 ! 281 Y 345 ! 521 ! 272 |

M4 M10 M16 M20 M9 M19

O O =

O 0

Log odds of
enrichment

N = O
N o ©

Parikshak, Swarup, Belgard et al, Nature, 2016. 58



Genes up-regulated in the ASD brain

are also sex-differentially expressed

Lower expr. in ASD

Higher expr. in ASD

Male-Dex | < X X

Fem-Dex | X X X

- @@

1.4e-49 3.5e-20

X

1.1e-05 1.9e-15

N genes: | 241 257 281

345 " 521 " 272I

M4 M10

M20 M9 M19

Fold enrichment
(*FDR < 0.05)

CTX.M4| 3 3* 106
CTX.M9 4.8 8
CTX.M10| 2.9* 5 &
CTXM16| 4.1* 3
CTX.M19 7o || =
CTX.M20| 1.2¢  1.3* 28

Q,\‘}O& . &@" O\\qoc;; & .éo&\’b 0

NG S

\e &?5\

Parikshak, Swarup, Belgard et al, Nature, 2016. 59



Genes up-regulated in the ASD brain
are also sex-differentially expressed

Lower expr. in ASD Higher expr. in ASD
Male-Dex | X X X X ‘ ‘
1.4e-49 3.5e-20 Immune system process
Regulation of immune
response
Fem-Dex X X X X Cytokine-mediated
signalling pathway
1.1e-05 1.9e-15 _ Positive regulation of
immune system process
N genes: 241 " 257 ¥ 281 T 345 N 521 N 272 | Defence response
048 14
M4 M10  Mi6  M20 MQ\IVHf Zscore enrichment
¢ organic acid transport

xenobiotic metabolic process

response to chemical
stimulus
developmental process

regulation of biological quality
amine transmembrane trans(g.of%er
activity

Developmental process

Multicellular organismal
process

Response to vitamin
Regulation of signalling

Regulation of cell
differentiation

regulation of inflammatory
response

system process
0246 0246

Z score enrichment Z Score Enrichment "Parikshak, Swarup, Belgard et al, Nature, 2016.
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ASD-up-regulated genes show largest
sex differences in prenatal cortex

M20 M9 M19
Higher expr. ; i i
in males 5 4 ! A A — Fem-DEX
= : @ 4\ A
2 A A g SN | Male-DEX
Male/Female @2 ° | = | e
expression | < . |
(@) | |
o | I
= -2 [ |
= | |
o | | |
Higher expr. b | . |
in females -4 ! | |

Fetal Birth Child Adult  Fetal Birth Child Adult  Fetal Birth Child Adult
Developmental stage
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ASD-up-regulated genes show largest
sex differences in prenatal cortex

\\Z \\2
(OC'\J ) (09
M20 psY Vo W " M19
Higher expr. i i i
in males ! 5 4 ! A A — Fem-DEX
\ ] L; : PN ,‘:x\ 4 |‘ M I DEX
vV = N || A 8 AU ale-
Male/Female @£ ° | = ' <
expression | & | |
g . |
<] | |
S | | :
Higher expr. = | . :
in females -4 - ! : |

Fetal Birth Child Adult  Fetal Birth Child Adult  Fetal Birth Shid Adult
Developmental stage
Convergence between
male-typical and ASD

neurobiology o



Males’ glial biology may be similar to glial biology in ASD

Sex-differential ASD
neurobiology neurobiology

63



Males’ glial biology may put them one step closer to
an ASD phenotype than females

A Population mean '

No. individuals in population

. g ;J
— Liability for ASD —> Diagnosed individuals

[gen%g:;n \r/g?ignts} + [ Perinatal i"SU“] + - + .
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Males’ glial biology may put them one step closer to
an ASD phenotype than females
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Males’ glial biology may put them one step closer to
an ASD phenotype than females
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Summary:
Sex-differential and ASD biology
- Intersection of ASD neurobiology and sex- neuroblology neuroblology
differential neurobiology provides an N A
approach to understand sex bias @O@‘ff E’v‘gﬁ

- ASD risk genes are not sex-differentially

expressed
- Genes up-regulated in ASD brain do differ
by sex:
- Males: Glial-associated genes (M9, M19)
- Females: “Cortical patterning” genes (M20)
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Review

- Autism prevalence and risk in males
vs. females

- How scientists think about sex-differential risk:
The Female Protective Effect (FPE) model

- Research in progress:

Relationship between autism biology and
sex-differential biology

A
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Review

- Autism diagnoses remain more prevalent in males

- Knowledge and awareness of the female ASD phenotype
is growing

- Female Protective Effect model is a useful tool for scientists to
formulate and test hypotheses about ASD risk

- Genetic evidence supports the hypothesis that females are

e

protected from ASD risk : :

- Gene expression from brain suggests that glial biology
differs by sex and is altered in ASD

- Working hypothesis: Males’ glial biology may push
them closer to ASD threshold than females

Y
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