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Why this presentation?

*» DAP /3.4.12. Indicate the sex of the animals used and why
We will use only female mice because of less aggressiveness. We don't expect sex differences
We will use males and females (without any information about distribution of the 2 sexes)

= Most applications for mouse work are applying for one sex
=  When both sexes are included, results are more often analyzed together and not separately

= In general biology and immunology, less that half of publications specified sex (eery & zucker 2011)

= This impacts on results: reproducibility issues , increased variability

= And /atent sex effects are lost
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Sex specific differences in disease susceptibility

~
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Sex As a Biological Variable in animal research
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Data produced by the International Mouse Phenotyping Consortium
14,250 wildtype animals + 40,192 mutant mice

From 2,186 single gene knockout lines

7 males and 7 females from each mutant line

10 phenotyping centers
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Oliva et al. Science 2020 The impact of sex on gene expression across human tissues

44 tissues GTEX project v8 release ; 838 individuals (557 males, 281 females)

[ ERNCTXA/ BRNCTXE (Cortex, £4:141 / Frontal cortex [BAS], £8:127)
[ BRNACC [Anterior cinguiste coriay [BA24], £2105)
[ BRNCDT (Caudate basal gangls], 52:142)
[ BRNNCC (Nucheus ecoumbans [asal ganglal, 55:147)
[] ERNPTM (Putamen [asal gangls], 42:123)
O BRNHPT [Hypothalamus, 47-123)
] ERNAMY [amygdeiz, 37-32)
[0 BRNHPP (Hppocampus, 48:116)
CIBRNSNG (Substantia nigrs, 33:81)
[0 BRNCHA | BRNCHE (Carabeilum, 52:151 / Censdellar nemisphere, 51:124)
[ BANSPC [Spinal cord [carvical c-1], 48:78)
[ PTTARY [Phuliary, 71:188)

————@ THYROID [Thyrolc, 186:378)
P I SLVAVG {Minar salivary gland, 40:104)
‘ [l BREAST (Brsast memmaly tssue, 151245
I LUNG [Lung, 166:348)

{5 ARTACRT (Aortz, 123:249) . s

B PHCAEAS (Pancrees, 118:189) ——_ , e

__——HRTAA (atrial appendaps, 113:253) ",

[ LIVER [Liver, E2:148)

[ ADRNLG (Adrenal gland, 84:133)

ARTCRN [Coronary ariary, B4:125)

I SPLEEN (Spleen, B5:141)

O KDNCTX (Kidnay cortex, 18:55)

T WUHRTLY (Lef ventrice, 122:264)

O ADPVSC (Visceral omenium, 143:320)

B ESPMCS [Esophagus mucesa, 176:521)

[ ESPMSL (Esophagus muscuiars, 162:303)
B ESPGE (Gastrossophages! junction, 110:220)
E CLNTRM [Transverse colon, 136:232)
" I SNTTRM [Smal Intestine terminel lleum, 53:111)
\ [ STMACH [Stomach, 122202)

O CLNSGM (Sigmold colon, 113:205)

M SKINNS [Not surexpossd skin (SUpTapubic), 163:348)
I ARTTEL (Tiblal arisry, 187:357)
[CINERVET (Tibia! nierve, 177-355) y

B WHLEILD (Wnole biood, 223:441) /
B LCL (EBVransfomag iymphocylas, 53:04) ——
B SKNS [Sun-expasad skin (lowsr iag), 208:337)
O ABRELS (Cultured Morablasts, 170:31%) ——
Il ADPSBQ (Subcutaneaus adipose, 184:367)
EIMSCLSK (Skeletal muscle, 237:465)




Oliva et al. Science 2020 The impact of sex on gene expression across human tissues

44 tissues GTEX project v8 release ; 838 individuals (557 males, 281 females)
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Oliva et al. Science 2020 The impact of sex on gene expression across human tissues

44 tissues GTEX project v8 release ; 838 individuals (557 males, 281 females)
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37,5% (13 294/35 431 genes, protein coding, INcRNA, & transcribed but less characterized genes)
of the human transcriptome was differently expressed in at least one tissue.

531 are X linked & 12763 are autosomal (47% and 37% of all tested genes respectively)
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Sex differences in phenotype

(A) Traditional view Revised view
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Sex As a Biological Variable in animal research

“ Evidences of sex impacting biology: an overview about
sex chromosomes

% Specific illustrations in cancer and immunology

< Tools: How to apply Sex As a Biological Variable?

Perspectives: further complement on other topics and species
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X & Y sex chromosomes are very different

153 million base pairs 50 million base pairs

Short stature, diopathic famiial Hodolda Short stature hameo bos, Yinked
3 ichthyosis Short stature
dermal aplasia, Leri-weill dyschondrosteasis
Episodic muscle weakness Langer mesomelic dysplasia
Mental retardation § Interleukin-3 receptor, Y chromosomal
Ocular albinism and sensorineural deafess Sex-determining region Y (testis-determining)
Amelogenesis imperfecta Gonadal dysgenesis, XY type
L faciak Charcot-Marie-Tooth disease, recessive Protocadherin 11, Yinked
Nance-Horan cataract-dental syndrome Keratosis follicularis spinulosa decalvans. Azo0spermia factors
Heterocellular hereditary persistence of fetal hemoglobin temia, hereditary Male infertility due to spermatogenic failure
Py defi ington synd Growth control, Y-chromosome influenced
Retinoschisis Chromodomain proteins
Gonadal dysgenesis, XY female type Retinitis pigmentosa, Y-linked
Mental retardation, non-dysmorphic
Agammaglobuinemia, type 2
G dysplasia
Infantile spasm syndrome Opitz G syndrome, type |
Aicardi syndrome Pigment disorder, reticulate
Deafness, sensorineural Melar
Simpson-Golabi-Behmel syndrome, type 2 Duchenne muscular dystrophy
Adrenal hypopiasia, congenital Becker muscular dystrophy
Dosage-sensitive sex reversal Cardhomyopathy, dilated
Deafness, congenital Chronic
Retinitis pigmentosa Smyder-Robinson mental retardation
Wilson-Turmer syndrome Norrie disease
Cone dystrophry Exudative wntemnnopamy
Aland island eye disease (ocular albinism) Coats.
Optic atrophy Rmpmung symmme
Night blindness, congenital stationary, type 1 Retinitis pigmentosa, recessive
Erythroid-potentiating activity Mental retardation, rmsp«lﬁ( and syndromic
Arthrogryposis multiplex congenita anemia with
Night blindness, congenital stationary, type 2 Chondrodysplasia punctata, dominant
Brunner syndrome Autoimmunity-immunodeficiency syndrome
Wiskott-Aldrich syndrome: Renal cell carcinoma, papiliary
9 y skog 1
Dent disease Chorioathetosis with mental retaedation
Nephrolithiasis, type | Sarcoma, synovial
Hypophosphatemia, type Il Prieto syndrome
Proteinuria Spinal muscular atrophy. lethal infantile
Anemia, sideroblastic/hypochromic Migraine, familial typscal
Cerebellar ataxia Androgen insensitivity
Renal cell carcinoma, papillary Spinal and bulbar muscular atrophy
Diabetes melitus, insulin-dependent Prostate cancer
Sutherland-Haan syndrome Pecineal hypospadias
Cognitive function, social Breast cances, male, with Reilumm syndrome
Mentalretardation, nonspecific al dysplasia, x Y x x
Menkes disease Alpha-thalassemia‘mental rewdanm
Occipital hor syndrome: Juberg-Marsidi syndrome
Cutis laxa, neonatal Sutherland-Haan syndeome
FG syndrome Smlmﬁwmwwﬂssyndtm
Invmnodeﬁ(-mq md«m.v\d severe
-Carpenter syndrome ww:-manmmw
Charcot Maeroom neuropathy, dominant Wieacker-Wollf syndrome
Mental retardation Torsion dystonia-parkinsonism, Filipino type
Leukemia, o mixed-ineage
Premature ovarian failure Anemia, sideroblastic, with ataxia
Arts syndrome Allan-Hemmdon syndeome
Cleft palate andlor ankyloglossia Deafness
Megalocomea Choroideremia
lv‘v‘y UMNdmm syndrome) Agammaglobulinemia
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(mk syndrome Lissencephaly
Hypertrichosis, congenital genevalized Bazex syndrome
Ptosis, hereditary congenital Mental retardation with growth hormone deficiency
‘Apoptosis inhibitor Mental retardation, South African type
syndrome
Thoracoabdominal syndrome X inactivation, familial skewed
Simpson-Golabi-Behme! syndrome, type 1 Pettigrew syndrome
Split hand/foot malformation, type 2 Gustavson mental retardation syndrome
i iency, with hyper-|
Mental retardation, Shashi type Retinitis pigmentosa
-Nyhan syndrome Wood neuroimmunologic syndrome
HPRT-related gout Heterotay, visceral
Lowe syndrome Ainism-deafness syndrome
Borjeson-Forssman-Lehmann syndrome Cone dystrophy, progressive
Testicular germ cell tumor Prostate cancer susceptibility
Hemophilia 8 Fragile X mental retardation
Warfarin sensitivity Epidermolysis bullosa, macular type
Osseous dysplasia (male lethal), digital Diabetes insipidus, nephrogenic
Adrenoleukodystrophy Canceritestis antigen
Colorblindness, biue monochromatic Hemophilia A
Cardiac vahwlar dysplasia Hunter syndrome
Emery-Dreifuss muscular dystrophy Mucopolysaccharidosis
Heterotopia, periventriculae Intestinal pseudoobstruction, neuronal
Favism Melanoma antigens
Hemolytic anemia Mental retardation-skeletal dysplasia
Colorblindness, green cone pigment Myotubular myopathy
Incontinentia pigmenti, type Il Otopalatodigital syndrome, type |
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Part | X & Y sex chromosomes are very different
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Glycogen storage disease Retinoschisis Chromodomain proteins
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Deafness, congenital sensorinewral Chronic granudomatous disease
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Mental retardation, nonspecific Ectodermal dysplasia, anhidrotic x Y x x
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Episodic muscle weakness
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Hypophosphatemia, hereditary
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Infantile spasm syndrome
Aicardi syndrome

Deafness, sensorineural
Simpson-Golabi-Behmel syndrome, type 2
Adrenal hypoplasia, congenital
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Deafness, congenital sensorineural
Retinitis pigmentosa

Wilson-Turner syndrome

Cone dystrophy
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Optic atrophy

Neght blindness, congenital stationary, type 1
Erythroid-potentiating activity
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Night blindness, congenital stationary, type 2
Bruner syndrome

Wiskott-Akdrich syndrome

Nephrolithiasis, type |
Hypophasphatemia, type il
Proteinuria
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Cerebellar ataxia
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Diabetes mellitus, insulin-dependent
SutherlandHaan syndrome

Cognitive function, social
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Menkes disease

Occipital hom syndrome

Cutis laxa, neonatal
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Mites-Carpenter syndrome
Charcot-Marie-Tooth neuropathy, dominant
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‘Apoptosis inhibitor

dysy
Opitz G syndrome, type |
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Melanoma
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Cardiomyopathy, dilated
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Sarcoma, synovial
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Breast cances, male, with Reifenstein syndrome
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Smith-Fineman-Myers syndrome
Hemolytic anemia
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Wieacker- Wolff syndrome
Torsion dystonia-parkinsonis, Filipino type
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Anemia, sideroblastic, with ataxia
Allan-Hendon syndrome
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Choroideremia
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Fabey disease
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Jensen syndrome
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Bazex syndrome
Mental retardation with growth hormone deficiency
Mental retardation, South African type

Thoracosbdominal syndrome
Simpson-Golabi-ehmel syndrome, type 1
Split hand/foot malformation, type 2

¥
Xinactivation, familial skewed
Pettigrew syndrome

Gustavson mental retardation syndrome

Mental retardation, Shashi type
Lesch-Nyhan syndrome

HPRT-related gout

Lowe syndrome
Borjeson-Forssman-Lehmann syndrome
Testicutar germ cell tumor

Hemophilia B

Wartarin sensitivity

Osseous dysplasia (male lethal), digital
Adrenoleukodystrophy
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Retinitis pigmentosa
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Heterotany, visceral
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Cone dystrophy, progressive
Prostate cancer susceptibility
Fragile X mental retardation
Epidermotysis bullosa, macular type
Diabetes insipidus, nephrogenic
Canceritestis antigen
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Emery-Dreifuss muscular dystrophy
Heterotopia, periventricular
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Colorblindness, green cone pigment
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Hydrocephalus

MASA syndrome
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Myopia (Borholm eye disease)
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Hemophilia A
Hunter syndrome
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Intestinal pseudoobstruction, neuronal
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Myotublar myopathy
Otopalatodigital syndrome, type |
Colorblindness, red cone pigment
Goeminne TKCR syndrome
Waisman parkinsonism-mental retardation
Barth syndrome.
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Landscape of X chromosome inactivation across human tissues

Variability of X linked gene expression across tissues

Tukiainen et al Nature 2017
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Part |  Variability of X linked gene expression across tissues

Ladscape of X chromosome inactivation across human tissues
Tukiainen et al Nature 2017
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Part | Variability of Y linked gene expression across tissues

index of
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' 5
1 PRKX >< 1 PAR1
2 NLG‘I>13§ 1
a N
3 TBLIX MSY
4 AMELX
5 TMSB4X
6  TXLNG 1Ml
7 EIF1AX
8 ZFX
£
9  USP9X kS
10 DDX3X E
11 KDM6A £
8
12 TSPYL2 g
13 KDM5C 2
7 PAR2
14 RPS4X
b TGIF2LX
c PCDH11X
10 Mb
15 RBMX
16 SOX3
>99%
sequence
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X genes without Region of
Y homologs X-Y crossovers
(n =~ 800) not shown during meiosis

Alexander K. Godfrey et al. Genome Res. 2020;30:860-873

© 2020 Godfrey et al.; Published by Cold Spring Harbor Laboratory Press
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Part | Sex differences in phenotype: sex chromosome content

T T

-> « epigenetic effect » of the sex chromosomes -> differences in dosage

- the inactive X as a « sink » for chromatin factors - XCl escapees - Y genes with no X homolog

- factors that can influence the dosage of autosomal genes - parental imprints - transregulation between Xs
maternal X # paternal X
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-> differences in dosage

-> « epigenetic effect » of the sex chromosomes

- the inactive X as a « sink » for chromatin factors - XCl escapees
- parental imprints

- Y genes with no X homolog
- transregulation between Xs

- factors that can influence the dosage of autosomal genes

maternal X # paternal X
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X & Y linked genes: sex biasing agents influencing gene
expression at the scale of the whole genome

-> « epige

-Y genes with no X homolog
-transregulation between Xs

- factors that can influence the dosage of autosomal genes -parental imprints

- the inactive X as a « sink » tor chromatin tactors ‘ - ALl €5CapeeEs

maternal X # paternal X
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The X-linked epigenetic regulator UTX Histone demethylase KDM5D upregulation
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Sex As a Biological Variable in animal research

“ Evidences of sex impacting biology: an overview
% Specific illustrations in cancer and immunology

% Tools: How to apply Sex As a Biological Variable?
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Histone demethylase KDM5D upregulation
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Sex-bias in colorectal cancer

*» iIKAP (mouse) model:
KRas®12P + conditional null alleles of Apcand 71053 (villin-CreERT2)
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Article

Histone demethylase KDM5D upregulation < iIKAP (mouse) m odel:
drivessex differences in colon cancer KRasG12D + conditional null alleles of Apcand 7rp53 (villin-CreERT2)
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e T » Sex differences tumor aggressiveness is related to KRAS*
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Part | Sex-bias in colorectal cancer

» KDM5D:. the sole Y-chromosome gene with

differential expression

Primary vs metastatic iKAP tumours from males +
KRAS* on vs off
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> T Dissemination and immune escape QE

Nature 619, 632—639 (2023)
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» KDM5D:. the sole Y-chromosome gene with
differential expression » KDM5C: the X-chromosome paralogue is

Primary vs metastatic iKAP tumours from males + not regulated
KRAS* on vs off

o1 9% Mouse Human
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> T Dissemination and immune escape QE

Nature 619, 632—639 (2023)
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SCIENCE IMMUNOLOGY | RESEARCH ARTICLE

CANCER IMMUNOLOGY

Androgen conspires with the CD8" T cell exhaustion
program and contributes to sex bias in cancer

B MB49 urothelial carcinoma o Male © Female

200 1 wr 2001 Rag2 KO
1501 M > F ** 1501 M=Fns
-~ 100 1 1007
E 50 1 501
S 0 - v - v 0 -
9 o -
& 3007 rerb/Terd KO 1501 1ghm KO
(«}
E 200- M:Fns 100<
=
100 1 501

0 & 8 12 16 0 € 8 12 16

Days post implantation

Sci Immunol. 2022 ; 7(73): eabqg2630.

** MBA49 cells: in vitro carcinogenesis of male mouse urothelial cells,
with loss of Y

» Lower tumor growth in females than in males

» Sexual dimorphism driven by:
* endogenous antitumor T cell immunity (exhaustion)
* T cell-intrinsic AR signaling
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Immunity @

CelPress

Volume 55, Issue 7, 12 July 2022, Pages 1268-1283.e9

Androgen receptor-mediated CD8* T cell
stemness programs drive sex differences
in antitumor immunity

Sex-bias in [bladder] cancer

Article

Androgenreceptoractivityin T cells limits
checkpointblockade efficacy

Received: 12 August 2020

Accepted: 4 February 2022
Published online: 23 March 2022

» High expression of AR in tumour infiltrating CD8+ T

» AR deficiency (KO mice) increased the expansion,
proliferation potential and anti-tumour functions of

CD8* T cells and led to the expansion of stem-like TPEX

» Human CRC and skin cutaneous melanoma: Positive
correlation between AR signalling genes and expression

of exhaustion markers of CD8*TIL ; lower frequencies

Stem cell-like Terminal exhausted
CcD8*T
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TIM-3 /J/";Cj Androgen
PD-1 oY I
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Tumor control Tumor pfogression

Immunity, Vol 55, Issue 7, 12 1268-1283.e9, 2022

Nature, 2022 Jun;606(7915):791-796.
Clin & Trans Imm, Vol 11, Issue: 8, 2022
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Part |l But... Y chromosome could also be linked to antitumor role

Article
Y chromosomelossincancer drives growth
by evasion of adaptive immunity

*+ Patient data + vitro/vivo mouse data with MB49 cell sublines
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Article

Y chromosomelossincancer drives growth
by evasion of adaptive immunity

*» Patient data + vitro/Vivo mouse data with MB49 cell sublines
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Article

Y chromosomelossincancer drives growth
by evasion of adaptive immunity
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*» Patient data + vitro/Vivo mouse data with MB49 cell sublines
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< Graft in immunodeficient (RagyC) or immunocompetent mice of:

Y+ cells
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> Molecular drivers lost in Y= tumours that contribute to immune evasion: UTY, KDM5D
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Cancer Biology

@ellfe Mutant mice lacking alternatively

spliced p53 isoforms unveil Ackr4 as . ) )

a male-specific prognostic factor in ** Trp53 & Myc transgenic mice
Reviewed Preprint Myc-driven B-cell ymphomas

o
@

—
o
o

i ""-\ 100 9
i R il 4 p53** Ep-Myc J'(n=25)
o \ P-02561 PO Ef-Myoi{rmdT) 60 - < p53MASIMS Ey-Myc T (n=32) ] P=0.0158
o <~ p53** En-Myc Q (n=22) ‘

p53AAS/AAS Ey-Myc Q (n=25)

N

o
N
o

\_\ﬂ + p53AAS/AAS Ey-Myc (n=57)

0 T T 1 O T T 1
0 200 400 600 0 200 400 600
Time (days) Time (days)

Tumor free survival (%)
H
o

Tumor free survival (%)
S
o

> Similar TFS curves for £u-Myc/Tp53witvs u-Myc/Tp53445KO when sexes were not considered
» Eu-Myc/Tp53 wt less aggressive in males

2024 elife. https://doi.org/10.7554/elife.92774.1
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@ellfe Mutant mice lacking alternatively

spliced p53 isoforms unveil Ackr4 as . ) )

a male-specific prognostic factor in ** Trp53 & Myc transgenic mice
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> Similar TFS curves for £u-Myc/Tp53witvs u-Myc/Tp53445KO when sexes were not considered
» Eu-Myc/Tp53 wt less aggressive in males

> Role of Ackr4in tumor aggressiveness in females than in males )

2024 elife. https://doi.org/10.7554/elife.92774.1 (ﬁ



Tumor-suppressor genes that escape from X-inactivation contribute to cancer sex bias

b Female Male
o Y 2 Putative X-linked tumor suppressor genes in human cancers
* i
Equvalent o o o FOXP3  Xpll.23 Mouse, Rat, Dog
U RBBP7 Xp22.2 Mouse, Rat, Dog
04' C¢ CD99 Xp22.32 and Yp11.3 Dog, (but not in Mouse, Rat)
c oo Ml FAM123BXqll.1 Mouse, Rat, Dog
remale Fomele  Memeioy hemoes | EDA2R  Xql2 Mouse, Rat, but unknow in Dog
IR W\ s " &' 4 RPS6KA6 Xg21  Mouse, Rat, Dog
v TN | e ATRX Xg21.1 Mouse, Rat, Dog
_— ‘ ELF4 Xg26.1 Mouse, Rat, Dog
male:female o PHF6 Xq26.3 Mouse, Dog, but unknow in Rat

ratio

LDOC1 Xqg27 Mouse, Rat, Dog
N v ) ¥ C¢ ) ¥ RPL10  Xg28 Mouse, Rat, Dog
i3 CAncEr ancer ancer ancer DKCl Xq28 Mouse’ Rat’ Dog

> Biallelic expression of ‘Escape from X-inactivation
tumor-suppressor’ (EXITS) genes in females: reduced
cancer incidence in females vs males

Nature Genetics 2017,49, 10-19 Future Oncol 2012,8(4):463-81
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» Efficacy assays: Sexual dimorphism in the expression and/or activity levels of P450 enzymes in
different organs

' Sex-Dominant CYP Enzymes mRNA in Different Organs of Male and Female Rats |

1A1 454, 455
2011, 2013
4A3 ! /'-\,\
223 142 1A1 .1
2€11, 2C13, 204, 261, 293 aA1
323
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181, 281 181, 2A1
2011, 2€13,2€23,203  2C11, 202, 204
213, 234, 210 24 ’
o Je a2 241 1A1, 282
SAL A% S5 2€12,202 2023
A9 211
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2013 4AS, 4F1, 454, 455, 456

Drug Metabolism and Disposition 2023, 51 (1) 81-94;




Genes on the X with the potential to influence immunocompetence

a Receptors & associated proteins

SCIENCE & SOCIETY

The X-files in immunity: sex-based
differences predispose immune
responses

Eleanor N. Fish

nature immunology

Article https://del.org/10.1038/541590-023-01463-8

The X-linked epigeneticregulator UTX
controls NK cell-intrinsic sex differences

Received: 27 April 2022 Mandy |. Cheng @', Joey H. Li*?, Luke Riggan'*®, Bryan Chen®’,
Rana Yakhshi Tafti*?, Scott Chin', Feiyang Ma @ *#, Matteo Pellegrini®*,
Haley Hrncir5, Arthur P. Arnold®, Timothy E. O’Sullivan @2

&Maureen A, Su@'*®

Accepted: 14 February 2023

Published online: 16 March 2023
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The X-linked histone demethylase Kdmé6a in CD4*
T lymphocytes modulates autoimmunity

Yuichire Itoh,’ Lisa C. Golden,'? Noriko Itoh," Macy Akiyo Matsukawa,’ Emily Ren,’ Vincent Tse,” Arthur P. Arneld,?

and Rhonda R. Voskuhl'

'Department of Neurology, David Geffen School of Medicine, UCLA, Los Angeles, California, USA. “Molecular Biology Institute, UCLA, Los Angeles, Califomia, LSA. *Department of Integrative Biology and
Physiology, UCLA, Los Angeles, California, USA.

AR
AGTRZ
CSFIRA

GPCR

CYSLTRI
IL-IRAFT
IL-IRAP2
IL-2RG
IL-3RA
IL-5R
IL-13RA1
IL-13RAZ
IRAK
MGFRAPT
TLRY
TLRE

Androgen receptor
Angiotensin receptor 2

Colony-stimulating factor 2 receptor o
(granulocyte-macrophage)

G-protein coupled receptors 23, 50,101, T2, 119, 74
and CX-chemokine receptor 3

Cysteinyl leukotriene receptor 1

Intereukin-1 {IL-1) receptor accessory protein-like 1
IL-1 receptor accessory protein-like 2

IL-2 receptor y-chain

IL-3 receptor a-chain

IL-S receptor

IL-13 receptor al-chain

IL-13 receptor a2-chain

IL-1 receptor-associated kinase
Merve-growth-factor receptor associated protein 1
TollHike receptor 7

Toll-ike receptor 8

b Immune-response related proteins

XsCID
ELK]
EFAG
GATAI
GTD
IDDMX
IGEP]
IG5H
ITGBIBP2
Coee
MTCP1
PFC
TIMP1
CD40L
398G

¥-linked severe combined immunodeficiency
Involbved in B-cell development

Early tymphoid activation protein

GATA-binding protein 1

Gonadotropin deficiency

¥-linked susceptibility to insulin-dependent diabetes
CO794, immunoglobulin binding protein 1
Immunoglobulin superfamily member 1
Integrin-B,-binding protein 2

Alsc known as MICZ; associated with T-cell function
Mature T-cell proliferation 1

Properdin P factor, complement

Tissue inhibitor of metalloproteinase 1

D40 ligand

An immunoglobulin superfamily protein

¢ Transcriptional & translational control effectors

RHOGAP
CDC42GEF
ETK

BTK

x4
TRAFT7O
DUsP

EEF

EIF

FOXP3

GAB3

HDAC
IKKy
MAPKKKIS
NFKBRF
MRK

MXF
PAK3

PPP
PRKCI
SEK
SWI/SNF

STKS
TAH
UBEI
UBEZA
UsP
WASP

RAS homologue (RHO) GTPase activating proteins 4, &
Cell-division cycle 42 guanine-nuclectide-exchange factors 6,9
Also known as BMX

Bruton agammaglobulinaemia tyrosine kinase

Caudal homeobox transcription factor 4

A co-factor for SP1 transcription factor activation

Dual specificity phosphatases 9, 21

Eukaryotic translation elongation factors 1al3, p4

Eukaryotic translation initiation factor 18, 2a

Forkhead box P3 (associated with the development and
function of regulatory T cells)

Growth-factor-receptor-bound protein 2-assocated binding
protein 3

Histone deacotylases &, 8

I8 kinase; also known as NEMO
Mitogen-activated protein kinase kinase kinase 15
Muclear factor-kB (MF-kB) repressing factor
MNFxB-inducing kinase-related kinase

Muclear RM& export factors 2,3,4, 5

p (also known as COKMIA)-activated kinase 3
Protein phosphatases 1, 2%, 6

Protein kinase Ci

Ribosomal protein S& kinase

W/ SMF-related, matrix associated, actin-dependent regulator
of chromatin

Sering/ threonine kinase 9

TATA-box-binding protein-associated factor 1, TRID subunit
Ubiquitin-activating enzyme El

Ubiquitin-conjugating enzyme E24

Ubiquitin-specific proteases 9+, 1, 26, 17, 511
Wiskott-Aldrich syndrome protein

Nature Rev Immunol, 2008, 8, 737-744
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» Sex differences in NK cell numbers and IFN-y
production are independent of gonadal

» X-linked UTX displays sexually dimorphic gene
expression independent of sex hormones.
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Part |l How to apply Sex As a Biological Variable?

< Pubmed: systematically check 'sex’ ‘'male and female’ ‘sex bias' ‘X or
Y chromosome’ to your literature search

< Pubmed your candidate gene (X and Y linked genes?)

< Funding & International guidelines

» All steps are concerned g

5

Consider Collect Characterize Communicate
Design studies that Tabulate Analyze Report and
take sex into account, sex-based data sex-based data publish
or explain why itisn't sex-based data

incorporated
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National Institutes
of Health

NIH to balance sex in cell
and animal studies

Nature. 2014,509(7500):282-3.

International guidelines & Funding

i European
Commission

When can experiments be done in only one —
cext B

¥  When studying a2 sex-specific phenormenon,
such as ovarian cancer or prostate cancer.

» To address inadeguate published data for
one sex in a particular areza.

GENDERED

INNOVATIONS 2:
¥ Where there is statistically robust evidence

_ _ How Inclusive
that sex does not influence a trait or NG
outcome. Ana l‘y" SIS

Contributes to
Research and
Innovation

In diseases where one sex predominates, such
25 breast cancer, both sexes may still need to
be included, but researchers may choose not

Reseorch ond
Policy Review mmovation



Part Il SAGER Guidelines

Heidari et al. Research Integrity and Peer Review (2016) 1:2 Reseg I’Ch | ntegrity a nd
DOI 10.1186/s41073-016-0007-6 Peer Review

REVIEW Open Access

Sex and Gender Equity in Research: @ e
rationale for the SAGER guidelines and
recommended use

Shirin Heidari', Thomas F. Babor®, Paola De Castro®, Sera Tort* and Mirjam Curno®

nature > editorials > article

EDITORIAL | 18 May 2022

Nature journals raise the bar on sex
and gender reportinginresearch

Authors will be prompted to provide details on how sex and gender were considered in
study design.

Instructions for authors
v Cell

v" Nature
v' Springer

@ Springer

Subjects Services v About Us

Sex and Gender in Research (SAGER
Guidelines)

We encourage our authors to follow the ‘Sex and Gender Equity in Research — SAGER —
guidelines’ and to include sex and gender considerations where relevant. Authors should
use the terms sex (biological attribute) and gender (shaped by social and cultural

circumstances) carefully in order to avoid confusing both terms. Article titles and/

or abstracts should indicate clearly what sex(es) the study applies to. Authors should also
describe in the background, whether sex and/or gender differences may be expected:;
report how sex and/or gender were accounted for in the design of the study; provide
disaggregated data by sex and/or gender, where appropriate; and discuss respective
results. If a sex and/or gender analysis was not conducted, the rationale should be given in
the Discussion. We suggest that our authors consult the full guidelines before submission.

T T R T T R T T TR R T N



Part Il SAGER Guidelines: Checklist

Methods
In cell biological, molecular biological, or biochemical
5 experiments, the origin and sex chromosome constitutions of
a
cells or tissue cultures are stated. If unknown, the reasons are
stated
General F . . . .
or studies testing devices or technology, explanation of whether
1 The terms sex/gender used appropriately 5b the product will be applied or used by all genders and if it has
been tested with a user’s gender in mind
Title 5 If relevant, description of how sex/gender was considered in the
C .
" Title specifies the sex of animals or any cells, tissues, and other design
a
material derived from these — — - - -
- lied s (technol - - ), the tidl For in-vivo and in-vitro studies using primary cultures of cells, or
n applied sciences (technology, engineering, etc.), the title . . . . o
) -pp ) gy, eng & cell lines from humans or animals, or ex-vivo studies with tissues
2b indicates if the study model was based on one sex/gender or the 5d from humans or animals, the sex of the subjects or source donors
application was considered for the use of one specific sex/gender is stated (except for immortalized cell lines, which are highly
Abhstrack transformed)
— X Results
Abstract specifies sex of animals or any cells, tissues, and other
3a 5 ; For studies using animal models, present a sex breakdown of the
material derived from these 6
: : : : animals*
In applied sciences (technology, engineering, etc.), the abstract
3b indicates if the study model was based on one sex/gender or the Discussion
application was considered for the use of one specific sex/gender If relevant, potential implications of sex/gender on the study
: 7 results and analyses, including the extent to which the findings
Introduction
can be generalized to all sexes/genders in a population
1a If relevant, previous studies that show presence or lack of sex or Adapted from SAGER guidelines. Sex and gender equity in research: rationale for the SAGER
gender differences or similarities are cited guidelines and recommended use. Research Integrity and Peer Review 1, Article number: 2 (2016)
Z ; : z https://researchintegrityjournal.biomedcentral.com/articles/10.1186/s41073-016-0007-6.
Mention of whether sex/gender might be an important variant . . .
4b These points extend beyond the original SAGER table.
and if differences might be expected
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% Pubmed: systematically check ‘sex’ ‘male and female' ‘sex bias’' ‘X or
Y chromosome’ to your literature search

< Pubmed your candidate gene (X and Y linked genes?)
< Funding & International guidelines

+»» Biostatistics

/
0’0

/
0’0
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Replacement

Reduction

Refinement

Basic

Avoiding or replacing
the use of animals in
areas where they
otherwise would have
been used.

Minimising the
number of animals
used consistent with
scientific aims.

Minimising the pain,
suffering, distress or
lasting harm that
research animals
might experience.

Biostatistics

Updated

Accelerating the development and
use of predictive and robust models
and tools, based on the latest
science and technologies, to
address important scientific
questions without the use of
animals.

Appropriately designed and
analysed animal experiments that
are robust and reproducible, and
truly add to the knowledge base.

Advancing research animal welfare
by exploiting the latest in vivo
technologies and by improving
understanding of the impact of
welfare on scientific outcomes.

» Absence of evidence regarding sex differences is
not justification

» Female variability is not sufficient justification

» Sex differences must be considered before they
can be ruled out




Part | Biostatistics: blocking experiments

Impact on animal numbers
https://eda.nc3rs.org.uk/experimental-design-animal-characteristics

= Males and females should be randomised separately to the experimental
groups

= The sample size and the analysis method both depend on the purpose of the

experiment:
Using sex as a blocking factor Using sex as a factor of interest
Sex: » To determine the overall effect of = To investigate whether the effect
*could influence an intervention of the intervention depends on
*should not influence * Allows the variability introduced Sex
by sex to be taken into account = Requires increased number of
= Requires same number of animals compared to a single
animals as a single sex sex experiment
experiment
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% Pubmed: systematically check ‘sex’ ‘male and female' ‘sex bias’' ‘X or
Y chromosome’ to your literature search

< Pubmed your candidate gene (X and Y linked genes?)
< Funding & International guidelines
* Biostatistics

«»» Courses

/
0’0
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COLLEGE
DE FRANCE .
1530 Enseignements  Recherche Bibliotheq
Pr Edith Heard
5 Cours

Biais liés au sexe dans la
susceptibilité aux maladies :
causes genetiques et
épigénctiques

Cours

Le lundi, de 10ha 12h30 — Amphithéatre Maurice Halbwachs

6 mars 2023
Introduction : les maladies ont-elles un sexe ?

13 mars 2023

Biais liés au sexe : comment distinguer
les effets dus aux chromosomes sexuels,
hormones ou mode de vie ?

20 mars 2023

Limpact de I'expression des génes liés
aux chromosomes X inactif et Y sur les
différences entre les sexes

27 mars 2023

Limportance de la régulation du dosage
des génes sur le chromosome X dans la
susceptibilité a certaines maladies

REPL4 )
Fren,

Courses

m National Institutes of Health
Office of Research on Women's Health

Putting science to work for the health of women E

SEX & GENDER WOMEN'S HEALTH EQUITY & INCLUSION

HOME > E-LEARNING

E-Learning

ORWH e-learning courses give users a thorough and up-to-date understanding of sex and gender influences on health
and disease and NIH requirements on factoring sex as a biological variable into research designs. Users will be able to
apply this knowledge when designing and conducting research or interpreting evidence for clinical practice.

Offerings include Bench to Bedside: Integrating Sex and Gender to Improve Human Health (CME credits available), Sex as a
Biological Variable: A Primer, Introduction: Sex- and Gender-Related Differences in Health, the SABV Primer: Train the Trainer,
and Introduction to Sex and Gender: Core Concepts for Health-Related Research.

l E-Learning Courses Flyer l l E-Learning Course Guide

The courses are open to the public, and registration is free.

E]ZQ) Bench to Bedside: Integrating Sex and Gender to Improve Human Health

(§T Sex as a Biological Variable (SABV): A Primer

r@ SABV Primer: Train the Trainer

47 Introduction to Sex and Gender: Core Concepts for Health-Related
-® Research
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% Pubmed: systematically check ‘sex’ ‘male and female' ‘sex bias’' ‘X or
Y chromosome’ to your literature search

XX XY-Sry

< Pubmed your candidate gene (X and Y linked genes?)

hd
< Funding & International guidelines ot o/

I —

+»» Biostatistics

XY- XX XY-Sry  XXSry

% Courses
Ovaries Q Testes d‘

“ [ Four core genotype (FCG) mouse model : hormon vs chromosome]



Perspectives

» Of course ‘sex’ is not the only one variable to be taken into account:
Age, genetic background (stain and backcross), Experimental unit...(ARRIVE guidelines)

REVIEW

» Not Only /n vivo but Ce"S too! Did you forget your cell sex? An update on the inclusion of sex as a variable in
AJP-Cell Physiology

Anthony Holland and 7 Neil A. Bradbury
Department of Physiology and Biophysics, Chicago Medical School, North Chicago, llinois, United States

» Other topics, other species (mammals, birds, reptiles)

nature communications

Article https://doi.org/10.1038/s41467-024-46384-8
RESEARCH ARTICLE Sex-biased gene expression across mammalianorgan  EPIg€Netic modulators link mitochondrial
IMMUNOLOGY development and evolution redox homeostasis to cardiac function in a
Sexual dimorphism in skin immunity is mediated by == T LT sex-dependent manner
an androgen-lLC2-dendritic cell axis e s e - PT—— T Ve S—F TS rp———

Nikolay Oskolkov® *, Fredrik Karlsson®, Julia Lindgren® %,
Walenti n®7 Domini Ko haf

Accepted: 23 February 2024 Anna @7, ©", Ret Jarvis®5,




Thank you

Athanassia Sotiropoulos

Susana Gomez




	Diapositive 1 Sex as a Biological Variable in preclinical assays  Katia ANCELIN & Virginie DANGLES-MARIE  WG CEEA-IC #118 
	Diapositive 2
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21
	Diapositive 22
	Diapositive 23
	Diapositive 24
	Diapositive 25
	Diapositive 26
	Diapositive 27
	Diapositive 28
	Diapositive 29
	Diapositive 30
	Diapositive 31
	Diapositive 32
	Diapositive 33
	Diapositive 34
	Diapositive 35
	Diapositive 36
	Diapositive 37
	Diapositive 38
	Diapositive 39
	Diapositive 40
	Diapositive 41
	Diapositive 42
	Diapositive 43
	Diapositive 44
	Diapositive 45
	Diapositive 46
	Diapositive 47
	Diapositive 48
	Diapositive 49
	Diapositive 50
	Diapositive 51
	Diapositive 52
	Diapositive 53
	Diapositive 54
	Diapositive 55
	Diapositive 56
	Diapositive 57
	Diapositive 58
	Diapositive 59
	Diapositive 60
	Diapositive 61
	Diapositive 62
	Diapositive 63
	Diapositive 64

