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❖ 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)

Why this presentation?

▪ 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 (Beery & Zucker 2011)

▪ This impacts on results: reproducibility issues , increased variability

▪ And latent sex effects are lost



Meetings…



From Migliore et al Biomedicines 2021

Sex specific differences in disease susceptibility

XY XX



Sex As a Biological Variable in animal research 

❖ 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

Nat Commun. 2017 Jun 26;8:15475

IMPReSS pipeline www.mousephenotype.org/impress/index
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❖ From 2,186 single gene knockout lines

❖ 7 males and 7 females from each mutant line

❖ 10 phenotyping centers

Nat Commun. 2017 Jun 26;8:15475

IMPReSS pipeline www.mousephenotype.org/impress/index

662/903 data sets

"Our findings show that 
regardless of research field 
or biologcial system, 
consideration of sex is 
important in the design 
and analysis of animal 
studies"
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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)

37,5% (13 294/35 431 genes; protein coding, lncRNA, & 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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❖ 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? 

Sex As a Biological Variable in animal research 

▪ Perspectives: further complement on other topics and species



https://public.ornl.gov/site/gallery/highres/GenomePoster2009.pdf 
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Sex dosage compensation: 

X chromosome inactivation in female mammals

XY
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Sex dosage compensation: 

X chromosome inactivation in female mammals
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XYXX

paint from Carmen Tyrell (detail)

Sex dosage compensation: 

X chromosome inactivation in female mammals

random X inactivation

embryonic 
development

1- choice 2- clonal 
propagation
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Female mammals are a mosaic because of XCI choice



Variability of X linked gene expression across tissues

W>M

M>W

Landscape of X chromosome inactivation across human tissues
Tukiainen et al Nature 2017
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Variability of X linked gene expression across tissues

W>M

M>W

Ladscape of X chromosome inactivation across human tissues

Tukiainen et al Nature 2017

29 tissues
(Genotype-Tissue
Expression project
public resource at
gtexportal.org)

Escape from XCI in females: an added layer of X-
linked mosaicism in gene expression

Part I



Estimates of MSY gene expression across 36 human tissues. 

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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Sex differences in phenotype: sex chromosome content
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Part I Sex differences in phenotype: sex chromosome content

Nature 2023 Kdm5d (Ylinked)/ no role for 5c (X linked)

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

Nature Immuno 2023 UTX (X linked) / no role for UTY (Y linked)



❖ Evidences of sex impacting biology: an overview

❖ Specific illustrations in cancer and immunology

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

Sex As a Biological Variable in animal research 



Sex‐bias in colorectal cancer

❖ iKAP (mouse) model: 

KRasG12D + conditional null alleles of Apc and Trp53 (villin-CreERT2)

Nature 619, 632–639 (2023)
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Sex‐bias in colorectal cancer

❖ iKAP (mouse) model: 

KRasG12D + conditional null alleles of Apc and Trp53 (villin-CreERT2)

➢ Sex differences tumor aggressiveness is related to KRAS*

Mouse

Nature 619, 632–639 (2023)

Human

Part II

met



➢ KDM5D: the sole Y-chromosome gene with 

differential expression
Primary vs metastatic iKAP tumours from males + 

KRAS* on vs off

Sex‐bias in colorectal cancer

Nature 619, 632–639 (2023)

Part II

➢  Dissemination and immune escape



➢ KDM5D: the sole Y-chromosome gene with 

differential expression
Primary vs metastatic iKAP tumours from males + 

KRAS* on vs off

Sex‐bias in colorectal cancer

➢ KDM5C: the X-chromosome paralogue is

not regulated

Nature 619, 632–639 (2023)

Part II

➢  Dissemination and immune escape

Mouse Human



❖ MB49 cells: in vitro carcinogenesis of male mouse urothelial cells,
with loss of Y 

Sci Immunol. 2022 ; 7(73): eabq2630.

➢ Lower tumor growth in females than in males

Sex‐bias in bladder cancer 

➢ Sexual dimorphism driven by:

endogenous antitumor T cell immunity (exhaustion)

T cell–intrinsic AR signaling

Part II



Sex‐bias in [bladder] cancer Part II

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

➢ 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 
cells 

➢ Human CRC and skin cutaneous melanoma: Positive 
correlation between AR signalling genes and expression 
of exhaustion markers of CD8+ TIL  ; lower frequencies 
of T cells in males



Nature 2023;619(7970):624-631

But… Y chromosome could also be linked to antitumor role

➢ LOY (Loss of Chromosome Y) associated with a worse patient 

outcome

➢ Involvement of KDM5D and UTY

Part II

❖ Patient data + vitro/vivo mouse data with MB49 cell sublines

Y chromosome RNA expression signature score

300 men with locally advanced muscle-invasive bladder

Cancer (TCGA)
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Nature 2023;619(7970):624-631

But… Y chromosome could also be linked to antitumor role

❖ Patient data + vitro/vivo mouse data with MB49 cell sublines

➢ No effect on in vitro growth between Y+/Y-

➢ Y- more aggressive in immunocompetent mice

Part II



Nature 2023;619(7970):624-631

But… Y chromosome could also be linked to antitumor role

➢ Molecular drivers lost in Y− tumours that contribute to immune evasion: UTY, KDM5D

Part II

❖ Graft in immunodeficient (RagC) or immunocompetent mice of: 

Y+ cells Y- cells



❖ Trp53 & Myc transgenic mice 

➢ Similar TFS curves for Eµ-Myc/Tp53wt vs µ-Myc/Tp53AS KO when sexes were not considered 

Sex‐bias in B-lymphomas

➢ Eµ-Myc/Tp53 wt less aggressive in males

Part II

2024 eLife. https://doi.org/10.7554/eLife.92774.1
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➢ Role of Ackr4 in tumor aggressiveness in females than in males



Nature Genetics 2017,49, 10-19

➢ Biallelic expression of ‘Escape from X-inactivation 

tumor-suppressor’ (EXITS) genes in females: reduced 

cancer incidence in females vs males

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

Putative X-linked tumor suppressor genes in human cancers

FOXP3 Xp11.23 Mouse, Rat, Dog
RBBP7 Xp22.2 Mouse, Rat, Dog
CD99 Xp22.32 and Yp11.3 Dog, (but not in Mouse, Rat)
FAM123BXq11.1 Mouse, Rat, Dog
EDA2R Xq12 Mouse, Rat, but unknow in Dog
RPS6KA6 Xq21 Mouse, Rat, Dog
ATRX Xq21.1 Mouse, Rat, Dog
ELF4 Xq26.1 Mouse, Rat, Dog
PHF6 Xq26.3 Mouse, Dog, but unknow in Rat
LDOC1 Xq27 Mouse, Rat, Dog
RPL10 Xq28 Mouse, Rat, Dog
DKC1 Xq28 Mouse, Rat, Dog

Future Oncol 2012;8(4):463-81



That's not all:

➢ Efficacy assays: Sexual dimorphism in the expression and/or activity levels of P450 enzymes in 

different organs

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

Part II



Nature Rev Immunol, 2008, 8, 737-744

Genes on the X with the potential to influence immunocompetence



➢ Sex differences in NK cell numbers and IFN-γ 

production are independent of gonadal 

➢ X-linked UTX displays sexually dimorphic gene 

expression independent of sex hormones.

Nature Immunol, 2023, 24, 780-791

Sex‐bias in NK number and functionPart II
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How to apply Sex As a Biological Variable? Part III

➢ All steps are concerned



International guidelines & FundingPart III

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



SAGER Guidelines

Instructions for authors

✓ Cell

✓ Nature 

✓ Springer

Part III



SAGER Guidelines: ChecklistPart III
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BiostatisticsPart III

➢ 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



Biostatistics: blocking experimentsPart III

Sex:
*could influence
*should not influence



❖ 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

❖ [ Four core genotype (FCG) mouse model ]

How to apply Sex As a Biological Variable? Part III



Courses

Pr Edith Heard

Part III



❖ 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

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

How to apply Sex As a Biological Variable? Part III



Perspectives

➢ Not only in vivo but cells too!

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

➢ Of course ‘sex’ is not the only one variable to be taken into account: 

Age, genetic background (stain and backcross), Experimental unit…(ARRIVE guidelines)



Thank you

Athanassia Sotiropoulos

Susana Gomez
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