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Supplementary Figure 1: Overall e�ect of immune cell type and sex by Principal 
component analysis (PCA). a, Components 1-3, explaining ~55.6% of the variance in 
the data. Male (empty circles) and female (�lled circles) samples from datasets A and B 
are shown, based on the expression of 2904 genes that are expressed in both datasets 
above the noise threshold (see Methods). Cell types are marked by colors. b, �e �rst 
versus the 12th principal component, explaining 1.04% of the variance, separating 
male and female samples. Top most contributing genes to the 12th principal 
component are listed by direction of contribution. Source data for (a, b) are provided 
as a Source Data �le.
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Supplementary Figure 2: Macrophage-speci�c sex signature. Heatmap of (a) relative 
expression (expression values are trimmed to range [-2,2]) and (b) FPKM levels of 
male and female SDEGs in macrophages from datasets A and B. Genes are sorted by 
female-male fold change. Colorbars indicating sex, age (6 weeks and 2,6,17/20 
months) and dataset (A and B) are shown below the heatmaps. For genes with multi-
ple names, only the �rst name is shown, and then period. Source data for (a, b) are 
provided as a Source Data �le.
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Supplementary Figure 3: Transcriptional sexual 
dimorphism is related with lupus association. 
Female-male fold change (log2) of unstimulated MFs 
compared with SLE score of individual genes for 
MF-ISGs. SLE scores1 [p-value (-log10) multiplied by 
the direction of association] for two SLE studies, (a) of 
European2, and (b) East Asian3 patients. Source data 
for (a, b) are provided as a Source Data �le.
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Supplementary Figure 4: Male and female responses to IFN stimulation are similar. Shown are 
scatter plots of the di�erences between male–female mean fold change of expression (3 
replicates, dataset B) in (a) macrophages, (b) granulocytes and (c) B cells. Each dot 
represents a gene. Genes that are induced only in females, only in males, or in both sexes are 
colored pink, blue, and gold, respectively. Induction criteria are t-test pFDR < 0.05 and 
IFN-unstimulated fold change>2. Source data for (a-c) are provided as a Source Data �le.
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Supplementary Figure 5: MF-SDEGs are consistently di�erent in the ATAC-seq matched RNA-seq data. 
Macrophage-speci�c SDEGs on male and female macrophages from dataset D. Mean expression in 
female (X axes) vs. male (Y axes), of all genes (gray), female SDEGs (pink) and male SDEGs (blue). 
SDEGs gene symbols are shown. Source data are provided as a Source Data �le.
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Supplementary Figure 6: Sexual di�erential accessibility is identi�ed in immune cells. 
Volcano plots of female-male fold change versus pFDR (-log10) for di�erential OCRs 
(DOs) are shown in TSS regions for (a) B cells (1 DO) and (b) T4 cells (5 DOs). Distal 
enhancer regions are shown for (c) B cells (no DOs) and (d) T4 cells (34 DOs). Lines are 
marking the thresholds set for DOs pFDR < 0.05 and female-male fold change > 2). Source 
data for (a-d) are provided as a Source Data �le.
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Supplementary Figure 7: MF-SDEGs identi�ed in peritoneal cavity MFs display limited dimorphism in two other 
tissues. Heatmaps of relative expression levels of MF-speci�c male and female SDEGs identi�ed in peritoneal 
cavity macrophages of datasets A and B showed in MF samples from: (a) peritoneal cavity (PC-MF, green), (b) 
spleen (Sp-MF, yellow) and (c) central nervous system (CNS, purple) (dataset C) are shown. Genes were sorted by 
mean male-female fold change. Only genes which passed expression �lter per tissue are shown. Dotted horizontal 
white lines separate female from male up-regulated genes. Dotted vertical white lines separate female and male 
samples. Source data for (a-c) are provided as a Source Data �le.
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Supplementary Figure 8 : Gating strategies for cells sorted from C 57 BL/ 6 J. Gating strategy to sort: (a) Peritoneal
B1aB (CD19+CD43+CD5+) cells and macrophages (F480+ICAM2+). (b) Splenic whole CD4 (CD19-TCRB+CD4+CD8-), 
whole CD8 (CD19-TCRB+CD4-CD8+) T cells, and B cells (CD19+IgM+TCRB-). (c) Splenic DC (TCRB-B220-CD11chi+ 
MHCII+Flt3+), Red Pulp macrophages (TCRB-MHCIIintF480hi), and Neutrophils (TCRB-B220-Ly6G+). (d) Splenic NK 
(CD8-CD19-Ter119-Gr1-NK1.1+TCRB-), NKT (CD8-CD19-Ter119-Gr1-NK1.1+TCRB+), gdT (CD8-CD19-Ter119-Gr1- 
TCRB-TCRgd+), and Tregs (CD8-CD19-Ter119-Gr1-TCRB+CD4+CD25+). (e) CNS macrophages (lin-PI-CD45intCD11 
b+).



Gene Symbol Locus

PCA Coeffitients (12th 

component)*

Ly6e chr15:74954978-74966153 -0.080

Zbp1 chr2:173205320-173218922 -0.079

Pyhin1 chr1:173616117-173706395 -0.074

Tsix,Xist chrX:103408377-103530703 -0.070

Ifi203,Mndal chr1:173747219-173942492 -0.069

Bst2 chr8:71469193-71725681 -0.068

Cd48 chr1:171682042-171705257 -0.068

Tcrg chr13:19162037-19341613 -0.067

Ahnak,Mir6367 chr19:8871495-9076926 -0.067

Tcrg-V1,Tcrg-V3 chr13:19162037-19341613 -0.066

Tcrg,Tcrg-C3 chr13:19162037-19341613 -0.064

Ctsc chr7:88278092-88310875 -0.063

Tcrd,Trdd2 chr14:52744248-54273460 -0.062

Gm12184,Irgm1 chr11:48800229-48871683 -0.062

Plac8 chr5:100518308-100577093 -0.061

Ikbkb chr8:22577074-22706583 -0.061

5830411n06rik chr7:140247170-140300958 -0.059

Lpxn chr19:12798534-12836203 -0.057

Sdf2 chr11:77982785-78255496 -0.057

Itgb7 chr15:102165181-102231995 -0.056

Ak035387 chr6:3240529-3346094 -0.056

M37286,V Delta 6, Tcr chr14:52744248-54273460 -0.055

C920025e04rik,H2-T23 chr17:35743322-36121444 -0.055

Tcrg-C chr13:19341778-19352759 -0.055

Gm8369,Ms4a4b,Ms4a4c,Ms4a4d,Ms4a6b,Ms4a6c chr19:11343950-11574227 -0.055

Bscl2 chr19:8692294-8867843 -0.054

Supplementary Table 1 - Genes contributing to the sex effect according to the 12th component in PCA analysis



Psmb10 chr8:105900473-106054019 -0.054

Oas3 chr5:120511179-120824207 -0.053

Ak079938 chr19:11343950-11574227 -0.053

Olfr1396 chr11:49015873-49144967 -0.052

Rac1 chr5:143403819-143612674 -0.052

Crip1 chr12:113148777-113204076 -0.052

P2rx7 chr5:122619136-122692683 -0.051

S100a10 chr3:93555112-93628234 -0.051

Gm11625,Ifi35 chr11:101448298-101476521 -0.050

Igbp1 chrX:100494290-100518193 -0.050

Poldip3 chr15:83089505-83149336 0.050

Gm7964 chr7:83749753-83798317 0.051

Bcas2,Csde1,Nras chr3:103020421-104220406 0.051

Sept2 chr1:93478992-93635752 0.052

Arhgef2,Gm25945 chr3:88607453-88775138 0.054

Edf1 chr2:25557842-25562082 0.055

Gm14494,Mapre1 chr2:153741286-153827070 0.059

Zfp263 chr16:3744098-3750788 0.060

Aim1l,Ubxn11 chr4:134052606-134245873 0.061

Dnase1,Trap1 chr16:4028912-4213496 0.064

Rbm25 chr12:83631235-83921934 0.064

Hnrnpdl chr5:100033577-100039664 0.064

Gm13423,Yme1l1 chr2:23156170-23312403 0.065

Atrx chrX:105797386-105929388 0.066

Abcg1 chr17:31057693-31277356 0.068

1700094d03rik,4933434e20rik,Ak217252 chr3:89977617-90068347 0.072

Nup210l chr3:90072650-90473054 0.073

Eif2s3y chrY:1010592-1286613 0.076

Nup210l,Tpm3 chr3:90072650-90473054 0.078

Ak033381,Tug1 chr11:3639784-3649042 0.100

* Positive coefficients for the male side, negative for the female



Gene 

symbol Locus

t-

statistic p value pFDR

Fold 

change 

(log2)

Female 

mean 

(log2)

Male 

mean 

(log2)

Eif2s3y chrY:1010592-1286613 -73.08 1.27E-62 3.54E-59 -6.0 0.0 6.0

Ak007249 chr8:8613472-8787317 -5.82 2.18E-07 3.58E-05 -1.5 4.2 5.7

Inpp5f
chr7:128611327-

128740620 -5.71 3.24E-07 5.01E-05 -0.9 4.4 5.3

Klf13 chr7:63879464-63938915 -6.59 1.02E-08 5.65E-06 -0.8 5.9 6.7

Ak031561,

Set chr2:30061772-30217564 -6.60 9.73E-09 5.65E-06 -0.7 4.3 5.1

Abhd8 chr8:71396847-71463657 -4.09 1.24E-04 5.33E-03 -0.7 2.9 3.5

Srsf2
chr11:116803399-

116853124 -5.34 1.38E-06 1.32E-04 -0.7 4.6 5.2

Abcg1 chr17:31057693-31277356 -5.38 1.14E-06 1.20E-04 -0.6 5.4 6.1

Gm23547,

Phb2
chr6:124663103-

124718831 -3.97 1.87E-04 7.03E-03 -0.6 4.5 5.1

Kcnn4 chr7:24355262-24385364 -4.20 8.60E-05 4.10E-03 -0.6 3.0 3.6

Sephs2
chr7:127233254-

127645111 -3.01 3.79E-03 6.62E-02 -0.6 3.1 3.7

Tsix,Xist
chrX:103408377-

103530703 57.91 2.37E-56 3.31E-53 5.7 5.8 0.1

Oas3
chr5:120511179-

120824207 6.01 1.03E-07 2.20E-05 0.6 3.3 2.7

Rsad2 chr12:26442742-26456461 4.50 2.94E-05 1.77E-03 0.6 2.5 1.9

Supplementary Table 2 - Pan-immune sexually differentially expressed genes 

Male>Female (pFDR < 0.2, FC(log2) > 1)

Female>Male (pFDR < 0.2, FC(log2) > 1)



Pathway name Genes
Enrichment 

Score (ES)

Normalized 

ES

Nominal 

p-val

FDR q-

val
Contributing genes

IFNα response 34 0.77 2.57 <0.001 <0.001

Ly6e, Irf7, Lgals3bp, Rsad2, Gbp2, Irf9, Rtp4, Tap1, Trafd1, 

Psmb9, Samd9l, Ifi27, Nmi, Psme1, Casp8, Ifi, M3, Elf1, Isg20, 

Lpar6, Casp1, Irf1, Sell, Bst2

IFNγ response 84 0.62 2.48 <0.001 <0.001

Oas3, Ly6e, Irf7, Lgals3bp, Stat1, Rsad2, Irf9, Zbp1, Rtp4, Oas2, 

Tap1, Trafd1, Samhd1, Psmb9, Samd9l, Nfkb1, Lcp2, Ifi27, Nmi, 

Psme1, Fas, Casp8, Ifitm3, Isg20, Cfh, Stat4, Socs3, Casp1, Pml, 

Irf1, Bst2, Il10ra, Cd38, Sppl2a, Epsti1, Psmb10, Myd88, Casp4, 

Xcl1, Psme2, Ptpn2, Cd40, Nfkbia, Gpr18, Irf2

Complement 

system
63 0.49 1.88 0.01 0.18

Irf7, Ctsb, Hspa5, Psmb9, Lcp2, Lamp2, Ctsc, Lgmn, Cd36, Cfh, 

Lrp1, Ctss, Casp1, C3, Irf1, Ctso, Pik3r5, Lyn, Prcp, Casp4, Dusp6, 

Fn1, Lta4h, Irf2, S100a13, F10

Allograft rejection 85 0.43 1.72 0.03 0.19

Irf7, Stat1, Gbp2, Tap1, Il2rg, Lcp2, Tlr1, Fas, Zap70, Fcgr2b, 

Ctss, Stat4, Tap2, Igsf6, Itgal, Cd28, Npm1, Cd2, Abi1, Capg, Lyn, 

Psmb10, Il16, Cd8a, Cd40, Cd7, Cxcr3, Klrd1, Nme1, Ncf4, Il15, 

Cd3g, Hcls1, Icam1, Cd86, Ifngr2, Ly86, Tpd52, Ccr2

Inflammatory 

response
59 0.45 1.71 0.02 0.15

Ly6e, Irf7, Rtp4, Nfkb1, Lcp2, Nmi, Tlr1, P2rx7, Cybb, Cd48, Irf1, 

Sell, Bst2, Il10ra, Rgs1, Pik3r5, Abi1, Il7r, Lyn

IL6 JAK-STAT3 33 0.51 1.70 0.02 0.13
Stat1, Irf9, Il2rg, Fas, Il13ra1, Cd36, Socs3, Irf1, Cbl, Cd38, 

Pik3r5, Myd88, Ptpn2, Il1r2

Coagulation 35 0.49 1.67 0.03 0.12
Ctsb, Lamp2, Arf4, Lgmn, Rac1, Cfh, Lrp1, C3, Ctso, Pef1, Dusp6, 

Fn1, S100a1, Lta4h, Gng12, S100a13, F10

Supplementary Table 3 - Functional enrichment of the top pan-immune sexually differentially expressed genes 



Gene Symbol Locus t-statistic p value pFDR 

Fold change 

(log2)

Female mean 

(log2) Male mean (log2)

Eif2s3y chrY:1010592-1286613 -22.101 3.52E-06 7.24E-03 -5.8 9.2 9.8

S100a4 chr3:90603769-90611780 -5.005 4.09E-03 0.131 -1.3 5.7 6.7

Cd24a,F830002l21rik chr10:43578658-43669646 -4.104 9.31E-03 0.182 -1.0 4.8 5.4

S100a6 chr3:90612893-90614414 -7.992 4.95E-04 0.121 -1.0 6.9 7.8

Pglyrp1 chr7:18884629-18916897 -4.613 5.77E-03 0.152 -1.0 6.7 7.4

Mir7678,Slpi chr2:164296517-164443255 -4.748 5.11E-03 0.144 -1.0 6.9 7.5

Id2 chr12:24974824-25096092 -4.925 4.38E-03 0.131 -0.9 5.2 5.8

Ppp3ca chr3:136626390-136939574 -8.482 3.74E-04 0.110 -0.8 11.2 12.2

Fabp5 chr3:10012584-10016610 -4.123 9.14E-03 0.182 -0.8 5.4 6.1

Serpinb1a,Serpinb1c chr13:32802029-32898140 -4.951 4.28E-03 0.131 -0.7 7.2 8.4

Ddx39 chr8:83715176-83829382 -4.596 5.86E-03 0.152 -0.7 5.9 6.9

Rab31,Vapa chr17:65580052-65772752 -5.080 3.83E-03 0.131 -0.6 4.9 5.7

Gm24989 chr11:77216274-77460222 -6.094 1.72E-03 0.121 -0.6 4.1 5.1

Oaz1-Ps chr17:17334933-17346394 -5.729 2.27E-03 0.121 -0.6 4.7 5.4

Serpinb2 chr1:107501060-107622313 -5.197 3.48E-03 0.131 -0.6 0.0 5.8

Saa3 chr7:46711997-46715676 5.699 2.32E-03 0.121 1.8 13.5 11.7

Fcgr4 chr1:170960558-171046296 4.169 8.75E-03 0.182 1.5 6.8 5.3

Lrg1 chr17:56079624-56290541 5.529 2.65E-03 0.121 1.3 7.7 6.4

Lrg1,Sema6b chr17:56079624-56290541 7.760 5.68E-04 0.121 1.3 9.0 7.7

Cfb,Mir6972 chr17:34850390-34862514 4.259 8.03E-03 0.176 1.2 7.9 6.7

Apoc2,Apoc4 chr7:19505791-19824279 5.339 3.09E-03 0.126 1.2 8.6 7.4

Apoe chr7:19505791-19824279 6.068 1.76E-03 0.121 1.1 14.9 13.8

Ly6e chr15:74954978-74966153 5.552 2.61E-03 0.121 1.1 8.6 7.5

Prtn3 chr10:79697304-80369637 4.045 9.87E-03 0.188 1.0 8.4 7.4

C4a,C4b chr17:34589805-34836927 5.734 2.26E-03 0.121 1.0 9.0 8.0

Stxbp3a chr3:108788559-108911710 5.164 3.57E-03 0.131 0.9 6.8 5.8

Supplementary Table 4 - Macrophage (MF)-specific sexually differentially expressed genes

Male MF-SDEGs: MF Male>Female (pFDR < 0.2, FC(log2) < 1)

Female MF-SDEGs: MF Female>Male (pFDR < 0.2, FC(log2) > 1)



Ms4a6d chr19:11586605-11604811 7.037 8.95E-04 0.121 0.9 6.4 5.5

Timd4 chr11:46810700-46844333 4.517 6.30E-03 0.155 0.9 8.1 7.2

Fcgr2b chr1:170960558-171046296 4.114 9.23E-03 0.182 0.9 8.1 7.2

Sepp1 chr15:3268546-3280585 5.738 2.25E-03 0.121 0.9 10.9 10.1

Pltp chr2:164769892-164919953 5.449 2.83E-03 0.124 0.8 9.4 8.6

Tmem106a chr11:101552106-101599256 8.554 3.60E-04 0.110 0.7 6.5 5.7

Tmem176a chr6:48841482-48847106 4.862 4.62E-03 0.135 0.7 7.9 7.2

Anxa5,Mir7009 chr3:36445485-36475887 4.245 8.13E-03 0.176 0.7 6.7 6.0

Klra2 chr6:131212997-131247362 4.918 4.40E-03 0.131 0.7 5.8 5.1

Ak172267 chr13:120034604-120052227 6.745 1.09E-03 0.121 0.7 5.5 4.9

Trf chr9:103208872-103305082 4.981 4.17E-03 0.131 0.6 12.2 11.5

Dnase2a,Loc100503676 chr8:84908618-84937353 6.902 9.78E-04 0.121 0.6 5.5 4.9

Bst1 chr5:43818871-43912380 5.668 2.38E-03 0.121 0.6 5.6 5.0

Frmd8,Malat1 chr19:5773783-5912866 8.494 3.72E-04 0.110 0.6 8.8 8.2

Xdh chr17:73804794-73951492 5.857 2.06E-03 0.121 0.6 6.9 6.3



Gene Symbol pFDR Fold Change (log2) Female mean Male mean

Xist 7.11E-08 3.146 3.770 0.625

Kdm6a 5.33E-07 1.463 7.004 5.540

Cfp 1.86E-04 1.402 6.058 4.655

Eif2s3x 0.008 1.374 4.869 3.495

Bckdhb 0.037 -1.094 4.682 5.776

Ift74 0.037 -1.265 3.845 5.110

Ncam2 0.008 -2.148 1.001 3.149

Ddx3y 4.39E-15 -4.173 0.000 4.173

Xist 3.16E-04 4.982 4.982 0.000

Kdm6a 2.98E-04 1.326 7.645 6.318

Eif2s3y 0.045 -4.008 0.000 4.008

Uty 2.98E-04 -5.041 0.000 5.041

Ddx3y 1.54E-04 -5.333 0.000 5.333

Ddx3y 0.042 -5.599 0.000 5.599

Gm35612,Firre 4.37E-29 5.668 5.668 0.000

Gm35612,Firre 1.32E-28 5.600 5.600 0.000

Gm35612,Firre 9.07E-28 5.511 5.511 0.000

Gm35612,Firre 1.80E-26 5.383 5.383 0.000

Gm35612,Firre 7.38E-25 5.225 5.583 0.358

Gm35612,Firre 6.60E-22 4.932 4.932 0.000

Gm35612,Firre 3.69E-21 4.851 4.851 0.000

4933407K13Rik,Pls3 2.04E-20 4.769 4.769 0.000

Gm35612,Firre 3.72E-20 4.737 4.737 0.000

Supplementary Table 5 - Differentially accessible regions in TSS DOs and distal enhancers DOs 

MF TSS DOs

T4  TSS DOs

B cell  TSS DOs

MF distal enhancer DOs



Gm35612,Firre 1.19E-18 4.575 4.575 0.000

Gm35612,Firre 3.38E-17 4.412 4.412 0.000

Gm35612,Firre 1.71E-15 4.215 4.215 0.000

Gm35612,Firre 2.90E-15 4.185 4.185 0.000

4933407K13Rik,Pls3 4.46E-15 4.159 4.159 0.000

Gm35612,Firre 5.02E-15 4.149 4.149 0.000

Gm35612,Firre 1.22E-14 4.101 4.101 0.000

4933407K13Rik,Pls3 2.30E-14 4.065 4.065 0.000

Gm35612,Firre 5.51E-12 3.766 4.124 0.358

Gm35612,Firre 7.57E-12 3.745 4.503 0.758

Gm35612,Firre 9.85E-09 3.314 3.939 0.625

Gm35612,Firre 6.84E-07 3.027 4.120 1.093

NA 4.02E-06 2.899 3.657 0.758

Dusp21,Kdm6a 1.31E-07 2.399 4.201 1.802

Gm35612,Firre 4.43E-06 2.205 4.119 1.914

NA 2.29E-03 1.483 6.306 4.823

Atp11c,Mir505 3.37E-02 1.461 5.254 3.793

Araf,Syn1,Mir5617,Timp1,Cfp,Elk1,Uxt,A230072C01Rik3.37E-02 1.459 5.454 3.995

Mgmt 3.37E-02 -1.464 3.670 5.133

NA 6.21E-03 -2.303 0.971 3.274

Gm35612,Firre 3.35E-05 5.384 5.384 0.000

Gm35612,Firre 3.35E-05 5.349 5.349 0.000

Tsx,Tsix,Xist,Jpx,Gm9159,Mir421,Mir374b,Mir374c3.35E-05 5.345 5.345 0.000

Gm35612,Firre 3.67E-05 5.308 5.308 0.000

Gm35612,Firre 4.14E-05 5.270 5.270 0.000

Gm35612,Firre 8.67E-05 5.148 5.148 0.000

4933407K13Rik,Pls3 1.42E-04 5.060 5.060 0.000

4933407K13Rik,Pls3 1.77E-04 5.014 5.014 0.000

Gm35612,Firre 4.16E-04 4.861 4.861 0.000

4933407K13Rik,Pls3 2.40E-03 4.579 4.579 0.000

T4 distal enhancer DOs



Gm35612,Firre 2.65E-03 4.541 4.541 0.000

Gm35612,Firre 2.90E-03 4.516 4.516 0.000

Dusp21,Kdm6a 4.59E-03 4.422 4.422 0.000

Gm35612,Firre 5.22E-03 4.393 4.393 0.000

Gm35612,Firre 7.03E-03 4.328 4.328 0.000

Gm35612,Firre 7.03E-03 4.327 4.327 0.000

Gm35612,Firre 1.04E-02 4.245 4.245 0.000

Gm35612,Firre 1.40E-06 4.242 5.467 1.225

Tsx,Tsix,Xist,Jpx,Gm9159,Mir421,Mir374b,Mir374c1.19E-02 4.214 4.214 0.000

Gm35612,Firre 1.19E-02 4.209 4.209 0.000

Gm35612,Firre 1.45E-02 4.168 4.275 0.107

Tsx,Tsix,Xist,Jpx,Gm9159,Mir421,Mir374b,Mir374c2.93E-02 4.015 4.015 0.000

Pgap2,Rhog,Stim1 2.93E-02 4.013 4.013 0.000

5530601H04Rik,Pbdc1,Magee1,E530001F21Rik4.48E-02 3.925 4.247 0.322

Dusp21,Kdm6a 4.84E-02 3.902 4.010 0.107

Gm35612,Firre 4.84E-02 3.900 4.731 0.831

Gm35612,Firre 3.79E-02 2.816 4.661 1.844

Gm3646,1700066B17Rik,Map4k4 2.38E-02 2.234 5.732 3.498

NA 2.08E-04 1.498 7.297 5.799

Zfx,Eif2s3x,Klhl15,Mir7673 1.62E-02 1.244 6.926 5.682

Mgmt 2.93E-02 -1.208 5.416 6.624

Prkaa2,Plpp3 1.04E-02 -3.023 1.741 4.763

NA 4.35E-03 -3.157 1.442 4.599

Fbxw17,Nutm2 2.54E-03 -3.241 1.984 5.225



Sex Tissue Enriched pathway p value Involved genes Annotation description

Apoptosis

1.55E-04

App, Atf3, Bax, Ccnd1, H1f0, 

Hmox1, Jun, Ppt1

Genes mediating programmed cell death (apoptosis) by 

activation of caspases.

Tnfa signaling via nfkb
5.11E-04

Atf3, Ccnd1, Hes1, Jun, Ninj1, 

Ripk2, Serpinb2, Zfp36
Genes regulated by NF-kB in response to TNF.

Complement
1.08E-03

C1qc, Ctss, Fn1, Irf2, Lgmn, 

Ppp4c, Serpinb2

Genes encoding components of the complement system, 

which is part of the innate immune system.

Androgen response
1.93E-03

Ccnd1, H1f0, Insig1, Myl12a, 

Vapa
Genes defining response to androgens.

P53 pathway
2.57E-03

App, Atf3, Bax, Hmox1, Ifi30, 

Jun, Ninj1
Genes involved in p53 pathways and networks.

E2f targets 2.73E-07

Anp32e, Dnmt1, Espl1, Lbr, 

Mlh1, Orc2, Plk4, Rad21, Rfc1, 

Ssrp1, Tfrc, Ubr7

Genes encoding cell cycle related targets of E2F 

transcription factors.

Heme metabolism 3.85E-06

Endod1, Fech, Narf, Ranbp10, 

Rnf123, Selenbp1, Slc4a1, Spta1, 

Tfrc, Trak2

Genes involved in metabolism of heme (a cofactor 

consisting of iron and porphyrin) and erythroblast 

differentiation.

CNS
Epithelial mesenchymal 

transition
4.42E-04 Col4a1, Fn1, Igfbp3, Itgb1

Genes defining epithelial-mesenchymal transition, as in 

wound healing, fibrosis and metastasis.

Supplementary Table 6 - Functional enrichment of the genes passing ANOVA sex*tissue interaction effect - tissue 

macrophages

Female Spleen

Male 

Spleen



Supplementary Note 1 – Power analysis for the pan-immune and cell 

type specific comparisons 

We performed the following power analysis for fdr, taking into account the multiple 

testing issue we face here, using the locfdr R package4. We run the locfdr R command 

with nulltype=0 (using the theoretical null for z-score transformed values), and 

pct=0.001 (excluding 0.1% tails for estimating the non-null distribution).  The function 

reports Efdr, an estimate for the expected local false discovery rate at which a non-null 

gene is detected over all non-null genes (i.e. genes hypothesized to have a true sex-

related effect). For the pan-Immune analysis, we got 𝐸𝑓𝑑𝑟̂ = 0.38, indicating moderate 

power, and for the cell type specific analysis on macrophages 𝐸𝑓𝑑𝑟̂ = 0.45, indicating 

lower power to detect cell-type specific effects in macrophages.  

While Efdr measures the average fdr level for detection, we also used the locfdr package 

to plot a curve of fdr vs. power as a function of p-value threshold, shown in Note Figure 

1 (right) for the pan-Immune analysis and in Note Figure 2 (right) for the cell-type 

specific analysis. For example, at fdr level 0.2, we have power to detect ~0.31 of the 

non-null genes in the pan-Immune analysis and ~0.11 of the macrophage-specific 

genes.  

 

Note Figure 1: Power diagnostic for the pan immune cell analysis. Left: A local fdr analysis 

of the 2786 genes shows a significant left tail in the z-score distribution of genes (pink 

histogram bars) compared to the null distribution (black and white bars and dashed blue curve), 

indicating significant genes with higher expression in females vs. males. The yellow triangle 

indicates the fdr=0.2 cutoff, such that the proportion of the nulls at this cutoff is ~0.2. The 

overall proportion of non-null genes, i.e. genes differentially expressed between males and 

females 1-p0 is estimated using two methods at between 0.6% (Central Matching Estimate) and 

1.3% (Maximum Likelihood Estimate). Right: Proportion of nun-null genes detected (y-axis) 

vs. desired fdr level (x-axis). For example, at fdr=0.2 level we expect to detect ~31% of non-

null genes.  



 

We focused the cell-type specific power analysis on macrophage, which showed the 

strongest effect among the 11 cell types. Other cell types show none or negligible 

effects, and therefore larger sample sizes are needed in order to detect possible 

additional effects and get a reliable power analysis.  

Note Figure 2: Power diagnostic for the macrophage-specific analysis. Left: A local fdr 

analysis of the 2055 genes shows a significant left tail in the z-score distribution of genes (pink 

histogram bars) compared to the null distribution (black and white bars and dashed blue curve), 

indicating significant genes with higher expression in females vs. males. Right: Proportion of 

nun-null genes detected (y-axis) vs. desired fdr level (x-axis). For example, at fdr=0.2 level we 

expect to detect ~11% of non-null genes. 

 

Finally, we analyzed how increasing the sample size is expected to increase our power. 

Note Table 1 shows the reduction in expected fdr as we increase the sample size by 1.5-

fold to 10-fold, showing improvement in power for both analyses. Similarly, if we fix 

the fdr level at 0.2 as in the current study, the table show the improvement in power for 

the pan immune and macrophage analysis.  

Relative sample size 1 1.5 2 3 4 5 10 

Pan-Immune 𝐸𝑓𝑑𝑟̂ 0.38 0.30 0.24 0.18 0.14 0.12 0.06 

Cell-Type Specific 

𝐸𝑓𝑑𝑟̂ 
0.45 0.36 0.30 0.24 0.20 0.18 0.11 

Pan-Immune 

𝑃𝑜𝑤𝑒𝑟(𝑓𝑑𝑟 = 0.2) 
0.31 0.48 0.59 0.70 0.76 0.81 0.90 

Cell-Type Specific 

𝑃𝑜𝑤𝑒𝑟(𝑓𝑑𝑟 = 0.2) 
0.11 0.36 0.47 0.60 0.67 0.71 0.83 

Note Table 1: Estimated decrease in expected fdr (𝐸𝑓𝑑𝑟̂) , and power at fdr=0.2 level as a 

function of relative sample size for the pan Immune and cell-type specific analysis (1 refer to 

sample size used in the current study). 



Supplementary Note 2 – Disease context and mouse phenotypes for 

the 41 macrophage specific sexually differentially expressed genes 

(SDEGs) 

Genes are referred by their murine gene symbols. Human orthologues were identified 

by Ensembl Compara orthology (https://www.ensembl.org/index.html). 

Data curated from:  

1. Pubmed (https://www.ncbi.nlm.nih.gov/pubmed) 

2. OMIM (https://www.omim.org/) 

3. GeneCards (https://www.genecards.org/) 

4. The Jackson Laboratory (https://www.jax.org/) 

 

Male SDEGS 

Eif2s3y 

Mouse phenotype: Spermatogenesis and suppression of pluripotency maintenance of 

embryonic stem cells5. 

S100a4 

Human disease: Tumor progression and metastasis in various cancers6-9. 

Cd24a, F830002l21rik 

Human disease: CD24 human polymorphism associated with multiple sclerosis10, 

tumor invasiveness and metastatic potential in hepatocellular carcinoma11. 

S100a6 

Human disease: Tumor progression and metastasis in various cancers12, 13.  

Pglyrp1 

Human disease:  Antitumor activity in cell lines14; Stimulates lymphocyte 

differentiation toward antitumor activity15.  

Mouse phenotype: Pglyrp1-KO mice have increased susceptibility to induced colitis16.  

Mir7678, Slpi 

Human disease: Oral mucosal response to HIV-117. 

Mouse phenotype: Slpi-KO mice show impaired wound healing18. 

Id2 

Human disease: endometriosis19; Neuroblatoma in children20 

Mouse phenotype: Id2-KO have multiple alterations in the circadian system21, Id2/Id3 

double-knockout mice show rapid lymphoma development22 

Ppp3ca 

Human disease: Mutation associated with neurodevelopmental disease and seizures23 

https://www.ensembl.org/index.html
https://www.ncbi.nlm.nih.gov/pubmed
https://www.omim.org/
https://www.genecards.org/
https://www.jax.org/


Mouse phenotype: transgenic mice with activated PPP3ca in the heart developed 

cardiac hypertrophy24; Ppp3ca -KO generates defective antigen specific T cell 

response in-vivo25. 

Fabp5 

Human disease: Cervical cancer growth and metastasis26. 

Mouse phenotype: Fabp5 deficiency result in decreased keratin 1 expression through 

downregulation of NF-κB activity and potentially related to psoriasis27.  

Serpinb1a, Serpinb1c 

Human disease: Type 2 diabetes28 and β-cell increased proliferation in humans, mice, 

and zebrafish29. 

Ddx39 

Human disease:  Hepatocellular carcinoma30; Neuroblastoma (inferred from human 

cell line)31. 

Rab31, Vapa 

Human disease:  Cancer progression, proliferation, and apoptosis (inferred from 

human cell lines)32, 33. 

Mouse phenotype: Rab31 knockdown suppresses tumor growth32.  

Gm24989 

N/A 

Oaz1-Ps 

N/A 

Serpinb2 

Human disease:  Asthma34; Human Polymorphism also associated with lupus35; 

Decreased virus replication, including influenza36 and hepatitis C37. 

Mouse phenotype: Inflammatory conditions38 and suppression of Th1-promoting 

cytokine production39. 

 

Female SDEGs 

Saa3 

Mouse phenotype: deficient mice developed obesity, abnormal lung development and 

homeostasis and impaired cytokine production in CD4 and CD8 T cells40. 

Fcgr4 

Mouse phenotype: Contributes to arthritis in mouse41. FcγRIV-deficient mice are 

impaired in IgG2a- and IgG2b-dependent effector functions42, 43.  

Lrg1 



Human disease:  Granulocyte differentiation (inferred from cell lines) 44. 

Mouse phenotype: reduction in pathological ocular angiogenesis45. 

Lrg1, Sema6b 

Human disease:  Tumor differentiation and metastasis in gastric cancer46; breast 

cancer progression47 

Cfb, Mir6972 

Human disease:  Complement Factor B Deficiency48; Age-Related Macular 

Degeneration49. 

Apoc2, Apoc4 

Human disease:  Hypertriglyceridaemia50; Apolipoprotein C-II Deficiency51. 

Mouse phenotype: transgenic mice expressing the human apoc2 gene develop 

hypertriglyceridemia and have delayed clearance of VLDL-triglyceride52. 

Apoe 

Human disease:  Hyperlipoproteinemia Type III53; Cardiovascular Disease54, 55; 

Alzheimer Disease 255-57 

Mouse phenotype: Apoe deficient mice show increased plasma cholesterol58. 

Ly6e 

Human disease:  Viral infection diseases (inferred from cell lines) 59, 60 

Prtn3 

Human disease:  Autoantigen mediated immune disregulation61, 62 

Mouse phenotype: knockdown cause delayed neutrophil death63  

C4a,C4b 

Human disease:  Deficiency associated with the risk to develop systemic autoimmune 

diseases64  

Mouse phenotype: C4b deficient mice have increased susceptibility to lethal infection 

by Group B streptococci65 and profound defect in antibody response to T cell 

dependent antigens66 

Stxbp3a 

Human disease:  Down-regulated in obesity67; Insulin release regulation68 

Mouse phenotype: Increased susceptibility for severe glucose intolerance in 

heterozygous knockout mice69. 

Ms4a6d 

Human disease:  Polymorphism of the human ortholog (MS4A6A) influencing 

Alzheimer's disease specific brain structures70. 

Timd4 



Human disease:  Renal cell carcinoma71.  

Mouse phenotype: Timd4 expression level modulating immune pathways and inhibits 

nitric oxide secretion in murine macrophages72. 

Fcgr2b 

Human disease:  Polymorphism associated with systemic lupus erythematosus73. 

Expression levels are associated with Lymphocytic leukemia74. 

Mouse phenotype: Knockout mice develop spontaneous Lupos75, 76. 

Sepp1 

Human disease:  Polymorphism associated with breast cancer77, 78 

Mouse phenotype: Neurological dysfunctions79 and neurodegeneration80 in Sepp1 

deficient mice. 

Pltp 

Human disease:  PLTP activity is positively correlated with coronary artery disease81, 

and the metabolic syndrome82. 

Mouse phenotype: Pltp deficiency in mice cause alterations in cholesterol 

metabolism83. 

Tmem106a 

Human disease:  Expression level associated with tumor suppression of lung84, and 

kidney cancer85. 

Mouse phenotype: The protein is involved in peritoneal macrophages activation86. 

Tmem176a 

Mouse phenotype: Expression associated with tumor suppression in colorectal87, and 

hepatocellular88 carcinoma in mouse models. 

Anxa5, Mir7009 

Human disease:  Expression associated with colon cancer89. The M2 haplotype of the 

gene is associated with pregnancy loss90, 91. 

Klra2, Ly49b 

Mouse phenotype: This type II lectin receptor binds class I MHC without peptide-

specificity, function as a Natural-Killer receptor in mice92. 

Ak172267 

Trf 

Human disease:  Correlated with tremor phenotype of Parkinson's disease93. 

Polymorphism associated with decreased risk for Ischemic Stroke94. 

Dnase2a, Loc100503676 

Human disease:  Deficiency associated with auto-inflammation95. Nonsynonymous 

SNPs causing los-of-function are associated with autoimmunity96. 



Mouse phenotype: DNaseII deficient mice develop chronic polyarthritis, which 

resembles rheumatoid arthritis97.  

Bst1 

Human disease:  Polymorphism associated with susceptibility to Parkinson's 

disease98. 

Mouse phenotype: anxiety-related and depression-like behaviors in deficient mice99. 

Frmd8, Malat1 

Human disease: Frmd8 regulates inflammatory and growth factor signaling in human 

and mouse macrophages100. Malat1 is associated with non-small cell lung cancer and 

diabetes101. 

Mouse phenotype: Frmd8-KO are viable and fertile; Malat1-KO exhibit increased 

susceptibility to ischemic brain injury with increased cerebral infarction size, worse 

neurological scores and sensorimotor dysfunction, and increased expression of pro-

apoptotic and pro-inflammatory factors in brain than wild-type controls. 

Xdh 

Human disease:  Expression negatively associated with bad prognosis in neoplasms of 

the breast, liver, gastrointestinal tract, and kidney102. Polymorphism associated with 

gastric cancer survival103. 

Mouse phenotype: Nonsense mutation in Xdh gene cause early-onset renal failure in 

mice104. 
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