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Supplementary Fig. S1: Gut microbiome analysis of Sca1-BCR-ABLp190, 
Sca1-Lmo2, Pax5+/- and WT mice housed in a pathogen-free facility. Taxa 
Bar plot of the Microbial V4-16S signatures (V4-ASVs) grouped by mouse 
genotype (Sca1-BCR-ABLp190 n=15, Sca1-Lmo2 n=15, Pax5+/- n=10 and WT 
n=12) using 4 taxonomic levels. The legend lists the categorical Taxon orderer 
from more (top) to less (bottom) frequency.  

 



Supplementary Fig. S2: Leukemia incidence of Sca1-BCR-ABLp190, Sca1-Lmo2, and 
Sca1-ETV6-RUNX1 mice with and without gut microbiota deprivation. All the mice were 
housed in a pathogen-free facility and some of the Sca1-BCR-ABLp190, Sca1-Lmo2, and Sca1-
ETV6-RUNX1 mice were treated with a cocktail of antibiotics (Abx) for 8 weeks to induce the 
alteration of the gut microbiome. No significant differences were found using Fisher's exact test. 
In all, none of the microbiome-deprived Sca1-ETV6-RUNX1 mice (n=6) developed B-ALL; 
30.77% (4/13) of Sca1-BCR-ABLp190 treated with an antibiotic developed B-ALL and 83.33%
(16/24) of the microbiome-deprived Sca1-Lmo2 developed T-ALL. Sca1-ETV6-RUNX1 mice 
need exposure to infection to develop B-ALL, for this reason, none of the mice developed B-ALL 
under these housing conditions. Source data are provided as a Source Data file.
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Supplementary Fig. S3:  Flow cytometric analysis of hematopoietic 
subsets in diseased Pax5+/- early-exposure mice. Representative plots of cell 
subsets from the thymus, spleen, bone marrow (BM), peripheral blood (PB), 
and lymph nodes (LN) are shown from a diseased Pax5+/- early-exposure 
mouse. A total of 7 diseased mice were analyzed by flow cytometry (age: 9-17 
months). FACS analysis revealed a cell surface phenotype CD19+/-B220+IgM- 
for tumor cells that extended through BM, PB, spleen, and LN. 
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Supplementary Fig. S4: B-ALL in Pax5+/-   mice early exposed to common 
infections. Haematoxylin and eosin staining of a Pax5+/- (X005) mouse housed 
in SPF conditions and a tumour-bearing Pax5+/- early-exposure mouse (R324) 
showing infiltrating blast cells in spleen, liver, lymph node, and intestine. Loss of 
normal architecture resulting with cells morphologically resembling 
lymphoblasts can be shown (n=7). Tissues from a control littermate wild type 
mouse are shown for reference. Magnification and the corresponding scale bar 
are indicated in each case. Yellow arrows highlight some of the leukemic 
infiltrating cells within the tumor. Asterisks highlight leukemic cells in mitosis. 
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Supplementary Fig. S5: Analysis of BCR clonality of leukemia arising in a 
Pax5+/- mouse from the early-exposure group. PCR analysis of BCR gene 
rearrangements in the bone marrow and lymph nodes of a diseased mouse. 
Infiltrated tissues show increased clonality within their immunoglobulin 
repertoire (red square) (n=2). Sorted CD19+ splenic B cells (B cells) of healthy 
mice serve as a control for polyclonal BCR rearrangements (indicated by 
numbers, 1-4) and CD8+CD4+ T cells from the thymus of healthy mice served 
as a negative control. Source data are provided as a Source Data file. 
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Supplementary Fig. S6: Peripheral B-cell decrease in Pax5+/- mice. 
Percentage of peripheral blood B-cells (B220+IgM+/-) at different time points in 
Pax5+/- early-exposure mice (n=19-28) compared to WT early-exposure mice 
(n=19-21), Pax5+/- delay-exposure mice (n=25-34) and WT delay-exposure mice 
(n=18-23) analyzed by flow cytometry. Error bars represent the standard 
deviation. Mann Whitney p-values are indicated in each case. (*** for p 
<0.0001). Source data are provided as a Source Data file. 
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Supplementary Fig. S7: Secondary mutations arising in tumor-bearing 
Pax5+/- early-exposure mice. Whole exome sequencing (WES) of 4 Pax5+/- 
early-exposure tumors and corresponding germline was performed on a HiSeq 
2500 (Illumina) platform. Pax5+/- early-exposure tumor DNA was derived from 
leukemic bone marrow, while tail DNA of the respective mouse was used as 
reference germline material. Likewise, Pax5+/- leukemias from the delayed 
group, Pax5+/- early-exposure tumors showed recurrent mutations affecting the 
remaining WT Pax5 allele, with Pax5 p.P80R occurring in 2 out of 4 analyzed 
leukemias. All the variants found by WES were confirmed by Sanger 
sequencing. 
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Supplementary Fig. S8: RT2 Profiler PCR Array Mouse Toll-Like Receptor 
Signaling Pathway. a) Sorted proB cells (B220low IgM-) obtained from WT (n= 
4), healthy Pax5+/- (n=4), and leukemic Pax5+/- mice (n= 2) exposed to different 
environmental contexts (SPF, specific-pathogen facility and CF, conventional 
facility) were assessed by using Toll-like receptor signalling pathway PCR array. 
b) Sorted proB cells (B220low IgM-) obtained from WT (n= 4) and healthy Sca1-
ETV6-RUNX1 mice (n=4) exposed to different environmental contexts (SPF and 
CF facilities) were assessed by using the same Toll-like receptor signalling 
pathway PCR array. Data were represented as fold change (2-ΔΔCt) using the 
comparative CT Method. The p values are calculated based on a Student's t-
test of the replicate 2^(- Delta CT) values for each gene. Source data are 
provided as a Source Data file. 
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Supplementary Fig. S9: Pax5+/-Myd88+/- mice develop B-ALL without 
infection exposure. a) B-ALL-specific survival of Pax5+/-Myd88+/- mice (blue 
line, n=8), Pax5+/- mice (red line, n=26), and control wild type (WT) (black line, 
n=24) mice, all of them housed in an SPF facility (without exposure to common 
infections). Log-rank (Mantel-Cox) test p-value<0.0001 when comparing Pax5+/-

Myd88+/- and Pax5+/- mice. Source data are provided as a Source Data file. b) 
Haematoxylin and eosin staining of a tumour-bearing Pax5+/-Myd88+/- mouse 
unexposed to common infections showing infiltrating blast cells in the spleen, 
lymph nodes, Peyer’s patches, liver, and kidney and compared with a healthy 
Myd88+/- mouse. Loss of normal architecture can be seen due to the infiltrating 
cells morphologically resembling lymphoblast. Magnification and the 
corresponding scale bar are indicated in each case.  c) Flow cytometry 
representative illustration of the percentage of B cells (CD19+B220+ and 
B220+IgM+/− subsets) in PB, BM, spleen and LN from a diseased Pax5+/-

Myd88+/- mouse compared to an age-matched healthy Pax5+/-Myd88+/- mouse, 
and a healthy Myd88+/- mouse. 
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Supplementary Fig. S10: B-ALL in Pax5+/-;Myd88+/- mice. Flow cytometric 
analysis of hematopoietic subsets in diseased Pax5+/-;Myd88+/- mice (X012) a 
healthy Myd88+/-;Pax5+/- mouse (M706) and a healthy Myd88+/-mouse (X650). 
FACS analysis revealed the expected CD19+/−B220+IgM−cKit+/−CD25+/− cell 
surface phenotype for B-cell blasts. Representative plots of cell subsets from 
the peripheral, bone marrow, spleen, and lymph nodes show an accumulation 
of blast B-cells in leukemic Pax5+/-;Myd88+/- mice compared to age-matched 
healthy Pax5+/-;Myd88+/- (M706) mouse. 
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Supplementary Fig. S11: B-ALL infiltration in non-hematological tissues. 
Haematoxylin and eosin staining of WT mice and tumour-bearing Pax5+/-

;Myd88+/- mice (V905 and X012) showing infiltrating blast cells in the liver, lung, 
kidney, and uterus. Loss of normal architecture due to the accumulation of cells 
morphologically resembling lymphoblast can be seen in both diseased Pax5+/-

;Myd88+/- mice. Magnification and the corresponding scale bar are indicated in 
each case. 
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Supplementary Fig. S12: Analysis of BCR clonality of leukemias arising in 
Pax5+/-;Myd88+/- mice. PCR analysis of BCR gene rearrangements in the bone 
marrow of diseased mice. Sorted CD19+ splenic B cells (B-cells) of healthy mice 
serve as a control for polyclonal BCR rearrangements. CD8+CD4+ T cells from 
the thymus of healthy mice served as a negative control. Bone marrow leukemic 
cells show increased clonality within their BCR repertoire (indicated by the code 
number of each mouse analyzed). Source data are provided as a Source Data 
file. 

 

 

 

 

 



17 
 

 

 



18 
 

 

 



19 
 

Supplementary Fig. S13: Gene expression analysis of leukemic Pax5+/-

;Myd88+/- mice. a) Unsupervised heatmap showing the differentially expressed 
genes (n=2463) between bone marrow leukemic cells from Pax5+/-;Myd88+/- 
mice (n=6) and proB and preB cells (bone marrow B220low IgM+cells) from 
control wild type (WT) mice (n=4). The significance analysis of microarrays was 
defined by a p-value<0.05 and fold change: FC<-2 or FC>2. b-d) GSEA 
showing that leukemic Pax5+/-;Myd88+/- cells from diseased mice present similar 
profiles for genesets previously identified in human BCR-ABL+ and ETV6-
RUNX1+ B-ALL samples1-3. The list of genes in the core enrichment is indicated 
in each case.  
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Supplementary Fig. S14: Gene expression enrichment analysis of 
leukemic Pax5+/-;Myd88+/- mice. Gene Set Enrichment Analyses were 
performed using the gene sets from hallmark collection database a), canonical 
pathways gene sets derived from the KEGG pathway database b), and gene 
sets derived from the GO Biological Process Ontology c) from MSigDB4-6. This 
analysis identifies significant enrichment of several pathways in Myd88+/-Pax5+/- 

(B-ALL) plotted on the y-axis in comparison to proB and preB cells (bone 
marrow B220low IgM+cells) from control wild-type (WT) mice. On the x-axis, the 
NES (Normalized Enrichment Score) value is represented for each gene set. 
The corresponding FDR (False Discovery Rate) value is represented in a blue 
color scale and the dot size depicts the gene count. Source data are provided 
as a Source Data file. 
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Supplementary Fig. S15: Gene expression analysis of leukemic Pax5+/-

;Myd88+/- mice compared with leukemic Pax5+/- mice. a) Unsupervised 
heatmap showing the differentially expressed genes (n=1385) between 
leukemic cells from Pax5+/-;Myd88+/- mice (n=6) and leukemic cells from Pax5+/- 

mice (n=6). The significance analysis of microarrays was defined by a p-
value<0.05 and fold change: FC<-2 or FC>2. b) GSEA showing that leukemic 
Pax5+/- cells from diseased mice are upregulated in signatures for human B-ALL 
c-d) Enrichment analysis of leukemic cells from Pax5+/-;Myd88+/- mice 
compared with leukemic Pax5+/- mice. Gene Set Enrichment Analyses were 
performed using the gene sets from the hallmark collection database c), 
canonical pathways gene sets derived from the KEGG pathway database d) 
and gene sets derived from the GO Biological Process Ontology e) from 
MSigDB4-6. This analysis identifies enriched pathways in Myd88+/-Pax5+/- (B-
ALL) plotted on the y-axis. On the x-axis, the NES (Normalized Enrichment 
Score) value is represented for each gene set. The corresponding FDR (False 
Discovery Rate) value is represented in a blue color scale and the dot size 
depicts the gene count. Source data are provided as a Source Data file. 
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Supplementary Fig. S16: Whole Genome Sequencing in leukemic Pax5+/-

;Myd88+/- mice. Oncoprint of genes with somatic mutations found in 8 leukemia 
samples from Pax5+/-;Myd88+/- mice. Somatic alterations are clustered by gene. 
Tumor DNA was derived from whole leukemic bone marrow or lymph nodes, 
while tail DNA of the respective mouse was used as reference germline 
material. 
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Supplementary Fig. S17: Visualization of somatic mutation in leukemic 
Pax5+/-;Myd88+/- mice. Genome browser visualization of tumor DNA (T) and 
germline DNA (G) from tumor-bearing Pax5+/-;Myd88+/- mice a) Somatic Pax5 
gene deletions identified by WGS in leukemic Pax5+/-;Myd88+/- mice (V905 and 
W182). b) Somatic Sh2b3 gene deletions identified by WGS in leukemic Pax5+/-

;Myd88+/- mice (X012 and X421). c) Validation of the germline Pax5 exon 2 
deletion by WGS from all the Pax5+/-;Myd88+/- mice analysed by WGS. In the 
Pax5+/- mice the exon 2 of the Pax5 gene (which is indispensable for DNA 
binding) was replaced by the Escherichia coli lac Z and neomycin resistance 
genes. WGS: whole-genome sequencing. 
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Supplementary Fig. S18: Myd88+/-;Pax5+/- mice present similar myeloid 
cells levels than Pax5+/- mice. Percentage of myeloid cells in the peripheral 
blood of Myd88+/-; Pax5+/- (n=23) and Myd88+/- (n=23) mice compared with 
age-matched Pax5+/- (n=49) and WT (n=55) mice. Error bars represent the 
mean and SD of each group. For significant differences, p-values corresponding 
to unpaired t-test (two-tailed) are shown. Source data are provided as a Source 
Data file. 
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Supplementary Fig. S19: Gene expression analysis of healthy proB cells 
from WT, Pax5+/-, and Pax5+/-;Myd88+/-mice. a) Unsupervised heatmap 
showing the differentially expressed genes (n=265) between healthy proB cells 
from Pax5+/- mice (n=4) and WT mice (n=4). b) Unsupervised heatmap showing 
the differentially expressed genes (n=237) between healthy proB cells from 
Pax5+/-;Myd88+/- mice (n=4) and Pax5+/- mice (n=4). c) Unsupervised heatmap 
showing the differentially expressed genes (n=327) between healthy proB cells 
from Pax5+/-;Myd88+/- mice (n=4) and WT mice (n=4). The significance analysis 
of microarrays was defined by a p-value<0.05 and fold change: FC<-2 or FC>2. 
d) Venn diagram showing the overlapped genes of the differentially expressed 
genes between the three groups analyzed.  
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Supplementary Fig. S20: Gene expression enrichment analysis of healthy 
proB cells from Pax5+/-;Myd88+/-  and compared with Pax5+/- proB cells. 
Gene Set Enrichment Analyses were performed using the gene sets from 
hallmark collection database a), canonical pathways gene sets derived from the 
KEGG pathway database b) and gene sets derived from the GO Biological 
Process Ontology c) from MSigDB4-6. This analysis identifies significant 
enrichment of several pathways in Myd88+/-Pax5+/- healthy pro B cells plotted on 
the y-axis. On the x-axis, the NES (Normalized Enrichment Score) value is 
represented for each gene set. The corresponding FDR (False Discovery Rate) 
value is represented in a blue color scale and the dot size depicts the gene 
count. Source data are provided as a Source Data file. 
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Supplementary Fig. S21: Impact of Myd88 downregulation in gene 
expression of Pax5+/- healthy proB cells. a) Gene set enrichment analyses 
showing the enriched murine B cell developmental stages, plotted on the y-axis, 
in Pax5+/-;Myd88+/- proB cells from healthy mice. 16 different developmental 
stages were assessed and gene sets were extracted from Green et al.7 b) 
Gene-sets of Pax5-regulated genes, plotted on the y-axis, were more enriched 
in Pax5+/-;Myd88+/- proB cells that in Pax5+/- healthy proB cells. Genesets were 
extracted from Revilla et al.8 and Schebesta et al.9. On the x-axis, the NES 
(Normalized Enrichment Score) value is represented for each gene set. The 
corresponding FDR (False Discovery Rate) value is represented in a blue color 
scale and the dot size depicts the gene count.  (BLP: B-cell-biased lymphoid 
progenitors; ALP: all-lymphoid progenitors; MATB: mature B cells). Source data 
are provided as a Source Data file.  
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Supplementary Fig. S22: Inflammatory cytokines levels in Pax5+/-, Myd88+/-;Pax5+/+ and 
Myd88+/-;Pax5+/- mice. IL-2, IL-4, IL-6, IL-10, IL-17a, IFN γand TNF αserum levels in WT, Pax5+/-, 
Myd88+/-;Pax5+/+ and Myd88+/-;Pax5+/- mice. The different cytokines’ serum levels were at different 
ages of the mice. Error bars represent the mean and SD. For significant differences between 
groups, Mann-Whitney p-values are indicated in each case. When comparing each cytokine using 
Kruskal-Wallis test, significant p-values are only significant for IL4 (p=0.044) and TNF α(p<0.001). 
Source data are provided as a Source Data file.
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Supplementary Fig. S23: Percentages of CD4+ T (a) and B (b) cells in 
peripheral blood of Pax5+/- and WT mice treated with poly(I:C) compared to 
untreated mice. Each point represents the mean of the levels of the different 
populations in all mice in each group for the different time points (n=31 for 
Pax5+/- poly(I:C)-treated mice, n=8 for Pax5+/- untreated mice, n=14 for WT 
poly(I:C) treated mice and n=24 for WT untreated mice). Error bars represent 
the mean and SD of each group. P-values corresponding to unpaired t-test 
(two-tailed) are shown. Source data are provided as a Source Data file. 
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Supplementary Fig. S24: Impact of poly(I:C) treatment on the serum cytokines. The plots 
showed how poly(I:C) treatment changed the levels of some inflammatory cytokines in the serum 
of Pax5+/- (n=30) and WT (n=14) mice. TNF-alpha, INF-gamma, MCP1, and IL6 levels showed an 
increase in the serum of the mice after poly(I:C) treatment. IL12p70 and IL10 did not show changes 
in their levels. The different cytokines’ serum levels were measured before and 3 hours after the 
administration of the poly(I:C). Error bars represent the mean and SD. For the significant 
differences, paired t-test p-values are indicated in each case. Source data are provided as a Source 
Data file.
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Supplementary Fig. S25: Inflammatory 
cytokines levels in Pax5+/- and WT mice 
treated with poly(I:C) compared with 
untreated Pax5+/- and WT mice. IL-2, IL-4, IL-6, 
IL-10, IL-17a, IFN γand TNF αserum levels in 
WT and Pax5+/- mice treated with poly(I:C) 
compared with WT and Pax5+/- mice non-treated. 
The different cytokines’ serum levels were at 
different ages of the mice. Error bars represent 
the mean and SD. For significant differences 
between groups, Mann-Whitney p-values are 
indicated in each case. When comparing each 
cytokine using Kruskal-Wallis test, significant p-
values are only significant for IL2 (p=0.013), IL6 
(p=0.001) and TNF α(p<0.001). Source data are 
provided as a Source Data file.
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Supplementary Figure S26. Poly(I:C) treatment does not reduce the 
preleukemic compartment in the bone marrow of Pax5+/- mice. Absolute 
numbers of preB and proB cells (B220low IgM-) in the bone marrow (BM) of 
Pax5+/- (n=9) and WT (n=5) poly(I:C)-treated mice compared with age-matched 
Pax5+/- (n=5) and WT (n=4) mice treated with PBS. Error bars represent the 
mean and SD of each group. For significant differences, p-values corresponding 
to unpaired t-test (two-tailed) are shown. Source data are provided as a Source 
Data file. 
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Supplementary Figure S27. Pax5+/- mice treated with poly(I:C) present 
similar myeloid cells levels than untreated Pax5+/- mice. a) Percentage of 
myeloid cells (Gr1+ Mac1+) in the peripheral blood (PB) of Pax5+/- (n=9) and WT 
(n=5) poly(I:C)-treated mice compared with age-matched Pax5+/- (n=5) and WT 
(n=4) mice treated with PBS. Error bars represent the mean and SD of each 
group. For significant differences, p-values corresponding to unpaired t-test 
(two-tailed) are shown. b) Percentage of myeloid cells (Gr1+ Mac1+) in the bone 
marrow (BM) of Pax5+/- (n=9) and WT (n=5) poly(I:C)-treated mice compared 
with age-matched Pax5+/- (n=5) and WT (n=4) mice treated with PBS. Error bars 
represent the mean and SD of each group. For significant differences, p-values 
corresponding to unpaired t-test (two-tailed) are shown. Source data are 
provided as a Source Data file. 
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Supplementary Fig. S28: Phenotype characterization of leukemic cells 
from diseased Pax5+/- mice treated with poly(I:C). Flow cytometric analysis 
of hematopoietic subsets in diseased Pax5+/- mice treated with poly(I:C) (a), in a 
healthy Pax5+/- mice treated with poly(I:C) (b) and in a healthy untreated Pax5+/- 
mice (c), all of them exposed to common infections. Representative plots of 
cell subsets from bone marrow, spleen, lymph nodes and peripheral blood show 
the accumulation of malignant B cells in leukemic Pax5+/- mice compared to an 
aged healthy Pax5+/- mouse treated both with poly(I:C) and to a healthy 
untreated Pax5+/- mouse. Flow cytometric images in panel A are representative 
of 8 mice analysed that developed leukemia after poly(I:C) treatment. The 
leukemic cells showed a B220low IgM- CD25+/- CD19+/- cKit+/- phenotype and 
were detected only in the diseased mice. 
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Supplementary Fig. S29: B-ALL in Pax5+/- mice treated or untreated with 
poly(I:C). Haematoxylin and eosin staining of tumour-bearing Pax5+/- mice 
treated or untreated with poly(I:C) showing infiltrating blast cells in the spleen, 
lymph nodes, and liver. Loss of normal architecture can be seen due to the 
infiltrating cells morphologically resembling lymphoblast. Magnification and the 
corresponding scale bar are indicated in each case.   
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Supplementary Fig. S30: Gating strategy used in FACs analysis. Figure 
exemplifying the gating strategy used in all cytometric analysis. For each 
analysis, a total of at least 50,000 viable cells (PI-; Propidium iodide negative 
cells) were assessed. Singlets were selected prior gating strategy that is 
specific for each population. It is shown as an example, bone marrow cells 
stained with IgM-APC and B220-FITC. The same gating strategy has been used 
in all FACs analysis presented in Figure 2c, Figure 3c, Figure 4b, Figure 6b, 
Supplementary Fig. S3, Supplementary Fig. S6, Supplementary Fig. S9c, 
Supplementary Fig. S10, Supplementary Fig. S18, Supplementary Fig. S23, 
Supplementary Fig. S27, and Supplemental Figure 28. 
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