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7th May 20211st Editorial Decision

Dear Meinrad, 

Thank you for submitting your manuscript to The EMBO Journal. Your study has now been seen by three referees and their
comments are provided below. 

As you can see below, the referees find the analysis interesting and support publication here. They do raise a number of
constructive comments including further support for the PAX5-JAK2/ nuclear STAT5 kinase link and the cellular processes
triggered by the PAX5-JAK2 fusion protein. Should you be able to address the raised concerns in full then I would like you to
invite a revised version. 

I think that it would be helpful to discuss the raised points further and I am available to do so via email or video. 

When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review
Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process,
please visit our website: https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess 

I thank you for the opportunity to consider your work for publication. I looking forward to discussing your revisions further 

with best wishes 

Karin 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

Instructions for preparing your revised manuscript: 

Please make sure you upload a letter of response to the referees' comments together with the revised manuscript. 

Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists. 

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen: 
https://bit.ly/EMBOPressFigurePreparationGuideline 

IMPORTANT: When you send the revision we will require 
- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file). 
- a word file of the manuscript text. 
- individual production quality figure files (one file per figure) 
- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide). 
- Expanded View files (replacing Supplementary Information) 
Please see out instructions to authors 
https://www.embopress.org/page/journal/14602075/authorguide#expandedview 

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure. 

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide 

Revision to The EMBO Journal should be submitted online within 90 days, unless an extension has been requested and
approved by the editor; please click on the link below to submit the revision online before 5th Aug 2021: 

https://emboj.msubmit.net/cgi-bin/main.plex 



------------------------------------------------ 

Referee #1: 

The paper by Jurado et al describes the generation and characterization of a series of mouse models of B-lineage leukemia. The
work is focused on the PAX5-JAK2 fusion protein generated by translocation in human leukemia. The authors use most elegant
genetic approaches as well as state of the art molecular analysis to explore the impact and function of this oncogenic fusion
protein in normal and malignant B-cell development. Even though the expression of this fusion protein do not appear to impact
B-cell development in young mice these animals shows signs of the accumulation of a pre-leukemic clone already at 4 weeks of
age. These tumors are transplantable, oligoclonal and display loss of the Wt Pax5 allele. Ectopic expression of PAX5 caused a
delay in tumor progression, possibly explained by inefficient competition of the fusion protein for DNA binding. The authors report
that the oncogenic activity is dependent of a functional kinase domain in the fusion protein and that mutation of the DNA binding
domain modify the function of the fusion protein. While the fusion protein retained an ability to bind PAX5 sites in the genome, at
least in the absence of WT PAX5, the authors do not detect support for the idea that the fusion protein has an ability to modify
chromatin. As the tumors display an IL7 dependency and display signs of a hyperactivated STAT5 signaling, the authors
suggest that the fusion protein act as a STAT5 kinase to retain the factor active in the nucleus once it has been trans-located to
the nucleus as a consequence of IL7R signaling. 

The experimental designs are in many ways elegant exploring a large variety of genetic models. The results and conclusions
are, however, not always easy to follow and would in some cases appear somewhat contradictory. There also appear to be a
most distinct difference between what is observed in this mouse model and human B-ALLs carrying the PAX5-JAK2
translocation. Furthermore, there is limited support for the general conclusion that the function of PAX5-JAK2 protein act as a
nuclear STAT5 kinase. Hence, even though most interesting, there are several concerns that need to be addressed before the
data fully support the conclusions. 

Specific points: 

1: I find it rather confusing that the representation of the fusion protein allele in figure 1A displays an intron between exon 4 and 5
while the remaining representations indicate that exon 4 is part of the human fusion protein. This would need clarification. 

2: The authors claim that "heterozygous expression of Pax5-Jak2 had no significant effect on B cell development in young mice".
These young mice are 3 weeks old, at 4 weeks many of them are abnormal. Would it not be better to discuss this in terms as
"apparent effect" as it would be likely that abnormal cells exist already at three weeks of age? Furthermore, in panel 1C there
appear to be an increased frequency of CD2-Kit- cells in the PAX5-JAK2 mice. Is this an actual finding or are these cells only
present in the selected sample? Could the enrichment of these cells be an indication of a premalignant state? As low B220
expression levels are a characteristic of a B1 progenitor (Ghosn, PNAS 2011), can it be excluded that the leukemic cells arise
from a fetal liver progenitor? 

3: The data in figure S1G is somewhat difficult to interpret as these are not presented in a Kaplan-Meier plot. Were the onset of
leukemia in the two mice who developed disease from B220 high cells slower than in the animals transplanted with B220 low
cells? Were all the transplanted cells B220 high and B220 low from the same mouse? The figure legend states " a 6-week old
mouse". Were all the transplanted cells from one mouse in one experiment? This would need clarification. 

4: In figure 2, the authors use a set of RNA-seq experiments to arrive with the conclusion that "We therefore conclude that the
Pax5Jak2 allele behaves like a Pax5 null allele with regard to Pax5 function". While this is all in order, I do not quite understand
why the authors do not use data from the experiment presented in figure S6C where they show that a mouse carrying a PAX5
null allele and the PAX5-JAK2 allele do not obtain any CD19+ cells. Is this not direct evidence for that the fusion protein do not
possess a canonical PAX5 function adding to the conclusion of the authors? 

5: The analysis of the role of the kinase domain in figure 4 is interesting. While the data presented from Ruxolitinib treatment of
tumor transplanted mice is elegant, the low expression levels of the KD mutated fusion allele is concerning. The onset of
leukemia in Pax-Jak2-luc mice is delayed from 72 to 200 days. The authors explain this as follows "The pro-B cells of Pax5Jak2-
Luc/+ mice expressed 2-fold lower levels of Pax5-Jak2 protein compared with Pax5Jak2/+ pro-B cells (Appendix Fig S1E and
F). Consequently, the Pax5Jak2-Luc/+ mice develop B-ALL with a 3-fold longer latency of 214 days (Appendix Fig S4D and E)
relative to the Pax5Jak2/+ mice (74 days; Fig 1F).". If the expression of the KD allele is reduced even further as indicated in
figure S4D, what would then be the latency of disease onset in this mouse model? It would be important that the authors stress
this limitation in their analysis. 

6: The analysis of the DNA binding ability of the fusion gene is interesting. However, I cannot see that the differences in dose is
taken into consideration when the CHIP-seq data are analyzed. As recently reported (Ramamoorthy et al 2020 Genes and
Development) Pax5 dose impacts the binding spectra of PAX5. Inclusion of CHIP-seq data from Pax5+/- pro-B cells and tumor
cells from Cd79CRE-IKXF1neo/+Pax5LSLjak2/+ mice would be most informative. As the tumors from these mice has obtained
the duplication of the PAX5-Jak2 allele, the dose should possibly be comparable to that of the tumor cells from the Pax5Jak2



mice allowing for a more relevant analysis. 

7: The data in figure 7 support the idea that STAT5 signaling is enhanced in the presence of the PAX5-JAK2 fusion protein. I do,
however, not find it conclusively shown that STAT5 is directly targeted by the kinase. As this is an important conclusion of the
paper more evidence to this end would be of great value. The hypersensitivity of the cells to IL7 signaling could possibly be
addressed by short term in vitro exposure to IL7 followed by analysis of pSTAT5 levels at defined timepoints after removal of the
cytokine. 

Minor points: 
1: The authors state in the abstract, the result section and in the discussion that "... developed an aggressive B-ALL in the
absence of another cooperating mutation." , however, they report that loss of Wt Pax5 is important and occurs in the tumors. Do
the authors not consider loss of PAX5 to be a mutation? 

2: It would be nice to see where primers are in S1b so that S1d is easier to understand. 

3: The authors write " Interestingly, a previous RNA-seq comparison of Pax5+/- and Pax5+/+ pro-B cells identified a similarly low
number of Pax5-regulated genes". I do not understand if these are the same genes? If so this would likely be the result of a dose
effect if not there is little information in this analysis. 

4: The authors explain the reduction of B220 expression as a result of differential splicing. Did the RNA seq data support this
conclusion with lower number of reads from exon 4-6? 

5: The authors claim that the data in panel 3C shows absence of Wt PAX5 in the tumor cells, however, the signal in the tumors
is still in the range of several thousands and no negative control is included. I would suggest that the conclusion is changed to
"reduced levels". 

6: The authors state " Interestingly, the PAX5-JAK2 transcripts were increased in 6 of the 8 B-ALLs, resulting in an average
percentage of 68.4% for PAX5-JAK2 mRNA compared with 31.6% for full-length PAX5 mRNA (Appendix Fig S3C, right),
whereas a similar analysis of PAX5-ETV6+ B-ALLs revealed a 1:1 ratio of both PAX5 transcripts (Smeenk et al., 2017).". What
conclusion do the authors draw from this finding? Does this not indicate there are elements in the human fusion gene that
creates higher expression levels then what is observed in the mouse model? Would this explain the apparent lack of Wt PAX5
mutations in human leukemia as the fusion protein is expressed at sufficient levels to compete with the Wt PAX5? 

7: How does the conclusion " We therefore conclude that the consistent loss of Pax5 in 
Pax5Jak2/+ B-ALL tumors allows Pax5-Jak2 to bind to its target sites in the genome, which 
strongly argues for a nuclear function of Pax5-Jak2" fit with the observation that the human leukemia cells retain a functional
PAX5 allele. This should be discussed. Can it be related to my minor comment 6? 

8: Even though the data in figure 6 is of importance in the light of the existing literature, this information could be moved to the
supplement. 

9: Several diagrams, including the Kaplan-Meier plots, lacks statistical analysis. 

Referee #2: 

In this manuscript, Jurado et al. describe a study aimed at addressing the oncogenic function of a PAX5-JAK2 fusion protein in
B-ALL. The authors generated various mouse models in which the constitutive Jak2 kinase domain is fused to the DNA-binding
region of the endogenous Pax5 locus. The authors find that Pax5Jak2/+ mice rapidly develop B-ALL, whereby the tumors lose
the endogenous wild type allele. The authors also introduced point mutations in the Pax5 DNA-binding region found in human B-
ALL. The corresponding Pax5Prd*-Jak2/+ mice develop B-ALL with a longer survival rate and less frequent loss of the wild type
Pax5 allele. ChIP-seq analysis indicated that the PAX5-Prd*-JAK2 fusion protein still binds ~50% of Pax5-sites but also gains
binding at new sites. By assessing the function of the PAX5-JAK2 protein, the authors show that the fusion protein does not
induce changes in chromatin modification or phosphorylation of H3Y41. However, they find that PAX5-JAK2 affects IL-7
signaling and STAT5-phosphorylation, resulting in an activation of a STAT5-dependent gene expression program. 

The study addresses the important question of how PAX5-JAK5 fusions found in human B-ALL result in leukemogenesis in a
mouse model. This is an impressive study that involves many newly generated mouse strains and a thorough analysis. The data
are extensive, convincing and well presented. The study will be of interest to a wide readership. However, the manuscript would
benefit from addressing some specific comments: 

Specific comments: 



1) The authors show that the PAX5-JAK2 fusion protein does not compete well with the endogenous wild-type PAX5 protein for
binding to canonical Pax5 sites in pro-B cells. However, the fusion protein binds well upon the loss of the wild-type (wt) Pax5
allele in leukemic cells. In Fig. 2, the authors compared RNA-seq data sets of Pax5Jak2/+ pro-B cells with those of wt pro-B
cells, as well as data of Pax5Jak2/+ B-ALL cells with those of a previously described Pax5 model of B-ALL (Pax5+/- Cdkn2ab+/-
). The pro-B cell comparison identified very few differentially expressed genes (DRG), consistent with the presence of a wild-type
Pax5 allele in Pax5Jak2/+ pro-B cells. In the B-ALL comparison, however, they identified a much larger set of DRGs. To assess
the function of the PAX5-JAK2 fusion protein in the absence of PAX5, and to relate it to its DNA-binding ability (determined by
ChIP-seq in Fig. 5), it would be of interest to include a comparison of the Pax5Jak2/+ B-ALL data set with that of Pax5+/- pro-B
cells, which the authors have at hand. 

2) In Fig.7, the authors show that Pax5Jak2 cooperates with IL-7 signaling in promoting B-ALL. They also find that
phosphorylation of STAT5 is enhanced in Pax5Jak2 B-ALL and follicular B cells. The authors show that some 15% of STAT5-
bound genes are dysregulated in Pax5Jak2 B-ALL (Fig. 7H-K). Have the authors determined whether and how many of the
STAT5-bound genes are co-occupied by PAX5-JAK2? Does the constitutive active JAK2 kinase domain of the fusion protein
phosphorylate co-bound STAT5 or is phosphorylation independent of DNA binding? 

3) The analysis of the Pax5Prd*-Jak2/+ mice is interesting because this Pax5 allele harbors mutations in the paired domain that
are frequently found in human B-ALL and alter the binding specificity (shown in Fig. S5I). Have the authors further characterized
the PAX5-Prd*-JAK2-specific sites (~50% of the total bound sites)? Are different motifs enriched than those found at PAX-JAK2
or PAX5 peaks? Does binding correlate with altered chromatin accessibility? 

4) The authors claim that the kinase domain is required for the oncogenic function of Pax5Jak2. This conclusion is most likely
correct. However, the experiments supporting this claim should be interpreted with some caution. The genetic data involve a
mouse carrying a point mutation in the kinase domain of Pax5Jak2. Based on the immunoblot analysis shown in Fig. S4B, the
mutant fusion protein is expressed at a four-fold lower level than the corresponding PAX5-JAK2 protein. In other experiments,
the authors find that the dosage of PAX5-JAK2 and PAX5 influences the penetrance and initiation of leukemia. Therefore, the
authors may want to temper their conclusion. The effect of pharmacological inhibition of the kinase domain by treatment of cells
with the JAK1/2 inhibitor Ruxolitinib is clear. However, the authors should mention that the inhibitor may also target general
JAK1/2 function and not only that of the PAX5-JAK2 fusion protein. 

5) The manuscript would also benefit from shortening. The result section contains description of experimental details (including
generation of mouse strains) that could be moved to the Materials and Methods section: Likewise, the entire Fig. 6 and the
corresponding result section is dedicated to negative data concerning the lack of epigenetic regulation by Pax5Jak2. Therefore, I
suggest to include this figure in Supplemental Figures and to shorten the description in the text accordingly. 

6) The authors may want to mention recent studies showing that combined Pax5 and Ebf1 heterozygosity in the mouse also
enhances IL-7R signaling and STAT5 phosphorylation in B-ALL. 

Referee #3: 

In the manuscript entitled "PAX5-JAK2 acts as a dual-hit mutation to induce B cell leukemia by regulating nuclear STAT5
activity", the authors created a mouse model to analyze the role of PAX5-JAK2 (PJ) fusion protein in developing B-ALL in vivo.
The mice expressing PJ fusion protein from endogenous PAX5 locus develop very aggressive B-ALL with median survival of 74
days. The DNA binding activity of PJ and its ability to constitutively phosphorylate Stat5 are found to be responsible for the
observed phenotype. In addition, due to acquired uniparental disomy (aUPD) observed in the mice, they lose the WT PAX5
allele in the malignant B-ALL cells which accelerates the leukemia development. Although the study generates a new mouse
model and characterized it, there are several questions to the model as well as the experimental results and interpretation. 

Specific points: 
1. The authors expressed PJ fusion gene from the endogenous PAX5 locus to closely mimic the disease situation. However, the
construct led to the loss of WT PAX5 allele which is not observed in the disease. The data provided by the authors about the
human B-ALL cells also supports this fact. Thus this mouse line does not actually model the human disease. It is difficult to
distinguish the alterations that is caused by the oncogenic fusion protein from those caused due to loss WT PAX5 allele. From
this point of view, the Cd79a-Cre Ikzf1neo/+ Pax5LSL-Jak2/+ line is a better choice of model. The longer latency period in these
mice indicates that Pax5Jak2/+ model is indeed an exaggerated model for B-ALL not because of the fusion protein itself but due
to model design. 
2. The major focus of the study is to show the oncogenic potential of the PJ fusion in the development of B-ALL in mouse model.
The oncogenic potential of PJ fusion for B-ALL is already known and the present study does not add any additional information
regarding the mechanism of action. The authors did several high-throughput sequencing studies including RNA-seq and ChIP-
seq. But they did not pinpoint clearly the cellular processes that are altered due to PJ fusion. They have shown the change in
expression for some genes (Figure 2E, G), but what is the relevance of these genes in the context of B-ALL? Except for the
explanation why B220 is lowered in the ALL cells, no further explanation has been given. From their expression data, can the



authors deduce a mechanism how after 3 weeks of age the pro-B cells rapidly transform into the malignant ALL cells? 
3. The authors compared the gene expression alteration by PJ fusion protein always with respect to another B-ALL model and
stressed on the PAX5 activated and repressed genes. It is well possible that the fusion protein has its own specific gene
expression paradigm other than deregulating the PAX5 regulated genes. Can the authors compare the gene expression
changes with respect to WT to find out these genes? This should be performed in the model expressing PJ and ectopic PAX5 as
this circumvents the problem of WT PAX5 loss in the Pax5Jak2/+ model. 
4. The authors concluded that the JAK2 kinase activity is required for the ALL development as the kinase dead (KD) construct
leads to delay of ALL onset. However, the expression level of PJ-KD fusion is extremely low compared to PJ making it difficult to
understand if the observed delay is due to loss of kinase activity of JAK2 or simply due to low expression of the oncogene.
Notably, this is already the case (as also mentioned by the authors) for the Pax5Jak2-Luc/+ mice that express 2 fold less fusion
protein and consequently develops ALL at 3 fold longer latency. 
5. The authors show that treatment with JAK2 inhibitor Ruxolitinib prolongs the survival of the mouse by 20 days. There is no
statistical analysis given for this observation (Fig 4E-F). How significant is this change? It seems that this small change also
indicates that longer latency of ALL onset in kinase dead expressing mice is actually due to low expression of the oncogene. 
6. Using ChIP-seq analysis, the authors analyzed the DNA binding ability of the PJ fusion protein. It is really surprising that they
only concentrated on the numerical values of the binding sites occupied by PJ fusion or the paired domain mutant. Why do they
not analyze the genes/ regulatory regions belonging to site B (specific for PJ fusion)? This might provide more valuable
information about the oncogenic mechanism of the fusion protein. The five mutations in the PAX5 Prd domain do not eliminate
DNA binding but lead to increased latency of the disease onset. It is therefore important to analyze this differential DNA binding
between Prd and PJ to understand how PJ leads to such aggressive disease course. Such analysis is completely missing in the
paper. 
7. Regarding the epigenetic function of PJ, it is difficult to assess the data as the antibody generated in the study does not detect
H3Y41Ph in cell lines previously reported to be positive for this mark. Therefore, the lack of H3Y41ph in PJ expressing cells
could be due to antibody problem as well. Additionally, why did they suddenly use Pax5Jak2/- cells for the ChIP seq analysis?
These cells are not even committed to B cell lineage. Thus, the Pax5Jak2/- cells and the tumor cells are temporally in different
state. 
8. The loss of IL7 receptor also increases disease latency. However, no statistics is provided here as well (Fig 7C and S7C).
How significant is the observation? Can the authors also see alteration of IL7 regulated genes in the PJ expressing B-ALL cells
in their high-throughput sequencing analysis? 
9. The increased phosphorylation of Stat5 by PJ seems to be an over-estimation. The elevated pStat5 in the tumor cells is
clearly evident but the increase shown in follicular (Fig 7F, G) or Pro B cells (Fig S7D, E) is really week to none. Specifically, the
representative histogram plot shown in Fig S7D should not have a statistical significance shown in S7E. The authors also
proposed that PJ fusion protein keeps Stat5 in constitutively phosphorylated form leading to activation of the Stat5 regulated
genes. However, they did not show this constitutive activation. Can they show that in PJ expressing cells Stat5 is solely nuclear
and constitutively phosphorylated? 
10. The authors mentioned in the introduction that "Pax5Jak2/+ mice exhibited normal B cell development up to 3 weeks of age,
but thereafter rapidly developed an aggressive B-ALL tumor in the absence of another cooperating gene mutation". The absence
of other mutation is not actually tested in the study. The latency of B-ALL in the current model is too short. However, did they
test any additional mutation in the ectopic PAX5 expressing mouse line? 
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Point-by-point reply to the reviews of the EMBOJ-2021-108397 manuscript (Jurado et al.) 
(15 November 2021) 

We have performed several new experiments to address the concerns of the reviewers, which 
has considerably improved the manuscript. We have revised the manuscript according to the 
reviewers’ comments (in black), as indicated below in our point-by-point reply (in blue). The newly 
added text in the revised manuscript is highlighted in blue. 

Referee #1: 

The paper by Jurado et al describes the generation and characterization of a series of mouse 
models of B-lineage leukemia. The work is focused on the PAX5-JAK2 fusion protein generated 
by translocation in human leukemia. The authors use most elegant genetic approaches as well 
as state of the art molecular analysis to explore the impact and function of this oncogenic fusion 
protein in normal and malignant B-cell development. Even though the expression of this fusion 
protein do not appear to impact B-cell development in young mice these animals shows signs of 
the accumulation of a pre-leukemic clone already at 4 weeks of age. These tumors are 
transplantable, oligoclonal and display loss of the Wt Pax5 allele. Ectopic expression of PAX5 
caused a delay in tumor progression, possibly explained by inefficient competition of the fusion 
protein for DNA binding. The authors report that the oncogenic activity is dependent of a functional 
kinase domain in the fusion protein and that mutation of the DNA binding domain modify the 
function of the fusion protein. While the fusion protein retained an ability to bind PAX5 sites in the 
genome, at least in the absence of WT PAX5, the authors do not detect support for the idea that 
the fusion protein has an ability to modify chromatin. As the tumors display an IL7 dependency 
and display signs of a hyperactivated STAT5 signaling, the authors suggest that the fusion protein 
act as a STAT5 kinase to retain the factor active in the nucleus once it has been trans-located to 
the nucleus as a consequence of IL7R signaling. 

The experimental designs are in many ways elegant exploring a large variety of genetic models. 
The results and conclusions are, however, not always easy to follow and would in some cases 
appear somewhat contradictory. There also appear to be a most distinct difference between what 
is observed in this mouse model and human B-ALLs carrying the PAX5-JAK2 translocation. 
Furthermore, there is limited support for the general conclusion that the function of PAX5-JAK2 
protein act as a nuclear STAT5 kinase. Hence, even though most interesting, there are several 
concerns that need to be addressed before the data fully support the conclusions. 

Specific points: 

1: I find it rather confusing that the representation of the fusion protein allele in figure 1A displays 
an intron between exon 4 and 5 while the remaining representations indicate that exon 4 is part 
of the human fusion protein. This would need clarification. 
      We thank the reviewer for pointing out this mistake in Figure 1A, which we have corrected. 

2: The authors claim that "heterozygous expression of Pax5-Jak2 had no significant effect on B 
cell development in young mice". These young mice are 3 weeks old, at 4 weeks many of them 
are abnormal. Would it not be better to discuss this in terms as "apparent effect" as it would be 
likely that abnormal cells exist already at three weeks of age? Furthermore, in panel 1C there 

15th Nov 20211st Authors' Response to Reviewers
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appear to be an increased frequency of CD2-Kit- cells in the PAX5-JAK2 mice. Is this an actual 
finding or are these cells only present in the selected sample? Could the enrichment of these cells 
be an indication of a premalignant state? As low B220 expression levels are a characteristic of a 
B1 progenitor (Ghosn, PNAS 2011), can it be excluded that the leukemic cells arise from a fetal 
liver progenitor?  
      1) As suggested by the reviewer, we have replaced ‘significant effect’ by ‘apparent effect’ in 
the result section on page 7 (middle).  
      2) In the meantime, we have performed a statistical analysis of the flow-cytometric data of all 
Pax5Jak2/+ and Pax5+/+ mice, which did not reveal a difference in the frequency of large (FSChigh) 
or small (FSClow) pre-B cells (Kit–CD2+B220+CD19+IgM–IgD–) between Pax5Jak2/+ and Pax5+/+ 
mice. We have now incorporated this statistical analysis in Figure 1D. 
      3) The low B220 expression of the Pax5Jak2/+ B-ALL cells does not indicate a potential B-1 
cell origin, as these tumor cells express the B-1a cell marker gene Cd5 at a 10-fold lower level 
compared with wild-type peritoneal B-1a cells (Figure 1 for reviewer). 
 

 
 
3: The data in figure S1G is somewhat difficult to interpret as these are not presented in a Kaplan-
Meier plot. Were the onset of leukemia in the two mice who developed disease from B220 high 
cells slower than in the animals transplanted with B220 low cells? Were all the transplanted cells 
B220 high and B220 low from the same mouse? The figure legend states " a 6-week old mouse". 
Were all the transplanted cells from one mouse in one experiment? This would need clarification. 
      We thank the reviewer for this suggestion. We now show the survival data in the format of a 
Kaplan-Meier survival analysis in Figure S1G, which is now easier to be understood. The B220high 
and B220low B cells were isolated from the bone marrow of one 6-week-old Pax5Jak2/+ mouse (A). 
We now replaced “a” by “one” in the legend of Figure S1G. 
 
4: In figure 2, the authors use a set of RNA-seq experiments to arrive with the conclusion that 
"We therefore conclude that the Pax5Jak2 allele behaves like a Pax5 null allele with regard to 
Pax5 function". While this is all in order, I do not quite understand why the authors do not use 
data from the experiment presented in figure S6C where they show that a mouse carrying a PAX5 
null allele and the PAX5-JAK2 allele do not obtain any CD19+ cells. Is this not direct evidence for 
that the fusion protein do not possess a canonical PAX5 function adding to the conclusion of the 
authors?  
      We thank the reviewer for this good suggestion. In addition, we now show new flow-cytometric 
data in Figure S2B, which unequivocally demonstrate that the Pax5Jak2/+ and Pax5Prd/+ mice are 
unable to generate CD19+ B cells. As suggested, we have moved the data of Figure S6C,D to 
Figure S2C,D and now discuss these and the new data immediately after the presentation of the 
minimal gene expression differences observed between Pax5Jak2/+ and Pax5+/+ pro-B cells in 3-
week-old mice (page 9, bottom). The fact that B cell development is arrested at an uncommitted 

Figure 1. mRNA expression of 
the Cd5 and housekeeping 
genes Hprt and Eef2 in 
Pax5Jak2/+ B-ALL and wild-type 
peritoneal B-1a cells.  
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B220+CD19– progenitor stage in Pax5Jak2/– mice unequivocally demonstrates that Pax5-Jak2 
does not function as a transcription factor. It is important for the reader to realize early in the result 
section that the differential gene expression observed in Pax5Jak2/+ B-ALL cells is not caused by 
a “direct transcriptional activity” of the Pax5-Jak2 protein but rather by an indirect effect of the 
constitutively active Pax5-Jak2 kinase.  
 
5: The analysis of the role of the kinase domain in figure 4 is interesting. While the data presented 
from Ruxolitinib treatment of tumor transplanted mice is elegant, the low expression levels of the 
KD mutated fusion allele is concerning. The onset of leukemia in Pax-Jak2-luc mice is delayed 
from 72 to 200 days. The authors explain this as follows "The pro-B cells of Pax5Jak2-Luc/+ mice 
expressed 2-fold lower levels of Pax5-Jak2 protein compared with Pax5Jak2/+ pro-B cells 
(Appendix Fig S1E and F). Consequently, the Pax5Jak2-Luc/+ mice develop B-ALL with a 3-fold 
longer latency of 214 days (Appendix Fig S4D and E) relative to the Pax5Jak2/+ mice (74 days; 
Fig 1F).". If the expression of the KD allele is reduced even further as indicated in figure S4D, 
what would then be the latency of disease onset in this mouse model? It would be important that 
the authors stress this limitation in their analysis.  
      As suggested by the reviewer, we now mention the potential limitation caused by the lower 
expression of the Pax5-Jak2-KD protein in Pax5Jak2-KD/+ B cells (Figure S4B) by making the 
following statement on page 16 (top): “While the 4-fold lower expression of the Pax5-Jak2-KD 
protein in pro-B cells is expected to significantly delay the tumor onset, the complete absence of 
B-ALL in 1-year-old Pax5Jak2-KD/+ mice nevertheless indicates a critical role of the Pax5-Jak2 
kinase activity in the initiation of leukemia development”. 
 
6: The analysis of the DNA binding ability of the fusion gene is interesting. However, I cannot see 
that the differences in dose is taken into consideration when the CHIP-seq data are analyzed. As 
recently reported (Ramamoorthy et al 2020 Genes and Development) Pax5 dose impacts the 
binding spectra of PAX5. Inclusion of CHIP-seq data from Pax5+/- pro-B cells and tumor cells 
from Cd79CRE-IKXF1neo/+Pax5LSLjak2/+ mice would be most informative. As the tumors from 
these mice has obtained the duplication of the PAX5-Jak2 allele, the dose should possibly be 
comparable to that of the tumor cells from the Pax5Jak2 mice allowing for a more relevant 
analysis. 
      1) In order to perform a Bio-ChIP-seq experiment with Pax5Bio/– pro-B cells (instead of Pax5+/– 
pro-B cells) to fit it to the Bio-ChIP-seq data of Figure 5B, we would have had to first generate 
mice of the Rosa26BirA/+ Pax5Bio/– genotype followed by in vitro culture of pro-B cells and 
subsequent Bio-ChIP-seq analysis. We did not perform this experiment, as we do not consider 
the long time delay caused by this experiment to be justified particularly in view of the relatively 
high variability of results obtained with ChIP-seq experiments.  
      2) There is a misunderstanding about the utility of Cd79a-Cre Ikzf1neo/+ Pax5LSL-Jak2/+ B-ALL 
cells for Bio-ChIP-seq analysis. Due to ectopic expression of the full-length Pax5 protein from the 
Ikzf1 allele, the Pax5-Jak2 protein can only inefficiently bind to genomic DNA in the presence of 
the competing full-length Pax5 protein, as we described it for the Pax5Jak2/+ Rosa26BirA/+ pro-B 
cells in Figure 5B. Moreover, we have not established a cell line from a Cd79a-Cre Ikzf1neo/+ 
Pax5LSL-Jak2/+ B-ALL tumor that should additionally even express Rosa26BirA to be used for Bio-
ChIP analysis. Due to the relatively long tumor latency (Figure 3C), we cannot even predict, when 
we would obtain the next Cd79a-Cre Ikzf1neo/+ Pax5LSL-Jak2/+ B-ALL tumor mouse. Hence, the 
suggested experiment is not feasible for scientific and time reasons. 
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7: The data in figure 7 support the idea that STAT5 signaling is enhanced in the presence of the 
PAX5-JAK2 fusion protein. I do, however, not find it conclusively shown that STAT5 is directly 
targeted by the kinase. As this is an important conclusion of the paper more evidence to this end 
would be of great value. The hypersensitivity of the cells to IL7 signaling could possibly be 
addressed by short term in vitro exposure to IL7 followed by analysis of pSTAT5 levels at defined 
timepoints after removal of the cytokine. 
      1) To address the first point (phosphorylation of STAT5 by the Pax5-Jak2 kinase), we have 
performed a time course analysis by treating Pax5Jak2/+ B-ALL cells with the JAK1/2 inhibitor 
ruxolitinib followed by immunoblot analysis of p-STAT5. Phosphorylation of STAT5 was reduced 
within 30 min of ruxolitinib treatment and was lost after 1 hour, demonstrating that the p-STAT5 
is strongly dependent on Jak2 activity in Pax5Jak2/+ B-ALL cells (shown in the new Figure S7D). 
These data are mentioned on page 24 (top). 
      2) We performed the suggested time course analysis to investigate STAT5 phosphorylation 
after IL-7 withdrawal in Pax5Jak2/+ B-ALL cells. Upon IL-7 withdrawal, STAT5 phosphorylation was 
reduced at 2 hours and lost at 4 hours in Pax5Jak2/+ B-ALL cells, indicating that p-STAT5 in tumor 
cells is dependent on IL-7 signaling (shown in the new Figure S7E). These data are mentioned 
on page 24 (top). The loss of p-STAT5 is furthermore consistent with the observed loss of cell 
viability of Pax5Jak2/+ B-ALL cells in response to IL-7 withdrawal, as shown in Figure S7A of the 
initial submission. 
 
Minor points: 
 
1: The authors state in the abstract, the result section and in the discussion that "... developed an 
aggressive B-ALL in the absence of another cooperating mutation.", however, they report that 
loss of Wt Pax5 is important and occurs in the tumors. Do the authors not consider loss of PAX5 
to be a mutation?  
      As suggested by the reviewer, we have rephrased the statement by indicating that aggressive 
B-ALL tumors develop in Pax5Jak2/+ mice without the need of introducing another cooperating 
exogeneous gene mutation in the abstract (page 2), introduction (page 5) and discussion (page 
26).  
 
2: It would be nice to see where primers are in S1b so that S1d is easier to understand. 
      We now show the location of the PCR primers in Figure S1B, which helps to better understand 
the PCR result shown in Figure S1D. 
 
3: The authors write " Interestingly, a previous RNA-seq comparison of Pax5+/- and Pax5+/+ pro-
B cells identified a similarly low number of Pax5-regulated genes". I do not understand if these 
are the same genes? If so this would likely be the result of a dose effect if not there is little 
information in this analysis. 
      The low number of Pax5-regulated genes in Pax5Jak2/+ and Pax5+/– pro-B cells are indeed 
caused by a dose effect, as the Pax5Jak2 allele behaves like a null allele with regard to Pax5 
function, based on the failure of Pax5Jak2/– mice to develop any CD19+ B cells due to a stringent 
B cell developmental arrest at an uncommitted progenitor stage (Figure S2B,C). We now explicitly 
state this fact on page 9 (bottom). Consequently, there is indeed a significant overlap between 
the Pax5-regulated genes in Pax5Jak2/+ and Pax5+/– pro-B cells, as suggested by the reviewer. 
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4: The authors explain the reduction of B220 expression as a result of differential splicing. Did the 
RNA seq data support this conclusion with lower number of reads from exon 4-6?  
      The RNA-seq data shown in Figure 2H of the initial submission already demonstrate that the 
reads at the exons 4, 5 and 6 of the Ptprc (CD45) gene are strongly reduced in Pax5Jak2/+ B-ALL 
cells compared with control Pax5+/– Cdkn2ab+/– B-ALL cells. 
 
5: The authors claim that the data in panel 3C shows absence of Wt PAX5 in the tumor cells, 
however, the signal in the tumors is still in the range of several thousands and no negative control 
is included. I would suggest that the conclusion is changed to "reduced levels".  
      Four lines of evidence indicate that Pax5 is completely lost in Pax5Jak2/+ B-ALL cells and is 
not only reduced in these cells as suggested by the reviewer. The tumor cells express no wild-
type mRNA (Figure 3A), no wild-type protein (Figure 3B), no hCD2 (Pax5) reporter protein (Figure 
3D) and have lost the wild-type Pax5 gene by uniparental disomy (Figures 3E and S3A). The 
relatively high fluorescence intensity measured in Pax5Jak2/+ B-ALL cells by intracellular staining 
with the anti-Pax5 antibody therefore corresponds to the loss of Pax5 and cannot be interpreted 
as ‘reduced Pax5 levels’.  
 
6: The authors state " Interestingly, the PAX5-JAK2 transcripts were increased in 6 of the 8 B-
ALLs, resulting in an average percentage of 68.4% for PAX5-JAK2 mRNA compared with 31.6% 
for full-length PAX5 mRNA (Appendix Fig S3C, right), whereas a similar analysis of PAX5-ETV6+ 
B-ALLs revealed a 1:1 ratio of both PAX5 transcripts (Smeenk et al., 2017).". What conclusion do 
the authors draw from this finding? Does this not indicate there are elements in the human fusion 
gene that creates higher expression levels then what is observed in the mouse model? Would 
this explain the apparent lack of Wt PAX5 mutations in human leukemia as the fusion protein is 
expressed at sufficient levels to compete with the Wt PAX5? 
      The explanation of the reviewer may be correct, as regulatory elements of the JAK2 locus 
could increase PAX5-JAK2 expression in the respective human B-ALLs. However, we did not 
dare to draw such a strong conclusion, given the high fluctuation of the data between the different 
PAX5-JAK2+ patients (from 85.2% [tumor 1] to 46.6% [tumor 4]). 
 
7: How does the conclusion " We therefore conclude that the consistent loss of Pax5 in  
Pax5Jak2/+ B-ALL tumors allows Pax5-Jak2 to bind to its target sites in the genome, which  
strongly argues for a nuclear function of Pax5-Jak2" fit with the observation that the human 
leukemia cells retain a functional PAX5 allele. This should be discussed. Can it be related to my 
minor comment 6?  
      The difference between the mouse Pax5Jak2/+ B-ALL model and the human PAX5-JAK2+ B-
ALLs is discussed in great detail on page 28 in the discussion section of the initial submission, 
where we mention that the loss of Pax5 accelerates B-ALL formation but is not essential for B-
ALL development in the mouse model similar to the human patients. 
 
8: Even though the data in figure 6 is of importance in the light of the existing literature, this 
information could be moved to the supplement. 
      The reviewer acknowledges the importance of the H3Y41ph data in light of the existing 
literature. The issue of H3Y41 phosphorylation has been an unresolved and hotly debated issue 
in both the epigenetics and JAK-STAT communities. We therefore think that we should not hide 
the data in a supplementary figure, especially when we have an entire paragraph dedicated to 
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the phosphorylation of H3Y41 and even mention these epigenetic data in the abstract. 
Sometimes, it is also important to show well-controlled negative data. Finally, we have generated 
a monoclonal anti-H3Y41ph antibody and could demonstrate with this new tool that this histone 
modification does not exist. As this message would be lost by relegation of the data to a 
supplementary figure, we strongly argue for showing these data in Figure 6. 
 
9: Several diagrams, including the Kaplan-Meier plots, lacks statistical analysis.  
      As suggested by the reviewer, we have now added the statistical evaluation to the Kaplan-
Meier plots in Figures 1F, 3G, 4F, 5H and 7C as well as in Figures S1G, S4D and S5H. In addition, 
we have also provided the statistical data for Figures 3F and 7B as well as for Figures S1F, S3A 
and S4G. 
 
Referee #2: 
 
In this manuscript, Jurado et al. describe a study aimed at addressing the oncogenic function of 
a PAX5-JAK2 fusion protein in B-ALL. The authors generated various mouse models in which the 
constitutive Jak2 kinase domain is fused to the DNA-binding region of the endogenous Pax5 
locus. The authors find that Pax5Jak2/+ mice rapidly develop B-ALL, whereby the tumors lose 
the endogenous wild type allele. The authors also introduced point mutations in the Pax5 DNA-
binding region found in human B-ALL. The corresponding Pax5Prd*-Jak2/+ mice develop B-ALL 
with a longer survival rate and less frequent loss of the wild type Pax5 allele. ChIP-seq analysis 
indicated that the PAX5-Prd*-JAK2 fusion protein still binds ~50% of Pax5-sites but also gains 
binding at new sites. By assessing the function of the PAX5-JAK2 protein, the authors show that 
the fusion protein does not induce changes in chromatin modification or phosphorylation of 
H3Y41. However, they find that PAX5-JAK2 affects IL-7 signaling and STAT5-phosphorylation, 
resulting in an activation of a STAT5-dependent gene expression program. 
 
The study addresses the important question of how PAX5-JAK5 fusions found in human B-ALL 
result in leukemogenesis in a mouse model. This is an impressive study that involves many newly 
generated mouse strains and a thorough analysis. The data are extensive, convincing and well 
presented. The study will be of interest to a wide readership. However, the manuscript would 
benefit from addressing some specific comments. 
 
Specific comments:  
 
1) The authors show that the PAX5-JAK2 fusion protein does not compete well with the 
endogenous wild-type PAX5 protein for binding to canonical Pax5 sites in pro-B cells. However, 
the fusion protein binds well upon the loss of the wild-type (wt) Pax5 allele in leukemic cells. In 
Fig. 2, the authors compared RNA-seq data sets of Pax5Jak2/+ pro-B cells with those of wt pro-
B cells, as well as data of Pax5Jak2/+ B-ALL cells with those of a previously described Pax5 
model of B-ALL (Pax5+/- Cdkn2ab+/-). The pro-B cell comparison identified very few differentially 
expressed genes (DRG), consistent with the presence of a wild-type Pax5 allele in Pax5Jak2/+ 
pro-B cells. In the B-ALL comparison, however, they identified a much larger set of DRGs. To 
assess the function of the PAX5-JAK2 fusion protein in the absence of PAX5, and to relate it to 
its DNA-binding ability (determined by ChIP-seq in Fig. 5), it would be of interest to include a 
comparison of the Pax5Jak2/+ B-ALL data set with that of Pax5+/- pro-B cells, which the authors 
have at hand. 
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      It is a notorious problem in tumor biology to define a control cell type or developmental stage 
for a meaningful comparison of expression data with a given tumor cell type. The proliferating 
large pre-B cells can be used as a reference cell type if a B-ALL tumor is arrested at the pre-
BCR+ cell stage. Our PCA analysis of RNA-seq data demonstrated that the Pax5Jak2/+ B-ALL cells 
are positioned between wild-type large pre-B cells and wild-type pro-B cells on the PCA plot 
(Figure S2E) due to the partial dedifferentiation of Pax5Jak2/+ B-ALL cells caused by their Pax5 
loss. We have bioinformatically analyzed the RNA-seq comparisons between Pax5Jak2/+ B-ALL 
and Pax5+/+ pro-B cells (left), between Pax5Jak2/+ B-ALL (middle) and Pax5+/– pro-B cells as well 
as between Pax5Jak2/+ B-ALL and Pax5+/+ large pre-B cells (right; Figure 2 for reviewer). These 
comparisons identified many more differentially expressed genes, which is not surprising, as we 
compare transformed tumor cells with primary pro-B and large pre-B cells. These massive gene 
expression changes must be largely caused by the tumor versus primary cell state comparison 
and may have little to do with the Pax5-Jak2 protein, which is mainly involved in phosphorylating 
STAT5 and does not act as a transcription factor (Figures 7 and S2B,C). For these reasons, we 
did not further analyze the massive gene expression changes shown in Figure 2 (for reviewer). 

 
Figure 2. Gene expression differences between Pax5Jak2/+ B-ALL and the indicated pro-B and pre-B cells, 
which were characterized by Padj < 0.05, fold-change > 3-fold and expression value > 10 TPM. 
 
2) In Fig.7, the authors show that Pax5Jak2 cooperates with IL-7 signaling in promoting B-ALL. 
They also find that phosphorylation of STAT5 is enhanced in Pax5Jak2 B-ALL and follicular B 
cells. The authors show that some 15% of STAT5-bound genes are dysregulated in Pax5Jak2 B-
ALL (Fig. 7H-K). Have the authors determined whether and how many of the STAT5-bound genes 
are co-occupied by PAX5-JAK2? Does the constitutive active JAK2 kinase domain of the fusion 
protein phosphorylate co-bound STAT5 or is phosphorylation independent of DNA binding? 
      1) We have performed the requested bioinformatic analysis, which revealed that the STAT5-
bound target genes constitute 11.4% of all Pax5-Jak2-bound genes in Pax5Jak2/+ B-ALL cells. 
This overlap is likely an underestimate as only 2,377 STAT5 peaks were identified by ChIP-seq 
in pro-B cells. 
      2) The second question (phosphorylation of co-bound STAT5 by Pax5-Jak2) is extremely 
difficult, if not impossible, to answer. For this, we should have performed sequential ChIP analysis 
by first precipitating Pax5-Jak2-bound DNA followed by re-precipitation of the bound DNA with an 
anti-phospho-STAT5 antibody. Sequential ChIP analysis is a largely uncontrolled experiment, as 
the precipitated DNA after the second ChIP cannot be normalized to any other DNA sequences, 



 -8- 

which have been eliminated during the second precipitation. For this reason, we did not attempt 
to perform this experiment. 
 
3) The analysis of the Pax5Prd*-Jak2/+ mice is interesting because this Pax5 allele harbors 
mutations in the paired domain that are frequently found in human B-ALL and alter the binding 
specificity (shown in Fig. S5I). Have the authors further characterized the PAX5-Prd*-JAK2-
specific sites (~50% of the total bound sites)? Are different motifs enriched than those found at 
PAX5-JAK2 or PAX5 peaks? Does binding correlate with altered chromatin accessibility? 
      As suggested by the reviewer, we have further analyzed the ChIP-seq data of the Pax5Prd*-

Jak2/+ and Pax5Jak2/+ B-ALL cells (Figure S5I of the manuscript). Figure 3 (for reviewer, below) 
shows the density of the common (A), Pax5-Prd*-Jak2-specific (B) and Pax5-Jak2-specific (C) 
peaks. While the de novo motif discovery program MEME-ChIP readily identified the consensus 
Pax5 recognition motif in the common peaks (A), we could not find any significant de novo-
predicted motif in the Pax5-Prd*-Jak2-specific (B) and Pax5-Jak2-specific (C) peaks. We have 
not performed ATAC-seq experiments with Pax5Jak2/+ and Pax5Prd*-Jak2 /+ B-ALL cells and are 
therefore not in a position to comment on altered chromatin accessibility. 
 

 
 
Figure 3. The number of common and unique peaks of the Pax5Prd*-Jak2/+ and Pax5Jak2 + B-ALL cells 
(shown in Figure S5I) are shown to the left and the density of Pax5-Jak2 binding is shown to the right. 
 
4) The authors claim that the kinase domain is required for the oncogenic function of Pax5Jak2. 
This conclusion is most likely correct. However, the experiments supporting this claim should be 
interpreted with some caution. The genetic data involve a mouse carrying a point mutation in the 
kinase domain of Pax5Jak2. Based on the immunoblot analysis shown in Fig. S4B, the mutant 
fusion protein is expressed at a four-fold lower level than the corresponding PAX5-JAK2 protein. 
In other experiments, the authors find that the dosage of PAX5-JAK2 and PAX5 influences the 
penetrance and initiation of leukemia. Therefore, the authors may want to temper their conclusion. 
The effect of pharmacological inhibition of the kinase domain by treatment of cells with the JAK1/2 
inhibitor Ruxolitinib is clear. However, the authors should mention that the inhibitor may also target 
general JAK1/2 function and not only that of the PAX5-JAK2 fusion protein.  
      1) As suggested by the reviewer, we now mention the potential limitation caused by the lower 
expression of the Pax5-Jak2-KD protein in Pax5Jak2-KD/+ B cells (Figure S4B) by making the 
following statement on page 16 (top): “While the 4-fold lower expression of the Pax5-Jak2-KD 
protein in pro-B cells is expected to significantly delay the tumor onset, the complete absence of 
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B-ALL in 1-year-old Pax5Jak2-KD/+ mice nevertheless indicates a critical role of the Pax5-Jak2 
kinase activity in the initiation of leukemia development”. 
     2) At the first appearance, we have introduced ruxolitinib as a JAK1/2 inhibitor on page 16 
(bottom) in the result section and in the legend of Figure 4D,E (page 42) of the initial submission. 
We now added the following sentence on page 16 to indicate that ruxolitinib can also inhibit 
endogenous Jak1: “As pro-B and pre-B cells abundantly express Jak1 but not Jak2 (ImmGen 
database), ruxolitinib may mediate its effect by inhibition of the endogenous Jak1, transgenic 
Pax5-Jak2 or both kinases in Pax5Jak2/+ B-ALL tumors”. 
  
5) The manuscript would also benefit from shortening. The result section contains description of 
experimental details (including generation of mouse strains) that could be moved to the Materials 
and Methods section: Likewise, the entire Fig. 6 and the corresponding result section is dedicated 
to negative data concerning the lack of epigenetic regulation by Pax5Jak2. Therefore, I suggest 
to include this figure in Supplemental Figures and to shorten the description in the text 
accordingly. 
      1) Describing the generation of the Pax5Jak2/+ mouse is central for the understanding of the 
Pax5-Jak2 tumor model for the following reasons. The high aggressiveness of the B-ALL tumor 
resulted in the death of Pax5Jak2/+ mice within 2.5 months (Figure 1F). Consequently, we would 
have lost the Pax5Jak2/+ mouse strain already in the first generation. To prevent this, we had to 
use a complicated conditional strategy by introducing a floxed stop cassette (LSL) upstream of 
the Jak2 cDNA insertion in the Pax5LSL-Jak2 allele. Every experimental Pax5Jak2/+ mouse was 
thereafter generated by deletion of the LSL cassette by the ubiquitous Meox2-Cre line. We 
therefore had to describe the entire experimental strategy in the first paragraph of the result 
section. In our opinion, the clarity of the manuscript would have suffered by relegating the entire 
description to Materials and Methods  
      2) The issue of H3Y41 phosphorylation has been an unresolved and hotly debated issue in 
both the epigenetics and JAK-STAT communities. We therefore think that we should not hide the 
data in a supplementary figure, especially when we have an entire paragraph dedicated to the 
phosphorylation of H3Y41 and even mention these epigenetic data in the abstract. Sometimes, it 
is also important to show well-controlled negative data. Finally, we have generated a monoclonal 
anti-H3Y41ph antibody and could demonstrate with this new tool that this histone modification 
does not exist. As this message will be lost by relegation of the data to a supplementary figure, 
we strongly argue for showing these data in Figure 6. 
 
6) The authors may want to mention recent studies showing that combined Pax5 and Ebf1 
heterozygosity in the mouse also enhances IL-7R signaling and STAT5 phosphorylation in B-ALL. 
      As suggested by the reviewer, we now mention the finding of Ramamoorthy et al (2020) in 
the context of the IL-7 sensitivity of the Pax5Jak2/+ B-ALL cells on page 23 (top). 
 
 
Referee #3:  
 
In the manuscript entitled "PAX5-JAK2 acts as a dual-hit mutation to induce B cell leukemia by 
regulating nuclear STAT5 activity", the authors created a mouse model to analyze the role of 
PAX5-JAK2 (PJ) fusion protein in developing B-ALL in vivo. The mice expressing PJ fusion 
protein from endogenous PAX5 locus develop very aggressive B-ALL with median survival of 74 
days. The DNA binding activity of PJ and its ability to constitutively phosphorylate Stat5 are found 
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to be responsible for the observed phenotype. In addition, due to acquired uniparental disomy 
(aUPD) observed in the mice, they lose the WT PAX5 allele in the malignant B-ALL cells which 
accelerates the leukemia development. Although the study generates a new mouse model and 
characterized it, there are several questions to the model as well as the experimental results and 
interpretation. 
 
Specific points: 
1. The authors expressed PJ fusion gene from the endogenous PAX5 locus to closely mimic the 
disease situation. However, the construct led to the loss of WT PAX5 allele which is not observed 
in the disease. The data provided by the authors about the human B-ALL cells also supports this 
fact. Thus this mouse line does not actually model the human disease. It is difficult to distinguish 
the alterations that is caused by the oncogenic fusion protein from those caused due to loss WT 
PAX5 allele. From this point of view, the Cd79a-Cre Ikzf1neo/+ Pax5LSL-Jak2/+ line is a better 
choice of model. The longer latency period in these mice indicates that Pax5Jak2/+ model is 
indeed an exaggerated model for B-ALL not because of the fusion protein itself but due to model 
design. 
      We have explained in detail the differences between the mouse Pax5Jak2/+ B-ALL model and 
the human PAX5-JAK2+ B-ALL tumors and discussed the limitations of the Pax5Jak2/+ model on 
page 28 of the discussion section. On the positive side, the Pax5 loss in the Pax5Jak2/+ model 
allowed us to study the genome-wide binding of Pax5-Jak2, which would not have been possible 
in the ‘better’ Cd79a-Cre Ikzf1neo/+ Pax5LSL-Jak2/+ B-ALL model or even in human PAX5-JAK2+ B-
ALL tumors due to the DNA-binding competition by the wild-type Pax5 protein. Moreover, the 
Pax5Jak2/+ model also allowed us to decipher the role of Pax5-Jak2 in maintaining the level of 
active phosphorylated STAT5 in the nucleus (see point 9 below for detailed explanation). The 
Cd79a-Cre Ikzf1neo/+ Pax5LSL-Jak2/+ mice were important to demonstrate that the Pax5 loss 
contributes to tumor acceleration but that it is not required for B-ALL development. Most 
importantly, the work that we present in this manuscript could not have been performed with the 
Cd79a-Cre Ikzf1neo/+ Pax5LSL-Jak2/+ tumor model, as we could have never generated enough mice 
of this complicated genotype for a comprehensive study. In addition, the analysis of these mice 
would have been further complicated by the relatively long tumor latency and incomplete 
penetrance (Figure 3G). 
 
2. The major focus of the study is to show the oncogenic potential of the PJ fusion in the 
development of B-ALL in mouse model. The oncogenic potential of PJ fusion for B-ALL is already 
known and the present study does not add any additional information regarding the mechanism 
of action. The authors did several high-throughput sequencing studies including RNA-seq and 
ChIP-seq. But they did not pinpoint clearly the cellular processes that are altered due to PJ fusion. 
They have shown the change in expression for some genes (Figure 2E, G), but what is the 
relevance of these genes in the context of B-ALL? Except for the explanation why B220 is lowered 
in the ALL cells, no further explanation has been given. From their expression data, can the 
authors deduce a mechanism how after 3 weeks of age the pro-B cells rapidly transform into the 
malignant ALL cells? 
      In response to the reviewer’s question, we would like to emphasize our important finding that 
Pax5-Jak2 does not function as a transcription factor (Figure S2B,C) but instead is a DNA-binding, 
constitutively active Jak2 kinase that phosphorylates STAT5 in the nucleus. To further corroborate 
this finding, we have performed new experiments to interrogate the phosphorylation status of 
STAT5 in bone marrow B cells of Pax5Jak2/+ mice at the age of 4-5 weeks (shown in the new 
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Figures 7F). These new data demonstrate that there is a small but significant increase of p-STAT5 
levels in Pax5Jak2/+ pro-B cells compared with wild-type pro-B cells in vivo. Importantly however, 
a strong increase of the p-STAT5 level was already seen in the leukemic B220low B cells at the 
age of 4-5 weeks concomitant with the loss of the wild-type Pax5 allele and increased DNA-
binding of Pax5-Jak2. As active STAT5 is known to be an oncogenic driver of B-ALL development, 
we consider the phosphorylation of STAT5 in the nucleus to be the main oncogenic (‘cellular’) 
function of Pax5-Jak2. 
 
3. The authors compared the gene expression alteration by PJ fusion protein always with respect 
to another B-ALL model and stressed on the PAX5 activated and repressed genes. It is well 
possible that the fusion protein has its own specific gene expression paradigm other than 
deregulating the PAX5 regulated genes. Can the authors compare the gene expression changes 
with respect to WT to find out these genes? This should be performed in the model expressing 
PJ and ectopic PAX5 as this circumvents the problem of WT PAX5 loss in the Pax5Jak2/+ model. 
      1) The GSEA analysis of Figure 2D,F may have overemphasized the contribution of Pax5-
regulated genes to the differential gene expression signature of Pax5Jak2/+ B-ALL cells, as only 
27% of the downregulated genes and 30% of the upregulated genes correspond to activated and 
repressed Pax5 target genes, respectively, which we now mention on page 10.  Hence, 70% of 
the differentially expressed genes in Pax5Jak2/+ B-ALL cells are regulated independently of Pax5.  
      2) As described in the manuscript and mentioned above (under point 2), Pax5-Jak2 is not a 
transcription factor and therefore cannot turn on its own gene expression signature. However, 
Pax5-Jak2 phosphorylates another transcription factor, STAT5, in the nucleus. In this sense, the 
‘expression paradigm’ of Pax5-Jak2 is to activate STAT5 that, in turn, switches on its own STAT5-
dependent gene expression program (Figure 7).  
      3) We did not perform RNA-sequencing of Cd79a-Cre Ikzf1neo/+ Pax5LSL-Jak2/+ B-ALL cells 
and can therefore not perform the requested gene expression comparison. Moreover, the 
generation of these data would have delayed the revision of our manuscript by several months 
due to the inefficient generation of Cd79a-Cre Ikzf1neo/+ Pax5LSL-Jak2/+ mice, the long latency of 
the respective tumors and the time required for RNA-sequencing and bioinformatic analysis. 
 
4. The authors concluded that the JAK2 kinase activity is required for the ALL development as 
the kinase dead (KD) construct leads to delay of ALL onset. However, the expression level of PJ-
KD fusion is extremely low compared to PJ making it difficult to understand if the observed delay 
is due to loss of kinase activity of JAK2 or simply due to low expression of the oncogene. Notably, 
this is already the case (as also mentioned by the authors) for the Pax5Jak2-Luc/+ mice that 
express 2 fold less fusion protein and consequently develops ALL at 3 fold longer latency. 
      As suggested by the reviewer, we now mention the potential limitation caused by the lower 
expression of the Pax5-Jak2-KD protein in Pax5Jak2-KD/+ B cells (Figure S4B) by making the 
following statement on page 16 (top): “While the 4-fold lower expression of the Pax5-Jak2-KD 
protein in pro-B cells is expected to significantly delay the tumor onset, the complete absence of 
B-ALL in 1-year-old Pax5Jak2-KD/+ mice nevertheless indicates a critical role of the Pax5-Jak2 
kinase activity in the initiation of leukemia development”. 
 
5. The authors show that treatment with JAK2 inhibitor Ruxolitinib prolongs the survival of the 
mouse by 20 days. There is no statistical analysis given for this observation (Fig 4E-F). How 
significant is this change? It seems that this small change also indicates that longer latency of 
ALL onset in kinase dead expressing mice is actually due to low expression of the oncogene. 
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      1) We have determined and added the statistical significance for the ruxolitinib time course 
(Figure 4E) and survival curve (Figure 4F), as suggested by the reviewer.  
     2) Ruxolitinib treatment determines the role of Pax5-Jak2 activity during the tumor 
maintenance phase, while the kinase-dead mutation (K272E) of Pax5-Jak2 provides information 
about the role of the Pax5-Jak2 activity during the initiation of tumor development. As the functions 
of Pax5-Jak2 in tumor initiation and maintenance are likely different, it may not be valid to 
conclude from the ruxolitinib data, what role the Pax5-Jak2 protein could play during the tumor 
initiation phase. 
 
6. Using ChIP-seq analysis, the authors analyzed the DNA binding ability of the PJ fusion protein. 
It is really surprising that they only concentrated on the numerical values of the binding sites 
occupied by PJ fusion or the paired domain mutant. Why do they not analyze the genes/ 
regulatory regions belonging to site B (specific for PJ fusion)? This might provide more valuable 
information about the oncogenic mechanism of the fusion protein. The five mutations in the PAX5 
Prd domain do not eliminate DNA binding but lead to increased latency of the disease onset. It is 
therefore important to analyze this differential DNA binding between Prd and PJ to understand 
how PJ leads to such aggressive disease course. Such analysis is completely missing in the 
paper. 
      1) In answering the question about the ‘genes/regulatory regions’ (like site B), we would like 
to point out that Pax5-Jak2 is a DNA-binding Jak2 kinase and not a transcription factor. Moreover, 
the Pax5-Jak2-specific peaks in the B-ALL cells have a very low density in general, which 
indicates weak binding (Figure S5D; including site B, Figure S5A). The low density of these Pax5-
Jak2-specific peaks (Figure S5D) does not warrant a detail analysis. Moreover, the Pax5-Jak2-
specific peaks may be indirectly caused by differential chromatin accessibility of these sites in the 
tumor cells compared to pro-B cells.  
      2) As suggested by the reviewer, we have further analyzed the ChIP-seq data of the Pax5Prd*-

Jak2/+ and Pax5Jak2 + B-ALL cells (Figure S5I of the manuscript). Figure 3 (for reviewer) shows the 
density of the common (A), Pax5-Prd*-Jak2-specific (B) and Pax5-Jak2-specific (C) peaks. While 
the de novo motif discovery program MEME-ChIP readily identified the consensus Pax5 
recognition motif in the common peaks (A), we could not find any significant de novo-predicted 
motif in the Pax5-Prd*-Jak2-specific (B) and Pax5-Jak2-specific (C) peaks. Unfortunately, these 
analyses could not reveal a potentially new function for the Pax5-Jak2-specific peaks. As a word 
of caution, it may be difficult to establish a 1:1 correlation between DNA-binding and an 
aggressive disease for a DNA-binding Jak2 kinase that does not function as a transcription factor. 
 
7. Regarding the epigenetic function of PJ, it is difficult to assess the data as the antibody 
generated in the study does not detect H3Y41Ph in cell lines previously reported to be positive 
for this mark. Therefore, the lack of H3Y41ph in PJ expressing cells could be due to antibody 
problem as well. Additionally, why did they suddenly use Pax5Jak2/- cells for the ChIP seq 
analysis? These cells are not even committed to B cell lineage. Thus, the Pax5Jak2/- cells and 
the tumor cells are temporally in different state. 
      1) There must be a misunderstanding here. The scientific debate at the start of our 
experiments was whether H3Y41 phosphorylation (as described by Dawson et al., 2009) exists 
as a histone modification or not. As the original rabbit polyclonal anti-H3Y41ph antibody was no 
longer available for many years, we generated a new monoclonal anti-H3Y41ph antibody and 
demonstrated unequivocally that this antibody recognizes the phosphorylated Y41 residue in the 
context of the H3 sequence (Figure 6B,C). The question then was whether we could detect the 
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H3Y41ph mark with this new antibody in Pax5Jak2/+ B-ALL cells and the three cell lines (HEL, 
TMD8, K1106), where H3Y41 phosphorylation was apparently detected in the study of Dawson 
et al. (2009). Although we could readily detect an H3pY41 peptide coupled to ubiquitin by 
immunoblot analysis with our monoclonal antibody, we could not detect any phosphorylation of 
Y41 on endogenous H3 proteins in the three cell lines and Pax5Jak2/+ B-ALL cells. We therefore 
conclude that H3Y41ph does not exist as a histone modification.  
      2) We apologize for not having more explicitly explained why we used Pax5Jak2/– and Pax5Prd/– 
progenitors for investigating a possible effect of Pax5-Jak2 on the generation of active chromatin 
by ChIP-seq analysis. As both Pax5Jak2/– and Pax5Prd/– progenitors are arrested at the same 
uncommitted cell stage, we could directly compare the chromatin profiles between these two cell 
types. This analysis could not be carried out with Pax5Jak2/+ B-ALL cells, as no control reference 
cell type for these B-ALL cells exists. We now explain in detail on page 22 why we used the 
Pax5Jak2/– and Pax5Prd/– progenitors for ChIP-seq analysis. 
 
8. The loss of IL7 receptor also increases disease latency. However, no statistics is provided here 
as well (Fig 7C and S7C). How significant is the observation? Can the authors also see alteration 
of IL7 regulated genes in the PJ expressing B-ALL cells in their high-throughput sequencing 
analysis? 
      1) As suggested by the reviewer, we now provide a statistical analysis of the data shown in 
Figures 7C and S7C, which were obtained by transplantation of Pax5Jak2/+ B-ALL cells into Il7 
mutant recipient mice, but not into IL-7a receptor-deficient recipient mice.  
      2) A prominent downstream transcription factor of IL-7R signaling is STAT5, whose role we 
have investigated in Figures 7D-K and S7G-I.  
 
9. The increased phosphorylation of Stat5 by PJ seems to be an over-estimation. The elevated 
pStat5 in the tumor cells is clearly evident but the increase shown in follicular (Fig 7F, G) or Pro 
B cells (Fig S7D, E) is really week to none. Specifically, the representative histogram plot shown 
in Fig S7D should not have a statistical significance shown in S7E. The authors also proposed 
that PJ fusion protein keeps Stat5 in constitutively phosphorylated form leading to activation of 
the Stat5 regulated genes. However, they did not show this constitutive activation. Can they show 
that in PJ expressing cells Stat5 is solely nuclear and constitutively phosphorylated? 
      1) We agree with the reviewer that the minimal increase of p-STAT5 in Pax5Jak2/+ FO B cells 
compared with Pax5+/+ FO B cells may not be biologically relevant, although it is statistically 
significant (Figures 7E and S7F). To investigate when p-STAT5 levels are increased during 
leukemia development, we performed new experiments by analyzing B cells from the bone 
marrow of Pax5Jak2/+ mice at the age of 4-5 weeks (new Figures 7F, mentioned already under 
point 2). These new data also demonstrate a small increase of p-STAT5 levels in Pax5Jak2/+ pro-
B cells compared with wild-type pro-B cells in vivo. Importantly, the p-STAT5 levels are strongly 
increased in the leukemic B220low B cells at the age of 4-5 weeks. We conclude therefore that the 
strong increase of STAT5 phosphorylation occurs in early leukemogenesis concomitant with the 
loss of the wild-type Pax5 allele and increased DNA-binding of Pax5-Jak2. These data provide 
strong support for a nuclear function in maintaining high levels of p-STAT5 in Pax5Jak2/+ B-ALL 
cells. As active STAT5 is known to be an oncogenic driver of B-ALL development, we consider 
the phosphorylation of STAT5 in the nucleus to be the main oncogenic function of Pax5-Jak2. 
This new experiment is mentioned on page 24 (result) and 30 (discussion).  
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      2) While we have demonstrated that the Pax5-Jak2 protein is almost exclusively present in 
the nucleus of Pax5Jak2/+ B-ALL cells (Figure S6A), we have not analyzed the nuclear location of 
p-STAT5, which is known to be predominantly localized in the nucleus, as recently reviewed by 
Villarino et al. (2017. Nat. Immunol. 18:374-384) and Wingelhofer et al. (2018. Leukemia 32:1713-
1726). 
  
10. The authors mentioned in the introduction that "Pax5Jak2/+ mice exhibited normal B cell 
development up to 3 weeks of age, but thereafter rapidly developed an aggressive B-ALL tumor 
in the absence of another cooperating gene mutation". The absence of other mutation is not 
actually tested in the study. The latency of B-ALL in the current model is too short. However, did 
they test any additional mutation in the ectopic PAX5 expressing mouse line? 
     We generated and analyzed the Cd79a-Cre Ikzf1neo/+ Pax5LSL-Jak2/+ mice to see whether 
ectopic expression of Pax5 from the Ikzf1 locus could delay B-ALL development, which it did. The 
longer latency is best explained by the de novo generation of cooperating gene mutations that 
promote tumor progression, as the reviewer correctly suggests. However, it is beyond the interest 
and focus of this manuscript to identify these mutations by whole-exome or whole-genome 
sequencing. 
 
 
Additional figure changes 
 
1. Minor change in numbers of differentially expressed genes shown in Figure 2C. We noticed 
only during the revision that a few VH gene segments of the Igh locus were present among the 
differentially expressed genes shown in Figures 2C and S2A. As VH gene segment cannot be 
considered to be a real gene, they have been eliminated from the gene lists (Tables S2 and S3), 
and the numbers of differentially expressed genes have been accordingly corrected in Figures 
2C and S2A. 
 
2. Swapping the two experiments demonstrating the IL-7 dependence of Pax5Jak2/+ B-ALL tumors 
between Figure 7B and Figure S7C. Unfortunately, we have only now realized that the data of the 
previous Figure S7C correspond to the bioluminescence experiment shown in Figure 7A. We 
have corrected this mistake by swapping the data between Figure 7B and Figure S7C in the 
revised figures. 
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