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1st Editorial Decision 5th Dec 2025

5th Dec 2025
Dear Dr. Sun,

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now received feedback from the three
reviewers who agreed to evaluate your manuscript. All three referees recognize interest of the study but also raise serious and
partially overlapping concerns that should be addressed in a major revision. Considering that the revision will require extensive
experimentation we think six months rather than three months would be more appropriate to provide the complete revision. If
you would like to discuss further the points raised by the referees, | am available to do so via email or video. Let me know if you
are interested in this option.

Further consideration of a revision that addresses reviewers' concerns in full will entail a second round of review. EMBO
Molecular Medicine encourages a single round of revision only and therefore, acceptance or rejection of the manuscript will
depend on the completeness of your responses included in the next, final version of the manuscript. For this reason, and to save
you from any frustrations in the end, | would strongly advise against returning an incomplete revision.

We would welcome the submission of a revised version within six months for further consideration. Please let us know if you

require longer to complete the revision.

I look forward to receiving your revised manuscript.

Yours sincerely,

Zeljko Durdevic

Zeljko Durdevic
Senior Editor
EMBO Molecular Medicine

Kkkkk

When preparing your revised manuscript, please refer to our guidelines: https:/link.springer.com/journal/44321/submission-
guidelines#cms-Revised-submissions. We perform an initial quality control of all revised manuscripts before re-review; failure to
include requested items will delay the evaluation of your revision.

We require:

1) A .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.

2) Individual production quality figure files as .eps, .tif, .jpg (one file per figure). For guidance, download the 'Figure Guide PDF":
https://media.springernature.com/original/springer-cms/rest/vi/content/27825798/data/v1.

3) A .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As
part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper.

4) A complete author checklist, which you can download from our author guidelines. Please insert information in the checklist
that is also reflected in the manuscript. The completed author checklist will also be part of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript.

6) It is mandatory to include a 'Data Availability' section after the Materials and Methods. Before submitting your revision, primary



datasets produced in this study need to be deposited in an appropriate public database, and the accession numbers and
database listed under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public.

In case you have no data that requires deposition in a public database, please state so in this section. Note that the Data
Availability Section is restricted to new primary data that are part of this study.

7) For data quantification: please specify the name of the statistical test used to generate error bars and P values, the number
(n) of independent experiments (specify technical or biological replicates) underlying each data point and the test used to
calculate p-values in each figure legend. The figure legends should contain a basic description of n, P and the test applied.
Graphs must include a description of the bars and the error bars (s.d., s.e.m.).

8) At EMBO Press we ask authors to provide source data for the main manuscript figures. You will receive a separate email with
instructions for providing source data with your revised manuscript, including how to upload and organize the files.

9) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable
online. A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and
their respective legends should be included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc.

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xls files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

11) The paper explained: EMBO Molecular Medicine articles are accompanied by a summary of the articles to emphasize the
major findings in the paper and their medical implications for the non-specialist reader. Please provide a draft summary of your
article highlighting

- the medical issue you are addressing,

- the results obtained and

- their clinical impact.

This may be edited to ensure that readers understand the significance and context of the research. Please refer to any of our

published articles for an example.

12) Author contributions: You will be asked to provide CRediT (Contributor Role Taxonomy) terms in the submission system.
These replace a narrative author contribution section in the manuscript.

13) A Conflict of Interest statement should be provided in the main text.

14) Every published paper includes a 'Synopsis' to further enhance discoverability. Synopses are displayed on the journal
webpage and are freely accessible to all readers. They include a short stand first (maximum of 300 characters, including space)
as well as 2-5 one-sentences bullet points that summarizes the paper. Please write the bullet points to summarize the key NEW
findings. They should be designed to be complementary to the abstract - i.e. not repeat the same text. We encourage inclusion
of key acronyms and quantitative information (maximum of 30 words / bullet point). Please use the passive voice. Please attach
these in a separate file or send them by email, we will incorporate them accordingly.

Please also suggest a striking image or visual abstract to illustrate your article as a PNG file 550 px wide x 300-600 px high.

15) Include a Reagents and Tools Table as part of the Methods section, which can be downloaded from our author guidelines.

EMBO Molecular Medicine has a "scooping protection” policy, whereby similar findings that are published by others during



review or revision are not a criterion for rejection. Should you decide to submit a revised version, | do ask that you get in touch
after three months if you have not completed it, to update us on the status.

***** Reviewer's comments *****
Referee #1 (Comments on Novelty/Model System for Author):

Overall the manuscript and experimental systems used are good.
| would suggest if possible using also a primary model of ALL, so that recipient mice are immunocompetent, to see if the
therapeutic effect holds (or is increased/decreased) in the presence of the host's immune system

Referee #1 (Remarks for Author):

In this article, Pei et al show that extracellular cyclophylin A (eCypA) is upregulated in ALL in autocrine and paracrine ways, and
eCypA accelerates ALL progression in vivo. This is due to eCypA binding melanocortin 2 receptor and its consequent activation
of AMOK-CREB, which up regulates CD44/FN1/MMP9 to promote migration and prevent apoptosis. In line with this, in vivo
treatment with neutralizing antibodies against CypA slowed disease progression in PDXs. Overall, this is an interesting
manuscript. | have some minor comments for authors to address:

1. Authors make reference to ALL throughout the manuscript, but all the models used are B-ALL, so | would ask them to clarify
this. Is eCypA only relevant in B-ALL? Or also T-ALL? If only B-ALL, they should specifically mention B-ALL in the abstract and
elsewhere.

2. In Fig 2b and 2c¢ authors measure mouse and human CypA. Are authors completely sure that these assays aren't cross
reactive? This should be mentioned and/or discussed.

3. The binding showed in Fig3 uses 293T cells. Authors should show this in ALL cells (ideally endogenously or, if antibodies
aren't good for IP, upon expressing of tagged-versions).

4. Authors use a PDX in Fig 6, but don't mention anything regarding its mutations or clinical subgroup (although the reader can
infer it is MLL-rearranged from the scRNAseq data). This information should be added.

5. All the in vivo assays are done in immunodeficient mice, as they involve either human cell lines or PDXs. It would be
interesting to see the effects in the context of mouse primary ALL, where hosts do have their competent immune system. Would
the effects of anti-eCypA be the same, increased, decreased?

Referee #2 (Comments on Novelty/Model System for Author):

1. Technical quality (including statistical analysis). Materials and methods are inadequately explained.

Strong evidence for the conclusions that are drawn. The evidence for some of the conclusions is relatively strong. Other
conclusions are less well-supported, among others because only one cell line (NALMB6) or in some cases two cell lines (including
RS4;11) are used. In the in vivo treatment with antibodies against eCypA, differences in survival with controls are modest in all
three experiments presented [one with a cell line, and two with patient samples]. Moreover, although the investigators do use
antibodies against eCypA and knock out MC2R in the ALL cells, they do not include experiments in which knock out of the prolyl
isomerase A gene [PPIA] encoding CypA in the ALL cells was done. Mice deficient for Ppia are viable [for example PMID:
26932182]. Seeing that they indicate that CypA is produced endogenously in the ALL cells it is difficult to understand why no
knockout or knockdown experiments were done to support the importance of CypA to ALL survival.

2. Novelty. The finding of a signaling pathway from extracellular CypA via the MC2R in ALL has not been reported.

3. Medical impact. Results could be important and point to a possible new treatment target. The most important finding, which
will have to be better supported, is that the levels of eCypA in PB could be used to assess whether a patient is minimal residual
disease-positive after 14 days of chemotherapy.

4. Adequacy of model system. The investigators use standard techniques, which are adequate to investigate the importance of
eCypA in ALL.

Referee #2 (Remarks for Author):

In this study the authors identify a new potential target pathway for treatment of acute lymphoblastic leukemia [ALL]. The authors
performed an extensive number of experiments, quite broadly investigating different aspects of the interactions of secreted
CypA [eCypA] with MC2R as the novel key receptor on ALL cells. For some points they used complementary methods including



an antibody presumed to block the interaction between eCypA and MC2R, and MC2R knockdown or KO Nalmé cells. Among
others, they link the interaction of this ligand/receptor to downstream activation of cAMP production and phosphorylation of the
transcription factor CREB. They also show that eCypA stimulation of cells is antiapoptotic and stimulates endothelial
transmigration. In vivo, the anti- eCypA has an anti-leukemia effect in two PDX models.

Overall this is an interesting study that reports on a novel interaction between extracellular cyclophilinA and MC2R, the
melanocortin 2 receptor (MC2R). No involvement of MC2R in leukemia has been reported.

Specific numbered comments

Major:

1. The initial specific rationale for focusing on CypA and MC2R is not clear. The Introduction only states: CypA is associated
with various inflammatory conditions... "However the involvement of eCypA in hematological malignancies such as ALL remains
unclear". The rationale for investigating MC2R in the Introduction cites a review outlining the importance of the TF CREB in ALL.
However many other factors can stimulate CREB activity other than MC2R signaling- why focus on MC2R?

2. In the in vivo treatment with antibodies against eCypA, differences in survival with controls are modest in all three
experiments presented [one with a cell line, and two with patient samples]. Moreover, although the investigators do use
antibodies against eCypA and knock out MC2R in the ALL cells, they do not include experiments in which knock out of the prolyl
isomerase A gene [PPIA] encoding CypA in the ALL cells was done. Mice deficient for Ppia are viable [for example PMID:
26932182]. Seeing that they indicate that CypA is produced endogenously in the ALL cells it is difficult to understand why no
knockout or knockdown experiments were done to support the importance of CypA to ALL survival.

3. Patient samples are inadequately described. The manuscript does not even discriminate if samples are exclusively B-ALL or
also T-ALL. Line 97. We measured expression of eCypA in PB of patients with ALL. Are these untreated pts? Diagnosis?
Relapsed? Did these pts have ALL cells in PB? Adult? Pediatric? Line 102. The authors cite Brady et al 2022 as the source of
data on which they based Fig 1c. That paper focused on "2754 children, adolescents and young adults (AYA) with newly
diagnosed B-ALL (n=2288) or T-ALL (n=466) enrolled on St. Jude Children's Research Hospital (St. Jude, n=899) and Children's
Oncology Group (COG, n=1855) protocols". Which samples were included in the analysis presented here? The graph shown in
Fig 1E is presumed to be adult B-ALL based on the poor OS? Line 106. What are four external patient cohorts? Figure 7: What
subtype of B-ALL are PDX-LB12 and QB4? The methods only states that they are pediatric samples. Then on line 299 the
authors remark 'MLL-rearranged'. Which sample? Both? How is it possible that after a second passage in mice the samples
contain both normal [pre-B, cycling pre-B] and leukemic ["notable MLL-r"] B cells? Then on line 300 they talk about drug-resistant
MLL-R cells. Was this sample from a previously treated patient? Line 348/351: ..'small but distinct MLL-R-ALL cells' Small? This
sub clone is clinically significant because MLL R ALL is strongly associated with chemoresistance and early relapse'. What
subclone?

4. What is the significance of the secretion of eCypA by normal PBMC exposed to conditioned medium from Nalmé6? Do the
authors suggest that the eCypA secreted by the ALL cells induces eCypA secretion by normal cells? No evidence is presented
for this. Would that take place through the MC2R receptor on these diverse immune cells?

5. Based on publicly available RNA expression data, MC2R expression in different B-ALLs appears to be quite low. On the other
hand, based on the studies presented here, expression of eCypA is high. Thus it is difficult to reconcile the proposed role of
MC2R as the major receptor for eCypA in B-ALL.

6. Methods and reagents are inadequately documented and described. What is the source of the eCypA antibody used for
treatment of the mice? The antibody used for Western blots? This antibody is used in Fig. 3J where it seems to detect at least 3
bands. No molecular weight markers are included and the blots are all cropped. Full Western blots need to be included as
supplementary materials. The ab is also used in Fig 4G and Fig 5e. Where are data showing quality controls / specificity of the
ab? Where are data showing these abs bind to both mouse and human eCypA? What is the source of the eCypA used to treat
mice [line 135]?. The authors state that MC2R was identified as a potential binding partner of Fc CypA in two ALL cell lines
without providing the full data on what other proteins were identified and what their scores were. Corroboration of the interaction
between eCypA and MC2R [Fig. 3a-f] was done by overexpression in 293T cells, not by showing that the endogenous proteins
in B-ALL cells interact.

7. A single cell line, Nalm6 is used for many of the experiments.
8. There is no mention in the figure legends how many times experiments were repeated independently.

9. Line 183. NALMS cells were treated with recombinant CypA alone or with CypA mAb. No control IgG? No control recombinant
protein?

10. The study presents a large number of interesting experimental results related to the main topic but these are not discussed.
For example, the identification of where eCypA binds to MC2R is interesting but is not further discussed "Molecular docking
simulation to visualize the binding model between CypA and MC2R NT and EC3".

11. The finding of increased expression of FN1, CD44 and MMP9 after specific stimulation of cells with eCypA is interesting but



the authors did not show that the increased expression of these genes is responsible for changes in migration. Expression was
also not connected to apoptosis.

12. Lines 247-251. One of the potentially most interesting results is that eCypA levels, as measured by ELISA in PB, decreased
in patients who turned out to become MRD-negative after 14 days of chemotherapy but remained unchanged in patients who
were MRD-positive. If this finding was robustly supported by data, an assay for eCypA in PB could be a valuable non-invasive
tool to assess the success of first-line treatment of patients. However, again, patient samples are not documented at all [high/low
risk? B/T? adult/pediatric?], and only 13 samples were assayed. This should be expanded to include larger numbers of well-
documented samples.

13. Fig. 6. The extension of survival of mice treated transplanted with Nalm6 with the anti-CypA antibody compared to control
IgG was 4 days, and that of mice treated with the anti-CypA antibody + VDL compared to VDL was 5 days. These differences
are very small and do not support the author's suggestion that 'targeting eCypA during ALL chemotherapy may enhance
treatment efficacy and improve patient outcome’

Minor

Line 102. 'Consistently’ as used here does not make sense in this context.

Methods: The authors describe the co-culture system in which they measure eCypA as "Target and effector cells were mixed in
a specified ratio and co-seeded into the same well." This is terminology usually used for cytotoxicity assays. Are the 'effector’
cells the ALL cells?

Line 212. The involvement of CD44 or MMP9 in ALL is not new. The authors do not discuss their results in the context of
published literature.

Referee #3 (Comments on Novelty/Model System for Author):

Experimentation looks sound. Some stats require review. Role of CypA in ALL has not been investigated before, but a role of
CypA in other cancer entities has been reported before. The strength and novelty of the paper are the molecular characterization
of the CypA-MC2R-CREB signalling pathway in ALL linked it to migration and survival pathways.

Medical impact has to be awaited. Model systems used do reflect ALL, but do not necessarily represent the large heterogeneous
spectrum of human ALL.

Referee #3 (Remarks for Author):

The authors' work demonstrates that extracellular cyclophilin A (eCypA) promotes the progression of B-cell precursor ALL and
desensitizes leukemic cells toward chemotherapy. The observed effects can be at least partially reversed by the application of
an eCypA antibody in selected in vitro and in vivo ALL models. The authors provide experimental evidence that eCypA binds
MC2R, also known as ACTH binding receptor, which signals downstream along the cAMP-PKA-CREB pathway. Phosphorylated
CREB elicits pleiotropic effects including trans-endothelial migration and upregulation of anti-apoptotic effectors such as BCL-xI
and MCL1. The authors propose that eCypA constitutes a potential target for the treatment of ALL, since blocking of CypA by
anti-CypA delayed disease progression and prolonged survival in ALL disease models including PDX-ALL.

Upregulation of CypA in various cancer entities has been previously described linked to increased proliferation, inhibition of
apoptosis, and promotion of cell migration and invasion. Hence, the observed phenotype of CypA modulation in ALL is
somewhat expected, albeit the ALL context had not been explored yet. The merit of the paper lies in the detailed investigation of
the mechanistic underpinnings of the CypA-mediated effects on selected ALL models by deciphering the direct binding of CypA
to MC2R, recapitulating downstream signaling effects through cAMP-PKA-CREB, and defining the CypA/MC2R-dependent
transcriptional and translational output. The concept of therapeutical intervention by use of a monoclonal antibody directed
against CypA that was widely applied throughout this study has been recently published by the same group in the context of
viral pneumonia (Bai et al. 2024).

Despite the authors' commendable work on CypA-MC2R interaction and its impact on growth and survival of several B-cell
precursor ALL models, this referee raises concerns regarding the relevance of the reported findings to essential features of ALL
biology. Overall, experimental data provided in the paper fall short to convincingly demonstrate that ALL cells critically depend
on CypA-MC2R signaling activities. Arguably, CypA might promote growth, migration, and survival of ALL models to a certain
extent, but the described effects are rather moderate even though statistically significant as presented. Similarly, blocking CypA
by anti-CypA mAb mostly reverses CypA in vitro effects but does not efficiently kill ALL cells, clearly discernible under in vivo



conditions. Beside a small effect size, inhibition of CypA likely causes collateral (off-target) leukemia-extrinsic effects, since
CypA is involved in many biological processes often mediated through CD147 or integrin 32 as protein folding, trafficking, T cell
activation (Th1 activation/Th2 inhibition), response to inflammatory stimuli such as hypoxia, infection, and oxidative stress
among others. To bring an anti-CypA treatment approach forward, the authors should look at off-target effects in suitable in vitro
and immunocompetent in vivo models. Likewise, the authors did not address leukemia-intrinsic effects that are relayed through
CD147 and integrin B2, the latter of which has been identified as CypA binding receptor in Jurkat T-ALL cells by the same
authors. Another caveat is the uncertain applicability of a CypA-directed treatment approach toward a broader spectrum of ALL,
since the authors mainly demonstrate experimental data on gene-modified, t(5;12) near-diploid NALM6(-Luc) ALL cells
complemented by some data from MLL::AF4 (KMT2A::AFF1) RS4;11 pro-B ALL and ETV6::RUNX1 t(12;21) pre-B cell lines.
Commendably, the authors finally included two PDX-ALL models to prove their point in vivo. However, those PDX-ALL models
lack proper subtyping (immunological and genetic features) and the characterization of their molecular features by scRNA
analysis lacks rigor and clarity.

Hence, it is uncertain if the work presented herein will ultimately advance our approach toward ALL. There are several points
outlined in more detail below that might be addressed by the authors to improve the quality of the manuscript.

Major points:

1. Fig.1C and E. It is unclear which NCI data sets precisely had been used for the PPIA expression and the survival analysis.
Apparently, the authors refer to the TARGET data base. The authors just briefly mention 4 external cohorts of deceased ALL
patients without further details. The reference given (Brady et al. 2022) is very irritating, since it is a report on genomics of
pediatric ALL that is associated with an excellent overall survival (>90%). Please clarify and describe which patients (including
subtypes and age groups - presumably adult ALL patients) had been included and how the survival analysis had been
performed. Did you compare upper (PPIA-high) vs lower (PPIA-low) quartiles of pooled cohorts (treated to a uniform protocol?).
Has PPIA expression been tested for independence in a multivariate analysis or do the authors present a univariate analysis? A
multivariate analysis is crucial to draw meaningful conclusions with regard to the relevance of a potential biomarker to outcome.
2. Fig.3l: phospho-IB PKA/CREB. In RS4;11 cell lysates (right-handed panel) anti-CypA does not prevent an increase in
phosphorylation of CREB at 10" and 20' time points contradicting the proposed inhibitory effects of CypA blocking on CREB-
activation. Varying GAPDH levels do not correspond to evenly loaded CREB levels. It is recommended to present the whole blot
including molecular size markers as supplemental material to the referees.

3. Fig.5 reveals some inconsistencies that require explanation or re-experimentation. In subfigures F and G cell viability is
measured by substrate metabolism (CCK-8 assay) which is clearly increased upon CypA administration but remains rather
constant over time (>0.9=90% viability) under conditions of anti-CypA +/- CypA or MC2R knockout. This finding indicates
inhibitory effects on growth/proliferation rather than a significant induction of apoptotic death, which are hard to reconcile with the
reduction in BCL-XL and MCL1 in subfigure E. Under VCR treatment, a partial rescue from apoptotic death is noted upon CypA
administration that is compensated by anti-CypA (could you provide additional data on anti-CypA alone?). By contrast, in the
absence of cytotoxic stress (DMSO control) CypA/anti-CypA did not measurably increase the apoptotic rate of NALMG6 cells
suggesting that anti-CypA dependent cytotoxic efficiency is generally limited by the anti-apoptotic effect size of CypA induction.
In other words, the success of a CypA-directed treatment might depend on a prior challenge of ALL cells with exogenous
(therapeutically applied) CypA?

4. Fig.6 F-H. It is hard to reconcile the presented bioluminescence data (VDL+IgG vs VDL+anti-CypA) in F with the life tables in
H. Tumor burden does not significantly differ on d24 between the two treatment arms, but graphs diverge by d30 when about
half of the VDL-CHX cohort and the first two animals of the VDL-CHX + anti-CypA cohort had to be sacrificed indicative of
treatment cohort-overlapping events. By d38 all animals in the experiment had died questioning the rigor and robustness of the
survival analyses. Did the authors perform a log rank test to analyze survival in H? Could the authors provide the test statistic
and exact p-values?

5. Fig.7 H,I: Marginal survival differences between PDX-ALL treatment, but highly significant p-values are given. Log rank test?
Test statistic?

J: Annotation of ALL subclusters in scRNA-seq UMAP is unusual. Authors differentiate between Pre-B, cycling pre-B, and MLL-
R cells. ScCRNA seq does allow for cell cycle phase specific annotation (early G1/GO-S-G2/M) which should be performed
thoroughly for all clusters. It is unclear how the MLL-R cluster was determined. The heatmap in K suggests the annotation is
simply based on KMT2A, AFF1, MEF2C etc. single cell mRNA reads. To authenticate their claim of an MLL-R subclone, the
authors should provide genomic/transcriptomic/RT-PCR data on a KMT2A::AFF1 fusion that would be associated with a
transactivated HOX7-10 (in particular HOX9), MEIS1 and others which are not presented. KMT2A and AFF1 mRNA are not
necessarily upregulated in MLL-r. Maybe the authors rather identified a quiescent subclone with stem cell like features that
resembles MLL-r ALL?

Minor points:

6. While the title of the manuscript is suitable, the 'in brief' synopsis contains claims that are not sufficiently backed by
experimental data such that blocking CypA 'suppresses' ALL progression. Clearly, it does delay progression (by several days)
rather than suppress ALL progression (Fig.6F,H and Fig.7H,I).

7. Physical properties, source and binding specificity (mouse-human cross-reactivity?) should be briefly described. Did the
authors look at MRAP as accessory heterodimeric binding partner that modulates ACTH-MC2R downstream signaling? Authors
only refer to a previous publication from the same group, in which anti-CypA was applied in the context of viral pneumonia (Bai



et al. 2024).

8. All figure legends lack sufficient information on the number of independent experiments and biological vs technical replicates.
9. Comprehensive mass spec data on CypA binding in ALL lines should be made accessible to assess MC2R binding specificity
and to comply with data availability policies. CypA has been shown to bind other receptors such as CD147 and integrin beta 2,
the latter of which is expressed Jurkat T-ALL cells according to the authors' own data (Bai et al. 2024).

10. p12 line 199: Specify PKA and CREB inhibitors in Mat & Meth.

11. p14: line 238 (refers to Fig. S5F). PCR-based expression analysis of BCL-XL (species=human) is likely skewed, because
authors used non-defined PBMCs (leukemic blasts? Normal lymphocytes?) from ALL vs healthy donors (mononuclear cells=
heterogeneous population).

12. p14 line 247-248: MRD has not been described in the paper: TCR/IGH PCR MRD or FACS MRD? Define MRD time points
(postinduction or postconsolidation?) and levels for MRD negativity vs positivity.

13. p16 lines 287-290 and p18 lines 330-331: It is recommended to use more cautious wording when describing and interpreting
anti-CypA-mAb treatment effects. Life tables in Fig. 7 speak their own language with minimal delay in disease progression and
survival. Findings herein suggest that eCypA contributes to ALL progression, but this referee doubts that it acts as a critical
driver of ALL pathogenesis questioning its potential as a therapeutic target.

14. p16 line 299 and p19 lines 347-349: The authors describe an MLL-rearranged (MLL-R) subset based on sc-RNA-seq data
from PDX-ALL models. Did the authors detect a genomic MLL rearrangement by FISH or breakpoint specific (RT-)PCR or do
they infer the MLL-R status from the expression of sc mMRNA reads (KMTA2 and AFF1 expression)? Please clarify if you refer to
an authentic MLL-rearrangement or an MLL-R like transcriptional phenotype.

The cited papers (Krivtsov et al. 2019; Lopez-Millan et al. 2024) refer to new drug developments for MLL-R rather than original
reports on CHX-resistance or relapse (menin inhibitor and NG2/FLT3 PPl inhibitor, respectively). The authors should cite the
original work on MLL-R.

15. P22 line 405: Information on CREB and PKA inhibitors is not sufficient.

16. P22 line 418: Describe physico-chemical details of CypA-mAb (cross-reactivity/ species/ mouse humanized?)

17. P23 lines 436-438: Immunological and genetic characterization of PDX-ALL models is missing.

18. P24: Basic mass spec experimentation details should be given. Pre-analytics, instrument etc.

19. Fig.1E: Citation of GDC target-ALL-P2 is confusing, because the authors refer to an ALL genomics paper by the US-
American SICRH and COG groups that deposited data in the TARGET data base GDC target-ALL-P2 (Brady et al. 2022 Nat
Genet). A more appropriate reference would be the TARGET data base. See also above point 1.

20. Fig.4D: IB is of poor quality. Blots are overexposed and FN1 as well as MMP9 signals are hard to decipher.

21. Fig. 6A: Provide information on MRD analyses in the figure legend: PCR/flow (?) postinduction time point etc.? Legend Fig.6
(C): Typo NSG instead of NCG?

22. D,E: Please describe properties of anti-CypA in more detail in the main text or supplement. Binding affinity and species
cross-reactivity etc.

283. Fig.7 N: Heatmap of TF activities could be improved by use of complementary colors (+ - color bar).



1st Authors' Response to Reviewers 29th Apr 2026

Referee #1 (Comments on Novelty/Model System for Author):

Overall the manuscript and experimental systems used are good.

I would suggest if possible using also a primary model of ALL, so that recipient mice
are immunocompetent, to see if the therapeutic effect holds (or is increased/decreased)
in the presence of the host's immune system

We thank the reviewer for the constructive comments. We have revised the manuscript
to improve clarity and strengthen support for our conclusions, including consistent B-
ALL-specific terminology, ELISA species-specificity validation, expanded evidence
for eCypA-MC2R interaction across B-ALL models, improved PDX molecular
annotation, and addition of a pl190-BCR-ABL immunocompetent B-ALL model
confirming the anti-CypA effect in a physiological context. We believe these changes
address the reviewer’s concerns and enhance the rigor and generalizability of the study.

Referee #1 (Remarks for Author):

In this article, Pei et al show that extracellular cyclophylin A (eCypA) is upregulated in
ALL in autocrine and paracrine ways, and eCypA accelerates ALL progression in vivo.
This is due to eCypA binding melanocortin 2 receptor and its consequent activation of
AMOK-CREB, which up regulates CD44/FN1/MMP9 to promote migration and
prevent apoptosis. In line with this, in vivo treatment with neutralizing antibodies
against CypA slowed disease progression in PDXs. Overall, this is an interesting
manuscript. [ have some minor comments for authors to address:

1. Authors make reference to ALL throughout the manuscript, but all the models used
are B-ALL, so I would ask them to clarify this. Is eCypA only relevant in B-ALL? Or
also T-ALL? If only B-ALL, they should specifically mention B-ALL in the abstract
and elsewhere.

We thank the reviewer for raising this important point. We agree that, although we
initially used the term “ALL” for general disease context, all experimental models
employed in this study, including cell lines, xenograft models, and in vivo functional
assays, are derived from B-cell acute lymphoblastic leukemia (B-ALL). To improve
precision, we have revised the manuscript throughout to use “B-ALL” where
appropriate and to clearly define the scope of our conclusions.

Regarding the relevance of eCypA in T-ALL, our current study does not include
functional validation in T-ALL models. Therefore, we cannot formally conclude that
the eCypA-MC2R axis is operative in T-ALL. This point has now been explicitly
acknowledged as a limitation in the Discussion, and the potential role of eCypA in T-
ALL is proposed as an important direction for future investigation.

2. In Fig 2b and 2c authors measure mouse and human CypA. Are authors completely
sure that these assays aren't cross reactive? This should be mentioned and/or discussed.

Prior to performing these experiments, we confirmed with the manufacturers that both
12
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ELISA kits are species-specific and do not exhibit cross-reactivity. In addition, we
further examined this issue experimentally using the same set of peripheral blood
plasma samples from mice and humans. As shown in newly added Appendix Figure
S1, when mouse and human plasma samples were measured using the mouse eCypA
ELISA kit and the human eCypA ELISA kit, respectively, no cross-reactivity was
detected between the two assays. These results support the specificity of the
measurements shown in Figure 2B and 2C. We have included this validation result as
Appendix Figure S1 and added the corresponding statement in the Results section.

A B

Appendix Figure S1. Cross-reactivity validation of the eCypA ELISA kits between
human and mouse. (A—B) The same set of peripheral blood plasma samples from mice
and humans were measured using the mouse eCypA ELISA kit (A) and the human
eCypA ELISA kit (B), respectively (n = 6).

3. The binding showed in Fig3 uses 293 T cells. Authors should show this in ALL cells
(ideally endogenously or, if antibodies aren't good for IP, upon expressing of tagged-
versions).

Fc-tagged CypA was incubated with cell lysates to pull down endogenous MC2R,
followed by immunoblotting with anti-MC2R antibodies. Using this strategy, we
confirmed that Fc-CypA efficiently pulled down endogenous MC2R in ALL cells.
Representative results from NALM-6 cells are shown in Figure 3B, and additional
validation in REH and RS4;11 cells is provided in Figure EV3A. We have added these
data and revised the manuscript accordingly.

13
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Figure 3B Figure EV3A
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Figure 3B. NALM6 cell lysates were incubated with Fc-CypA, followed by Protein A
pull-down and detection of MC2R by western blotting.

Figure EV3A. RS4;11 and REH cell lysates were incubated with Fc-CypA, followed
by Protein A pull-down and detection of MC2R by western blotting.

4. Authors use a PDX in Fig 6, but don't mention anything regarding its mutations or
clinical subgroup (although the reader can infer it is MLL-rearranged from the
scRNAseq data). This information should be added.

We have added the molecular characteristics of the PDX models used in this study to
the Methods section. PDX-LB12 represents a KMT2A::AFF1 (MLL-rearranged) B-
ALL carrying an FLT3-ITD mutation, whereas PDX-QB4 harbors a FLT3 Y572C
missense mutation without detectable fusion events, as determined by RNA sequencing.
The detailed genetic and clinical characteristics of these PDX models have been
included in Table EVS5 in the revised manuscript.

5. All the in vivo assays are done in immunodeficient mice, as they involve either
human cell lines or PDXs. It would be interesting to see the effects in the context of
mouse primary ALL, where hosts do have their competent immune system. Would the
effects of anti-eCypA be the same, increased, decreased?

We thank the reviewer for this valuable suggestion. To evaluate the effect of eCypA
blockade in an immunocompetent setting, we established a p190-BCR-ABL—driven
murine B-ALL model in C57BL/6 mice. Leukemia cells were subsequently
transplanted into secondary recipient mice for therapeutic experiments. Leukemia
burden was assessed in the bone marrow and spleen, and treatment with the anti-eCypA
monoclonal antibody significantly reduced leukemia burden and prolonged survival
compared with the control group. These findings indicate that the anti-leukemia effect
of eCypA blockade is also preserved in an immunocompetent setting, suggesting that
its therapeutic efficacy is not dependent on an immunodeficient background. The results
have been added to the revised manuscript (Figure 2F—H and Figure EV2C-D).

14
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Figure 2. (F) Schematic of the p190-BCR-ABL-driven B-ALL model in C57BL/6 mice.
Primary leukemic spleen cells were harvested after 2 weeks of disease development
and transplanted into secondary recipient mice via tail vein injection. Anti-CypA mAb
treatment was initiated the next day and administered weekly for 3 weeks; mice were
sacrificed on day 18 post-transplantation. (G) ELISA analysis of mouse eCypA levels
in PB plasma from Ctrl (n=4), IgG (n=6), and Anti-CypA (n=6) groups. (H) Flow
cytometric analysis of GFP* leukemic cell infiltration in bone marrow (BM) and spleen
from IgG and Anti-CypA groups, including representative flow cytometry plots and
quantification (n = 6).

Figure EV2. (C) Flow cytometry gating strategy for the p190 BCR-ABL mouse model.
Cells were sequentially gated on FSC/SSC to exclude debris, followed by singlet
discrimination (SSC-H vs SSC-A), live cells, mCD45" leukocytes, and finally GFP*
leukemic cells. (D) Kaplan—Meier survival analysis of p190 BCR-ABL mice treated
with IgG or Anti-CypA mAb.
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Referee #2 (Comments on Novelty/Model System for Author):

1. Technical quality (including statistical analysis). Materials and methods are
inadequately explained.

Strong evidence for the conclusions that are drawn. The evidence for some of the
conclusions is relatively strong. Other conclusions are less well-supported, among
others because only one cell line (NALMS6) or in some cases two cell lines (including
RS4;11) are used. In the in vivo treatment with antibodies against eCypA, differences
in survival with controls are modest in all three experiments presented [one with a cell
line, and two with patient samples]. Moreover, although the investigators do use
antibodies against eCypA and knock out MC2R in the ALL cells, they do not include
experiments in which knock out of the prolyl isomerase A gene [PPIA] encoding CypA
in the ALL cells was done. Mice deficient for Ppia are viable [for example PMID:
26932182]. Seeing that they indicate that CypA is produced endogenously in the ALL
cells it is difficult to understand why no knockout or knockdown experiments were
done to support the importance of CypA to ALL survival.

2. Novelty. The finding of a signaling pathway from extracellular CypA via the MC2R
in ALL has not been reported.

3. Medical impact. Results could be important and point to a possible new treatment
target. The most important finding, which will have to be better supported, is that the
levels of eCypA in PB could be used to assess whether a patient is minimal residual
disease-positive after 14 days of chemotherapy.

4. Adequacy of model system. The investigators use standard techniques, which are
adequate to investigate the importance of eCypA in ALL.

We sincerely thank the reviewer for the thorough and constructive evaluation. In
response, we substantially strengthened rigor and interpretation by expanding
methodological transparency, adding CypA (PPIA) knockout evidence showing
eCypA—-MC2R signaling is independent of intracellular CypA, validating key findings
across multiple B-ALL lines, improving and extending patient-cohort/MRD analyses
with Cox modeling, and revising the narrative to avoid overstatement, and the state-
based scRNA-seq framework.

Referee #2 (Remarks for Author):

In this study the authors identify a new potential target pathway for treatment of acute
lymphoblastic leukemia [ALL]. The authors performed an extensive number of
experiments, quite broadly investigating different aspects of the interactions of secreted
CypA [eCypA] with MC2R as the novel key receptor on ALL cells. For some points
they used complementary methods including an antibody presumed to block the
interaction between eCypA and MC2R, and MC2R knockdown or KO Nalm6 cells.
Among others, they link the interaction of this ligand/receptor to downstream activation
of cAMP production and phosphorylation of the transcription factor CREB. They also
show that eCypA stimulation of cells is antiapoptotic and stimulates endothelial
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transmigration. In vivo, the anti- eCypA has an anti-leukemia effect in two PDX models.
Overall this is an interesting study that reports on a novel interaction between
extracellular cyclophilinA and MC2R, the melanocortin 2 receptor (MC2R). No
involvement of MC2R in leukemia has been reported.

Specific numbered comments

Major:

1. The initial specific rationale for focusing on CypA and MC2R is not clear. The
Introduction only states: CypA is associated with various inflammatory conditions...
"However the involvement of eCypA in hematological malignancies such as ALL
remains unclear". The rationale for investigating MC2R in the Introduction cites a
review outlining the importance of the TF CREB in ALL. However many other factors
can stimulate CREB activity other than MC2R signaling- why focus on MC2R?

In the revised manuscript, we have clarified the rationale for investigating CypA and
MC2R. We expanded the Introduction to emphasize that eCypA functions as a signaling
molecule that can interact with multiple cell-surface receptors, and that receptor-
mediated eCypA signaling may vary across different cellular contexts and disease
conditions. Importantly, MC2R was not selected a priori based on CREB signaling.
Instead, it was identified as a candidate binding partner of CypA through IP-MS
analysis aimed at uncovering receptors mediating eCypA signaling in ALL cells. We
have clarified this point in the revised Introduction.

2. In the in vivo treatment with antibodies against eCypA, differences in survival with
controls are modest in all three experiments presented [one with a cell line, and two
with patient samples]. Moreover, although the investigators do use antibodies against
eCypA and knock out MC2R in the ALL cells, they do not include experiments in which
knock out of the prolyl isomerase A gene [PPIA] encoding CypA in the ALL cells was
done. Mice deficient for Ppia are viable [for example PMID: 26932182]. Seeing that
they indicate that CypA is produced endogenously in the ALL cells it is difficult to
understand why no knockout or knockdown experiments were done to support the
importance of CypA to ALL survival.

We thank the reviewer for this important suggestion. Regarding the modest survival
differences observed in the in vivo experiments, we note that although the extension of
survival is limited, the effects are statistically significant across three independent
models, including one cell-line—derived model and two patient-derived xenograft
models. Given the aggressive nature of these leukemia models and the fact that anti-
eCypA antibody was evaluated as a single-agent treatment, we interpret these results as
proof-of-concept evidence that targeting extracellular CypA can impair leukemia
progression.

In response to the reviewer’s suggestion, we generated CypA (PPIA) knockout ALL
cell lines and examined their functional responses. CypA knockout cells remained

responsive to eCypA stimulation, showing activation of the cAMP-PKA-CREB
18
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pathway, as well as induction of downstream gene expression, transendothelial
migration, and resistance to apoptosis comparable to wild-type cells. These findings
indicate that eCypA can activate MC2R signaling independently of intracellular CypA.
This supports the concept that eCypA primarily functions as an extracellular signaling
molecule in this context. The corresponding data have been included in the revised
manuscript (Figure 3K, EV3J, 4H-L, and SF-M).
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Figure 3. (K) Western blot analysis of WT and CypA KO cells.

Figure EV3. (J) cAMP levels in NALM6 WT and CypA KO cells treated with or
without eCypA for 10 min (n = 3 independent biological replicates).
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Figure 4. (H) qPCR analysis of FNI, CD44, and MMP9 expression in NALM6 WT
and CypA KO cells treated with eCypA for 30 min (n = 3 independent biological
replicates). (I) Western blot analysis of FN1, CD44, and MMP9 expression in NALM6
WT and CypA KO cells treated with eCypA for 24 h. (L) Trans-endothelial migration
assay showing the number of adherent and migrated NALM6 WT and CypA KO cells
after eCypA treatment (4 h for adhesion and 24 h for migration) (n = 3 independent
biological replicates).
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Figure S. (F) qPCR analysis of Bel-xL and MCL1 expression in NALM6 WT and CypA
KO cells treated with or without eCypA for 30 min (n = 3 independent biological
replicates). (G) Western blot analysis of Bel-xL and MCL1 expression in NALM6 WT
and CypA KO cells treated with eCypA for 24 h. (M) NALM6 WT and CypA KO cells
were treated with vincristine, with or without eCypA, for 36 h, and apoptosis was
assessed by Annexin V/PI staining (n = 3 independent biological replicates).

3. Patient samples are inadequately described. The manuscript does not even
discriminate if samples are exclusively B-ALL or also T-ALL. Line 97. We measured
expression of eCypA in PB of patients with ALL. Are these untreated pts? Diagnosis?
Relapsed? Did these pts have ALL cells in PB? Adult? Pediatric?Line 102. The authors
cite Brady et al 2022 as the source of data on which they based Fig lc. That paper
focused on "2754 children, adolescents and young adults (AYA) with newly diagnosed
B-ALL (n=2288) or T-ALL (n=466) enrolled on St. Jude Children's Research Hospital
(St. Jude, n=899) and Children's Oncology Group (COG, n=1855) protocols". Which
samples were included in the analysis presented here? The graph shown in Fig 1E is
presumed to be adult B-ALL based on the poor OS? Line 106. What are four external
patient cohorts? Figure 7: What subtype of B-ALL are PDX-LB12 and QB4? The
methods only states that they are pediatric samples. Then on line 299 the authors remark

'MLL-rearranged'. Which sample? Both? How is it possible that after a second passage
20
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in mice the samples contain both normal [pre-B, cycling pre-B] and leukemic ["notable
MLL-1'] B cells? Then on line 300 they talk about drug-resistant MLL-R cells. Was this
sample from a previously treated patient? Line 348/351: ..'small but distinct MLL-R-
ALL cells' Small? 'This sub clone is clinically significant because MLL R ALL is
strongly associated with chemoresistance and early relapse'. What subclone?

We have revised the manuscript to clarify the patient cohort description, data sources,
and single-cell analysis as follows.

First, we have substantially improved the description of the patient cohort used for
serum eCypA analysis. A new supplementary table (Table EV1) has been added,
summarizing the clinical characteristics of all samples, including sex, age, disease
status (newly diagnosed or relapsed), leukemia type, cytogenetic/molecular features,
sample source, and available hematological parameters. Samples used for eCypA
measurement were derived from patient peripheral blood or bone marrow specimens,
as summarized in Table EV1. All cases included in this analysis are B-ALL. In addition,
patients were stratified into newly diagnosed and relapsed groups, and increased eCypA
levels were observed in both groups (Figure 1A).
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Second, we have clarified the source and analysis of the public datasets used in Figure
1C. In the revised manuscript, Figure 1E has been updated, and the survival analysis
has been re-performed using the TARGET-ALL-P2 dataset (NCI Genomic Data
Commons) to ensure data consistency and reliability. The TARGET-ALL-P2 dataset
comprises predominantly pediatric and adolescent/young adult (AY A) patients. For the
present study, only patients diagnosed with B-ALL were included in the analysis. The
corresponding clinical information of the included patients is provided in Table EV3.
Samples were included in the analysis based on the availability of PP/A expression data.
According to sample source and disease stage, samples were stratified into three groups:
initial peripheral blood (PB), initial bone marrow (BM), and relapse bone marrow (BM).
Multivariate Cox regression analyses for each subgroup are summarized in Table EV2.
In addition, Kaplan—Meier survival analyses were performed for the three groups based
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on PPIA expression levels, and the updated survival curves are presented in Figure 1E.
In Figure 1C, PPIA expression was compared across PB, initial BM, and relapse BM
samples.
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Figure 1. (C) PPIA mRNA expression levels in bone marrow (BM) and peripheral
blood (PB) samples from the TARGET-ALL-P2 cohort obtained from the UCSC Xena
platform. Only B-ALL samples were included. Samples were stratified into initial PB
(n = 52), initial BM (n = 105), and relapse BM (n = 74). (E) Kaplan—Meier survival
curves of B-ALL patients stratified by PPIA expression in initial BM (n = 104), relapse
BM (n=74), and initial PB (n = 50). Patients were divided into high and low expression
groups using the median expression level as the cutoff. Statistical significance was
assessed using the log-rank test. For the relapse BM cohort, survival time was
calculated from relapse to death or last follow-up.

Table EV2. Multivariate Cox regression analysis of overall survival in B-ALL patients
based on initial and relapse bone marrow samples

Variable  Initial BM HR P Relapse BM P Initial PBHR P
(95% CI) value HR (95% CI) value (95% CI) value

PPIA 2.05 (1.38— <0.001 1.80(1.14— 0.011  1.92 (1.08— 0.026

expression 3.03) 2.82) 3.42)

Age 1.07 (1.02— 0.009  1.04 (0.98— 0.184  1.07 (0.99— 0.079
1.13) 1.11) 1.16)

Gender 1.50 (0.80— 0.207  2.23(1.20— 0.012  0.88 (0.38— 0.762

(Malevs  2.82) 4.17) 2.03)

Female)

Fusion 1.45 (0.65— 0.367  1.25(0.59- 0.561  1.29 (0.53— 0.570

status 3.24) 2.69) 3.15)
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Initial BM: n = 105, events = 42; Relapse BM: n = 74, events = 47; Initial PB: n = 50,
events = 26

Third, we have added detailed information on the PDX models used in this study (Table
EVS). PDX-LB12 is a pediatric B-ALL sample harboring KMT2A::AFF1 and FLT3-
ITD, whereas PDX-QB4 carries an FLT3 Y572C mutation without detectable fusion
events. Both models were established from primary bone marrow mononuclear cells.
In this study, both models were used for in vivo validation, and PDX-LB12 was used
for single-cell RNA sequencing.

Fourth, we thank the reviewer for this important comment. We agree that our initial
annotation of the leukemic clusters as “pre-B” and “MLL-like” was not sufficiently
rigorous and may be misleading. In particular, the term “MLL-like” implies a specific
genetic subtype that cannot be reliably inferred from transcriptomic data alone, and the
designation “pre-B” suggests a strict correspondence to normal B-cell developmental
stages, which is not supported by our data. Therefore, to avoid overinterpretation, we
have revised our annotation strategy and now refer to these populations using a neutral,
state-based nomenclature (“State 1”” and “State 2”). This change reflects our intention
to describe transcriptional heterogeneity without imposing predefined developmental
identities.

Fifth, consistent with the reviewer’s concern, we found that canonical B-cell
developmental markers (e.g., DNTT, VPREB1, RAG1/2) were broadly expressed
across clusters and did not define discrete stages corresponding to pre-B or pro-B cells.
As shown in Appendix Figure S5a, these populations do not exhibit marker patterns
that can be specifically or exclusively assigned to a canonical pre-B state. Accordingly,
we have avoided using potentially misleading terms such as “pre-B-like.” Instead,
differential expression analysis revealed that genes previously reported to be enriched
in immature or progenitor-like hematopoietic and leukemic states, including FLT3,
MSI2, MEF2C, and RUNX1, were significantly upregulated in State 2. In addition, cell
cycle—associated genes such as MKI67 and TOP2A were enriched in the cycling
subsets, allowing us to define “Cycling State 1” and “Cycling State 2” populations
(Appendix Figure S5). The revised UMAP visualization reflecting this updated
annotation is presented in Figure 7H. Furthermore, the heatmap (Figure 7I) displays
representative marker genes associated with B-lineage programs, cell cycle activity,
and progenitor-related transcriptional features, providing a comprehensive overview of
the transcriptional differences between the identified states.
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Transcriptional features underlying cell state annotation in
scRNA-seq analysis. (A) Dot plot showing the expression of B-lineage—associated
genes across the identified cell states. Canonical B-cell markers were broadly and
consistently expressed across all states, supporting a homogeneous B-lineage identity.
(B) Dot plot showing the expression of genes associated with progenitor-related
transcriptional programs (FLT3, MYB, MSI2, RUNX1, PBX3, BCL11A, and MEF2C)
across the defined states, highlighting their enrichment in State 2. (C) Dot plot showing
the expression of cell cycle-related genes (MKI67, TOP2A, UBE2C, CENPF, and
BIRCS), indicating proliferative activity and supporting the identification of Cycling

State 1 and Cycling State 2 subpopulations.
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Figure 7. (H) UMAP plots (left) and corresponding bar plot (right) showing the
distribution of cell states in IgG- and Anti-CypA—treated PDX-ALL samples. (I)
Heatmap showing the expression of representative marker genes used for state
annotation, including genes associated with B-lineage programs, cell cycle activity, and
progenitor-like transcriptional programs.

Sixth, we apologize for the unclear description regarding drug resistance. The sample
used in this study was derived from a treatment-naive patient, and thus the observed
features do not reflect prior therapy exposure. We have revised the manuscript to
remove statements implying treatment-induced resistance.

Finally, we have revised the manuscript throughout to clarify that the identified clusters
represent transcriptionally defined cell states rather than genetically distinct subclones,
and to ensure consistent and accurate terminology.

4. What is the significance of the secretion of eCypA by normal PBMC exposed to
conditioned medium from Nalm6? Do the authors suggest that the eCypA secreted by
the ALL cells induces eCypA secretion by normal cells? No evidence is presented for
this. Would that take place through the MC2R receptor on these diverse immune cells?

In our study, we observed that conditioned medium from ALL cells increased eCypA
levels in normal peripheral blood white blood cells (PB-WBCs), peripheral blood
mononuclear cells (PBMCs), and granulocytes. This result was intended to demonstrate
that leukemic cells can influence the surrounding hematopoietic environment and
contribute to elevated eCypA levels.

We agree that the underlying mechanism of this phenomenon remains unclear. Previous
studies have shown that eCypA can be released from various cell types under conditions
such as oxidative stress, inflammatory stimulation, and cellular activation through non-
classical secretion pathways(Jin, Lungu et al., 2004, Satoh, Matoba et al., 2008, Seko,
Fujimura et al., 2004, Suzuki, Jin et al., 2006). In this context, it is possible that soluble
factors present in the conditioned medium from leukemic cells may induce stress or
activation responses in normal hematopoietic cells, thereby contributing to increased
eCypA release. However, in the current study, we did not investigate whether this effect
is directly mediated by eCypA itself or by other factors present in the conditioned
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medium, nor did we assess the existence of a feedback mechanism. Importantly, our
study focused on the functional role of extracellular CypA in leukemic cells and its
interaction with MC2R. We did not examine MC2R expression or signaling in normal
immune cells, and therefore we do not draw conclusions regarding MC2R-dependent
mechanisms in PBMCs or other hematopoietic cell populations. We have revised the
manuscript to avoid overinterpretation and to clarify that this observation reflects a
potential contribution of multiple cellular sources to extracellular CypA levels, rather
than a defined mechanistic pathway.

5. Based on publicly available RNA expression data, MC2R expression in different B-
ALLSs appears to be quite low. On the other hand, based on the studies presented here,
expression of eCypA is high. Thus it is difficult to reconcile the proposed role of MC2R
as the major receptor for eCypA in B-ALL.

We appreciate the reviewer’s important comment regarding the apparently low MC2R
expression in publicly available transcriptomic datasets of B-ALL. Indeed, analysis of
multiple public RNA-seq databases indicates that MC2R mRNA levels are generally
low or close to the detection limit in most B-ALL samples. Consistently, in our own
transcriptomic data from NALMG6 cells, MC2R expression was also not readily
detectable. Our selection of MC2R was primarily based on unbiased [P-MS analysis,
in which MC2R was identified as a high-confidence interacting partner of eCypA. In
addition, although MC2R transcripts are barely detectable in bulk RNA-seq datasets,
our qPCR analysis using validated plasmid templates as controls consistently detected
specific MC2R amplification with identical melting curves in B-ALL cells (Appendix
Figure S2), supporting the presence of bona fide MC2R transcripts.

It is well established that GPCR signaling is highly efficient and involves substantial
signal amplification cascades and high ligand sensitivity, enabling robust downstream
responses even with limited receptor engagement (Rosenbaum, Rasmussen et al., 2009).
Therefore, low transcript abundance does not necessarily exclude functional relevance.
Importantly, our functional data further support a critical role of MC2R in eCypA
signaling. Genetic deletion of MC2R markedly impaired eCypA-induced activation of
the cAMP—CREB pathway and significantly suppressed leukemia cell migration and
resistance to apoptosis. These results indicate that MC2R is required for efficient
eCypA-mediated signaling in B-ALL cells.
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Appendix Figure S2. Validation of MC2R expression in NALM6 cells by qPCR
melting curve analysis. Melting curve analysis was performed following qPCR
amplification using MC2R-specific primers. A linearized MC2R plasmid was used as a
positive control. NALM6-derived mRNA was used as the experimental sample with
MC2R primers. Negative controls included reactions containing mRNA only or primers
only. GAPDH was used as an internal control for all samples except the linearized
plasmid.

6. Methods and reagents are inadequately documented and described. What is the
source of the eCypA antibody used for treatment of the mice? The antibody used for
Western blots? This antibody is used in Fig. 3] where it seems to detect at least 3 bands.
No molecular weight markers are included and the blots are all cropped. Full Western
blots need to be included as supplementary materials. The ab is also used in Fig 4G and
Fig 5e. Where are data showing quality controls / specificity of the ab? Where are data
showing these abs bind to both mouse and human eCypA? What is the source of the
eCypA used to treat mice [line 135]?. The authors state that MC2R was identified as a
potential binding partner of Fc CypA in two ALL cell lines without providing the full
data on what other proteins were identified and what their scores were. Corroboration
of the interaction between eCypA and MC2R [Fig. 3a-f] was done by overexpression
in 293T cells, not by showing that the endogenous proteins in B-ALL cells interact.

We thank the reviewer for these important comments and have revised the manuscript
to improve the documentation of methods, reagents, and supporting data.

The anti-CypA monoclonal antibody used for both in vivo treatment and western
blotting was developed by our group and has been previously described ( doi:
10.1016/j.ymthe.2024.03.008. Epub 2024 Mar 7). We have clearly stated the source and
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relevant reference in the Methods section.

We have included full-length, uncropped western blot images of Figure 3J, 4G, and
S5E with molecular weight markers in the supplementary raw data files.

Figure 3J
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To address the cross-species validation (human and mouse CypA), we have included
additional data in the Appendix Figure S4 materials demonstrating that the anti-CypA
monoclonal antibody recognizes both human and mouse CypA by western blot.

Mouse B-ALL cell line
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Appendix Figure S4. Validation of CypA interaction in human leukemic cells and
murine hematopoietic tissues. Red blood cells were lysed from mouse peripheral blood
(PB), bone marrow (BM), and spleen prior to protein extraction. Whole-cell lysates
from these murine tissues, together with human B-ALL cell lines (NALM6, RS4;11,
and REH), were subjected to Western blot analysis to detect CypA. GAPDH was used
as a loading control.

The complete list of proteins identified by mass spectrometry, including their
corresponding scores, has now been provided in Table EV4.

In addition to the previously shown overexpression-based assays in 293T cells, we have

included pull-down experiments using Fc-CypA in three B-ALL cell lines,
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demonstrating that endogenous MC2R can be captured by Fc-CypA (Figure 3B and
Figure EV3A). These results support the interaction between eCypA and MC2R in a
more physiologically relevant context.

Figure 3B Figure EV3A
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Figure 3B. NALMG6 cell lysates were incubated with Fc-CypA, followed by Protein A
pull-down and detection of MC2R by western blotting.

Figure EV3A. RS4;11 and REH cell lysates were incubated with Fc-CypA, followed
by Protein A pull-down and detection of MC2R by western blotting.

7. A single cell line, Nalm6 is used for many of the experiments.

To address this concern, we have now extended our analyses to additional B-ALL cell
lines, including RS4;11 and REH.

1). Performed co-culture experiments with these cell lines and assessed eCypA
secretion from PBMCs, PB-GCs, and PB-WBCs by ELISA (Figure EV1A-G);
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Figure EV1. ALL cells stimulate eCypA secretion from peripheral blood-derived cells.
(A) ELISA analysis of eCypA levels in the supernatant of WBCs cultured alone, REH
cells, or WBCs treated with REH-conditioned medium (REH-CM) (n = 5 independent
donors). (B-D) ELISA analysis of eCypA levels in the supernatant from indirect and
direct co-cultures of RS4;11 cells with peripheral blood WBCs (PB-WBCs) (B),
peripheral blood mononuclear cells (PBMCs) (C), and peripheral blood granulocytes
(PB-GCs) (D) (n =5 independent donors). (E-G) ELISA analysis of eCypA levels in
the supernatant from indirect and direct co-cultures of REH cells with PB-WBCs (E),
PBMCs (F), and PB-GCs (G) (n = 5 independent donors). Data are presented as mean
+ SD; each data point represents an independent donor sample measured in technical
triplicates. Statistical significance was determined using one-way ANOVA. *p < (.05,
*#p <0.01, ***p < 0.001; ns, not significant.

2). Included REH (and/or RS4;11) cells in key mechanistic and functional assays, as
shown in Figure 3F, 31, 4D, 5B, EV3I/L, EV5A/D, and EV6A/D/F.
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Figure 3. (F) NALMG6, RS4;11, and REH cells were treated with 1gG, IgG+eCypA, or
Anti-CypA+eCypA for 10 min, followed by cAMP measurement (n = 3). (I) NALM6,
RS4;11, and REH cells were treated as indicated, and phosphorylation of PKAaC and
CREB was analyzed by western blotting.

Figure EV3. (I) cAMP levels in NALM6, RS4;11, and REH cells treated with
recombinant CypA for the indicated time points (n = 3 independent biological
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replicates). (L) NALMG6, RS4;11, and REH cells were treated with 5 ng/mL CypA or
0.8 ng/mL ACTH for the indicated time points, followed by western blotting to assess
activation of the PKA—CREB pathway.
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Figure 4. (D) Western blot analysis of FN1, CD44, and MMP9 expression in NALM®6,
RS4;11, and REH cells treated with IgG, [gG+eCypA, or Anti-CypA+eCypA for 24 h.

Figure 5. (B) Western blot analysis of Bcl-xL and MCL1 expression in NALM6, RS4;11,
and REH cells treated with IgG, IgG+eCypA, or Anti-CypA+eCypA for 24 h.

Figure EVS5. (A) qPCR analysis of FN1, CD44, and MMP9 expression in RS4;11 and
REH cells treated with IgG, IgG+eCypA, or Anti-CypA+eCypA for 30 min (n = 3
independent biological replicates). Trans-endothelial migration assay: HUVECs were
seeded in the upper chamber for 48 h to form an endothelial layer. Hoechst-stained
RS4;11 (C) and REH (D) cells were added and treated with IgG, IgG+eCypA, or Anti-
CypA+eCypA. The number of adherent cells was quantified after 4 h, and migrated
cells were quantified after 24 h (n = 3 independent biological replicates).

Figure EV6. (A) qPCR analysis of Bel-xL (BCL2L1) and MCL1 expression in RS4;11
and REH cells treated with 1gG, IgG+eCypA, or Anti-CypA+eCypA for 30 min (n =3
independent biological replicates). (C—D) Cell viability measured by CCK-8 assay in
RS4;11 (C) and REH (D) cells treated with increasing concentrations of eCypA, Anti-
CypA, or Anti-CypA+eCypA for 48 h (n = 3 independent biological replicates). (E-F)
RS4:11 (E) and REH (F) cells were treated with eCypA or eCypA+Anti-CypA, with or

without vincristine, for 36 h, and apoptosis was assessed by Annexin V/PI staining (n
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= 3 independent biological replicates).

8. There is no mention in the figure legends how many times experiments were repeated
independently.

We have carefully revised all figure legends throughout the manuscript to explicitly
indicate the number of independent biological replicates for each experiment. These
revisions have been applied consistently across all main figures and supplementary
figures to ensure clarity, transparency, and reproducibility.

For all quantitative assays (including qPCR, ELISA, CCK-8, apoptosis assays, flow
cytometry, and reporter assays), the number of independent biological replicates is now
clearly stated (typically n = 3 independent biological replicates, unless otherwise
specified). Each biological replicate was measured in technical triplicates, which is now
also indicated in the figure legends.

For Western blot analyses, which are presented as representative images, we have
clarified that all experiments were independently repeated at least three times with
consistent results.

For experiments involving patient samples or primary cells (e.g., ELISA measurements
and co-culture assays), the number of independent donors or samples is now explicitly
indicated.

9. Line 183. NALMG6 cells were treated with recombinant CypA alone or with CypA
mAb. No control IgG? No control recombinant protein?

We apologize for the use of the IgG control group was not clearly indicated in the
previous manuscript. Our experimental design was intended to focus specifically on the
biological effects triggered by recombinant CypA and on whether these effects could
be neutralized by the anti-CypA monoclonal antibody. The actual treatment groups
were IgG-treated control cells, recombinant CypA plus IgG-treated cells, and
recombinant CypA plus anti-CypA monoclonal antibody-treated cells. Therefore, the
principal comparisons were IgG-treated control cells versus recombinant CypA plus
IgG-treated cells, and recombinant CypA plus IgG-treated cells versus recombinant
CypA plus anti-CypA monoclonal antibody-treated cells. We have revised the
manuscript to clearly define the treatment groups (Page 12) and to clarify the labels in
Figures 4A, 4B, and EV4.

10. The study presents a large number of interesting experimental results related to the
main topic but these are not discussed. For example, the identification of where eCypA
binds to MC2R is interesting but is not further discussed "Molecular docking simulation
to visualize the binding model between CypA and MC2R NT and EC3".

We thank the reviewer for this insightful comment. We agree that the interaction
between eCypA and MC2R, particularly the identification of the binding regions, merits
further discussion. Importantly, the binding interface was first experimentally defined

through domain-mapping approaches, which demonstrated that eCypA interacts with
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the N-terminal (NT) region and the third extracellular loop (EC3) of MC2R. Based on
these experimentally identified regions, molecular docking simulations were performed
to visualize the binding model, rather than to predict the interaction de novo. In the
revised manuscript, we have expanded the Discussion to clarify the biological
implications of this finding. Specifically, we now highlight that the localization of
eCypA binding to the extracellular domains of MC2R is consistent with the established
mechanism of GPCR ligand engagement and supports a model in which eCypA
interacts with MC2R to contribute to downstream signaling (Page 21).

11. The finding of increased expression of FNI1, CD44 and MMP9 after specific
stimulation of cells with eCypA is interesting but the authors did not show that the
increased expression of these genes is responsible for changes in migration. Expression
was also not connected to apoptosis.

Although we did not directly perform loss-of-function experiments for FN1, CD44, and
MMP?9 in this study, previous studies have reported that these molecules are involved
in processes related to cell adhesion and migration. CD44 is a leukocyte adhesion
molecule that mediates cell-cell interaction, adhesion, and migration, and has been
shown to regulate the interaction between leukemic cells and the extracellular matrix
(PMID: 38736891). In addition, CD44 engagement can enhance leukemic cell adhesion
through cooperation with integrins such as VLA-4, thereby promoting interactions with
stromal cells in the bone marrow microenvironment (PMID: 32616529). Fibronectin
(FN1), as a major extracellular matrix protein, is involved in cell migration-related
processes and contributes to cell motility in various physiological and pathological
contexts (PMID: 38372136). Furthermore, MMP-9 has been shown to facilitate
extracellular matrix remodeling in the bone marrow microenvironment and is
associated with leukemic cell invasion and disease progression in B-ALL (PMID:
31919471). Therefore, the upregulation of FN1, CD44, and MMP9 observed upon
eCypA stimulation is consistent with the enhanced adhesion and migration phenotypes
in B-ALL cells. Similarly, we have not further demonstrated that the effect of eCypA
on apoptosis is attributed to the increased expression of BCL-XL and MCL1. We have
clarified these points in the Discussion section (Page 20).

12. Lines 247-251. One of the potentially most interesting results is that eCypA levels,
as measured by ELISA in PB, decreased in patients who turned out to become MRD-
negative after 14 days of chemotherapy but remained unchanged in patients who were
MRD-positive. If this finding was robustly supported by data, an assay for eCypA in
PB could be a valuable non-invasive tool to assess the success of first-line treatment of
patients. However, again, patient samples are not documented at all [high/low risk? B/T?
adult/pediatric?], and only 13 samples were assayed. This should be expanded to
include larger numbers of well-documented samples.

We thank the reviewer for this important comment. To address this concern, we have
expanded the MRD-associated cohort by including additional patient samples obtained
from our biobank. In the revised Figure 6A and 6B, the number of MRD-negative cases
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has been increased from 8 to 18, and MRD-positive cases from 7 to 12, thereby
improving the robustness of the analysis. These additional samples were incorporated
to provide a more representative evaluation of circulating eCypA levels in relation to
treatment response.

All available patient samples (n = 46) with corresponding clinical annotations have now
been summarized in Table EV1. The MRD subset represents patients with available
post-treatment MRD assessment, while the remaining samples were included to provide
broader clinical context. Due to the retrospective nature of sample collection, some
clinical variables are not available for all patients and are indicated as “NA”. We have
clarified this point in the revised manuscript.

13. Fig. 6. The extension of survival of mice treated transplanted with Nalmé6 with the
anti-CypA antibody compared to control IgG was 4 days, and that of mice treated with
the anti-CypA antibody + VDL compared to VDL was 5 days. These differences are
very small and do not support the author's suggestion that 'targeting eCypA during ALL
chemotherapy may enhance treatment efficacy and improve patient outcome'

We agree with the reviewer that the observed survival benefit is modest in this model.
Accordingly, we have revised the text to avoid overinterpretation and now describe the
effect as a limited but detectable survival advantage. We have also removed statements
suggesting direct clinical benefit (Page 17).

Minor

Line 102. 'Consistently' as used here does not make sense in this context.

Methods: The authors describe the co-culture system in which they measure eCypA as
"Target and effector cells were mixed in a specified ratio and co-seeded into the same
well." This is terminology usually used for cytotoxicity assays. Are the 'effector' cells
the ALL cells?

We agree that the term “effector cells” is not appropriate in this context, as it is typically
used in cytotoxicity assays and may cause confusion. In the revised manuscript, we
have replaced this terminology with more precise descriptions. Specifically, we now
refer to the two cell populations as “ALL cells” and “peripheral blood-derived cells”
throughout the Methods section. The description of the co-culture system has been
revised accordingly to clearly reflect the experimental design (Page 26). In addition,
we have removed the term “consistently” from Line 102, as it was not appropriate in
this context.

Line 212. The involvement of CD44 or MMP9 in ALL is not new. The authors do not
discuss their results in the context of published literature.

We have revised the Discussion section to better contextualize our findings within the
existing literature. We have incorporated relevant references and clarified that CD44
and MMP9 are established regulators of leukemic cell adhesion, microenvironment
interaction, and invasion (Page 20).
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Referee #3 (Comments on Novelty/Model System for Author):

Experimentation looks sound. Some stats require review. Role of CypA in ALL has not
been investigated before, but a role of CypA in other cancer entities has been reported
before. The strength and novelty of the paper are the molecular characterization of the
CypA-MC2R-CREB signalling pathway in ALL linked it to migration and survival
pathways.

Medical impact has to be awaited. Model systems used do reflect ALL, but do not
necessarily represent the large heterogeneous spectrum of human ALL.

We thank the reviewer for the thoughtful evaluation. In response to concerns about
interpretation, statistical rigor, and generalizability, we clarified data sources and
reanalyzed = TARGET-ALL-P2  with  transparent selection  criteria  and
univariate/multivariate Cox models, tempered conclusions to match the moderate in
vitro/in vivo effect sizes, and revised the scRNA-seq analysis using a state-based
annotation framework while removing unsupported subtype assignments.

Referee #3 (Remarks for Author):

The authors' work demonstrates that extracellular cyclophilin A (eCypA) promotes the
progression of B-cell precursor ALL and desensitizes leukemic cells toward
chemotherapy. The observed effects can be at least partially reversed by the application
of an eCypA antibody in selected in vitro and in vivo ALL models. The authors provide
experimental evidence that eCypA binds MC2R, also known as ACTH binding receptor,
which signals downstream along the cAMP-PKA-CREB pathway. Phosphorylated
CREB elicits pleiotropic effects including trans-endothelial migration and upregulation
of anti-apoptotic effectors such as BCL-x1 and MCLI1. The authors propose that eCypA
constitutes a potential target for the treatment of ALL, since blocking of CypA by anti-
CypA delayed disease progression and prolonged survival in ALL disease models
including PDX-ALL.

Upregulation of CypA in various cancer entities has been previously described linked
to increased proliferation, inhibition of apoptosis, and promotion of cell migration and
invasion. Hence, the observed phenotype of CypA modulation in ALL is somewhat
expected, albeit the ALL context had not been explored yet. The merit of the paper lies
in the detailed investigation of the mechanistic underpinnings of the CypA-mediated
effects on selected ALL models by deciphering the direct binding of CypA to MC2R,
recapitulating downstream signaling effects through cAMP-PKA-CREB, and defining
the CypA/MC2R-dependent transcriptional and translational output. The concept of
therapeutical intervention by use of a monoclonal antibody directed against CypA that
was widely applied throughout this study has been recently published by the same group
in the context of viral pneumonia (Bai et al. 2024).

Despite the authors' commendable work on CypA-MC2R interaction and its impact on
growth and survival of several B-cell precursor ALL models, this referee raises
concerns regarding the relevance of the reported findings to essential features of ALL
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biology. Overall, experimental data provided in the paper fall short to convincingly
demonstrate that ALL cells critically depend on CypA-MC2R signaling activities.
Arguably, CypA might promote growth, migration, and survival of ALL models to a
certain extent, but the described effects are rather moderate even though statistically
significant as presented. Similarly, blocking CypA by anti-CypA mAb mostly reverses
CypA in vitro effects but does not efficiently kill ALL cells, clearly discernible under
in vivo conditions. Beside a small effect size, inhibition of CypA likely causes collateral
(off-target) leukemia-extrinsic effects, since CypA is involved in many biological
processes often mediated through CD147 or integrin B2 as protein folding, trafficking,
T cell activation (Th1 activation/Th2 inhibition), response to inflammatory stimuli such
as hypoxia, infection, and oxidative stress among others. To bring an anti-CypA
treatment approach forward, the authors should look at off-target effects in suitable in
vitro and immunocompetent in vivo models. Likewise, the authors did not address
leukemia-intrinsic effects that are relayed through CD147 and integrin B2, the latter of
which has been identified as CypA binding receptor in Jurkat T-ALL cells by the same
authors. Another caveat is the uncertain applicability of a CypA-directed treatment
approach toward a broader spectrum of ALL, since the authors mainly demonstrate
experimental data on gene-modified, t(5;12) near-diploid NALMG6(-Luc) ALL cells
complemented by some data from MLL::AF4 (KMT2A::AFF1) RS4;11 pro-B ALL and
ETV6::RUNXI1 t(12;21) pre-B cell lines. Commendably, the authors finally included
two PDX-ALL models to prove their point in vivo. However, those PDX-ALL models
lack proper subtyping (immunological and genetic features) and the characterization of
their molecular features by scRNA analysis lacks rigor and clarity.

Hence, it is uncertain if the work presented herein will ultimately advance our approach
toward ALL. There are several points outlined in more detail below that might be
addressed by the authors to improve the quality of the manuscript.

Major points:

1. Fig.1C and E. It is unclear which NCI data sets precisely had been used for the PPIA
expression and the survival analysis. Apparently, the authors refer to the TARGET data
base. The authors just briefly mention 4 external cohorts of deceased ALL patients
without further details. The reference given (Brady et al. 2022) is very irritating, since
it is a report on genomics of pediatric ALL that is associated with an excellent overall
survival (>90%). Please clarify and describe which patients (including subtypes and
age groups - presumably adult ALL patients) had been included and how the survival
analysis had been performed. Did you compare upper (PPIA-high) vs lower (PPIA-low)
quartiles of pooled cohorts (treated to a uniform protocol?). Has PPIA expression been
tested for independence in a multivariate analysis or do the authors present a univariate
analysis? A multivariate analysis is crucial to draw meaningful conclusions with regard
to the relevance of a potential biomarker to outcome.

We thank the reviewer for this important and insightful comment. We agree that the
original description of the dataset and survival analysis was insufficiently precise and
may have led to confusion. To address this, we have revised the manuscript throughout
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to clearly describe the data source, patient selection criteria, and statistical workflow in
the Results and Appendix sections. In addition, we have removed the reference to Brady
et al. (2022).

First, we clarify that all expression and survival analyses in Figure 1C and 1E were
based exclusively on the TARGET-ALL-P2 cohort obtained from the NCI Genomic
Data Commons (GDC). Processed gene expression data were accessed through the
UCSC Xena platform, while the corresponding clinical information was retrieved from
the original GDC portal. These datasets were matched at the individual patient level,
and all downstream analyses were performed independently by us.
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Figure 1. (C) PPIA mRNA expression levels in bone marrow (BM) and peripheral
blood (PB) samples from the TARGET-ALL-P2 cohort obtained from the UCSC Xena
platform. Only B-ALL samples were included. Samples were stratified into initial PB
(n = 52), initial BM (n = 105), and relapse BM (n = 74). (E) Kaplan—Meier survival
curves of B-ALL patients stratified by PPIA expression in initial BM (n = 104), relapse
BM (n=74), and initial PB (n = 50). Patients were divided into high and low expression
groups using the median expression level as the cutoff. Statistical significance was
assessed using the log-rank test. For the relapse BM cohort, survival time was
calculated from relapse to death or last follow-up.

Second, regarding patient composition, the TARGET-ALL-P2 cohort consists
predominantly of pediatric and adolescent/young adult (AYA) patients and includes
both B-ALL and T-ALL cases. In the present study, we restricted our analysis to B-ALL
samples only. Samples were included based on the availability of both PP/A4 expression
and clinical survival data. Detailed clinical characteristics of the analyzed cohort are
provided in Table EV3.

Third, regarding the survival analysis methodology, patients were stratified into high
and low PPIA expression groups using the median expression value as the cutoff, rather

than upper/lower quartiles. Survival analyses were conducted within the TARGET
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cohort and not across pooled heterogeneous cohorts with assumed uniform treatment.
To account for disease stage and sample source, patients were analyzed separately in
three groups: initial peripheral blood (PB), initial bone marrow (BM), and relapse bone
marrow (BM). Kaplan—Meier survival curves were generated for each subgroup, and
statistical significance was assessed using the log-rank test, as shown in Figure 1E.

Finally, we performed both univariate and multivariate Cox proportional hazards
analyses. In the multivariate models, PP/A expression (as a continuous variable), age,
sex, and fusion status (where available) were included as covariates. These analyses
show that PPIA expression is not an independent prognostic factor in primary PB or
BM samples, whereas it is an independent risk factor in relapse BM samples. The full
results are now provided in Table EV2.

Table EV2. Multivariate Cox regression analysis of overall survival in B-ALL patients
based on initial and relapse bone marrow samples

Variable  Initial BM HR P Relapse BM P Initial PBHR P
95% CI) value HR (95% CI) value (95% CI) value

PPIA 2.05 (1.38- <0.001 1.80 (1.14— 0.011  1.92 (1.08— 0.026

expression 3.03) 2.82) 3.42)

Age 1.07 (1.02— 0.009  1.04 (0.98— 0.184  1.07 (0.99— 0.079
1.13) 1.11) 1.16)

Gender 1.50 (0.80— 0.207  2.23 (1.20- 0.012  0.88 (0.38— 0.762

(Malevs  2.82) 4.17) 2.03)

Female)

Fusion 1.45 (0.65— 0.367  1.25(0.59— 0.561  1.29 (0.53— 0.570

status 3.24) 2.69) 3.15)

Initial BM: n = 105, events = 42; Relapse BM: n = 74, events = 47; Initial PB: n = 50,
events = 26

2. Fig.31: phospho-IB PKA/CREB. In RS4;11 cell lysates (right-handed panel) anti-
CypA does not prevent an increase in phosphorylation of CREB at 10' and 20' time
points contradicting the proposed inhibitory effects of CypA blocking on CREB-
activation. Varying GAPDH levels do not correspond to evenly loaded CREB levels. It
is recommended to present the whole blot including molecular size markers as
supplemental material to the referees.

We agree that the original blot in Figure 31 did not clearly demonstrate the inhibitory
effect of anti-CypA on CREB phosphorylation in RS4;11 cells, and that the loading
consistency was suboptimal. To address this concern, we have repeated the experiment
with improved experimental conditions and optimized antibody performance. The
updated data show that anti-CypA treatment effectively reduces CREB phosphorylation.
In addition, we have included results from an independent ALL cell line (REH), which
consistently support the inhibitory effect of CypA blockade on CREB activation.
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Furthermore, we have provided the full-length, uncropped western blots with molecular

weight markers as supplementary material, along with the corresponding raw data, to
ensure transparency and allow proper evaluation of protein loading and specificity.
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3. Fig.5 reveals some inconsistencies that require explanation or re-experimentation. In
subfigures F and G cell viability is measured by substrate metabolism (CCK-8 assay)
which is clearly increased upon CypA administration but remains rather constant over
time (>0.9=90% viability) under conditions of anti-CypA +/- CypA or MC2R knockout.
This finding indicates inhibitory effects on growth/proliferation rather than a significant
induction of apoptotic death, which are hard to reconcile with the reduction in BCL-XL
and MCL1 in subfigure E. Under VCR treatment, a partial rescue from apoptotic death
is noted upon CypA administration that is compensated by anti-CypA (could you
provide additional data on anti-CypA alone?). By contrast, in the absence of cytotoxic
stress (DMSO control) CypA/anti-CypA did not measurably increase the apoptotic rate
of NALMBG cells suggesting that anti-CypA dependent cytotoxic efficiency is generally
limited by the anti-apoptotic effect size of CypA induction. In other words, the success
of a CypA-directed treatment might depend on a prior challenge of ALL cells with
exogenous (therapeutically applied) CypA?

We agree that the CCK-8 assay primarily reflects cell viability/metabolic activity rather
than apoptosis. Regarding the apparent discrepancy between changes in BCL-
XL/MCL1 expression and the lack of apoptosis under basal conditions, we further
confirmed that neither eCypA (Figure 5K, EV6E, F) nor anti-CypA mAb alone
(Appendix Figure S3) significantly altered apoptosis in the absence of cytotoxic stress,
suggesting that these molecular changes do not translate into detectable apoptosis under
basal conditions. In contrast, under vincristine treatment, eCypA clearly attenuated
apoptosis, whereas anti-CypA mAb reversed this protective effect (Figure 5K and
Figure EV6E, F). These findings suggest that the functional impact of eCypA-MC2R
signaling becomes more evident under cytotoxic stress, where regulation of BCL-XL
and MCL1 is associated with altered cellular response to apoptotic stimuli. We have
revised the manuscript to describe the distinct effects of eCypA under basal conditions
and following vincristine treatment (Page 15).
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Appendix Figure S3. Effects of anti-CypA monoclonal antibody alone on apoptosis in
B-ALL cells. NALM6, RS4;11, and REH cells were treated with IgG control or anti-
CypA monoclonal antibody at 10 ng/mL for 36 h, followed by Annexin V/PI staining
to assess apoptosis.

4. Fig.6 F-H. It is hard to reconcile the presented bioluminescence data (VDL+IgG vs
VDL+anti-CypA) in F with the life tables in H. Tumor burden does not significantly
differ on d24 between the two treatment arms, but graphs diverge by d30 when about
half of the VDL-CHX cohort and the first two animals of the VDL-CHX + anti-CypA
cohort had to be sacrificed indicative of treatment cohort-overlapping events. By d38
all animals in the experiment had died questioning the rigor and robustness of the
survival analyses. Did the authors perform a log rank test to analyze survival in H?
Could the authors provide the test statistic and exact p-values?

First, we agree that differences in tumor burden between treatment groups are not
prominent at earlier time points (e.g., day 24), and that survival events occur within a
relatively narrow time window in this aggressive leukemia model. BLI provides a
snapshot of tumor burden at discrete time points, whereas survival reflects the
cumulative progression of disease. Therefore, modest differences in tumor burden at
earlier stages may translate into differences in time-to-endpoint at later stages.

Consistent with this, although total flux did not significantly differ at day 24, divergence
between groups became more apparent by day 30, followed by the onset of survival
events. The partial temporal overlap of events reflects the aggressive nature of the
model. Importantly, all animals were monitored using predefined and consistent
humane endpoint criteria, which were applied uniformly across all groups.

Survival curves in Figure 6H were analyzed using the log-rank (Mantel-Cox) test, and
the corresponding statistical parameters have now been added to the figure legend. A
significant difference between groups was observed (> = 12.9, df = 1, p = 0.0003).
Consistent results were obtained using the Gehan—Breslow—Wilcoxon test (¥*> = 10.6, p
= 0.0011), supporting a difference in survival distributions. For completeness and
transparency, pairwise survival comparisons among all four groups are provided in the
source data.

We note that, although the difference in median survival is modest (29.5 vs 34.5 days),
the statistical significance reflects a shift in the overall survival distribution rather than
a single time point. Given the aggressive disease course and limited survival window,
we have revised the manuscript to more cautiously describe the treatment effect as a
delay in disease progression, rather than a large survival benefit (Page 17).
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5. Fig.7 H,I: Marginal survival differences between PDX-ALL treatment, but highly
significant p-values are given. Log rank test? Test statistic?

J: Annotation of ALL subclusters in scRNA-seq UMAP is unusual. Authors
differentiate between Pre-B, cycling pre-B, and MLL-R cells. SCRNA seq does allow
for cell cycle phase specific annotation (early G1/GO-S-G2/M) which should be
performed thoroughly for all clusters. It is unclear how the MLL-R cluster was
determined. The heatmap in K suggests the annotation is simply based on KMT2A,
AFF1, MEF2C etc. single cell mRNA reads. To authenticate their claim of an MLL-R
subclone, the authors should provide genomic/transcriptomic/RT-PCR data on a
KMT2A::AFF1 fusion that would be associated with a transactivated HOX7-10 (in
particular HOX9), MEIS1 and others which are not presented. KMT2A and AFFI
mRNA are not necessarily upregulated in MLL-r. Maybe the authors rather identified a
quiescent subclone with stem cell like features that resembles MLL-r ALL?

The survival analyses in Figure 7 were analyzed using the log-rank (Mantel-Cox) test,
and the corresponding test statistics and exact p values have been added to the figure
legend and provided in the source data. Although the difference in median survival
appears modest, the statistical significance reflects the overall separation of survival
curves across the entire follow-up period, rather than median values alone. To avoid
overinterpretation, we have revised the text to more cautiously describe the effect of
anti-CypA mAb.

We agree that our initial annotation using terms such as “pre-B” and “MLL-like” was
not sufficiently rigorous. In particular, these leukemic populations could not be reliably
assigned to canonical B-cell developmental stages based on transcriptional profiles
alone, as shown in Appendix Figure S8a, where classical B-lineage markers (e.g.,
DNTT, VPREBI1, RAG1/2) are broadly expressed across clusters without defining
discrete developmental stages. Therefore, we have removed the use of “pre-B” or
related terminology to avoid overinterpretation.

Regarding the “MLL-like” annotation, we would like to clarify that the corresponding
patient sample used to generate the PDX model harbors a KMT2A::AFF1 fusion, as
identified by clinical bulk transcriptomic (RNA-seq) analysis at diagnosis. However,
we acknowledge that standard droplet-based scRNA-seq data do not allow reliable
detection of gene fusions, such as KMT2A rearrangements, due to limited transcript
coverage and lack of breakpoint-spanning reads. Therefore, fusion status cannot be
inferred from our single-cell dataset. Based on this limitation, and to avoid conflating
genomic alterations with transcriptional states, we have removed the “MLL-like”
designation in the revised manuscript. Instead, guided by the reviewer’s suggestion, we
adopted a more conservative, state-based annotation strategy. Differential expression
analysis revealed that a subset of cells (State 2) exhibited increased expression of genes
previously reported to be enriched in immature or progenitor-like hematopoietic and
leukemic states, including FLT3, MSI2, MEF2C, and RUNXI1 (Appendix Figure S5B).
We emphasize that these genes are used to describe relative transcriptional features

rather than to define a specific progenitor cell identity. Accordingly, we refer to these
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populations as “State 1”” and “State 2” without assigning predefined developmental or
genetic labels (Figure 7H and I).

In addition, in response to the reviewer’s comment regarding cell cycle annotation, we
performed systematic cell cycle analysis across all clusters. Based on the enrichment of
cell cycle—associated gene signatures, we classified cells into cycling and non-cycling
populations, resulting in four groups (State 1, State 2, Cycling State 1, and Cycling
State 2). The results are presented in Figure EV7E and are also visualized in the
updated UMAP representation.

Finally, we have revised the manuscript throughout to clarify that the identified clusters
represent transcriptionally defined cell states rather than genetically defined subclones,
and to ensure consistent and accurate terminology.
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Appendix Figure S5. Transcriptional features underlying cell state annotation in
scRNA-seq analysis. (A) Dot plot showing the expression of B-lineage—associated
genes across the identified cell states. Canonical B-cell markers were broadly and
consistently expressed across all states, supporting a homogeneous B-lineage identity.
(B) Dot plot showing the expression of genes associated with progenitor-related
transcriptional programs (FLT3, MYB, MSI2, RUNX1, PBX3, BCL11A, and MEF2C)
across the defined states, highlighting their enrichment in State 2. (C) Dot plot showing
the expression of cell cycle-related genes (MKI67, TOP2A, UBE2C, CENPF, and
BIRCS), indicating proliferative activity and supporting the identification of Cycling
State 1 and Cycling State 2 subpopulations.

CD19
M State 1

) CD79A
H IgG Antl-CypA M Cycling State 1 S DNTT
s = " W State 2 3 RAG1
v W Cycling State 2 £ RAG2
& 100 o PAX5
2 80 VPREB1
g CHCHD10
« g 60 MKI67
ES g 40 _ol| Tora
B g 20 © 9| uBeE2C
& | OO cenpF
= BIRC5

@ G

o QN

UMAP1 W“’m MI?FSZI(%

MYB

FLT3
BCL11A
RUNX1

Expression
N AO=N

Figure7. (H) UMAP plots (left) and corresponding bar plot (right) showing the
distribution of cell states in IgG- and Anti-CypA-treated PDX-ALL samples. (I)
Heatmap showing the expression of representative marker genes used for state
annotation, including genes associated with B-lineage programs, cell cycle activity, and
progenitor-like transcriptional programs.
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Figure EV7. (E) UCell-based scoring of cell cycle gene signatures, classifying cells
into non-cycling, G1, S, G2, and M phases. UMAP visualization of cell cycle states
(right) and bar plot showing the distribution of cell cycle phases across different cell
clusters (left).

Minor points:

6. While the title of the manuscript is suitable, the 'in brief' synopsis contains claims
that are not sufficiently backed by experimental data such that blocking CypA
'suppresses' ALL progression. Clearly, it does delay progression (by several days) rather
than suppress ALL progression (Fig.6F,H and Fig.7H,I).

As suggested, we have replaced “suppresses” with “delays” in the revised manuscript.

7. Physical properties, source and binding specificity (mouse-human cross-reactivity?)
should be briefly described. Did the authors look at MRAP as accessory heterodimeric
binding partner that modulates ACTH-MC2R downstream signaling? Authors only
refer to a previous publication from the same group, in which anti-CypA was applied
in the context of viral pneumonia (Bai et al. 2024).

To distinguish human-derived and mouse-derived CypA, species-specific ELISA kits
were used. Human CypA levels were quantified using a human-specific ELISA kit
(CSB-E09920h, Cusabio), while mouse CypA levels were measured using a mouse-
specific ELISA kit (CSB-E09282m, Cusabio). According to the manufacturer’s
specifications, these kits are designed to selectively detect their respective species and
do not exhibit cross-reactivity.

We further examined this issue experimentally using the same set of peripheral blood
plasma samples from mice and humans. As shown in newly added Appendix Figure
S1, when mouse and human plasma samples were measured using the mouse eCypA
ELISA kit and the human eCypA ELISA kit, respectively, no cross-reactivity was
detected between the two assays.

A B

Appendix Figure S1. Cross-reactivity validation of the eCypA ELISA kits between

human and mouse. (A-B) The same set of peripheral blood plasma samples from mice
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and humans were measured using the mouse eCypA ELISA kit (A) and the human
eCypA ELISA kit (B), respectively (n = 6).

In addition, the antibody exhibits cross-reactivity with both human and mouse CypA,
as demonstrated by detection in human leukemia cells and mouse-derived samples
(Appendix Figure S6). In addition, previous surface plasmon resonance analysis
showed high-affinity binding to recombinant human CypA (KD = 0.295 nM) (Bai et al.,
2024) .
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Appendix Figure S6. Validation of CypA interaction in human leukemic cells and
murine hematopoietic tissues. Red blood cells were lysed from mouse peripheral blood
(PB), bone marrow (BM), and spleen prior to protein extraction. Whole-cell lysates
from these murine tissues, together with human B-ALL cell lines (NALM6, RS4;11,
and REH), were subjected to Western blot analysis to detect CypA. GAPDH was used
as a loading control.

In our proteomic analysis, both MC2R and MRAP2 were identified among the CypA-
associated proteins, particularly in RS4;11 cells (Table EV4), which further supports
the biological relevance of MC2R in this system. In preliminary experiments using
293T cells, we co-expressed MRAP2 together with MC2R and observed that MRAP2
enhanced eCypA-induced cAMP production. This is consistent with previous reports
that MRAP proteins facilitate MC2R trafficking and signaling. Importantly, we further
confirmed that MC2R expression alone was sufficient to mediate cAMP production
upon eCypA stimulation (Figure 3E), indicating that MRAP?2 is not strictly required
for receptor activation in this context but rather functions as a positive modulator that
enhances signaling efficiency. Given that the primary aim of this study was to establish
MC2R as a functional receptor mediating eCypA-induced signaling and downstream
effects in ALL cells, we focused our mechanistic investigation on the MC2R-dependent
axis. While MRAP?2 likely contributes to optimizing MC2R membrane localization and
signaling output, its specific role was not further dissected in this study and warrants
future investigation.
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Figure 3. (E) 293T cells were transfected with Flag-Vec, Flag-MC2R, Flag-MRAP2,
or co-transfected with Flag-MC2R and Flag-MRAP2 for 36 h, followed by treatment
with eCypA for the indicated time points. Intracellular cAMP levels were then
measured (n = 3 independent biological replicates).

8. All figure legends lack sufficient information on the number of independent
experiments and biological vs technical replicates.

We have revised all figure legends to explicitly include the number of independent
experiments and to clearly distinguish biological and technical replicates.

9. Comprehensive mass spec data on CypA binding in ALL lines should be made
accessible to assess MC2R binding specificity and to comply with data availability
policies. CypA has been shown to bind other receptors such as CD147 and integrin beta
2, the latter of which is expressed Jurkat T-ALL cells according to the authors' own data
(Bai et al. 2024).

The mass spectrometry proteomics data have been deposited to the ProteomeXchange
Consortium via the iProX partner repository with the dataset identifier PXD076421.
The dataset can be accessed for peer review using the following URL:
https:.//www.iprox.cn/page/PSV023.html;?url=1775632113131QGpU (password: fWjP).

We agree that CypA has been reported to interact with multiple receptors, including
CD147 and integrin B2. Our data support MC2R as a novel functional receptor in B-
ALL cells.

10. p12 line 199: Specify PKA and CREB inhibitors in Mat & Meth.

We have specified the PKA and CREB inhibitors in the Methods section. All reagents,
antibodies, and experimental materials used in this study, have also been
comprehensively provided in the submitted Reagents and Tools Table.

11. p14: line 238 (refers to Fig. S5F). PCR-based expression analysis of BCL-XL
(species=human) is likely skewed, because authors used non-defined PBMCs
(leukemic blasts? Normal lymphocytes?) from ALL vs healthy donors (mononuclear

cells= heterogeneous population).
46



1st Authors' Response to Reviewers 29th Apr 2026

We agree that PBMCs represent a heterogeneous population, which may include both
leukemic blasts and normal immune cells in patients with ALL, as well as diverse
immune cell subsets in healthy donors. Therefore, differences in cellular composition
could potentially influence the measured gene expression levels. In this study, PBMC-
based qPCR analysis was included as a descriptive observation of circulating samples
rather than as definitive evidence of cell-intrinsic regulation. We have therefore revised
the text to clarify this point and have toned down the interpretation accordingly.
Specifically, these data are now described as being directionally consistent with the in
vitro findings in NALM6 and RS4;11 cells, rather than serving as direct mechanistic
evidence (Page 15).

12. p14 line 247-248: MRD has not been described in the paper: TCR/IGH PCR MRD
or FACS MRD? Define MRD time points (postinduction or postconsolidation?) and
levels for MRD negativity vs positivity.

We have added a clear definition of MRD in the revised manuscript. MRD status was
determined by flow cytometry analysis of bone marrow samples at the end of induction
therapy (day 28-30), and patients were classified as MRD-positive or MRD-negative
based on routine clinical assessment of residual leukemic cells. In addition, we have
included a supplementary table summarizing the bone marrow blast percentages at
diagnosis, day 14, and day 28-30 for each patient (Table EV1). The MRD classification
used in this study is based on the day 28-30 assessment, while the day 14 time point
was used to evaluate early treatment response.

Serum eCypA levels were measured in peripheral blood plasma samples collected at
day 14 during induction therapy, and their association with the final MRD status was
analyzed. The manuscript has been revised accordingly to clearly define MRD and
describe the timing of sample collection (Page 29).

13. p16 lines 287-290 and p18 lines 330-331: It is recommended to use more cautious
wording when describing and interpreting anti-CypA-mAb treatment effects. Life
tables in Fig. 7 speak their own language with minimal delay in disease progression and
survival. Findings herein suggest that eCypA contributes to ALL progression, but this
referee doubts that it acts as a critical driver of ALL pathogenesis questioning its
potential as a therapeutic target.

We thank the reviewer for this thoughtful and important comment. We agree that the
survival benefit observed in our models is modest. We have revised the manuscript to
adopt more cautious wording when describing both the biological role of eCypA and
the effects of anti-CypA mADbD treatment. (Line 352) (Page 18 and 20)

14. p16 line 299 and p19 lines 347-349: The authors describe an MLL-rearranged
(MLL-R) subset based on sc-RNA-seq data from PDX-ALL models. Did the authors
detect a genomic MLL rearrangement by FISH or breakpoint specific (RT-)PCR or do
they infer the MLL-R status from the expression of sc mRNA reads (KMTA2 and AFF1
expression)? Please clarify if you refer to an authentic MLL-rearrangement or an MLL-
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R like transcriptional phenotype.

The cited papers (Krivtsov et al. 2019; Lopez-Millan et al. 2024) refer to new drug
developments for MLL-R rather than original reports on CHX-resistance or relapse
(menin inhibitor and NG2/FLT3 PPI inhibitor, respectively). The authors should cite
the original work on MLL-R.

Regarding the annotation of an “MLL-rearranged (MLL-R)” subset, we acknowledge
that our original description was not sufficiently precise and may have been misleading.
The PDX-LB12 model used in this study was derived from a patient sample harboring
a KMT2A::AFF1 fusion, as identified by clinical bulk transcriptomic analysis at
diagnosis. Detailed molecular information for both PDX models is now provided in
Table EVS, and only PDX-LB12 was subjected to single-cell RNA sequencing in this
study. However, we did not perform FISH or breakpoint-specific RT-PCR validation
within the scope of this work. Importantly, we recognize that standard droplet-based
scRNA-seq data do not allow reliable detection of gene fusions, such as KMT2A
rearrangements, due to limited transcript coverage and the lack of breakpoint-spanning
reads. Therefore, the MLL-R status cannot be inferred from our single-cell dataset, nor
can it be concluded from the expression levels of KMT2A, AFF1, or related genes.
Based on this limitation, and to avoid conflating genomic alterations with
transcriptional features, we have removed the “MLL-R” or “MLL-like” terminology
throughout the revised manuscript. Accordingly, no claim of an authentic MLL-
rearranged subclone is made in the revised version. Instead, we now describe these
populations using a neutral, state-based annotation (State 1 and State 2), reflecting
transcriptional heterogeneity rather than genetically defined subtypes.

We agree with the reviewer that the cited references (Krivtsov et al. 2019; Lopez-Millan
et al. 2024) were not appropriate in this context. As we have removed the MLL-R-
related interpretation, these references have been deleted from the revised manuscript,
and the text has been revised accordingly to avoid unsupported associations.

15. P22 line 405: Information on CREB and PKA inhibitors is not sufficient.

We have specified the PKA and CREB inhibitors in the Methods section (Reagents
and Tools Table).

16. P22 line 418: Describe physico-chemical details of CypA-mAb (cross-reactivity/
species/ mouse humanized?)

The anti-CypA antibody is a mouse monoclonal antibody generated against
recombinant human CypA and purified using Protein A affinity chromatography. This
antibody exhibits cross-reactivity with both human and mouse CypA, as demonstrated
by consistent detection in human leukemia cells and mouse-derived tissues, including
peripheral blood, bone marrow, and spleen (Appendix Figure S6). In addition,
previous surface plasmon resonance analysis demonstrated high-affinity binding of this
antibody to recombinant human CypA (KD = 0.295 nM) (Bai et al., 2024). Detailed
physicochemical and validation information for the anti-CypA monoclonal antibody
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has been added to the revised manuscript (Page 25).
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Appendix Figure S6. Validation of CypA interaction in human leukemic cells and
murine hematopoietic tissues. Red blood cells were lysed from mouse peripheral blood
(PB), bone marrow (BM), and spleen prior to protein extraction. Whole-cell lysates
from these murine tissues, together with human B-ALL cell lines (NALM6, RS4;11,
and REH), were subjected to Western blot analysis to detect CypA. GAPDH was used
as a loading control.

17. P23 lines 436-438: Immunological and genetic characterization of PDX-ALL
models is missing.

We have added a comprehensive description of the immunological and genetic
characteristics of the PDX-ALL models in the revised manuscript.

First, the genetic features of both PDX models have been clarified. PDX-LB12 harbors
a KMT2A::AFF1 (MLL-rearranged) fusion together with an FLT3-ITD mutation,
whereas PDX-QB4 is a fusion-negative case carrying an FLT3 Y572C mutation. These
data were derived from RNA-seq—based transcriptomic analysis and are summarized in
Table EVS.

Second, the immunophenotypic characterization has been added based on clinical
diagnostic flow cytometry reports of the original patient bone marrow samples used for
PDX establishment. Both samples exhibit a B-lineage phenotype with high expression
of CD19 and CD22, together with precursor-associated markers including CD34 and
HLA-DR. Additional markers (e.g., CD10, CD20, CD38, CD79a, CD13, and CD33)
are summarized in Table EVS5.

To further support these data, we have included representative flow cytometry plots in
the revised manuscript (Appendix Figure EV7), showing key immunophenotypic
features. Due to the retrospective nature of sample acquisition, raw FCS files were not
available; therefore, representative clinical report images are provided.

Finally, we have clarified in the Methods section that both PDX models were generated
from diagnostic bone marrow samples collected at initial presentation, ensuring
consistency between the clinical immunophenotype and the xenograft models.
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Appendix Figure S7. Representative clinical flow cytometry analysis of donor samples
used to establish PDX-ALL models. (A) PDX-LB12 and (B) PDX-QB4 donor samples.
Flow cytometry data were obtained from diagnostic bone marrow samples at initial
presentation, which were subsequently cryopreserved and used to establish the
corresponding PDX models. Leukemic blast populations were identified in the
CD45dim/SSC low region (P5 gate), and subsequent analyses were performed on gated
blast cells. Both samples show strong expression of B-lineage markers (CD19 and
CD22). PDX-LB12 exhibits a more immature immunophenotype, characterized by
high CD34 and HLA-DR expression, with relatively low CD10 and CD20 levels. In
contrast, PDX-QB4 displays a more differentiated pre-B phenotype with high CD10
and CD20 expression. Comprehensive immunophenotypic data derived from clinical
diagnostic flow cytometry reports are summarized in Table EVS.

18. P24: Basic mass spec experimentation details should be given. Pre-analytics,
instrument etc.

We have added detailed mass spectrometry experimental procedures, including sample
preparation, instrument platform, and data processing parameters, in the Methods
section (Page 33).

19. Fig.1E: Citation of GDC target-ALL-P2 is confusing, because the authors refer to
an ALL genomics paper by the US-American SICRH and COG groups that deposited
data in the TARGET data base GDC target-ALL-P2 (Brady et al. 2022 Nat Genet). A
more appropriate reference would be the TARGET data base. See also above point 1.

We agree that the previous citation of the TARGET ALL dataset was not appropriate in
the context of our survival analysis. The Kaplan-Meier survival analysis shown in
Figure 1E has therefore been removed due to limitations associated with the use and
interpretation of the visualization platform.
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Following the reviewer’s suggestion in point 1, we have re-analyzed the data using a
Cox proportional hazards model based on the TARGET ALL cohort obtained from the
GDC data portal. The revised analysis and corresponding results have been updated
accordingly in the manuscript.

20. Fig.4D: IB is of poor quality. Blots are overexposed and FN1 as well as MMP9
signals are hard to decipher.

We have repeated this experiment and replaced the original images with newly
generated data of improved quality. The MMP9 antibody (abcam, ab283575) has been
replaced to enhance signal specificity and clarity.
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Figure 4. (D) Western blot analysis of FN1, CD44, and MMP9 expression in NALM®6,
RS4;11, and REH cells treated with IgG, IgG+eCypA, or Anti-CypA+eCypA for 24 h.
Representative images from at least three independent biological experiments are
shown.

21. Fig. 6A: Provide information on MRD analyses in the figure legend: PCR/flow (?)
postinduction time point etc.? Legend Fig.6 (C): Typo NSG instead of NCG?

We have revised the figure legend of Figure 6A—B to clearly specify that MRD status
was determined by flow cytometry analysis of bone marrow samples at the end of
induction therapy (day 28-30), based on standard clinical criteria. We have also
clarified that peripheral blood plasma samples used for eCypA measurement were
collected at day 14 during induction therapy.

In addition, we have provided a detailed description of MRD assessment criteria in the
Methods section (Page 29) and included a supplementary table summarizing MRD-
related clinical data (Table EV1).

Furthermore, the description of the in vivo experiment in Figure 6C has been refined
for clarity.

22. D,E: Please describe properties of anti-CypA in more detail in the main text or

supplement. Binding affinity and species cross-reactivity etc.
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We have described properties of anti-CypA in more detail in the Methods section (Page
25).

23. Fig.7 N: Heatmap of TF activities could be improved by use of complementary

colors (+ - color bar).

We thank the reviewer for this helpful suggestion. The heatmap has been revised using
a complementary color scale to improve contrast and visualization of positive and
negative transcription factor activity. The original Figure 7N is now presented as
Figure 7L in the revised manuscript.
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1st Revision - Editorial Decision 20th May 2026

20th May 2026
Dear Dr. Sun,

Thank you for submitting your revised manuscript to EMBO Molecular Medicine. Your manuscript will be ready for acceptance
pending the following final amendments:

1) Please implement referees' suggestions.

2) In the main manuscript file, please do the following:

- Please address all comments suggested by our data editors listed below:

o Data availability statement:

1. Please note that the exact p values are not provided in the legends of figures 1A, B, C, F, G, |, J, K, L, M, N; 2B, C, D, E, G, H;
3E,F,G,H,L,M,N;4C,E,F, H,J,K,L;5A,C,D,F, H, I, J,K, 6D, E, G, H; 7B,C, D, E; EV1 A-E; EV2 A, B; EV3 D, G, |, J, M;
EV5 A-E; EV6 A-G.

2. Please indicate the statistical test used for data analysis in the legends of figures EV4 B, C.

3. Please note that information related to n is missing in the legends of figures 2D, E; EV4 B, C.

4. Please note that the black and white arrows are not defined in the legend of figure EV7 C, D. This needs to be rectified.

- Please update the order and the headings of the sections in the manuscript text to: Abstract / The Paper Explained /
Introduction / Results / Discussion / Methods / Data Availability / Acknowledgements / Disclosure and Competing Interests
Statement / References / Figure Legends Expanded View Figure Legends

- In Methods, statistical paragraph should reflect all information that you have filled in the Authors Checklist, especially regarding
randomization, blinding, replication.

- Indicate in legends number and nature of replicates and exact p= values, not a range, along with the statistical test used. To
keep the figures "clear" some authors found providing an Appendix table Sx with all exact p-values preferable. You are welcome
to do this if you want to.

- Rename "Ethics declaration” to "Disclosure and Competing Interests Statement”.

- Author contributions: Please remove it from the manuscript and specify author contributions in our submission system. CRediT
has replaced the traditional author contributions section because it offers a systematic machine-readable author contributions
format that allows for more effective research assessment. You are encouraged to use the free text boxes beneath each
contributing author's name to add specific details on the author's contribution. More information is available in our guide to
authors:

https://www.embopress.org/page/journal/17574684/authorguide#authorshipguidelines

- Data availability statement should contain information only about raw data from datasets produced in this study. Datasets
obtained from public resources should be cited at the appropriate place in the text (e.g. Methods section) together with the
original article and included in the References in form of data citations. Please use the Use the following format to report the
accession number of your data:

The datasets produced in this study are available in the following databases:
[data type]: [full name of the resource] [accession number/identifier] ([doi or URL or identifiers.org/DATABASE:ACCESSION])

Please check our Author Guidelines for more information:
https:/link.springer.com/journal/44321/submission-guidelines#cms-Reference-guidelines

- Correct the reference citation in the text and reference list. In the text, a reference should be cited by first author and year of
publication. In the reference list, where there are more than 10 authors on a paper, 10 will be listed, followed by "et al.". Please
check "Author Guidelines" for more information.
https://www.embopress.org/page/journal/17574684/authorguide#referencesformat

3) Appendix: Please upload it as a PDF file.

4) Tables: Please rename Table EV3, EV4, EV5, EV6 to Dataset EV1-EV4 and update their callouts in the main text. Table EV1
and EV2 should remain EV tables, but Table EV1 should be upldd as Expanded View content and the legend should be in the
same sheet.

5) The Paper Explained: Please provide "The Paper Explained" and add it to the main manuscript text. Please check "Author
Guidelines" for more information. https://www.embopress.org/page/journal/17574684/authorguide#researcharticleguide

6) Synopsis:

- Synopsis image: Please upload the image as a high-resolution jpeg file, exactly 550 px-wide x 300 pixels high.

- Please check your synopsis text and image before submission with your revised manuscript. Please be aware that in the proof
stage minor corrections only are allowed (e.g., typos).

7) As part of the EMBO Publications transparent editorial process (see our Editorial at
http://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a Review Process File (RPF)
to accompany accepted manuscripts. This file will be published in conjunction with your paper and will include the anonymous
referee reports, your point-by-point response and all pertinent correspondence relating to the manuscript. Let us know if you
want to remove or not any figures from it prior to publication. Please note that the Authors checklist will be published at the end
of the RPF.



8) Please provide a point-by-point letter INCLUDING my comments as well as the reviewer's reports and your detailed
responses (as Word file).

I look forward to reading a new revised version of your manuscript as soon as possible.

Yours sincerely,

Zeljko Durdevic

Zeljko Durdevic
Senior Editor
EMBO Molecular Medicine

*** Instructions to submit your revised manuscript ***

*** PLEASE NOTE *** As part of the EMBO Publications transparent editorial process initiative (see our Editorial at
https://www.embopress.org/doi/pdf/10.1002/emmm.201000094), EMBO Molecular Medicine will publish online a Review
Process File to accompany accepted manuscripts.

In the event of acceptance, this file will be published in conjunction with your paper and will include the anonymous referee
reports, your point-by-point response and all pertinent correspondence relating to the manuscript. If you do NOT want this file to
be published, please inform the editorial office at contact@embomolmed.org.

*kkkk

When preparing your revised manuscript, please refer to our guidelines: https:/link.springer.com/journal/44321/submission-
guidelines#cms-Revised-submissions. We perform an initial quality control of all revised manuscripts before re-review; failure to
include requested items will delay the evaluation of your revision.

We require:

1) A .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.

2) Individual production quality figure files as .eps, .tif, .jpg (one file per figure). For guidance, download the 'Figure Guide PDF":
https://media.springernature.com/original/springer-cms/rest/vi/content/27825798/data/v1.

3) A .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As
part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper.

4) A complete author checklist, which you can download from our author guidelines. Please insert information in the checklist
that is also reflected in the manuscript. The completed author checklist will also be part of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript.

6) It is mandatory to include a 'Data Availability' section after the Materials and Methods. Before submitting your revision, primary
datasets produced in this study need to be deposited in an appropriate public database, and the accession numbers and
database listed under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public.

In case you have no data that requires deposition in a public database, please state so in this section. Note that the Data
Availability Section is restricted to new primary data that are part of this study.



7) For data quantification: please specify the name of the statistical test used to generate error bars and P values, the number
(n) of independent experiments (specify technical or biological replicates) underlying each data point and the test used to
calculate p-values in each figure legend. The figure legends should contain a basic description of n, P and the test applied.
Graphs must include a description of the bars and the error bars (s.d., s.e.m.).

8) At EMBO Press we ask authors to provide source data for the main manuscript figures. You will receive a separate email with
instructions for providing source data with your revised manuscript, including how to upload and organize the files.

9) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable
online. A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and
their respective legends should be included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc.

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xls files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

11) The paper explained: EMBO Molecular Medicine articles are accompanied by a summary of the articles to emphasize the
major findings in the paper and their medical implications for the non-specialist reader. Please provide a draft summary of your
article highlighting

- the medical issue you are addressing,

- the results obtained and

- their clinical impact.

This may be edited to ensure that readers understand the significance and context of the research. Please refer to any of our

published articles for an example.

12) Author contributions: You will be asked to provide CRediT (Contributor Role Taxonomy) terms in the submission system.
These replace a narrative author contribution section in the manuscript.

13) A Conflict of Interest statement should be provided in the main text.

14) Every published paper includes a 'Synopsis' to further enhance discoverability. Synopses are displayed on the journal
webpage and are freely accessible to all readers. They include a short stand first (maximum of 300 characters, including space)
as well as 2-5 one-sentences bullet points that summarizes the paper. Please write the bullet points to summarize the key NEW
findings. They should be designed to be complementary to the abstract - i.e. not repeat the same text. We encourage inclusion
of key acronyms and quantitative information (maximum of 30 words / bullet point). Please use the passive voice. Please attach
these in a separate file or send them by email, we will incorporate them accordingly.

Please also suggest a striking image or visual abstract to illustrate your article as a PNG file 550 px wide x 300 px high.

15) Include a Reagents and Tools Table as part of the Methods section, which can be downloaded from our author guidelines.
EMBO Molecular Medicine has a "scooping protection” policy, whereby similar findings that are published by others during
review or revision are not a criterion for rejection. Should you decide to submit a revised version, | do ask that you get in touch
after three months if you have not completed it, to update us on the status.

*Additional important information regarding Figures

Each figure should be given in a separate file and should have the following resolution:



Graphs 800-1,200 DPI
Photos 400-800 DPI
Colour (only CMYK) 300-400 DPI"

Figures are not edited by the production team. All lettering should be the same size and style; figure panels should be indicated
by capital letters (A, B, C etc). Gridlines are not allowed except for log plots. Figures should be numbered in the order of their
appearance in the text with Arabic numerals. Each Figure must have a separate legend and a caption is needed for each panel.

*Additional important information regarding figures and illustrations can be found at
https://media.springernature.com/original/springer-cms/rest/vi/content/27825798/data/v1

***** Reviewer's comments *****
Referee #2 (Comments on Novelty/Model System for Author):

The authors have addressed many of my concerns by expanding the Methods section, providing uncropped western blots,
including basic information on patient samples, expanding the number of different cell lines used as well as the number of patient
serum samples examined for eCypA expression.

Referee #2 (Remarks for Author):

1. The authors indicate that three proteins produced by B-ALL cells and regulated by eCypA include CD44, MMP9 and FN2. The
gene that produces fibronectin is officially designated FN1. The authors note and cite relevant literature for CD44 and MMP9 in
B-ALL, as these are known endogenously produced proteins. For FN they cite a general review. This ECM protein is a known
abundant product made by and secreted by bone marrow stromal cells, and is abundantly present in serum (reported in PMID:
7251892). The experiments reported by the authors was presumably done on B-ALL cell lines without the presence of stroma
but in the presence of normal amounts of bovine serum.

B-ALL cells are not known producers of FN1 and RNA expression in B-ALL cells is very low. However surprisingly the authors
measure robust expression detectable by WB. In the results of gPCR they only report relative values making it impossible to
evaluate how much FN mRNA is expressed in the cells. The authors should include the primary data on which the relative
expression data are based in the supplemental information.

2. In this revision the authors have tandem sentences with the same meaning:

93 assessed the potential therapeutic relevance of a monoclonal antibody (mAb) targeting
94 CypA. By blocking eCypA, we assessed the potential therapeutic relevance of a

95 monoclonal antibody (mAb) targeting CypA.

368 cells within each state were further stratified based on

369 cell cycle activity into cycling and non-cycling fractions (Appendix Figure S5). Within
370 each state, cells were further stratified based on cell cycle activity into cycling and non
371 cycling fractions,

Referee #3 (Remarks for Author):

This reviewer's main concerns have been sufficiently addressed in the revised manuscript.

Minor: | would advise the authors to clarify a few terms more specifically:

p3 abstract lines 39-40: Be more specific about 'the proportion of specific leukemic cell populations following anti-CypA
treatment.’ It is unclear what is meant here.

p6 intro lines 92-94: redundant

p6 line 109: The authors should avoid the interchangeable usage of PPIA and CypA. You are referring to the mRNA expression
of PPIA and not the gene itself, hence the italicised gene name is not suitable in this context.

p7 lines 122-125: In the results section you state that multivariate analysis identified PPIA as an independent risk factor in all
three groups (BM, PB, BM relapse), whereas in your point-by-point reply to the reviewers you wrote independence of PPIA was
shown only for BM relapse samples. Please correct accordingly.

p18 lines 364-369 (and p22 lines 449-452): 'up regulation of progenitor-associated genes' is confusing, since you are dealing
with B-cell precursor/progenitor (BCP) ALL. You might come up with a more suitable and precise description of the identified



cellular state such as 'multipotent progenitor features'. Strictly speaking, the term 'stemness' (as used in the discussion) also
cannot be rigorously applied in this context.
p22 lines 446-448: Fix citations in the main text (first author et al.).



2nd Authors' Response to Reviewers 28th May 2026

Referee #2 (Comments on Novelty/Model System for Author):

The authors have addressed many of my concerns by expanding the Methods section,
providing uncropped western blots, including basic information on patient samples,
expanding the number of different cell lines used as well as the number of patient serum
samples examined for eCypA expression.

Referee #2 (Remarks for Author):

1. The authors indicate that three proteins produced by B-ALL cells and regulated by
eCypA include CD44, MMP9 and FN2. The gene that produces fibronectin is officially
designated FN1. The authors note and cite relevant literature for CD44 and MMP9 in
B-ALL, as these are known endogenously produced proteins. For FN they cite a general
review. This ECM protein is a known abundant product made by and secreted by bone
marrow stromal cells, and is abundantly present in serum (reported in PMID: 7251892).
The experiments reported by the authors was presumably done on B-ALL cell lines
without the presence of stroma but in the presence of normal amounts of bovine serum.

B-ALL cells are not known producers of FN1 and RNA expression in B-ALL cells is
very low. However surprisingly the authors measure robust expression detectable by
WB. In the results of qPCR they only report relative values making it impossible to
evaluate how much FN mRNA is expressed in the cells. The authors should include the
primary data on which the relative expression data are based in the supplemental
information.

We thank the reviewer for this important comment regarding FN1 expression in B-ALL
cells. As the reviewer presumed, our experiments were performed using B-ALL cell
lines cultured without stromal cells but in the presence of standard fetal bovine serum.
We agree that FNI1 is an extracellular matrix protein predominantly produced by bone
marrow stromal cells and is abundant in serum. In our qPCR analyses, N/ mRNA
levels were detectable but low in B-ALL cell lines (Ct values ~29-32), substantially
lower than CD44. Importantly, the qPCR assay measures cellular mRNA and is not
affected by exogenous FN1 present in bovine serum. By contrast, we acknowledge that
FNI1 protein detection by WB could potentially be influenced by serum-derived FN1,
and thus we cannot fully exclude this possibility. Nevertheless, under our experimental
conditions, eCypA stimulation consistently increased FN1 levels at both the mRNA and
protein levels, supporting an eCypA-associated upregulation of FN1, which was the
primary objective of these experiments. In response to the reviewer’s suggestion, we
have provided the primary qPCR Ct values in the Supplementary Information.

2. In this revision the authors have tandem sentences with the same meaning:
93 assessed the potential therapeutic relevance of a monoclonal antibody (mAb)
targeting

94 CypA. By blocking eCypA, we assessed the potential therapeutic relevance of a

95 monoclonal antibody (mAb) targeting CypA.
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2nd Authors' Response to Editor 25th May 2026

We have revised the duplicated sentences to improve clarity and readability in the
revised manuscript (Page 7).

368 cells within each state were further stratified based on

369 cell cycle activity into cycling and non-cycling fractions (Appendix Figure S5).
Within

370 each state, cells were further stratified based on cell cycle activity into cycling and
non

371 cycling fractions,

We have revised this section to remove the redundant sentence and improve clarity in
the revised manuscript (Page 19).

Referee #3 (Remarks for Author):

This reviewer's main concerns have been sufficiently addressed in the revised
manuscript.

Minor: I would advise the authors to clarify a few terms more specifically:

p3 abstract lines 39-40: Be more specific about 'the proportion of specific leukemic cell
populations following anti-CypA treatment.' It is unclear what is meant here.

We thank the reviewer for this helpful suggestion. We have revised the abstract as
follows: “Furthermore, single-cell transcriptomics suggests that anti-CypA treatment
reduces the proportion of cells with multipotent progenitor features and is accompanied
by decreased CREB pathway activation.” (Page 2)

p6 intro lines 92-94: redundant

We have revised the corresponding sentences to improve conciseness and readability in
the revised manuscript (Page 7).

p6 line 109: The authors should avoid the interchangeable usage of PPIA and CypA.
You are referring to the mRNA expression of PPIA and not the gene itself, hence the
italicised gene name is not suitable in this context.

To improve clarity and avoid using PPIA and CypA interchangeably, we revised the
relevant text to refer specifically to the “PPI4A mRNA level” when describing PPIA at
the transcriptomic level, thereby clearly distinguishing it from the CypA protein in the
revised manuscript.

p7 lines 122-125: In the results section you state that multivariate analysis identified
PPIA as an independent risk factor in all three groups (BM, PB, BM relapse), whereas
in your point-by-point reply to the reviewers you wrote independence of PPIA was
shown only for BM relapse samples. Please correct accordingly.
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2nd Authors' Response to Editor 25th May 2026

We apologize for the inaccurate description in our first response letter, and we have
revised it as follows:

...... As shown in Figure 1E, Kaplan-Meier analysis showed that higher PP/4 mRNA
level was associated with poorer overall survival in the initial BM (p = 0.0163) and
relapse BM (p = 0.0025) groups, whereas the association in the initial PB group did not
reach statistical significance (p = 0.0638).

Finally, we performed both univariate and multivariate Cox proportional hazards
analyses. In the multivariate models, PP/A expression (as a continuous variable), age,
sex, and fusion status (where available) were included as covariates. These analyses
showed that PPI4 expression was an independent prognostic risk factor in all three
groups. The full results are now provided in Table EV2.

p18 lines 364-369 (and p22 lines 449-452): 'up regulation of progenitor-associated
genes' is confusing, since you are dealing with B-cell precursor/progenitor (BCP) ALL.
You might come up with a more suitable and precise description of the identified
cellular state such as 'multipotent progenitor features'. Strictly speaking, the term
'stemness' (as used in the discussion) also cannot be rigorously applied in this context.

We agree that the terms “progenitor-associated genes” and “stemness” do not precisely
reflect the biological context of BCP-ALL. Accordingly, we have revised the relevant
text throughout the manuscript, including the sections highlighted by the reviewer, and
have consistently replaced these terms with “multipotent progenitor features” as
suggested (Page 2, 19, 20, 23, and 32).

p22 lines 446-448: Fix citations in the main text (first author et al.).

The references in the corresponding section have been revised and updated to conform
to the reference style of EMBO Molecular Medicine (Page 23).
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2nd Revision - Editorial Decision 29th May 2026

29th May 2026
Dear Dr. Sun,

We are pleased to inform you that your manuscript is accepted for publication and is now being sent to our publisher to be
included in the next available issue of EMBO Molecular Medicine.

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information.

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https:/link.springer.com/journal/44321/how-to-publish-with-us

Should you be planning a Press Release on your article, please notify the production team via this form in order to coordinate
publication and release dates: https://forms.cloud.microsoft/e/eH4A8JVP6g

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to EMBO
Molecular Medicine.

Yours sincerely,
Zeljko Durdevic

Zeljko Durdevic
Senior Editor
EMBO Molecular Medicine

>>> Please note that it is EMBO Molecular Medicine policy for the transcript of the editorial process (containing referee reports
and your response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to
inform the Editorial Office via email immediately. More information is available here: https://link.springer.com/partners/embo-
press/editorial-policies#Peer%20review
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(Reagents and Tools Table, Materials and Methods, Figures, Data Availabilty Section)

New materials and reagents need to be available; do any restrictions apply?

Yes

Materials are available from the corresponding author upon reasonable
request.

Antibodies

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availabilty Section)

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue
number and or/clone number

- Non-commercial: RRID or citation

Reagents and Tools Table; Materials and Methods (including in-house
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DNA and RNA sequences

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the
sequences.
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Cell materials

Information included in
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Report if the cell lines were recently authenticated (e.g., by STR profiling) Yes Methods

and tested for mycoplasma contamination.

Experimental animals

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex,

age, genetic modification status. Provide accession number in repository Yes Reagents and Tools Table
OR supplier name, catalog number, clone number, OR RRID.

Animal observed in or captured from the field: Provide species, sex,
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Please detail housing and husbandry conditions. Yes Methods

Plants and microbes

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

Microbes: provide species and strain, unique accession number if
available, and source.

Human research participants

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

Yes

Methods

Core facilities

Information included in
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In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Design

If your work benefited from core facilities, was their service mentioned in
the acknowledaments section?

Yes
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Information included in
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In which section is the information available?
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If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOl.

Report the clinical trial registration number (at ClinicalTrials.gov or
equivalent), where applicable.

Laboratory protocol

Information included in
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(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Experimental study design and statistics

Information included in
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Include a statement about sample size estimate even if no statistical
methods were used.

Yes
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If sample or data points were omitted from analysis, report if this was due
to attrition or intentional exclusion and provide justification.

Methods
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meet the assumptions of the tests (e.g., normal distribution)? Describe any
methods used to assess it. Is there an estimate of variation within each
group of data? Is the variance similar between the groups that are being
statistically compared?

Figure Legends; Methods

Sample and il y

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
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Yes

Figure Legends
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Yes
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Studies involving human p; State details of granting
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number for approval.

Yes

Methods
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Yes
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