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Referee #1 Review 

Report for Author:

This manuscript reveals the regulation of angiogenic and lymphangiogenic activity during zebrafish 
embryonic and tumor development by BACH family transcription factors. Based on an in silico screen the 
authors identify conserved BACH transcription factor binding sites in the human, mouse and zebrafish 
VEGFC promotors. Guided by expression in an endothelial reporter cell line Tg(fli1:EGFP), the function of 
the zebrafish paralogs BACH2a and BACH2b in vascular development was studied using antisense 
mopholinos (MO) and mutant fish generated by CRISPR/Cas9 genome editing. Processes analysed during 
zebrafish vascular development included formation of the primordial hindbrain channel (PHBC), formation 
of the parachordal cells



(PAC=lymphendothelial progenitors) and format ion of the thoracic duct (TD). All three
developmental processes revealed similar funct ions of BACH2a and 2b. (1.) MOs against  BACH2a
suppressed the developmental processes, while MOs against  Bach2b were without effect ,
suggest ing a predominant funct ion of BACH2a. (2.) Unexpectedly, the same developmental
processes were not impaired in BACH2a (-/-) mutants, suggest ing a form of compensat ion. (3.) On a
BACH2a (-/-) mutant background, MOs against  BACH2b or CRISPR/Cas9 mediated destruct ion of
BACH2b phenocopied the effect  of MOs against  BACH2a. This strongly suggested compensat ion
of the loss of BACH2a by BACH2b. However, BACH2b mRNA upregulat ion was not the basis for
this compensat ion. (4.) Lyve1 and VEGFC, but not FLT1 expression, were strongly reduced by
BACH2a MOs. VEGFC MOs resulted in largely similar defects to BACH2a MOs and indeed provision
of VEGFC mRNA rescued or at  least  ameliorated the defects caused by MOs against  BACH2a,
demonstrat ing that most of the defects caused by BACG2a MOs were likely caused by reduced /
lacking VEGFC expression.
To invest igate BACH transcript ion factors in tumor development, the authors forced expression of
BACH1 in human ovarian clear cell carcinoma cells (ES2 ) and Lewis lung carcinoma cells (D122).
After xenotransplantat ion, enhanced BACH1 expression in ES2 cells resulted in increased tumor
blood and lymph vessel density and increased tumor cell invasion. D122 tumors showed increased
VEGFC expression. Mechanist ically, reporter constructs ident ified a mildly inhibitory proximal and
more strongly st imulatory distal BACH-binding site in the VEGFC promotor of humans, mice and
fish.

The data reported on the act ion of BACH family member in fish development and mammalian tumor
format ion have both merit . In part icular, the zebrafish data are detailed and convincing, however, my
major crit icism is that  the two parts of the manuscript , zebrafish development and tumor biology,
are conceptually not well linked. Consequent ly, the study remains descript ive and does not provide
deeper insights in either topic that are of broad general inteest. From the developmental point  of
view the compensat ion mechanism between BACH2a and 2b in the fish is very interest ing.
Compensat ion is already act ive in heterozygous fish, which are refractory against  BACH2a MO
act ion, the authors exclude BACH2b mRNA upregulat ion as a possible mechanisms, but do not
further invest igate or even only speculate about possible mechanisms. On the side of the tumor
analysis also important quest ions remain open. Presence of tumor cells within lymphat ic vessels is
interpreted as indicat ion of increased metastat ic disseminat ion. However are these funct ional
vessels? Spread via the lymphat ic vessels could be analysed in the draining lymph nodes, spread
via blood vessels through enumerat ion of e.g. lung metastasis. The tumor cell lines are amenable to
CRISPR/Cas9 edit ing, would e.g. VEGFC delet ion abrogate the increased pro-angiogenic effect  of
forced BACH expression, but leave the increased invasive act ivity untouched? VEGFC dependent
and independent effect  could also be dist inguished by soluble VEGFR3-Fc.

Specific issues: Comment on the relat ionships (relat ive homologies) between the four fish BACH
family members and the mammalian genes given that 2a and 2b are studied in the fish and BACH1
in the tumor context? Is there compensat ion for delet ion of BACH 1 or 2 in mammalian cells, e.g.
mRNA upregulat ion? How does BACH1 delet ion or knock down in ES2 cells affect  relat ive VEGFC
expression? The init ial choice to analyse BACH2a and 2b was based on expression of
Tg(Fli1:EGFP)-posit ive cells. In the fish MOs and delet ion of BACHs affect  all cells, a large part  of
the phenotype is probably not caused by ECs (i.e. due to non-EC sources of VEGFC). St ill MOs and
delet ion of BACHs affect  ECs in a cell autonomous as well as a non-cell autonomous fashion, can
the authors discuss this? Are BACH TF binding sites also present in the LYVE1 promoter? Forced
BACH expression in tumor cells per definit ion would affect  LECs only non-cell autonomously, which
sets both part  of the study mechanist ically apart .



Minor issues: 
Please provide page numbers
Fig.1 B: bact in, name beta act in in legend
Fig. 2 J: Why does the control MO cause a complete loss of normal blood flow?
Fig. 5 A: CD34 ist  expressed by tumor blood vessels but not exclusively. A higher magnificat ion
would be helpful in establishing that the signal is indeed exclusively vascular. In addit ion, PECAM
staining can be used for verificat ion.
Fig 5 C: Same argument, subsets of t issue macrophages express LYVE1, co-staining with Prox1
could be used to ident ify these cells. Please provide the z dimension for the volume reconstruct ion.
Fig. 5F. The histology of the BACH1 tumors is rather convoluted. Given the scale bars, the
magnificat ion should be roughly similar to Fig. 5C, which would suggest that  majority of CK7-posit ive
cells is located between lymph vessels rather in their lumen. Here are volume reconstruct ion like in
Fig. 5 C could help to clearly ident ify vessel structures and cells within the vascular lumen.

Referee #2 Review 

Report  for Author:
The manuscript  by Cohen et  al. demonstrates a new mechanism of vascular endothelial growth
factor (VEGF)-C regulat ion by the BTB and CNC homology (BACH) family of t ranscript ion factors,
bach2a in the zebrafish and Bach1 in mice. They used an elegant approach of ident ifying the BACH
family of t ranscript ion factors as a putat ive modulator of VEGF-C expression from a human
prostate cancer dataset. Their work in developmental context  in zebrafish demonstrates
impairment in normal blood and lymphat ic vessel patterning, primarily centered around the bach2a
isoform. They extend these observat ions by demonstrat ing human BACH1 interacts with a proximal
site on the VEGFC promoter, result ing in a 23% increase in promoter act ivity, as well as a distal site,
which results in an 86% reduct ion in promoter act ivity. Finally, the authors demonstrate BACH1
overexpression in human cancer cell lines increases VEGF-C, and that BACH1/VEGF-C levels
correlate with human cancer progression (metastasis and tumor stage).

MAJOR COMMENTS:
1. The funct ional differences in BACH1/2 in humans (and mice) and bach1a/b and bach2a/b in
zebrafish should be clarified in greater detail. In Fig. 6A, conservat ion of the consensus binding
sequencing in human shows what appears to be BACH2 binding to the distal site (which appears to
be an enhancer) whereas BACH1 interacts with the proximal site (which appears to be a repressor),
based on the data in Fig. 6C, however, much of the subsequent work focuses on overexpression of
BACH1 rather than BACH2, and it  is unclear the rat ionale for this, as mutat ion of the putat ive
BACH2 binding site results in impressive suppression of basal VEGF-C promoter act ivity and the
developmental defects in angiogenesis and lymphangiogenesis in the zebrafish were shown as a
result  of bach2a target ing. Along these lines, it  would also be of interest  to determine whether
st imuli relevant to the act ivat ion of VEGF-C in the context  of the tumor microenvironment are also
affected by BACH1/2, or if this is primarily a regulatory mechanism for basal VEGF-C expression.
BACH1 has been reported to suppress angiogenesis dependent on its BTB domain (Jiang L et  al.
EBioMedicine. 2020) by the same group who demonstrated Bach1 repression of Wnt/β-catenin
signaling (Jiang L et  al. Oxid Med Cell Longev. 2017), although they do not ment ion interact ions with
the VEGF-C promoter or effects on lymphangiogenesis. This report  is seemingly in conflict  with the
data presented in Fig. 7-S3A,C, where the authors demonstrate there is no significant difference in
VEGF-A expression upon BACH1 overexpression, and this difference should be explained. The work
in this paper also focuses on VEGF-C downstream of BACH1, and it  is unclear the proposed



mechanism of VEGF-C-mediated regulat ion of angiogenesis. While VEGF-C can interact  with
VEGFR2 to induce angiogenesis in vivo (Cao Y et  al. Proc Nat l Acad Sci USA. 1998), it  has a much
lower affinity towards VEGFR2 than VEGFR3 (which is also expressed in vascular ECs).
2. It  would be of interest  to better understand why bach2a MO cause lymphat ic defects only in
bach2amut+/+ zebrafish, whereas bach2b MO or gRNA only cause lymphat ic defects in
bach2amut+/- or bach2amut-/- embryos. The authors suggest a mechanism of genet ic
compensat ion in bach2a-Crispr mutants by bach2b, but show no difference in bach2b and actually
report  an increase in bach2a mRNA in homozygous mutants. Further, on page 15, the authors state
that "knockout of bach2a expression (in mutants) t riggers a funct ional compensat ion by bach2b..."
despite showing no differences in bach2b expression between bach2amut+/- and bach2amut-/-
embryos at  6dpf. Were the bach2b mRNA expression levels comparable at  earlier t ime points, such
as 30hpf or 3dpf, where some of the angiogenic and lymphangiogenic phenotypes were seen?
Related to the comment #1, as it  appears that BACH1 and BACH2 share the same consensus
sequence, do they compete in some manner for interact ions on the proximal and distal promoter
sites, respect ively? Considering the lack of observed compensat ion of bach2b mRNA, were levels of
bach1a or bach1b altered in bach2a mutants?
3. While the authors demonstrate bach2a in Tg(fli1:EGFP)y1 GFP+ cells at  21-24hpf and 3dpf, the
relat ive abundance in GFP- cells appears higher. It  is unclear whether the control of VEGF-C
expression occurs in ECs/LECs, or rather another stromal cell type.
4. In the discussion, the authors highlight  the possible heterodimerizat ion between BACH and
MAFB, however, it  is unclear the nature of their possible interact ion in the context  of the current
study. Were there any differences in PROX1, KLF4, NR2F2 or SOX18 in BACH mutants in LECs?
The mafba and MAFB work was focused on LECs, whereas the current study invest igates BACH1
in cancer cells, which may not have the same MAFB expression or interact ions. It  is unclear whether
the authors are suggest ing that BACH may also funct ion to control MAFB signaling in LECs,
contribut ing the lymphat ic phenotype beyond the regulat ion of VEGF-C.
5. Could the authors comment on why Bach1/2 knockout mice do not have developmental defects
in angiogenesis and/or lymphangiogenesis?
6. The overall conclusion of the tumor studies would benefit  from aligning the tumor implantat ion
studies (ES2 human ovarian clear cell carcinoma cells and D122 Lewis lung carcinoma cells) with
reports of BACH1 and VEGF-C expression in human cancers (human melanoma and human lung
adenocarcinoma). The init ial profiling for VEGF-C modulators was performed from a human prostate
cancer dataset, begging the quest ion whether BACH1 or VEGF-C are elevated in this cancer type.
It  would also be of interest  to confirm BACH-mediated regulat ion of VEGF-C expression occurs in
other cancer cell types, or whether this is unique to ES2 cells.
7. It  would be of benefit  to further discuss/different iate the role of BACH1 in cancer, and the
BACH1/VEGF-C-dependent pathway highlighted in this paper in the context  of developmental
angiogenesis/lymphangiogenesis. As noted in this manuscript , BACH1 has been reported to
regulate other funct ions, including "oxidat ive stress, metabolism, cell t ransformat ion,
neurodegenerat ive diseases, tumor expansion and metastat ic spread", however, these BACH1
phenotypes have not been direct ly linked to VEGF-C. In the context  of tumor studies, perhaps
blocking VEGF-C signaling using an approach such as ant i-VEGFR3 ant ibody to ameliorate the
effects of BACH1 overexpression could serve to validate this point , with part icular emphasis on
angiogenic and lymphat ic phenotypes.

MINOR COMMENTS:
1. It  would be of interest  to demonstrate Bach1 mutat ions shown in Fig. 6D or knockdown/knockout
of BACH1 result  in a reduct ion of VEGF-C in ES2 cells
2. It  appears as though error bars are missing on some graphs (Fig. 2E, Fig. 2-S2B,D,E,G-J, Fig. 2-
S3A-C, Fig. 3D, Fig. 4D,E,G, Fig. 7-S2A-D).



3. The manuscript  should be checked for typographical errors, as there are several instances of
capitalizat ion where unnecessary.
4. The manuscript  should be checked for consistency of gene notat ion references as per species,
where common convent ion dictates human genes should be listed with all let tering capitalized,
whereas mouse genes should be listed with only the first  let ter capitalized and zebrafish genes all
in lower case.



February 3, 20201st Editorial Decision
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Re: Life Science Alliance manuscript  #LSA-2020-00666-T 

Michal Neeman 
Weizmann Inst itute of Science 
Dept. of Biological Regulat ion 
Rehovot 76100 Israel 
76100 Rehovot, N/A 76100 
Israel 

Dear Dr. Neeman, 

Thank you for t ransferring your manuscript  ent it led "BACH family members regulate angiogenesis
and lymphangiogenesis by modulat ing VEGFC expression" to Life Science Alliance. The manuscript
was assessed by expert  reviewers at  another journal before, and the editors t ransferred those
reports to us with your permission. 

The reviewers appreciated your work, but would have expected more in-depth insight into the
compensat ion mechanism between BACH2a and 2b and more insight into the role of the
transcript ion factors in tumor development. 

We concluded that the work is suitable for publicat ion in Life Science Alliance without such further
reaching insight. However, a point-by-point  response to all concerns raised should get provided and
the manuscript  (text) modified accordingly. Please also note that we would need upload of all
figures as individual files and that the supplementary figures should get numbered S1, S2, ....Sn. 

To upload the revised version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

We would be happy to discuss the individual revision points further with you should this be helpful. 

While you are revising your manuscript , please also at tend to the below editorial points to help
expedite the publicat ion of your manuscript . Please direct  any editorial quest ions to the journal
office. 

Thank you for this interest ing contribut ion to Life Science Alliance. We are looking forward to
receiving your revised manuscript . 

Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 
Life Science Alliance 



Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 

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

A. THESE ITEMS ARE REQUIRED FOR REVISIONS

-- A let ter addressing the reviewers' comments point  by point . 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tp://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le and running t it le. It  should
describe the context  and significance of the findings for a general readership; it  should be writ ten in
the present tense and refer to the work in the third person. Author names should not be ment ioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instruct ions for Authors page, ht tp://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

***IMPORTANT: It  is Life Science Alliance policy that if requested, original data images must be
made available. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original microscopy and blot  data images
before submit t ing your revision.*** 

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



Point-by-point response to the reviewers’ comments 

Response to comments of Reviewer #1: 

…..my major criticism is that the two parts of the manuscript, zebrafish development and tumor 
biology, are conceptually not well linked. Consequently, the study remains descriptive and does 
not provide deeper insights in either topic that are of broad general interest. 

In light of the perception that the development of the early embryo shares many signaling 
pathways with cancer development and metastasis, we decided to evaluate the contribution of 
BACH family transcription factors to vascular development and remodeling during these two 
processes. 

From the developmental point of view the compensation mechanism between BACH2a and 2b in 
the fish is very interesting. Compensation is already active in heterozygous fish, which are 
refractory against BACH2a MO action, the authors exclude BACH2b mRNA upregulation as a 
possible mechanisms, but do not further investigate or even only speculate about possible 
mechanisms. 

We thank the reviewer for the comment. We have now addressed this by discussing the possible 
mechanisms that may provoke the compensation in the results. 

Presence of tumor cells within lymphatic vessels is interpreted as indication of increased 
metastatic dissemination. However are these functional vessels? Spread via the lymphatic 
vessels could be analysed in the draining lymph nodes, spread via blood vessels through 
enumeration of e.g. lung metastasis. The tumor cell lines are amenable to CRISPR/Cas9 editing, 
would e.g. VEGFC deletion abrogate the increased pro-angiogenic effect of forced BACH 
expression, but leave the increased invasive activity untouched? VEGFC dependent and 
independent effect could also be distinguished by soluble VEGFR3-Fc. 

Numerous reports suggest that increased expression of VEGFC in tumor correlates with 
lymphangiogenesis and lymph node metastasis in several malignancies. Moreover, it was 
demonstrated that in human or animal tumor models, tumor cells themselves can secrete high 
levels of VEGFC. This overexpression of tumor-derived VEGFC plays a crucial role in the 
occurrence of intratumoral-lymphangiogenesis leading to the dissemination of tumor cells to 
lymph vessels surrounding the tumor and thereafter to regional lymph nodes. Thus, we assume 
that the increased metastatic spread of tumor cells via the lymphatic vessels observed   in 
BACH1-overexpressing transplanted ES2 tumor is due to increase in VEGFC expression.  

Comment on the relationships (relative homologies) between the four fish BACH family 
members and the mammalian genes given that 2a and 2b are studied in the fish and BACH1 in 
the tumor context? Is there compensation for deletion of BACH 1 or 2 in mammalian cells, e.g. 
mRNA upregulation? How does BACH1 deletion or knock down in ES2 cells affect relative 
VEGFC expression? 

1st Authors' Response to Reviewers         February 18, 2020



According to our results ( data not shown) and previously published reports (Luo Q. et al., 2016; 
Journal of Fish Biology 88:1584–1597 and Fuse Y. et al., 2015; Genes to Cells 20:590–600) 
bach2a and 2b are more closely related to BACH2, and bach1a and 1b to BACH1. It is clear 
that the two proteins have both sequence and functional differences. However, as transcription 
factors, they bind the same consensus sequence. Initially, we concentrated on BACH family 
members due to bioinformatics analysis which gives no indication which member is binding or 
active in any given biological context thus, we checked all possibilities. In fish, due to 
expression profile, we focused on bach2 paralogs. In tumors, we decided to focus on BACH1 
due to its higher expression in several published datasets and being identified in metastatic  
signatures in several studies. 
Our recent preliminary results indicate that there is compensation in ES2 and D122 cells 
following BACH1 knockdown. We have found that VEGFC mRNA level was augmented in 
ES2/D122 BACH1-knockdown clones in comparison to control cells. 

The initial choice to analyse BACH2a and 2b was based on expression of Tg(Fli1:EGFP)-
positive cells. In the fish MOs and deletion of BACHs affect all cells, a large part of the 
phenotype is probably not caused by ECs (i.e. due to non-EC sources of VEGFC). Still MOs and 
deletion of BACHs affect ECs in a cell autonomous as well as a non-cell autonomous fashion, 
can the authors discuss this?  

As the expression of bach2a and vegfc not overlap completely it supports context-specific 
and/or cell autonomous as well as a non-cell autonomous regulation of vegfc by bach2. 

Are BACH TF binding sites also present in the LYVE1 promoter? 

This question is beyond the context of this paper, however we checked the promoters of human, 
mouse and zebrafish LYVE1 (2600 bp upstream and 500 bp downstream of the transcription 
start site, as we did for VEGFC), and there is one conserved BACH binding site proximal to the 
transcription start site. 

Minor issues 

Please provide page numbers  

Provided. 

Fig.1 B: bactin, name beta actin in legend  

Modified. 

Fig. 2 J: Why does the control MO cause a complete loss of normal blood flow?  

You are correct, it doesn't, there was a  mistake in the figure which was corrected. 

Fig. 5 A: CD34 ist expressed by tumor blood vessels but not exclusively. A higher magnification 
would be helpful in establishing that the signal is indeed exclusively vascular. In addition, 
PECAM staining can be used for verification.  



The image was replaced by a higher magnification image showing that the CD34 signal is 
exclusively vascular. 

Fig 5 C: Same argument, subsets of tissue macrophages express LYVE1, co-staining with Prox1 
could be used to identify these cells. Please provide the z dimension for the volume 
reconstruction.  

As requested, Z dimensions were added to the legends of Figure 5, movie 1 and 2. 

Fig. 5F. The histology of the BACH1 tumors is rather convoluted. Given the scale bars, the 
magnification should be roughly similar to Fig. 5C, which would suggest that majority of CK7-
positive cells is located between lymph vessels rather in their lumen. Here are volume 
reconstruction like in Fig. 5 C could help to clearly identify vessel structures and cells within 
the vascular lumen. 

The immunofluorescence staining presented in Figure 5F was carried out on 4µm thickness 
specimen sectioned from paraffin-embedded diaphragm. This information is now included in the 
figure legend.   

Response to comments of Reviewer #2: 

Major comments  

1. The functional differences in BACH1/2 in humans (and mice) and bach1a/b and bach2a/b in
zebrafish should be clarified in greater detail. In Fig. 6A, conservation of the consensus binding
sequencing in human shows what appears to be BACH2 binding to the distal site (which
appears to be an enhancer) whereas BACH1 interacts with the proximal site (which appears to
be a repressor), based on the data in Fig. 6C, however, much of the subsequent work focuses on
overexpression of BACH1 rather than BACH2, and it is unclear the rationale for this, as
mutation of the putative BACH2 binding site results in impressive suppression of basal VEGF-C
promoter activity and the developmental defects in angiogenesis and lymphangiogenesis in the
zebrafish were shown as a result of bach2a targeting. Along these lines, it would also be of
interest to determine whether stimuli relevant to the activation of VEGF-C in the context of the
tumor microenvironment are also affected by BACH1/2, or if this is primarily a regulatory
mechanism for basal VEGF-C expression. BACH1 has been reported to suppress angiogenesis
dependent on its BTB domain (Jiang L et al. EBioMedicine. 2020) by the same group who
demonstrated Bach1 repression of Wnt/β-catenin signaling (Jiang L et al. Oxid Med Cell
Longev. 2017), although they do not mention interactions with the VEGF-C promoter or effects
on lymphangiogenesis. This report is seemingly in conflict with the data presented in Fig. 7-
S3A,C, where the authors demonstrate there is no significant difference in VEGF-A expression
upon BACH1 overexpression, and this difference should be explained. The work in this paper
also focuses on VEGF-C downstream of BACH1, and it is unclear the proposed mechanism of
VEGF-C-mediated regulation of angiogenesis. While VEGF-C can interact with VEGFR2 to
induce angiogenesis in vivo (Cao Y et al. Proc Natl Acad Sci USA. 1998), it has a much lower
affinity towards VEGFR2 than VEGFR3 (which is also expressed in vascular ECs).

In mice and humans BACH1 and BACH2 share the same consensus sequence. While the 
databases bioinformatically define "BACH1" and "BACH2" (as was presented in Fig1 and Fig 
6) the consensus sequences are extremely similar, and it is not clear which factor will bind in a



specific biological context.  However, BACH1 is expressed relatively ubiquitously playing  
a crucial role during tumor expansion, while BACH2 is predominantly expressed in B and T 
lymphocytes. As this paper is concentrating on the functional relationship between BACH 
family members and VEGFC it was relevant to assess the role of BACH1 during tumor 
progression and not that of BACH2. Conversely, bach2 genes were studied during zebrafish 
development as their expression was more abundant in Tg(Fli1:EGFP)-positive and 
Tg(Fli1:EGFP)-negative cells than bach1b, while bach1a is barely detectable in the GFP-
positive (GFP+) cell population, at either 21-24 hpf or 3 dpf (Fig 1B).  
The result concerning VEGFA expression may not be in conflict with any of the reports 
showing that VEGFA is suppressed by Bach1 as the other analyses were conducted in 
endothelial cells while in this study evaluation was carried out in tumor cells.  

2. It would be of interest to better understand why bach2a MO cause lymphatic defects only in
bach2amut+/+ zebrafish, whereas bach2b MO or gRNA only cause lymphatic defects in
bach2amut+/- or bach2amut-/- embryos. The authors suggest a mechanism of genetic
compensation in bach2a-Crispr mutants by bach2b, but show no difference in bach2b and
actually report an increase in bach2a mRNA in homozygous mutants. Further, on page 15, the
authors state that "knockout of bach2a expression (in mutants) triggers a functional
compensation by bach2b..." despite showing no differences in bach2b expression between
bach2amut+/- and bach2amut-/- embryos at 6dpf. Were the bach2b mRNA expression levels
comparable at earlier time points, such as 30hpf or 3dpf, where some of the angiogenic and
lymphangiogenic phenotypes were seen? Related to the comment #1, as it appears that BACH1
and BACH2 share the same consensus sequence, do they compete in some manner for
interactions on the proximal and distal promoter sites, respectively? Considering the lack of
observed compensation of bach2b mRNA, were levels of bach1a or bach1b altered in bach2a
mutants?

All of our results point to compensation post-transcriptionally. Unfortunately, antibodies are not 
available to test the protein levels or DNA binding for zebrafish, and the antibodies available for 
mammalian BACH family members do not recognize the zebrafish proteins (data not shown). 
As the compensatory mechanism is atypical, it is beyond the scope of this paper, which 
concentrates on the regulatory relationship between BACH and VEGFC. Indeed, we do not 
know which of the BACH family members bind the consensus sites, and may compete for 
binding.  

3. While the authors demonstrate bach2a in Tg(fli1:EGFP)y1 GFP+ cells at 21-24hpf and 3dpf,
the relative abundance in GFP- cells appears higher. It is unclear whether the control of VEGF-
C expression occurs in ECs/LECs, or rather another stromal cell type.

The lack of full overlapping expression between bach2a and vegfc supports additional tissue-
specific functions for each of these factors.  

4. In the discussion, the authors highlight the possible heterodimerization between BACH and
MAFB, however, it is unclear the nature of their possible interaction in the context of the
current study. Were there any differences in PROX1, KLF4, NR2F2 or SOX18 in BACH mutants
in LECs? The mafba and MAFB work was focused on LECs, whereas the current study
investigates BACH1 in cancer cells, which may not have the same MAFB expression or
interactions. It is unclear whether the authors are suggesting that BACH may also function to
control MAFB signaling in LECs, contributing the lymphatic phenotype beyond the regulation



of VEGF-C. 

The minor discussion point was raised as BACH belongs to the MAF family, and there are 
known interactions between the various members. In addition, the fact that VEGFC affects MAF 
family members, and here we show that BACH effects VEGFC, we felt that it was relevant to 
point out that they are related. 

5. Could the authors comment on why Bach1/2 knockout mice do not have developmental
defects in angiogenesis and/or lymphangiogenesis?

We predict that in mice, similar to the data shown here, Bach1 and Bach2 may work in a yet 
unknown compensatory mechanism. As previously reported Bach1-/- (Sun J. et al., EMBO 
J 2002; 21: 5216–24 or Bach2-/- (Muto A. et al., 2004;  Nature 429:566–571) progeny displayed 
no obvious abnormalities. However, specific developmental defects in angiogenesis and/or 
lymphangiogenesis may not have been investigated. 

6. The overall conclusion of the tumor studies would benefit from aligning the tumor
implantation studies (ES2 human ovarian clear cell carcinoma cells and D122 Lewis lung
carcinoma cells) with reports of BACH1 and VEGF-C expression in human cancers (human
melanoma and human lung adenocarcinoma). The initial profiling for VEGF-C modulators was
performed from a human prostate cancer dataset, begging the question whether BACH1 or
VEGF-C are elevated in this cancer type. It would also be of interest to confirm BACH-
mediated regulation of VEGF-C expression occurs in other cancer cell types, or whether this is
unique to ES2 cells.

We show in the manuscript that VEGFC expression was specifically elevated in BACH1-
overexpressing ES2 (ovarian) and D122 (lung) tumors both at the protein (Figs 7H, and Fig S7J, 
respectively) and mRNA level (Figs 7I and Fig S7I). We intend to study additional tumor cells 
including prostate cancer cells.  

7. It would be of benefit to further discuss/differentiate the role of BACH1 in cancer, and the
BACH1/VEGF-C-dependent pathway highlighted in this paper in the context of developmental
angiogenesis/lymphangiogenesis. As noted in this manuscript, BACH1 has been reported to
regulate other functions, including "oxidative stress, metabolism, cell transformation,
neurodegenerative diseases, tumor expansion and metastatic spread", however, these BACH1
phenotypes have not been directly linked to VEGF-C. In the context of tumor studies, perhaps
blocking VEGF-C signaling using an approach such as anti-VEGFR3 antibody to ameliorate
the effects of BACH1 overexpression could serve to validate this point, with particular emphasis
on angiogenic and lymphatic phenotypes.

We thank the reviewer for the suggestion. We intend to study the role of BACH1/VEGFC 
signaling axis in the context of oxidative stress and metabolism during tumor expansion.

Minor Comments 

1. It would be of interest to demonstrate Bach1 mutations shown in Fig. 6D or
knockdown/knockout of BACH1 result in a reduction of VEGF-C in ES2 cells

As Fig 6 was a luciferase assay, there is no way with these constructs to check VEGFC levels.   
Our preliminary results indicate that upon BACH1 knockdown in ES2 and D122 cells following 



VEGFC mRNA level was augmented in the majority of ES2/D122 BACH1-knockdown clones 
in comparison to control cells.  

2. It appears as though error bars are missing on some graphs (Fig. 2E, Fig. 2-S2B,D,E,G-J,
Fig. 2-S3A-C, Fig. 3D, Fig. 4D,E,G, Fig. 7-S2A-D).

All graphs were revised. 

3. The manuscript should be checked for typographical errors, as there are several instances of
capitalization where unnecessary.

Corrected. 

4. The manuscript should be checked for consistency of gene notation references as per species,
where common convention dictates human genes should be listed with all lettering capitalized,
whereas mouse genes should be listed with only the first letter capitalized and zebrafish genes
all in lower case.

The manuscript was reviewed and corrected accordingly. 
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February 19, 2020 

RE: Life Science Alliance Manuscript  #LSA-2020-00666-TR 

Prof. Michal Neeman 
Weizmann Inst itute of Science 
Dept. of Biological Regulat ion 
Rehovot 76100 Israel 
76100 Rehovot, N/A 76100 
Israel 

Dear Dr. Neeman, 

Thank you for submit t ing your revised manuscript  ent it led "BACH family members regulate
angiogenesis and lymphangiogenesis by modulat ing VEGFC expression". I appreciate your point-
by-point  response and the introduced changes and I would thus be happy to accept your paper for
publicat ion here, pending final minor revisions necessary to meet our formatt ing guidelines: 

- please list  10 authors et  al. in your reference list
- I appreciate the sect ion about stat ist ical analysis, but  please also ment ion which stat ist ical test
has been used in the figure legends (next to the p-value)

If you are planning a press release on your work, please inform us immediately to allow informing our
product ion team and scheduling a release date. 

To upload the final version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

To avoid unnecessary delays in the acceptance and publicat ion of your paper, please read the
following informat ion carefully. 

A. FINAL FILES:

These items are required for acceptance. 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tp://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le. It  should describe the context



and significance of the findings for a general readership; it  should be writ ten in the present tense
and refer to the work in the third person. Author names should not be ment ioned. 

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instruct ions for Authors page, ht tp://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

**Submission of a paper that does not conform to Life Science Alliance guidelines will delay the
acceptance of your manuscript .** 

**It  is Life Science Alliance policy that if requested, original data images must be made available to
the editors. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original data images prior to final
submission.** 

**The license to publish form must be signed before your manuscript  can be sent to product ion. A
link to the electronic license to publish form will be sent to the corresponding author only. Please
take a moment to check your funder requirements.** 

**Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life
Science Alliance will be published online, alongside the manuscript . If you do want to opt out of
having the reviewer reports and your point-by-point  responses displayed, please let  us know
immediately.** 

Thank you for your at tent ion to these final processing requirements. Please revise and format the
manuscript  and upload materials within 7 days. 

Thank you for this interest ing contribut ion, we look forward to publishing your paper in Life Science
Alliance. 

Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 
Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 

------------------------------------------------------------------------------ 
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February 24, 2020 

RE: Life Science Alliance Manuscript  #LSA-2020-00666-TRR 

Prof. Michal Neeman 
Weizmann Inst itute of Science 
Dept. of Biological Regulat ion 
Rehovot 76100 Israel 
76100 Rehovot, N/A 76100 
Israel 

Dear Dr. Neeman, 

Thank you for submit t ing your Research Art icle ent it led "BACH family members regulate
angiogenesis and lymphangiogenesis by modulat ing VEGFC expression". It  is a pleasure to let  you
know that your manuscript  is now accepted for publicat ion in Life Science Alliance. Congratulat ions
on this interest ing work. 

The final published version of your manuscript  will be deposited by us to PubMed Central upon
online publicat ion. 

Your manuscript  will now progress through copyedit ing and proofing. It  is journal policy that authors
provide original data upon request. 

Reviews, decision let ters, and point-by-point  responses associated with peer-review at  Life Science
Alliance will be published online, alongside the manuscript . If you do want to opt out of having the
reviewer reports and your point-by-point  responses displayed, please let  us know immediately. 

***IMPORTANT: If you will be unreachable at  any t ime, please provide us with the email address of
an alternate author. Failure to respond to rout ine queries may lead to unavoidable delays in
publicat ion.*** 

Scheduling details will be available from our product ion department. You will receive proofs short ly
before the publicat ion date. Only essent ial correct ions can be made at  the proof stage so if there
are any minor final changes you wish to make to the manuscript , please let  the journal office know
now. 

DISTRIBUTION OF MATERIALS: 
Authors are required to distribute freely any materials used in experiments published in Life Science
Alliance. Authors are encouraged to deposit  materials used in their studies to the appropriate
repositories for distribut ion to researchers. 

You can contact  the journal office with any quest ions, contact@life-science-alliance.org 

Again, congratulat ions on a very nice paper. I hope you found the review process to be construct ive
and are pleased with how the manuscript  was handled editorially. We look forward to future excit ing
submissions from your lab. 



Sincerely, 

Andrea Leibfried, PhD 
Execut ive Editor 
Life Science Alliance 
Meyerhofstr. 1 
69117 Heidelberg, Germany 
t  +49 6221 8891 502 
e a.leibfried@life-science-alliance.org 
www.life-science-alliance.org 
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