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First decision letter 

 
MS ID#: DEVELOP/2022/200729 
 
MS TITLE: The brain vascular damage-induced lymphatic ingrowth is directed by Cxcl12b/Cxcr4a 
 
AUTHORS: Jingying Chen, Jianbo He, and Lingfei Luo 
 
I have now received all the referees' reports on the above manuscript, and have reached a decision. 
The referees' comments are appended below, or you can access them online: please go to 
BenchPress and click on the 'Manuscripts with Decisions' queue in the Author Area. 
 
As you will see, the referees express considerable interest in your work, but have some significant 
criticisms and recommend a substantial revision of your manuscript before we can consider 
publication. The majority of these involve improvement of data quality or analysis and 
clarifications, which in some cases will involve new experiments. If you are able to revise the 
manuscript along the lines suggested, I will be happy receive a revised version of the manuscript, 
which you are advised per reviewer comments to prepare in a Report format. Your revised paper 
will be re-reviewed by one or more of the original referees, and acceptance of your manuscript will 
depend on your addressing satisfactorily the reviewers' major concerns. Please also note that 
Development will normally permit only one round of major revision. If it would be helpful, you are 
welcome to contact us to discuss your revision in greater detail. Please send us a point-by-point 
response indicating your plans for addressing the referee’s comments, and we will look over this 
and provide further guidance. 
 
Please attend to all of the reviewers' comments and ensure that you clearly highlight all changes 
made in the revised manuscript. Please avoid using 'Tracked changes' in Word files as these are lost 
in PDF conversion. I should be grateful if you would also provide a point-by-point response detailing 
how you have dealt with the points raised by the reviewers in the 'Response to Reviewers' box. If 
you do not agree with any of their criticisms or suggestions please explain clearly why this is so. 
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Reviewer 1 
 
Advance summary and potential significance to field 
 
Chen et al aim to understand the molecular mechanisms for correctly guiding blood vessels into 
infarcted brain tissue. They use their cerebrovascular model (blood endothelial ablation) to address 
the role of cxcr4a/cxcl12 chemokine signals in mediating migration of BV and LV in response to 
partial vessel loss within the embryonic hindbrain. Residual BV EC express cxcl12b, attract cxcr4a-
positive LV ECs which in turn attract Nascent BVs using vegfa and/or transdifferentiate directly into 
the BVs. This builds on their two earlier studies by addressing how LV migrate along the tracks left 
by ablated BVs (in addition to the vegfc also expressed by residual BVs).  
 
Their main findings:  
 
• After brain BV ablation chemokines guide LV and in turn nascent BV 
• Cxcr4a is expressed in LV after injury  
• Cxcl12b is expressed in residual BV 
• They are necessary (using cxcr4a-/- and cxcl12b-/-) and sufficient (cxcr4a rescue in LEC, 
cxcl12 ectopic expression) to determine the growth direction of LV after BV ablation 
 
The research area is fascinating and would be of interest to the readership of Development. The 
manuscript was clearly written; the conclusions presented are very compelling however they are 
not well backed up by the presented data. Some of the key imaging data is unclear, and results are 
compounded with previously reported developmental phenotypes of the structures that they are 
observing after embryonic ablation. Finally, there are some inconsistencies in their model that 
should be addressed prior to publication. 
 
Comments for the author 
 
Major concerns  
iLV ingrowth after ablation: 
Not clear which iLV ingrowths are along tracks and which are stand-alone. These should be 
highlighted and may be easier to see with separate channel images.  
The associated MovieS1 is distorted making some cellular detail hard to track.  
Suggests the specimen or stage is moving during the acquisition of some timepoints and should be 
corrected.  
A 3dpf/0dpt timepoint snapshot would be helpful for determining the (future)  
location of tracks.  
Fig S1: the schematics are very clear, but it is hard to distinguish kdrl- vessels from these overlays. 
Also not clear what the impact is on the different rates of maturation for GFP and mCherry in these 
vessels. This is particularly true of vessels that appear GFP+Kdrl- at 4hrs but GFP+Kdrl+ at 12.5hrs. 
The presumption from the description is that there are two overlapping vessels (or remanent, one 
kdrl+ the other kdrl-) but this isn’t clearly shown without associated z plane imaging and clear 
annotation of both.  
 
Cxcr4a is transcriptionally active in LECs: 
The expression of cxcr4a in LECs remains an open/context-dependent question in the field (e.g. 
Yes: Cha et al., 2012, No: Harrison et al., 2019, Peng et al., 2022) and so this is a critical piece of 
data. Unfortunately, the imaging is less than conclusive. There is clearly Mtz dependent expression 
of cxcr4a and prox1 however they appear to be largely distinct and not overlapped. Higher 
resolution images with z and separated channels, are required.  
Cxcr4a-Fish (isolated cells) seems inconsistent with the presented cxcr4aRFP expression (entire 
vessels) and should be commented on. If possible, a third method should be used given the 
discrepancy such as RT-PCR on FACS sorted LECs before and after injury.  
Authors should also comment on the location of cxcr4a expression relative to the direction of 
movement – i.e. is cxcr4a actually expressed in the LECs leading the migration along the track? If 
not, what is the model for how this receptor is directing migration?  
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Cxcl12b is activated by residual blood vessels: 
Authors should be more explicit about the cell type that is expressing cxcl12b in response to injury. 
They allude in the text that it is blood endothelial cells that express NTR but do not undergo 
apoptosis, however, several reports including in brain blood vessels have shown expression of 
cxcl12b in perivascular cells (presumably also spared ablation). Cxcl12b transgenic lines available 
would help this or co-expression with other makers and higher resolution imaging to confirm signal 
is in, rather than on, BECs should be carried out. 
 
Cxcr4a/cxcl12b is required for iLV directionality:  
It is not clear if cxcr4a/cxcl12b is required for iLV directionality from the data presented. In the 
cxcr4a and cxcl12b mutant, the tracks that the iLVs are thought to follow are not typically located 
or absent as the development of the cerebral vasculature is disrupted prior to ablation.  
Authors need to show cxcr4a/l12b is required for BV development AND iLV directionality by using 
conditional methods to compromise signaling after development but during injury response. 
Alternatively, better analysis showing that iLVs no longer follow tracks, even if those tracks are 
mispatterned, needs to be carried out. 
The statement “126: However, 127 the vessels lost their peripheral-to-medial directionality, which 
became randomized” does not appear to have data in Fig 3 supporting this. There is no imaging 
showing the direction of movement nor quantification that directionality is randomized. Authors 
may want to change the conclusion to match the finding that there are more branch points or 
provide more explanation as to why they infer this means they no longer follow vessel tracks 
particularly given that BV (and therefore their tracks post-ablation) appear to have more branch 
points prior to their ablation.  
Further “128: Consequently” has not been demonstrated for the same reason i.e. it is not clear that 
it is the defects in iLVs that subsequently gives rise to the failure of BV connections regeneration. 
“128: many of the critical cerebrovascular connections 129 failed to regenerate at 5 dpt” 
These connections do not appear to develop before ablation, authors should quantify the 
connections prior to and after ablation - you cannot regenerate something that is not there to begin 
with. Bussmann et al 2011 previously showed developmental loss of BA to CtA connections at 60dpf 
in these mutants this should be stated and confirmed to be the case or not prior to ablation in the 
same mutants used in this study. If not the text should be changed to reflect that cerebrovascular 
connections are still not formed after ablation of the maldeveloped vessels and what the 
significance of this finding might be. 
Figure 3B-E: It would be helpful to label track iLV and stand-alone iLV – if cxc- 
signaling is required for the migration of iLV along tracks then only the former should be affected in 
the mutants, but it is unclear which LVs are "track" and which are "stand-alone". 
 
Cxcr4a expression in LECs not BECs rescues CtA-BA connections: 
Given the above the results in Fig L-Q are fascinating, however, they require some explanation or 
further description: 
 Comparison between the partnering of the BV prior to ablation to those after would be 
helpful to understand if iLVs are now following tracks with exogenous expression of cxcr4a. This 
seems not to be the case based on the data presented which show not only the presence of CtA-BA 
connections in the LV rescued mutants but also normalization of the patterning of hindbrain vessels 
(and therefore independent of vessel tracks). 
Time-lapse imaging to see if there is a normalization of iLV migration, prior to normalization of BV 
connections and patterning. This is particularly important as data presented show that the 
expressing population is not in contact with rescued BV population.  
 
iLV sprouts migrate towards ectopic cxcl12b: 
The movie appears to show kdrl+Fli+ spouts migrating to the cxcl12b-expressing cells, not the iLV 
sprouts. Depth in tissue can differentially affect FP brightness and so this may explain why the 
vessel appears to have less kdrl- 
expression, however, they still appear to be kdrl+ BECs.  
In addition, the morphology of the sprouts is unclear. It often it appears to be a lumenized vessel 
that is moving in and out of the focal plane rather than cells migrating. Clearer whole volume 
imaging is required.  
Fig 4D sprouts need to be defined as LEC or BEC.  
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Minor concerns Line 50: “early” should be removed or defined as for example Bussmann et al., 2011 
look at arterial morphogenesis at 60hpf/3dpf (relatively late in embryogenesis). 
Line 63: A clearer description is required of the muLECs/BLECs and meningeal lymphatic vessels in 
Juvenile/adult zebrafish, particularly how do these relate to embryonic/larval populations under 
study and more broadly to mammalian brain lymphatic vessels/mato cells. What exactly are LV and 
iLVs in this and previous studies and do the iLVs that form lumens connect to the extra-neural 
lymphatic network/facial lymphatic vessel? 
MovieS2, arrows should be stable not flashing, and also applied to the red channel for clarity. 
Line 155: the later part of this sentence should be changed to “…can explain the hyperbranched…” 
Line 158: again, reference should be made to Bussmann et al., 2011 cxcl12b mutant phenotype 
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
Chen et al. analyze the function of cxcl12b/cxcr4a signaling during the migration of lymphatic cells 
into the zebrafish brain following NTR-mediated vaso-ablation.  
The authors find that lymphatic use cxcr4a signaling for their guidance. In the absence of cxcr4a 
signaling lymphatics fail to properly invade the brain parenchyma. Interestingly, in the absence of 
the ligand cxcl12b, invasion is equally impaired, however, in this instant many more lymphatics 
grow into the brain, but in an uncoordinated manner. The authors also perform some nice genetic 
rescue experiments showing that cxcr4a is necessary in lymphatic vessels instead of blood vessels. 
Together, the study is well performed, easy to read and sheds light on the important question 
whether lymphatics in regenerating tissues use similar guidance cues as they do during 
development. This study shows that they do, as lymphatics during embryonic stages are similarly 
guided by cxcr4a signaling. In its current form, the paper can be published as a short report.  
 
Comments for the author 
 
I would like to congratulate the authors on their nice work and only have some minor comments.  
1. I would suggest that the authors include all the allele designations available on zfin.org for the 
zebrafish lines they are using in their study.  
2. The authors might want to include some form of quantification in figures 1 and 2, as they have 
done in figures 3 and 4, as these figures contain bar graphs.  
3. The blue anti-venus staining in figure 3k is hard to see against the black background.  
4. The authors should discuss the recent paper by the Koltowska group (Peng et al., Elife 2022) 
suggesting that cxcl12 from mural cells guides lymphatics in zebrafish embryos. Could the cxcl12b 
staining the authors detect in figure 2C be mural cells instead of endothelial cells? 
5. During development, brain endothelial cells rely on cxcr4a signaling. The authors show that in 
their ablation experiments re-expressing cxcr4a in lymphatic cells rescues blood vessel growth, but 
that cxcr4a is not necessary in endothelial cells for their subsequent growth. The authors might 
want to discuss this and suggest alternative molecules that might guide regenerating blood vessels 
along lymphatics. 
 
 
Reviewer 3 
 
Advance summary and potential significance to field 
 
The study by Chen et al is an extension of their previous work on the zebrafish embryo brain 
vascular regeneration after injury. The same group had previously demonstrated that vascular 
regeneration is mediated by the ingrowth of meningeal lymphatics (=iLVs) into the injured 
parenchyma. Here the authors show that chemokine Cxcr4a / Cxcl12b signaling is involved in the 
directional migration of iLVs after injury. 
Overall the study is well performed, the results are clear and images are of high quality. Studies of 
genetic cxcr4a and cxcl12b mutants convincingly show their requirement in vascular regeneration, 
while mosaic overexpression of cxcl12b nicely demonstrates its sufficiency in vascular migration. 
The role of cxcr4a and cxcl12b in guidance of brain vasculature during normal development has 
been previously demonstrated (Bussmann et al 2011, Development), and therefore perhaps it is not 
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so surprising that the same pathway is also involved in vascular regeneration. Nevertheless, the 
results are novel and contribute to the insight of the mechanisms involved in vascular regeneration. 
The manuscript is relatively brief but it should be appropriate for the Reports section of 
Development.  
 
Comments for the author 
 
Specific points to address: 
1. Is cxcr4a expressed expressed in vasculature or meningeal lymphatics prior to injury or does its 
expression get activated only after injury? In the images provided it is apparent that cxcr4a is 
absent from the injured area presumably because there are no iLVs there but it is not clear if it is 
present in meningeal lymphatics prior to iLV induction. 
2. According to the data shown in Fig. 2 and the model in Fig. 2F, cxcl12b ¬¬¬is activated in 
residual central blood vessels and iLVs grow towards it. However, there are multiple iLVs shown in 
the diagram Fig. 2F and also apparent in Fig. 2E which are located along the periphery of the 
imaged area, such as the vessels extending in A-P direction from CVP to PHBC. Are these truly iLVs, 
since lyve1b:GFP expression also labels venous vasculature, which is readily apparent in the control 
DMSO treated embryos in Fig. 2D? If they are iLVs, how do authors explain their migration because 
they do not seem to migrate in the direction of the centrally located cxcl12b source.  
3. In a related question, why are there vessels remaining in the central area of the brain; are they 
less sensitive to Mtz ablation? While there are residual vessels apparent in Fig. 2, there are no 
centrally located vessels such as BA apparent in Fig. 1, fig. 3B-D (2 dpt) and Fig. 3G-I (1 dpt). Is 
there a difference in the extent of cell ablation between these experiments? If there are no 
remaining residual vessels (such as Fig. 3G, 1dpt), how is cxcl12b secreted and what is guiding iLVs 
in these cases?  
 
Minor points. 
1. Please clarify if there is a statistically significant difference in blood vessel branching between 
wild-type cxcr4a and cxcl12b mutant embryos at 3 dpt in Fig. 3F (p values are not shown for these 
data points). Also there seems to be a typo in the figure legend as it refers to 5 dpt time point, 
while it is 4 dpt in the figure. 
2. It would help to provide images with green only channel to show more clearly cxcr4a expression 
in Fig. 1C,D. 
3. What are multiple red cells positive for kdrl:mCherry expression apparent in Fig. S1A, are these 
macrophages? 
4. Please check the sentence on page 5, line 97 (‘analyzed’ instead of ‘analyze’). 
 
 

 
First revision 
 
Author response to reviewers' comments 
 
Point by Point Response to the Reviewers 
 
Reviewer 1 Advance Summary and Potential Significance to Field: 
Chen et al aim to understand the molecular mechanisms for correctly guiding blood vessels into 
infarcted brain tissue. They use their cerebrovascular model (blood endothelial ablation) to 
address the role of cxcr4a/cxcl12 chemokine signals in mediating migration of BV and LV in 
response to partial vessel loss within the embryonic hindbrain. Residual BV EC express cxcl12b, 
attract cxcr4a-positive LV ECs which in turn attract Nascent BVs using vegfa and/or 
transdifferentiate directly into the BVs. This builds on their two earlier studies by addressing how 
LV migrate along the tracks left by ablated BVs (in addition to the vegfc also expressed by 
residual BVs). 
 
Their main findings: 
 
•After brain BV ablation chemokines guide LV and in turn nascent BV 
•Cxcr4a is expressed in LV after injury 
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•Cxcl12b is expressed in residual BV 
•They are necessary (using cxcr4a-/- and cxcl12b-/-) and sufficient (cxcr4a rescue in LEC, cxcl12 
ectopic expression) to determine the growth direction of LV after BV ablation 
 
The research area is fascinating and would be of interest to the readership of Development. The 
manuscript was clearly written; the conclusions presented are very compelling however they are 
not well backed up by the presented data. Some of the key imaging data is unclear, and results are 
compounded with previously reported developmental phenotypes of the structures that they are 
observing after embryonic ablation. Finally, there are some inconsistencies in their model that 
should be addressed prior to publication. 
 
Reviewer 1 Comments for the Author: 
Major concerns 
 
iLV ingrowth after ablation: 
Not clear which iLV ingrowths are along tracks and which are stand-alone. These should be 
highlighted and may be easier to see with separate channel images. 
 
Response to this point: Here might be some misunderstandings. The “track iLV” means the 
iLVs acting as growing tracks of following nascent BVs, not the iLVs ingrowing along tracks. 
While “stand-alone iLV” represents the iLVs will later transdifferentiate into nascent BVs. 
Track iLVs and stand-alone iLVs are two complementary subpopulations of iLVs (Chen et al., 
2021). Note that both track iLVs and stand-alone iLVs are growing with directionality from 
CVP to BCA and from PHBC to BA. This is why in this manuscript focusing on directionality, we 
almost do not distinguish track iLV and stand-alone iLV. However, in the revised manuscript, 
we have pointed out examples of stand-alone iLVs and track iLVs with dashed frames, 
enlarged images, and separate channels (Fig. 2A, in blue and purple box). 
 
The associated MovieS1 is distorted making some cellular detail hard to track. Suggests the 
specimen or stage is moving during the acquisition of some timepoints and should be corrected. 
 
Response to this point: In the corrected Movie 1, the distorted video frames have been 
deleted. 
 
A 3dpf/0dpt timepoint snapshot would be helpful for determining the (future) location of 
tracks. 
 
Response to this point: In Figure 1A, we have provided the schematic diagram of zebrafish 
brain vascular anatomy at 4 dpf. While in Figure 1B, brain vasculature at 3 dpf (before Mtz 
treatment) has been provided. 
 
Fig S1: the schematics are very clear, but it is hard to distinguish kdrl- vessels from these 
overlays. Also not clear what the impact is on the different rates of maturation for GFP and 
mCherry in these vessels. This is particularly true of vessels that appear GFP+Kdrl- at 4hrs but 
GFP+Kdrl+ at 12.5hrs. The presumption from the description is that there are two overlapping 
vessels (or remanent, one kdrl+ the other kdrl-) but this isn’t clearly shown without associated z 
plane imaging and clear annotation of both. 
 
Response to this point: Be ware that here in Figure S1, we used the triple transgenic line 
Tg(fli1:GFP; kdrl:DenNTR; kdrl:mCherry) to supplement the data using the Tg(lyve1b:DsRed; 
kdrl:DenNTR) double transgenic line in Figure 1. Since the fli1 promoter is active in both LECs 
and BECs, which means GFP labels both LVs and BVs (Fig. S1), so it is true that it is hard to 
distinguish kdrl- vessels from these overlays. Here the GFP+mCherry- vessels represent iLVs 
while mCherry+ vessels represent BVs. The key point of this supplemental figure is to show 
that the GFP+mCherry- iLVs migrate with directionality from CVP to BCA in the midbrain 
and from PHBC to BA in the hindbrain. 
 
Cxcr4a is transcriptionally active in LECs: 
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The expression of cxcr4a in LECs remains an open/context-dependent question in the field (e.g. 
Yes: Cha et al., 2012, No: Harrison et al., 2019, Peng et al., 2022) and so this is a critical piece of 
data. Unfortunately, the imaging is less than conclusive. There is clearly Mtz dependent 
expression of cxcr4a and prox1 however they appear to be largely distinct and not overlapped. 
Higher resolution images, with z and separated channels, are required. 
 
Response to this point: In the revised manuscript, we have provided new data clearly showing 
the presence of FISH-cxcr4a signals in the lyve1b:GFP+ iLECs (Fig. 1D-1F) and in the 
prox1a:TagRFP+ iLECs (Fig. S2D-S2F). We have also provided enlarged 2D images with higher 
resolution to show the colocalization of FISH-cxcr4a and prox1a:TagRFP, including XZ, YZ, and 
separated channels (Fig. S2F). It is usual that the FISH signals are colocalized, but not 
completely overlapped, with transgenic fluorescent proteins like the GFP and TagRFP here, 
because FISH detects the mRNA localized in the certain regions of cytoplasm whereas GFP 
and TagRFP is more or less uniformly distributed throughout the cell. Accordingly, if the 
cxcr4a:RFP transgene was used instead of FISH-cxcr4a, the overlap of cxcr4a:RFP and 
lyve1b:DsRed could be observed (Fig. S2H-S2I). Furthermore, the full Figure S2 is aiming to 
validate the expression of cxcr4a in the iLVs, in which multiple markers and transgenic lines 
have been applied. 
 
Cxcr4a-Fish (isolated cells) seems inconsistent with the presented cxcr4aRFP expression (entire 
vessels) and should be commented on. If possible, a third method should be used given the 
discrepancy such as RT-PCR on FACS sorted LECs before and after injury. 
 
Response to this point: As mentioned above, FISH detects the cxcr4a mRNA that is localized 
in the certain regions of cytoplasm of iLECs, whereas the RFP protein produced by the 
TgBAC(cxcr4a:RFP) transgene is uniformly distributed throughout the cell. Thus, they seem 
different. Furthermore, the stability of RFP protein is stronger than that of cxcr4a mRNA, so 
the protein maintains longer inside the cell once the transcription switches off. This stability 
difference also contributes to what looks inconsistent. In the revised manuscript, we have 
provided the RT-PCR of cxcr4a expression in FACS sorted LECs from uninjured and injured 
brain (Fig. S2Q). 
 
Authors should also comment on the location of cxcr4a expression relative to the direction of 
movement – i.e. is cxcr4a actually expressed in the LECs leading the migration along the track? 
If not, what is the model for how this receptor is directing migration? 
 
Response to this point: According to the FISH data (Fig. 1E), the majority of cxcr4a mRNA 
signals are localized in the central brain including the leading iLECs (arrowheads, Fig. 1E), 
but less or even absent in the peripheral LECs (arrows, Fig. 1E). Not all the iLECs express 
cxcr4a, and only the Cxcr4a+ iLVs could direct the growing directions. Thus, in the revised 
manuscript, we have updated our statement accordingly. 
 
Cxcl12b is activated by residual blood vessels: 
 
Authors should be more explicit about the cell type that is expressing cxcl12b in response to 
injury. They allude in the text that it is blood endothelial cells that express NTR but do not undergo 
apoptosis, however, several reports including in brain blood vessels have shown expression of 
cxcl12b in perivascular cells (presumably also spared ablation). Cxcl12b transgenic lines available 
would help this or co-expression with other makers and higher resolution imaging to confirm 
signal is in, rather than on, BECs should be carried out. 
 
Response to this point: A recent paper reported expression of Cxcl12b in mural cells during 
lymphangiogenesis (Peng et al., 2022). According to the reviewer’s suggestion, we have 
applied abcc9:Gal4;UAS:GFP transgenic background to label mural cells and analyzed cxcl12b 
expression. In response to brain vascular injury, the cxcl12b transcripts were only detected 
in the kdrl+ residual central BECs (Fig. 1H and 1I), but not in the abcc9+ mural cells (Fig. S3). 
 
Cxcr4a/cxcl12b is required for iLV directionality: 
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It is not clear if cxcr4a/cxcl12b is required for iLV directionality from the data presented. In the 
cxcr4a and cxcl12b mutant, the tracks that the iLVs are thought to follow are not typically 
located or absent as the development of the cerebral vasculature is disrupted prior to ablation. 
Authors need to show cxcr4a/l12b is required for BV development AND iLV directionality by using 
conditional methods to compromise signaling after development but during injury response. 
Alternatively, better analysis showing that iLVs no longer follow tracks, even if those tracks are 
mispatterned, needs to be carried out. 
 
Response to this point: In the revised manuscript, in order to bypass the defects in 
cerebrovascular development in the cxcr4a mutant, we took advantages of temporal 
administration of a Cxcr4 chemical inhibitor, AMD3100. Treatment of the injured larvae with 
AMD3100 from 1 dpt to 4 dpt led to loss of growing directionality (PHBC to BA, CtA to BA) of 
iLVs and nascent BVs (Fig. 2I-2K), confirming the requirement of Cxcr4a in the determination of 
iLV directionality. 
 
The statement “126: However, 127 the vessels lost their peripheral-to-medial directionality, 
which became randomized” does not appear to have data in Fig 3 supporting this. There is no 
imaging showing the direction of movement nor quantification that directionality is randomized. 
Authors may want to change the conclusion to match the finding that there are more branch 
points or provide more explanation as to why they infer this means they no longer follow vessel 
tracks, particularly given that BV (and therefore their tracks post-ablation) appear to have more 
branch points prior to their ablation. 
 
Response to this point: In the revised manuscript, we have followed the reviewer’s suggestion 
to change the statement to match the finding that there are more iLV and BV branch points in 
the mutant. Besides that, we have quantified the numbers of iLVs ingrowing from CVP to BCA 
and from PHBC to BA (from peripheral to central), which were significantly reduced (Fig. 2D 
and 2G). Consequently, the majority of BVs connections between MMCtAs (middle 
mesencephalic central artery) with BCA (Fig. 2A and 2B, arrows to asterisks) and CtA to BA 
failed to regenerate in the cxcr4a mutant, and misconnections including MMCtA self-
interconnections and CtA self-interconnections increased (Fig. 2A, 2B, and 2D-2H). 

 
We have also provided explanations why the mutants generate more branch points. In 

the cxcr4a mutant, due to the loss of Cxcr4a in iLVs, the iLVs lose the capability to sense the 
chemokine ligand. So, the iLVs of cxcr4a mutant cannot find the correct growth direction and 
generate misconnections. Every individual of cxcr4a mutant exhibited a unique pattern of 
lymphatic ingrowth, indicating randomized growth direction in the absence of Cxcr4a. In the 
cxcl12b mutant, the Cxcr4a-positive iLVs lose their ligand. So, the cxcr4a compensatory 
upregulation occurs (Fig. S5) and the iLVs extend more branches in order to search for the 
ligand (Fig. 2C and 2F). This explains why the iLVs and the subsequent nascent BVs become 
highly branched in the mutant. 
 
Further “128: Consequently” has not been demonstrated for the same reason i.e. it is not clear 
that it is the defects in iLVs that subsequently gives rise to the failure of BV connections 
regeneration. “128: many of the critical cerebrovascular connections 129 failed to regenerate at 5 
dpt” These connections do not appear to develop before ablation, authors should quantify the 
connections prior to and after ablation - you cannot regenerate something that is not there to begin 
with. Bussmann et al 2011 previously showed developmental loss of BA to CtA connections at 60dpf 
in these mutants this should be stated and confirmed to be the case or not prior to ablation in the 
same mutants used in this study. If not the text should be changed to reflect that cerebrovascular 
connections are still not formed after ablation of the mal developed vessels and what the 
significance of this finding might be. 
 
Response to this point: The reviewer is correct. People cannot regenerate something that is 
not there to begin with. It is true that the cxcr4a mutant loses BA to CtA connections during 
development (Fig. S4B and S4D) (Bussmann et al 2011). But these connections could be 
efficiently re- established after injury only if Cxcr4a was replenished in the iLECs (Fig. 3B and 
3F). These data provide critical evidences to demonstrate the pivotal role of Cxcr4a in 
determining the growing direction of iLVs and nascent BVs. Therefore, according to the 
reviewer’s suggestion, we have updated our statement in the revised manuscript. 
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Figure 3B-E: It would be helpful to label track iLV and stand-alone iLV – if cxc- signaling is 
required for the migration of iLV along tracks then only the former should be affected in the 
mutants, but it is unclear which LVs are "track" and which are "stand-alone". 
 
Response to this point: As mentioned at the beginning of this response letter, here might be 
some misunderstandings. The “track iLVs” are the growing track of following nascent BVs, 
while “stand-alone iLVs” will later transdifferentiate into nascent BVs. Both track iLVs and 
stand-alone iLVs express Cxcr4a, which determines the growing direction of both types of 
iLVs, and in turn determines the directionality of nascent BVs. In the revised manuscript, we 
have pointed out examples of stand-alone iLV and track iLV with dashed frames, enlarged 
images, and separate channels (Fig. 2A, in blue and purple box). Note that both track iLVs 
and stand-alone iLVs are migrating with directionality under the guidance of Cxcr4a/Cxcl12b. 
This is why in this manuscript depicting directionality, we almost do not distinguish track iLV 
and stand-alone iLV. 
 
Cxcr4a expression in LECs not BECs rescues CtA-BA connections: 
 
Given the above the results in Fig L-Q are fascinating, however, they require some explanation or 
further description: 
 
Comparison between the partnering of the BV prior to ablation to those after would be helpful to 
understand if iLVs are now following tracks with exogenous expression of cxcr4a. This seems not 
to be the case based on the data presented which show not only the presence of CtA-BA 
connections in the LV rescued mutants but also normalization of the patterning of hindbrain 
vessels (and therefore independent of vessel tracks). Time-lapse imaging to see if there is a 
normalization of iLV migration, prior to normalization of BV connections and patterning. This is 
particularly important as data presented show that the expressing population is not in contact 
with rescued BV population. 
 
Response to this point: According to the reviewer’s suggestion, we have provided the 
abnormal patterning of BVs in the cxcr4a mutant prior to injury and after that (Fig. 3B and 
3C). We have also provided the time-lapse imaging (3 dpt and 4 dpt) to look at the 
directionality of iLVs from PHBC to BA (Fig. 3B-3D), then the BV connections and patterning 
that were re-established after replenishment of Cxcr4a in the iLECs (Fig. 3F and 3J). 
Furthermore, the previous misleading data has been replaced by the new Fig. 3F. 
 
iLV sprouts migrate towards ectopic cxcl12b: 
 
The movie appears to show kdrl+Fli+ spouts migrating to the cxcl12b- expressing cells, not the iLV 
sprouts. Depth in tissue can differentially affect FP brightness and so this may explain why the 
vessel appears to have less kdrl- expression, however, they still appear to be kdrl+ BECs. 
In addition, the morphology of the sprouts is unclear. It often it appears to be a lumenized vessel 
that is moving in and out of the focal plane rather than cells migrating. Clearer whole volume 
imaging is required. 
Fig 4D sprouts need to be defined as LEC or BEC. 
 
Response to this point: According to the reviewer’s suggestion, in the revised manuscript, we 
have provided new Movie 3 and Figure 4 to show that the iLVs spouts (GFP+mCherry-) migrate 
towards to the Cxcl12b- expressing cells. 
 
Minor concerns 
Line 50: “early” should be removed or defined as for example Bussmann et al., 2011 look at 
arterial morphogenesis at 60hpf/3dpf (relatively late in embryogenesis). 
 
Response to this point: We have corrected the description in the revised manuscript 
according to the reviewer’s suggestion. 
 
Line 63: A clearer description is required of the muLECs/BLECs and meningeal lymphatic vessels in 
Juvenile/adult zebrafish, particularly how do these relate to embryonic/larval populations under 
study and more broadly to mammalian brain lymphatic vessels/mato cells. What exactly are LV 
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and iLVs in this and previous studies and do the iLVs that form lumens connect to the extra-neural 
lymphatic network/facial lymphatic vessel? 
 
Response to this point: We have followed the reviewer’s suggestion to provide a clearer 
description about the BLECs and meningeal LVs in zebrafish, and the related mammalian 
mLVs. We have also illustrated the iLVs in the revised manuscript. 
 
MovieS2, arrows should be stable not flashing, and also applied to the red channel for clarity. 
 
Response to this point: We have followed the reviewer’s suggestion to update the Movie 2 with 
stable arrows in all channels. 
 
Line 155: the later part of this sentence should be changed to “…can explain the hyperbranched…” 
 
Response to this point: We have changed the sentence accordingly. 
 
Line 158: again, reference should be made to Bussmann et al., 2011 cxcl12b mutant phenotype 
 
Response to this point: We have added the reference accordingly. 
 
Reviewer 2 Advance Summary and Potential Significance to Field: 
Chen et al. analyze the function of cxcl12b/cxcr4a signaling during the migration of lymphatic cells 
into the zebrafish brain following NTR-mediated vaso-ablation. The authors find that lymphatic use 
cxcr4a signaling for their guidance. In the absence of cxcr4a signaling lymphatics fail to 
properly invade the brain parenchyma. Interestingly, in the absence of the ligand cxcl12b, 
invasion is equally impaired, however, in this instant many more lymphatics grow into the brain, 
but in an uncoordinated manner. The authors also perform some nice genetic rescue experiments 
showing that cxcr4a is necessary in lymphatic vessels instead of blood vessels. Together, the 
study is well performed, easy to read and sheds light on the important question whether 
lymphatics in regenerating tissues use similar guidance cues as they do during development. This 
study shows that they do, as lymphatics during embryonic stages are similarly guided by 
cxcr4a signaling. In its current form, the paper can be published as a short report. 
 
Reviewer 2 Comments for the Author: 
I would like to congratulate the authors on their nice work and only have some minor comments. 
 
1. I would suggest that the authors include all the allele designations available on zfin.org for 
the zebrafish lines they are using in their study. 
 
Response to this point: We have provided all the allele designations for zebrafish lines used in 
this study. 
 
2. The authors might want to include some form of quantification in figures 1 and 2, as they 
have done in figures 3 and 4, as these figures contain bar graphs. 
 
Response to this point: We have followed the reviewer’s suggestion to include the 
quantifications. 
 
3. The blue anti-venus staining in figure 3k is hard to see against the black background. 
 
Response to this point: We have switched the artificial colour from blue to grey to make the 
visibility better. 
 
4. The authors should discuss the recent paper by the Koltowska group (Peng et al., Elife 2022) 
suggesting that cxcl12 from mural cells guides lymphatics in zebrafish embryos. Could the cxcl12b 
staining the authors detect in figure 2C be mural cells instead of endothelial cells? 
 
Response to this point: According to the reviewer’s suggestion, we have applied 
abcc9:Gal4;UAS:GFP transgenic background to label mural cells and analyzed cxcl12b 
expression. In response to brain vascular injury, the cxcl12b transcripts were only detected 
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in the kdrl+ residual central BECs (Fig. 1H and 1I), but not in the abcc9+ mural cells (Fig. S3). 
The recent paper (Peng et al., Elife 2022) has been discussed in the revised manuscript. 
 
5. During development, brain endothelial cells rely on cxcr4a signaling. The authors show that 
in their ablation experiments re-expressing cxcr4a in lymphatic cells rescues blood vessel growth, 
but that cxcr4a is not necessary in endothelial cells for their subsequent growth. The authors 
might want to discuss this and suggest alternative molecules that might guide regenerating blood 
vessels along lymphatics. 
 
Response to this point: Here, during brain vascular regeneration, Cxcr4a determines the 
growing directionality of nascent BVs (through iLVs), but Cxcr4a is not required for the vessel 
growth itself. In our previous study (Chen et al., 2019), we have reported that the iLVs act as 
“growing tracks” of nascent BVs through direct physical adhesion, and produce Vegfa to 
promote vessel growth. 
 
Reviewer 3 Advance Summary and Potential Significance to Field: 
The study by Chen et al is an extension of their previous work on the zebrafish embryo brain 
vascular regeneration after injury. The same group had previously demonstrated that vascular 
regeneration is mediated by the ingrowth of meningeal lymphatics (=iLVs) into the injured 
parenchyma. Here the authors show that chemokine Cxcr4a / Cxcl12b signaling is involved in the 
directional migration of iLVs after injury. 
 
Overall the study is well performed, the results are clear and images are of high quality. Studies of 
genetic cxcr4a and cxcl12b mutants convincingly show their requirement in vascular regeneration, 
while mosaic overexpression of cxcl12b nicely demonstrates its sufficiency in vascular migration. 
The role of cxcr4a and cxcl12b in guidance of brain vasculature during normal development has 
been previously demonstrated (Bussmann et al 2011, Development), and therefore perhaps it is 
not so surprising that the same pathway is also involved in vascular regeneration. Nevertheless, the 
results are novel and contribute to the insight of the mechanisms involved in vascular 
regeneration. The manuscript is relatively brief but it should be appropriate for the Reports 
section of Development. 
 
Reviewer 3 Comments for the Author: 
 
Specific points to address: 
 
1. Is cxcr4a expressed in vasculature or meningeal lymphatics prior to injury or does its 
expression get activated only after injury? In the images provided it is apparent that cxcr4a is 
absent from the injured area presumably because there are no iLVs there but it is not clear if it is 
present in meningeal lymphatics prior to iLV induction. 
 
Response to this point: In the revised manuscript, we have shown that cxcr4a is absent in 
brain vasculature and BLECs before injury (Fig. 1D and S2B). 
 
2. According to the data shown in Fig. 2 and the model in Fig. 2F, cxcl12b is activated in 
residual central blood vessels and iLVs grow towards it. However, there are multiple iLVs shown 
in the diagram Fig. 2F and also apparent in Fig. 2E which are located along the periphery of the 
imaged area, such as the vessels extending in A-P direction from CVP to PHBC. Are these truly 
iLVs, since lyve1b:GFP expression also labels venous vasculature, which is readily apparent in the 
control DMSO treated embryos in Fig. 2D? If they are iLVs, how do authors explain their migration 
because they do not seem to migrate in the direction of the centrally located cxcl12b source. 
 
Response to this point: The lyve1b+kdrl- iLVs located along the periphery of the imaged area in 
the original Figure 2E and 2F (current Figure 1M and 1N) are truly iLVs, but not venous 
vasculature because they are kdrl-. The images were captured from the ventral side (Fig. 1D-
1M). Similarly in the original Figure 2D (current Figure 1L), the lyve1b:GFP expression labels 
BLECs at the ventral superficial layer of the brain, but not venous vasculature because they 
are kdrl-. This point has been documented in our previous paper (Chen et al., 2021). 
According to the FISH data (Fig. 1E), the majority of cxcr4a mRNA signals are localized in the 
central brain including the leading iLECs (arrowheads, Fig. 1E and 1F), but less or even absent 
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in the peripheral LECs (arrows, Fig. 1E). Not all the iLECs express cxcr4a, and only the 
Cxcr4a+ iLVs could direct the growing directions. Thus, in the revised manuscript, we have 
updated our statement accordingly. 
 
3. In a related question, why are there vessels remaining in the central area of the brain; are 
they less sensitive to Mtz ablation? While there are residual vessels apparent in Fig. 2, there are 
no centrally located vessels such as BA apparent in Fig. 1, fig. 3B-D (2 dpt) and Fig. 3G-I (1 dpt). 
Is there a difference in the extent of cell ablation between these experiments? If there are no 
remaining residual vessels (such as Fig. 3G, 1dpt), how is cxcl12b secreted and what is guiding 
iLVs in these cases? 
 
Response to this point: The images or annotations in Figure 1A, 1B, and Figure 2 were 
captured from the dorsal side using living larvae. From the dorsal view, the vessels located 
deep in the brain including AMCtA, BCA, PCS, and BA looked weak or even invisible. So, these 
vessels did not appear in Figure S4A (1 dpt). By contrast, in the Figure 1D-1N, the larvae 
were fixed for FISH-antibody staining, and the images were captured from the ventral side. 
From the ventral view, the AMCtA, BCA, PCS, and BA were clearly visible, and the fluorescent 
signals were amplified by the antibody staining. So, these vessels were clearly shown in the 
ventral view panels. To avoid misleadings, we have included “dorsal view” and “ventral 
view” in the figure legends of the revised manuscript. 
 
Minor points. 
1. Please clarify if there is a statistically significant difference in blood vessel branching 
between wild-type, cxcr4a and cxcl12b mutant embryos at 3 dpt in Fig. 3F (p values are not 
shown for these data points). Also, there seems to be a typo in the figure legend as it refers to 5 
dpt time point, while it is 4 dpt in the figure. 
 
Response to this point: In the revised manuscript, the p values at 3 dpt have been added, and 
the Figure legend has been corrected. 
 
2. It would help to provide images with green only channel to show more clearly cxcr4a 

expression in Fig. 1C,D. 
 
Response to this point: In the revised manuscript, we have provided higher resolution images 
to show the FISH-cxcr4a in the prox1a:TagRFP+ iLECs, with XZ, YZ, and separated channels 
(Fig. S2F). Additionally, pictures of FISH-cxcr4a in the lyve1b:GFP+ iLECs have also been 
provided (Fig. 1D-1F). 
 
3. What are multiple red cells positive for kdrl:mCherry expression apparent in Fig. S1A, are 
these macrophages? 
 
Response to this point: In the Figure S1 and Movie 2, these quickly moving cells were 
macrophages. They phagocytosed the dead mCherry+ BECs. Due to the strong stability of 
mCherry protein, these macrophages appear to be labelled by mCherry. 
 
4. Please check the sentence on page 5, line 97 (‘analyzed’ instead of ‘analyze’). 
 
Response to this point: We have corrected the sentence. 
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Second decision letter 
 
MS ID#: DEVELOP/2022/200729 
 
MS TITLE: The brain vascular damage-induced lymphatic ingrowth is directed by Cxcl12b/Cxcr4a 
 
AUTHORS: Jingying Chen, Jianbo He, and Lingfei Luo 
ARTICLE TYPE: Research Report 
 
I am happy to tell you that your manuscript has been accepted for publication in Development, 
pending our standard ethics checks. We ask that you attend to all of the comments by Reviewer 1, 
who has made several useful suggestions for your terminology and presentation of the work, in 
revising to the final form. 
 
Reviewer 1 
 
Advance summary and potential significance to field 
 
The manuscript is much improved, and the new data provides a more complete picture that is in 
line with the model: 
 
• After brain BV ablation chemokines guide LV and in turn nascent BV 
• Cxcr4a is expressed in LV after injury  
• Cxcl12b is expressed in residual BV 
• They are necessary (using cxcr4a-/- and cxcl12b-/-, AMD3100) and sufficient (cxcr4a rescue 
in LEC, cxcl12 ectopic expression) to determine the growth direction of LV after BV ablation 
 
Comments for the author 
 
Major concerns (from previous) addressed, with comments for minor corrections  
iLV ingrowth after ablation:  
Changes to Figure 2 help to place this study in the context of the group's previous studies. 
Demarked boxes in 2A could be clear with the addition of a stroke (white outline) to the dashed 
line. Movie 1 needs time stamps particularly if this is now not linear. 3dpf image in 1B appears to 
be at a different scale to the ablation timepoints despite the scale bar being the same this should 
be corrected. Fig S1 still appears to show Fli+kdrl+ iLVs (not just Fli+kdrl-) in places but agree the 
CVP to BCA directionally is demonstrated.  
cxcr4a is transcriptionally active in LECs: 
This is clearer with the new data presented. 
Cxcl12b is activated by residual blood vessels:  
This is clearer in the new data  
cxcr4a/cxcl12b is required for iLV directionality:  
This conclusion is now supported by data perturbing signaling specifically during regeneration. 
However, the use of inhibitors can be difficult due to toxicity.  
This is the sole piece of data to suggest there is a direct effect of the signaling in the context of 
ablation response and that the mutant iLV phenotype is not solely due to the abnormal position of 
tracks/ablated BVs.  
As such it is important that iLV migration is not retarded due to unspecific toxicity of the inhibitor. 
However, it is reassuring that the AMD3100 treated embryos appear to also have a hyperbranched 
phenotype suggesting some parallels to the mutant phenotypes. This should be noted and 
quantified to bolster the argument that such an approach is relevant here.  
As in Figure 1B, a pre-ablation image in the mutants (Figure 2B and C) is required to show the 
different position of BV tracks after ablation and that these are not being followed with loss of 
cxcr4a/cxcl12b. 
cxcr4a expression in LECs not BECs rescues CtA-BA connections: 
Replacement data is now consistent with the overall model and data in disagreement with this has 
been removed. However, specifically regarding the establishment of CtA-BA connections, it is hard 
to see the connections in question in 3F.  
Particularly as all the Lyve1b+ vessels are also kdrl+ unlike other conditions  
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(or there is bleed through to the Dendra2 channel). It appears the lyve1b vessels are extending 
over/crossing the BA. In this example, 6 CtAs are highlighted – which is representative of the 
average number counted (3J) – however, 4 are Lyve1+ and 2 Lyve1- (all kdrl+). This at least 
suggests not all are BV CtA connections.  
Despite the added examples in figure 1, it’s still not clear if the authors are suggesting for example 
that these 4 will later become blood CtAs (and are now stand-alone iLVs). Similarly, in 3B, CtA 
labeled connections 3 or 4 of the 7 are questionable with no clear connection to the BA. Certainly, 
the data clearly show an interesting and potent effect on iLVs and their migration with ectopic 
cxcr4a LV expression. But the establishment of BV CtA connections is not clearly presented. Images 
more representative of the quantification should be used or better annotation (BV CtA connection 
vs stand-alone iLV connection) and/or higher magnification views used to show these are really 
established de novo in the transgenic mutant.  
Like regenerating something that never developed, you cannot re-establish something that was not 
established (line 175 should be established not re- 
established).  
 
iLV sprouts migrate towards ectopic cxcl12b The new data now show a sprout that is kdrl- as 
opposed to a non-migrating lumenized blood vessel. However, an uncropped version of movie 3 
should be uploaded as it appears this sprout is extending passed, rather than to, the cxcl12b 
ectopic expression. The cropping of the movie however occludes this. If this is the case a better 
example of presented quantification should be uploaded to show migration to, not past or through, 
cxcl12b ectopic expression. 
 
Overall if these minor concerns can be addressed, I think the manuscript is suitable for publication 
in Development short article form. 
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
The authors have addressed my concerns and significantly improved the manuscript. Please review 
Figure 1A and Figure 1N, should read "vasculature" instead of "vascular". 
 
Comments for the author 
 
Please review Figure 1A and Figure 1N, should read "vasculature" instead of "vascular". 
 
 
Reviewer 3 
 
Advance summary and potential significance to field 
 
In the revision the authors have addressed all of my previous concerns. 
 
Comments for the author 
 
I do not have any other issues. 
 
 
 

 


