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1st Editorial Decision 3 June 2019 

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now 
received feedback from the three reviewers who agreed to evaluate your manuscript. As you will see 
from the reports below, the referees acknowledge the interest of the study. However, they also raise 
substantial concerns on your work, which should be convincingly addressed in a major revision of 
the present manuscript. In particular, TSP1 cleavage should be clearly demonstrated, controls and 
explanations should be provided, overstatements should be tuned down, and the manuscript should 
be edited for language and grammar. 
 
Addressing the reviewers' concerns in full will be necessary for further considering the manuscript 
in our journal, and acceptance of the manuscript will entail a second round of review. EMBO 
Molecular Medicine encourages a single round of revision only and therefore, acceptance or 
rejection of the manuscript will depend on the completeness of your responses included in the next, 
final version of the manuscript. For this reason, and to save you from any frustrations in the end, I 
would strongly advise against returning an incomplete revision. 
 
Please note that it is EMBO Molecular Medicine policy to allow only a single round of revision and 
that, as acceptance or rejection of the manuscript will depend on another round of review, your 
responses should be as complete as possible. 
 
EMBO Molecular Medicine has a "scooping protection" policy, whereby similar findings that are 
published by others during review or revision are not a criterion for rejection. Should you decide to 
submit a revised version, I do ask that you get in touch after three months if you have not completed 
it, to update us on the status. 
 
I look forward to receiving your revised manuscript. 
 
 
***** Reviewer's comments ***** 
 
Referee #1 (Remarks for Author): 
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The submitted MS describes the mechanism of intussusceptive angiogenesis (IA) in inflammatory 
bowel disease. The authors claim that mice lacking the protease MT1-MMP in endothelial cells 
(MT1iΔEC) have limited IA in the capillary plexus of the colon mucosa after 1% DSS-induced 
colitis. This was correlated with improved tissue perfusion, preserved intestinal morphology, and 
milder disease activity index. Combined in vivo intravital microscopy and lentiviral rescue 
experiments with in vitro cell culture demonstrated that MT1-MMP activity in endothelial cells is 
required for vasodilation and IA, as well as for nitric oxide production via binding of the MT1-MMP 
substrate thrombospondin-1 (TSP1) to CD47/αvβ3 integrin. Over all this is a well presented paper 
that this reviewer had little to add. Experiments are well controlled, not over interpreted and 
appropriate statistics applied. The mechanism is established. One thing that I missed in Fig 7 was 
what does 'DAF-FM' stand for in the image analysis? 
 
 
Referee #2 (Comments on Novelty/Model System for Author): 
 
Major gaps should be filled before the paper is accepted. 
E.g. TSP1 cleavage is not demonstrated, while the entire manuscript rests on this assumption. 
The role of intususseptive angiogenesis remains unclear 0 could be direct effect of TSP1 on 
macrophages. 
 
 
Referee #2 (Remarks for Author): 
 
The study by Esteban et al investigates the role of MT1-MMP in ulcerative colitis/ Crohn's disease. 
The authors link increase MT1 production by intestinal endothelial plexus with increased NO 
production due to TSP1 cleavage, which hampers TSP1 inhibitor action ion NO production and 
therefore intususseptive angiogenesis (IA). The study is potentially quite interesting and the concept 
is novel. However, there are gaps that should be filled prior to publication. 
In general, manuscript is in need pf extensive editing by native English speaker/writer, to eliminate 
inappropriate word usage. Specific comments are listed below. 
1. The description for figure 2 states that the perfusion is inhibited in MT1 delta iEC mice. 
However, partial perfusion is clearly preserved and this statement should be tempered. 
2. Usually vascular abnormalities include vascular leakage (also regulated by TSP) Perfusion using 
FITC-dextran would answer this question. 
3. Fig. 2D shows extensive collagen deposition in F/F mice. However, MT-1 digests multiple 
collagen types. An explanation should be provided. 
4. The differences in IA are clear after 3 days, however there is no clear differences in intestinal 
morphology and macrophage recruitment. Is it possible that IA is not the driving force behind DCC-
induced colitis but merely a correlate? Could IA in MT1 delta iEC mice be restored using 
exogenous angiogenic factor, e.g. VEGF? A propos, it can be released from the ECM by MT1-
MMP. Also, TSP1 can have a direct effect on macrophage recruitment and inflammation, via CD36. 
These possibilities should be discussed in some depth. 
5. AcCh is a bit drastic for induction of vasodilation. VEGF would be a more physiological agent. 
Vasodilation in cremaster muscle is not quite reflective of IA in the colon. 
6. The effects of MT1 antibodies and TSP1 receptors on NO production are quite clear. Would MT1 
antibody and TSP1 derived ligands alter IA as well? 
7. Fig. 6A-C - the lack of TP1 in the vasculature is an overstatement: TSP1 is clearly detectable and 
the images do not convey major differences. Co-localization with MT1 would be helpful in f/f mice 
8. To demonstrate TSP1 cleavage, it would be helpful to incubate intact TSP1 with MT1 positive 
and negative EC and run a western blot with antibodies to C and N-termini. Otherwise this remains 
a mere speculation. 
9. Fig. 8, MT1 MMP staining looks unconvincing. Improved quality images are required 
10. Supplemental Fig. 8; CD36 binding peptide sequence is GVITRIR, not GNITRIR 
 
 
Referee #3 (Comments on Novelty/Model System for Author): 
 
The manuscript deals with a clinical important issue. 
The involvement of the MT1-MMP-TSP1-NO pathway is novel. 
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The techniques are state of the art. 
 
The authors use a combination of existing animal models, deletion mutant, lentiviral constitution of 
MT1-MMP and novel point mutants in MT1-MMP to underpin their findings. 
 
The molecular mechanisms of anti-TNFα antibodies in inflammatory bowel disease are still a matter 
of debate. The present manuscript provides detailed information how TNFa-mediated induction of 
MT1-MMP via thrombospondin and NO generation affects vasodilation of capillaries accompanied 
by intussusceptive angiogenesis. 
The manuscript has merit for both better understanding of altered vascularization in colitis and is a 
welcome contribution increasing our insight in the regulation of intussusceptive angiogenesis in 
general. Although this pathway may not the only pathway that is involved in this disease, the 
authors make plausible that the proposed MT1-MMP-TSP1-integrin αvβ3-NO pathway is a 
prerequisite for intussusceptive angiogenesis, and contributes to colitis. The techniques used and 
new mutants generated are state of the art. The data on the accumulation of circulating TSP1 in early 
colitis patients supports these data, while the lack of such effect in severe patients also points to a 
complex picture, in particular when one considers colitis treatment via the proposed pathway. 
Notwithstanding, the manuscript combines new mechanistic insight with a perspective for improved 
patient care. 
I had only a few very minor remarks and would like to recommend the manuscript or publication in 
EMBO Molecular Medicine. 
 
 
Referee #3 (Remarks for Author): 
 
The molecular mechanisms of anti-TNFα antibodies in inflammatory bowel disease are still a matter 
of debate. The present manuscript provides detailed information how TNFa-mediated induction of 
MT1-MMP via thrombospondin and NO generation affects vasodilation of capillaries accompanied 
by intussusceptive angiogenesis. The manuscript has merit for both better understanding of altered 
vascularization in colitis and is a welcome contribution increasing our insight in the regulation of 
intussusceptive angiogenesis in general. Although this pathway may not the only pathway that is 
involved in this disease, the authors make plausible that the proposed MT1-MMP-TSP1-integrin 
αvβ3-NO pathway is a prerequisite for intussusceptive angiogenesis, which contributes to colitis. 
The techniques used and new mutants generated are state of the art. The data on the accumulation of 
circulating TSP1 in early colitis patients supports these data, while the lack of such effect in severe 
patients also points to a complex picture, in particular when one considers colitis treatment via the 
proposed pathway. Notwithstanding, the manuscript combines new mechanistic insight with a 
perspective for improved patient care. 
 
A few very minor points: 
Figure 6 The data in Figure 6C seem to refer to 6B rather than to 6A as indicated in the legends of 
Figure 6. Please correct, or - if they do indeed refer to Figure 6A explain and provide also the 
quantitative data for 6B. 
Page 23, lines 4 and 16. I must assume that the streptomycine concentration should be 100mg/L or 
100 microg/mL. 
Page 25. Line 6 Indicate the acetylcholine concentration (probably 100 µM). 
 
 
1st Revision - authors' response 30 September 2019 

(See next page) 
 
  



POINT-BY-POINT REPLY 

Referee #1 (Remarks for Author): 

The submitted MS describes the mechanism of intussusceptive angiogenesis (IA) in inflammatory 

bowel disease. The authors claim that mice lacking the protease MT1-MMP in endothelial cells 

(MT1iΔEC) have limited IA in the capillary plexus of the colon mucosa after 1% DSS-induced 

colitis. This was correlated with improved tissue perfusion, preserved intestinal morphology, and 

milder disease activity index. Combined in vivo intravital microscopy and lentiviral rescue 

experiments with in vitro cell culture demonstrated that MT1-MMP activity in endothelial cells is 

required for vasodilation and IA, as well as for nitric oxide production via binding of the MT1-

MMP substrate thrombospondin-1 (TSP1) to CD47/αvβ3 integrin. Over all this is a well presented 

paper that this reviewer had little to add. Experiments are well controlled, not over interpreted 

and appropriate statistics applied. The mechanism is established. One thing that I missed in Fig 

7 was what does 'DAF-FM' stand for in the image analysis? 

We appreciate the positive comments and appraisal of our study. We have added the 

meaning of DAF-FM (4-amino-5-methylamino-2',7'-difluorofluorescein diacetate) in the 

legend to Figure 4 (the earliest mentioned in the manuscript) as requested by the reviewer.  

 

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

Major gaps should be filled before the paper is accepted. 

E.g. TSP1 cleavage is not demonstrated, while the entire manuscript rests on this assumption. 

The role of intususseptive angiogenesis remains unclear 0 could be direct effect of TSP1 on 

macrophages. 

Referee #2 (Remarks for Author): 
The study by Esteban et al investigates the role of MT1-MMP in ulcerative colitis/ Crohn's 

disease. The authors link increase MT1 production by intestinal endothelial plexus with increased 

NO production due to TSP1 cleavage, which hampers TSP1 inhibitor action ion NO production 

and therefore intususseptive angiogenesis (IA). The study is potentially quite interesting and the 

concept is novel. However, there are gaps that should be filled prior to publication. 

In general, manuscript is in need of extensive editing by native English speaker/writer, to 

eliminate inappropriate word usage. Specific comments are listed below. 

 

We appreciate the reviewer’s comments on the interest and novelty of our study. 

Although a native English speaker already fully edited the original version of our 

manuscript (as acknowledged), we have made the effort to pay special attention to avoid 

inappropriate word usage. 
 

1. The description for figure 2 states that the perfusion is inhibited in MT1 delta iEC mice. 

However, partial perfusion is clearly preserved and this statement should be tempered.  

As requested by the reviewer, we have revised the wording relative to Figure 2 in both 

the text and the legend. We have rephrased the statement as follows: ‘Perfusion decreased 

during colitis progression in the mucosa vascular plexus of both MT1f/f and MT1iΔEC 

mice, but it was significantly better preserved in the latter at 7 days post-1% DSS 

treatment (Figure 2A-B)’. We think this sentence better describes the results presented in 

Figure 2 and indicates that indeed MT1iΔEC mice maintains partial perfusion as pointed 

out by the reviewer.  



 

2. Usually vascular abnormalities include vascular leakage (also regulated by TSP) Perfusion 

using FITC-dextran would answer this question.  

Following the reviewer’s suggestion, we have analyzed vascular permeability by 

injecting i.v. directly labeled-dextran. We observed that treatment with 1% DSS induced 

vascular leakage at day 3 and 7 in the mucosa vascular plexus of MT1f/f mice and at lower 

extent in MT1iΔEC mice. We have included these new results in the revised Appendix 

Figure S2A and the corresponding text in Results section (page 8, lines 18-20).  
 

3. Fig. 2D shows extensive collagen deposition in F/F mice. However, MT-1 digests multiple 

collagen types. An explanation should be provided. 

As the reviewer points out, it may seem counterintuitive that there is extensive collagen 

deposition in MT1f/f mice if collagen deposition would just rely on MT1-MMP 

collagenolytic activity by endothelial cells. It is however important to highlight that in the 

inflamed intestine the deposition of collagen is mainly related (as in other damaged 

tissues) to TGFβ pathway activation that in turn leads to MMP inhibition and 

myofibroblast accumulation (O’Sullivan et al., 2015). Given that colon from DSS-treated 

MT1f/f mice is more affected compared to MT1iΔEC mice (Figure 2C), it is then expectable 

an increased collagen accumulation as included in the revised Results section (page 9, 

line 2). Since MT1-MMP efficiently processes fibrillar collagens type I and III rather than 

type V which gives an intense SHG signal, our data would also point to collagen type V 

as one the most prominent collagens accumulated in colitis-inflamed  intestine as 

previously suggested (Petrey and de la Motte, 2017; Ajeti et al., 2011).  
 

4. The differences in IA are clear after 3 days, however there is no clear differences in intestinal 

morphology and macrophage recruitment. Is it possible that IA is not the driving force behind 

DCC-induced colitis but merely a correlate? Could IA in MT1 delta iEC mice be restored using 

exogenous angiogenic factor, e.g. VEGF? A propos, it can be released from the ECM by MT1-

MMP. Also, TSP1 can have a direct effect on macrophage recruitment and inflammation, via 

CD36. These possibilities should be discussed in some depth.  

Indeed, we consider an advantage of 1% DSS model that 3 days after treatment there are 

not major alterations in intestinal histology and leukocyte recruitment what allowed us 

observe a significant reduction of IA in MT1iΔEC mice at this time point. This finding 

argues in favor of IA as one the earliest pathological events in this model of mild colitis 

instead of being secondary to tissue inflammation and damage as discussed (page 16, 

lines 22-25). In relation to the possible rescue of IA by VEGF in MT1iΔEC mice, we 

detected similar VEGF serum levels in 1% DSS-treated MT1iΔEC mice compared to 

MT1f/f controls (VEGFMT1iΔEC= 84.27 pg/ml and VEGFMT1f/f= 85.22 pg/ml) suggesting 

that differences in VEGF availability will not be in principle influencing the IA phenotype 

in the MT1-MMP-deficient mice. This together with our new data (see below) showing 

that VEGF-induced vasodilation in mucosa capillaries is reduced in MT1-MMP absence 

from ECs make us posit that restoration of IA in MT1iΔEC mice with exogenous VEGF 

seems unlikely. We fully agree with the reviewer on the functional pleiotropism of TSP1 

in colitis, in particular in promoting inflammatory cell infiltration. However, since CD36 

binding site in TSP1 would be disrupted after MT1-MMP cleavage and we observe only 

a minor inflammatory component our data suggest a major contribution of MT1-MMP-

processed TSP1 to IA via CD47/αvβ3 integrin rather than to macrophage recruitment and 

inflammation via CD36 during 1% DSS-induced mild colitis. We mention this point in 

the revised Discussion (page 20, lines 11-13).  
 

5. AcCh is a bit drastic for induction of vasodilation. VEGF would be a more physiological agent. 

Vasodilation in cremaster muscle is not quite reflective of IA in the colon.  



We appreciate this reviewer’s comment and we agree VEGF is a more physiological 

stimulus of vasodilation than AcCh and that cremaster muscle does not recapitulate the 

capillary architecture of the colon mucosa. Therefore, we have implemented local 

application of VEGF with a rectal cannula to the distal colon and assessed vasodilation 

of the mucosal plexus to get closer to the pathophysiology of IA during colitis. We first 

confirmed that VEGF induced vasodilation of the capillaries in the mucosal plexus (from 

a diameter of 5 µm in control to averaged 6.25 µm in VEGF-treated colons). Then we 

quantified the vasodilation response in MT1f/f and MT1iΔEC mice and we observed a 

significant reduction of the capillary diameter in the mucosal plexus of VEGF-treated 

MT1iΔEC mice compared to MT1f/f   controls (new Figure EV4; page 10, lines 18-22). 

These new data expand the requirement of MT1-MMP for vasodilation induced by the 

physiological stimulus VEGF (which also activates nitric oxide production; Cooke and 

Losordo 2002) in the intestinal mucosa vasculature prior to IA during colitis as discussed 

in the revised version (page 17, lines 11-14). 

  
6. The effects of MT1 antibodies and TSP1 receptors on NO production are quite clear. Would 

MT1 antibody and TSP1 derived ligands alter IA as well?  

As requested by the reviewer we have checked the effect on IA of the inhibitory anti-

MT1-MMP LEM-2/15 mAb (Sagi et al., 2017). As shown in revised Figure 8C-E, 

intraperitoneal injection of the LEM-2/15 mAb in MT1f/f mice decreases the number of 

IA events and also preserves collagen fiber organization compared to the isotype control 

after 3 days of 1% DSS treatment (page 15, lines 10-15), recapitulating the phenotype 

observed in MT1iΔEC mice. 

About the effect of TSP1-derived ligands on IA, we already demonstrated that blocking 

TSP1 interaction with the αvβ3 integrin by the nonamer peptide GDGRGDACK 

decreased IA in vivo in MT1f/f mice, and previous reports had shown that blocking CD47 

binding to TSP1 improved colitis in IL10-null mice but not in DSS-induced model 

(Danese et al., 2007) as discussed. As requested, we have evaluated now the effect of the 

whole TSP1 fragment predicted to be generated by MT1-MMP cleavage and thus to 

stimulate αvβ3 integrin-CD47/nitric oxide/IA pathway. Our collaborator Giulia 

Taraboletti (Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Bergamo, Italy) 

provided us the recombinant E123CaG-1 human TSP1 (549-1170) spanning the expected 

fragment derived from MT1-MMP cleavage (441/467-1170) and containing the binding 

sites for αvβ3 integrin-CD47 (Margosio et al., 2008). We tested the effect of this fragment 

and observed that it increased nitric oxide production in vitro in siMT1-HUVEC 

compared to full TSP1 and when administered intraperitoneally it also boosted the 

number of IA events in vivo in MT1iΔEC mice compared to full length TSP1 (revised 

Figure EV5D-F; page 13, lines 10-16 and page 15, lines 6-10).  
 

7. Fig. 6A-C - the lack of TP1 in the vasculature is an overstatement: TSP1 is clearly detectable 

and the images do not convey major differences. Co-localization with MT1 would be helpful in f/f 

mice.  

We regret our confusing wording of the results presented in Fig 6A-C. For clarification 

we have rephrased the results as follows: ‘Immunostained sections revealed that 1% DSS 

treatment upregulated TSP1 expression in the mouse colon after 3 days (Figure 6A-B). 

Moreover, image analysis demonstrated that TSP1 was significantly accumulated 

forming a thick cuff around MT1-MMP-negative vessels of the colon mucosa nearby the 

muscularis mucosa from MT1iΔEC mice compared with less TSP1 abundance around the 

corresponding MT1-MMP-expressing vessels in MT1f/f mice (Figure 6A-C). These data 

indicate that endothelial MT1-MMP contributes to perivascular TSP1 processing in the 

intestine.’ There are no differences in TSP1 localization but rather on its perivascular 



abundance as shown in Figure 6C. Moreover, as requested by the reviewer, we have 

double-stained MT1-MMP and TSP1 to visualize their co-expression in vessels. This 

approach was not performed in the original version due to incompatibility in the species 

of primary antibodies (both rabbit). We have solved this limitation by using the mouse 

anti-MT1-MMP antibody (LEM-2/15). As shown in revised Figure 6B, MT1-MMP is 

expressed in endothelial cells of some large vessels of the deep mucosa, which are 

surrounded by TSP1. Noteworthy, MT1-MMP-negative vessels in MT1-MMPiΔEC mice 

display a thicker TSP1-positive cuff in relation to its impaired processing in the absence 

of MT1-MMP in endothelial cells as stated in the revised version. It is interesting to 

mention that in the colon mucosa of MT1f/f mice we could find a few vessels negative for 

MT1-MMP; in these particular vessels, the surrounding TSP1 cuff was thicker than in 

MT1-MMP-expressing vessels (Figure 1 for reviewers). This observation further 

supports the contribution of endothelial MT1-MMP to TSP1 perivascular processing and 

to its accumulation when MT1-MMP is absent from endothelial cells. 

  

 

 
Figure 1. TSP1 accumulates around MT1-MMP-negative vessels in the intestinal mucosa. 

Representative maximum intensity images of CD31 (gray), TSP1 (red), and MT1-MMP (green) 

in colon from MT1
f/f

 control mice 3 days after 1% DSS treatment. Note that the perivascular TSP1 

cuff is thicker in those vessels in which MT1-MMP expression is low or absent (two lower rows) 

compared to MT1-MMP-expressing vessels (two upper rows). Scale bar, 10 µm. 

 



 

8. To demonstrate TSP1 cleavage, it would be helpful to incubate intact TSP1 with MT1 positive 

and negative EC and run a western blot with antibodies to C and N-termini. Otherwise this 

remains a mere speculation.  

Chris Overall’s group previously demonstrated TSP1 cleavage by MT1-MMP by in vitro 

digestion assays and two main fragments (~ 100 and 50 kDa) were observed (Butler et 

al., 2008) and we identified TSP1 as a substrate for MT1-MMP in TNFα-stimulated 

endothelial cells by SILAC (Koziol et al., 2012). Nevertheless the proteolytic site for 

MT1-MMP in TSP1 remained undefined and that is why in the present study we 

performed in silico prediction and modelling of putative cleavage sites. As requested by 

the reviewer, we have assessed the TSP1 cleavage sites by endothelial MT1-MMP  

analyzing TSP1 fragments in lysates from non-treated siCtrl (MT1-MMP-positive) and 

siMT1-silenced (MT1-MMP-negative) ECs (since we already observed different nitric 

oxide production in these conditions, Figure 4A). As shown in new Figure EV5A, 

Western blot with the antibody recognizing an epitope upstream of the predicted TSP1 

cleavage sites for MT1-MMP (H441W and P467Q), revealed an N-terminal fragment of 

about 50 kDa consistent with the predicted cleavage sites and whose abundance was 

reduced in siMT1-silenced ECs. Complementarily, in vitro digestion assays with full-

length TSP1 and human recombinant MT1-MMP catalytic domain confirmed the dose-

response generation of the 50 kDa N-terminal TSP1 fragment by MT1-MMP (new Figure 

EV5B. Unfortunately, the antibody against the TSP1 fragment downstream of MT1-

MMP cleavage  (A6.1, epitope in the first calcium-binding motif, 692–717) worked with 

low sensitivity by Western blot (Annis et al., 2006), and it was able to barely detect full-

length TSP1 but not any C-terminal fragment in lysates and in vitro digestion assays 

(Figure 2 for reviewers). These findings together with our new data showing that the C-

terminal TSP1 fragment produces nitric oxide in vitro and IA in vivo in MT1-MMP-

deficient endothelial cells demonstrate the pathological relevance of this processing. 

 
Figure 2. Analysis of TSP1 fragments in HUVEC lysates with the anti-TSP1 antibody A6.1. 

Western blot of TSP1 expression (developed with the anti-TSP1 antibody A6.1 against an epitope 

downstream of the TSP1 cleavage site for MT1-MMP) in lysates from siCtrl and siMT1-silenced 

HUVEC. MT1-MMP and tubulin are included as silencing and loading controls (A); recombinant 

human (rh)MT1-MMP catalytic domain is also shown (B). The arrowhead marks full-length 

TSP1. No C-terminal TSP1 fragments can be detected with this antibody.  

 
9. Fig. 8, MT1 MMP staining looks unconvincing. Improved quality images are required.  

We regret the suboptimal quality of the original images presented in original Figure 8A. 

In this revised version, we have provided better quality images that show clearer MT1-

MMP staining, particularly in the vessels of the inflamed colonic tissue from IBD patients 

(see merged image with CD31). 



 
10. Supplemental Fig. 8; CD36 binding peptide sequence is GVITRIR, not GNITRIR.  

We regret this mistake and we have corrected the sequence in the revised version of the 

manuscript. 
 

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

The manuscript deals with a clinical important issue. 

The involvement of the MT1-MMP-TSP1-NO pathway is novel. 

The techniques are state of the art. 

The authors use a combination of existing animal models, deletion mutant, lentiviral constitution 

of MT1-MMP and novel point mutants in MT1-MMP to underpin their findings. 

 

The molecular mechanisms of anti-TNFα antibodies in inflammatory bowel disease are still a 

matter of debate. The present manuscript provides detailed information how TNFa-mediated 

induction of MT1-MMP via thrombospondin and NO generation affects vasodilation of 

capillaries accompanied by intussusceptive angiogenesis. 

The manuscript has merit for both better understanding of altered vascularization in colitis and 

is a welcome contribution increasing our insight in the regulation of intussusceptive angiogenesis 

in general. Although this pathway may not the only pathway that is involved in this disease, the 

authors make plausible that the proposed MT1-MMP-TSP1-integrin αvβ3-NO pathway is a 

prerequisite for intussusceptive angiogenesis, and contributes to colitis. The techniques used and 

new mutants generated are state of the art. The data on the accumulation of circulating TSP1 in 

early colitis patients supports these data, while the lack of such effect in severe patients also 

points to a complex picture, in particular when one considers colitis treatment via the proposed 

pathway. Notwithstanding, the manuscript combines new mechanistic insight with a perspective 

for improved patient care. 

I had only a few very minor remarks and would like to recommend the manuscript or publication 

in EMBO Molecular Medicine. 

Referee #3 (Remarks for Author): 

The molecular mechanisms of anti-TNFα antibodies in inflammatory bowel disease are still a 

matter of debate. The present manuscript provides detailed information how TNFa-mediated 

induction of MT1-MMP via thrombospondin and NO generation affects vasodilation of 

capillaries accompanied by intussusceptive angiogenesis. The manuscript has merit for both 

better understanding of altered vascularization in colitis and is a welcome contribution 

increasing our insight in the regulation of intussusceptive angiogenesis in general. Although this 

pathway may not the only pathway that is involved in this disease, the authors make plausible 

that the proposed MT1-MMP-TSP1-integrin αvβ3-NO pathway is a prerequisite for 

intussusceptive angiogenesis, which contributes to colitis. The techniques used and new mutants 

generated are state of the art. The data on the accumulation of circulating TSP1 in early colitis 

patients supports these data, while the lack of such effect in severe patients also points to a 

complex picture, in particular when one considers colitis treatment via the proposed pathway. 

Notwithstanding, the manuscript combines new mechanistic insight with a perspective for 

improved patient care. 

A few very minor points: 



Figure 6 The data in Figure 6C seem to refer to 6B rather than to 6A as indicated in the legends 

of Figure 6. Please correct, or - if they do indeed refer to Figure 6A explain and provide also the 

quantitative data for 6B. 

We are sorry for the confusing wording. Quantification in Figure 6C refers to analysis of 

vessels from 1% DSS-treated mice presented in Figure 6B. We have corrected the legend 

accordingly. 
 

Page 23, lines 4 and 16. I must assume that the streptomycine concentration should be 100mg/L 

or 100 microg/mL. 

We regret the mistake and we have corrected streptomycin concentration to 100 µg/ml. 
 

Page 25. Line 6 Indicate the acetylcholine concentration (probably 100 μM). 

We appreciate the reviewer’s comment and we have added the concentration of 

acetylcholine (100 μM) as requested. 
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2nd Editorial Decision 25 October 2019 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have 
received the referees' reports, and as you will see they are now supportive of publication of your 
study. I am therefore pleased to inform you that we will be able to accept your manuscript pending 
minor editorial amendments and a response to the minor comment from referee #3. 
 
I look forward to reading a new revised version of your manuscript as soon as possible. 
 
 
***** Reviewer's comments ***** 
 
Referee #1 (Comments on Novelty/Model System for Author): 
 
The work is very well done and all revisions have been made adequately. 
 
Referee #1 (Remarks for Author): 
 
Congratulations to the authors for producing an interesting and well done set of experiments. 
 
 
Referee #2 (Remarks for Author): 
 
All the comments were throughly addressed, excellent study and superb work. 
 
 
Referee #3 (Comments on Novelty/Model System for Author): 
 
The manuscript deals with a clinical important issue. 
The involvement of the MT1-MMP-TSP1-NO pathway is novel. 
The techniques are state of the art. 
 
Referee #3 (Remarks for Author): 
 
The additional data further strengthen the manuscript. 
My questions have been adequately answered. 
 
Very minor remark: 
Introduction page 1 : "Nevertheless, genes whose expression is enriched during IA have been 
identified in skeletal muscle, in which the vasodilator prazosin induces IA and the excision of the 
agonist muscle, sprouting angiogenesis (Egginton, 2011)." 
Maybe I missed it, but I could not find back this information on IA in the review referred to, but did 
find such prazosin data in [Zhou, Egginton et al, 1998 Cell Tissue Res. 1998 Aug;293(2):293-303.] 
The authors may wish to check the reference. (Egginton wrote several reviews in 2011.) 
 
 
2nd Revision - authors' response 5 November 2019 

We have amended the minor comment from reviewer 3 by adding the suggested reference in the 
corresponding text section and revised the Main manuscript file as recommended. We have 
modified the Figures and Appendix as requested. We have chosen to include the exact p-values for 
all panels/figures in the supplemental Table S3 in the Appendix. However, we have not replaced the 
bar graphs by scatter plots, in spite of agreeing they are more informative, for the sake of time and 
because individual data points are now available in the provided Source data file. 
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" common	tests,	such	as	t-test	(please	specify	whether	paired	vs.	unpaired),	simple	χ2	tests,	Wilcoxon	and	Mann-Whitney	
tests,	can	be	unambiguously	identified	by	name	only,	but	more	complex	techniques	should	be	described	in	the	methods	
section;

" are	tests	one-sided	or	two-sided?
" are	there	adjustments	for	multiple	comparisons?
" exact	statistical	test	results,	e.g.,	P	values	=	x	but	not	P	values	<	x;
" definition	of	‘center	values’	as	median	or	average;
" definition	of	error	bars	as	s.d.	or	s.e.m.	

1.a.	How	was	the	sample	size	chosen	to	ensure	adequate	power	to	detect	a	pre-specified	effect	size?

1.b.	For	animal	studies,	include	a	statement	about	sample	size	estimate	even	if	no	statistical	methods	were	used.

2.	Describe	inclusion/exclusion	criteria	if	samples	or	animals	were	excluded	from	the	analysis.	Were	the	criteria	pre-
established?

3.	Were	any	steps	taken	to	minimize	the	effects	of	subjective	bias	when	allocating	animals/samples	to	treatment	(e.g.	
randomization	procedure)?	If	yes,	please	describe.	

For	animal	studies,	include	a	statement	about	randomization	even	if	no	randomization	was	used.

4.a.	Were	any	steps	taken	to	minimize	the	effects	of	subjective	bias	during	group	allocation	or/and	when	assessing	results	
(e.g.	blinding	of	the	investigator)?	If	yes	please	describe.

4.b.	For	animal	studies,	include	a	statement	about	blinding	even	if	no	blinding	was	done

5.	For	every	figure,	are	statistical	tests	justified	as	appropriate?

Do	the	data	meet	the	assumptions	of	the	tests	(e.g.,	normal	distribution)?	Describe	any	methods	used	to	assess	it.
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This	checklist	is	used	to	ensure	good	reporting	standards	and	to	improve	the	reproducibility	of	published	results.	These	guidelines	are	
consistent	with	the	Principles	and	Guidelines	for	Reporting	Preclinical	Research	issued	by	the	NIH	in	2014.	Please	follow	the	journal’s	
authorship	guidelines	in	preparing	your	manuscript.		

PLEASE	NOTE	THAT	THIS	CHECKLIST	WILL	BE	PUBLISHED	ALONGSIDE	YOUR	PAPER
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YOU	MUST	COMPLETE	ALL	CELLS	WITH	A	PINK	BACKGROUND	#

B-	Statistics	and	general	methods

the	assay(s)	and	method(s)	used	to	carry	out	the	reported	observations	and	measurements	
an	explicit	mention	of	the	biological	and	chemical	entity(ies)	that	are	being	measured.
an	explicit	mention	of	the	biological	and	chemical	entity(ies)	that	are	altered/varied/perturbed	in	a	controlled	manner.

a	statement	of	how	many	times	the	experiment	shown	was	independently	replicated	in	the	laboratory.

Any	descriptions	too	long	for	the	figure	legend	should	be	included	in	the	methods	section	and/or	with	the	source	data.

	

In	the	pink	boxes	below,	please	ensure	that	the	answers	to	the	following	questions	are	reported	in	the	manuscript	itself.	
Every	question	should	be	answered.	If	the	question	is	not	relevant	to	your	research,	please	write	NA	(non	applicable).		
We	encourage	you	to	include	a	specific	subsection	in	the	methods	section	for	statistics,	reagents,	animal	models	and	human	
subjects.		

definitions	of	statistical	methods	and	measures:

a	description	of	the	sample	collection	allowing	the	reader	to	understand	whether	the	samples	represent	technical	or	
biological	replicates	(including	how	many	animals,	litters,	cultures,	etc.).

The	data	shown	in	figures	should	satisfy	the	following	conditions:

Source	Data	should	be	included	to	report	the	data	underlying	graphs.	Please	follow	the	guidelines	set	out	in	the	author	ship	
guidelines	on	Data	Presentation.

Please	fill	out	these	boxes	#	(Do	not	worry	if	you	cannot	see	all	your	text	once	you	press	return)

a	specification	of	the	experimental	system	investigated	(eg	cell	line,	species	name).

No	statistical	methods	were	used	to	pre-estimate	the	animal	sample	size.	

graphs	include	clearly	labeled	error	bars	for	independent	experiments	and	sample	sizes.	Unless	justified,	error	bars	should	
not	be	shown	for	technical	replicates.
if	n<	5,	the	individual	data	points	from	each	experiment	should	be	plotted	and	any	statistical	test	employed	should	be	
justified

the	exact	sample	size	(n)	for	each	experimental	group/condition,	given	as	a	number,	not	a	range;

Each	figure	caption	should	contain	the	following	information,	for	each	panel	where	they	are	relevant:

2.	Captions

Included.

No	data	were	excluded	from	the	analysis.

Mice	were	randomly	allocated	to	experimental	groups.

Manuscript	Number:	EMM-2019-10862-V2

Yes.

Data	were	tested	for	normal	distribution	by	D’Agostino-Pearson	test	and	compared	with	non-
parametric	or	parametric	statistical	tests	as	appropriate	(see	figure	legends	for	details).	

Included.

Investigators	were	not	blinded	during	the	analysis	of	mouse	samples.

Included.

1.	Data

the	data	were	obtained	and	processed	according	to	the	field’s	best	practice	and	are	presented	to	reflect	the	results	of	the	
experiments	in	an	accurate	and	unbiased	manner.
figure	panels	include	only	data	points,	measurements	or	observations	that	can	be	compared	to	each	other	in	a	scientifically	
meaningful	way.



Is	there	an	estimate	of	variation	within	each	group	of	data?

Is	the	variance	similar	between	the	groups	that	are	being	statistically	compared?

6.	To	show	that	antibodies	were	profiled	for	use	in	the	system	under	study	(assay	and	species),	provide	a	citation,	catalog	
number	and/or	clone	number,	supplementary	information	or	reference	to	an	antibody	validation	profile.	e.g.,	
Antibodypedia	(see	link	list	at	top	right),	1DegreeBio	(see	link	list	at	top	right).

7.	Identify	the	source	of	cell	lines	and	report	if	they	were	recently	authenticated	(e.g.,	by	STR	profiling)	and	tested	for	
mycoplasma	contamination.

*	for	all	hyperlinks,	please	see	the	table	at	the	top	right	of	the	document

8.	Report	species,	strain,	gender,	age	of	animals	and	genetic	modification	status	where	applicable.	Please	detail	housing	
and	husbandry	conditions	and	the	source	of	animals.

9.	For	experiments	involving	live	vertebrates,	include	a	statement	of	compliance	with	ethical	regulations	and	identify	the	
committee(s)	approving	the	experiments.

10.	We	recommend	consulting	the	ARRIVE	guidelines	(see	link	list	at	top	right)	(PLoS	Biol.	8(6),	e1000412,	2010)	to	ensure	
that	other	relevant	aspects	of	animal	studies	are	adequately	reported.	See	author	guidelines,	under	‘Reporting	
Guidelines’.	See	also:	NIH	(see	link	list	at	top	right)	and	MRC	(see	link	list	at	top	right)	recommendations.		Please	confirm	
compliance.

11.	Identify	the	committee(s)	approving	the	study	protocol.

12.	Include	a	statement	confirming	that	informed	consent	was	obtained	from	all	subjects	and	that	the	experiments	
conformed	to	the	principles	set	out	in	the	WMA	Declaration	of	Helsinki	and	the	Department	of	Health	and	Human	
Services	Belmont	Report.

13.	For	publication	of	patient	photos,	include	a	statement	confirming	that	consent	to	publish	was	obtained.

14.	Report	any	restrictions	on	the	availability	(and/or	on	the	use)	of	human	data	or	samples.

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

16.	For	phase	II	and	III	randomized	controlled	trials,	please	refer	to	the	CONSORT	flow	diagram	(see	link	list	at	top	right)	
and	submit	the	CONSORT	checklist	(see	link	list	at	top	right)	with	your	submission.	See	author	guidelines,	under	
‘Reporting	Guidelines’.	Please	confirm	you	have	submitted	this	list.

17.	For	tumor	marker	prognostic	studies,	we	recommend	that	you	follow	the	REMARK	reporting	guidelines	(see	link	list	at	
top	right).	See	author	guidelines,	under	‘Reporting	Guidelines’.	Please	confirm	you	have	followed	these	guidelines.

18:	Provide	a	“Data	Availability”	section	at	the	end	of	the	Materials	&	Methods,	listing	the	accession	codes	for	data	
generated	in	this	study	and	deposited	in	a	public	database	(e.g.	RNA-Seq	data:	Gene	Expression	Omnibus	GSE39462,	
Proteomics	data:	PRIDE	PXD000208	etc.)	Please	refer	to	our	author	guidelines	for	‘Data	Deposition’.

Data	deposition	in	a	public	repository	is	mandatory	for:	
a.	Protein,	DNA	and	RNA	sequences	
b.	Macromolecular	structures	
c.	Crystallographic	data	for	small	molecules	
d.	Functional	genomics	data	
e.	Proteomics	and	molecular	interactions
19.	Deposition	is	strongly	recommended	for	any	datasets	that	are	central	and	integral	to	the	study;	please	consider	the	
journal’s	data	policy.	If	no	structured	public	repository	exists	for	a	given	data	type,	we	encourage	the	provision	of	
datasets	in	the	manuscript	as	a	Supplementary	Document	(see	author	guidelines	under	‘Expanded	View’	or	in	
unstructured	repositories	such	as	Dryad	(see	link	list	at	top	right)	or	Figshare	(see	link	list	at	top	right).
20.	Access	to	human	clinical	and	genomic	datasets	should	be	provided	with	as	few	restrictions	as	possible	while	
respecting	ethical	obligations	to	the	patients	and	relevant	medical	and	legal	issues.	If	practically	possible	and	compatible	
with	the	individual	consent	agreement	used	in	the	study,	such	data	should	be	deposited	in	one	of	the	major	public	access-
controlled	repositories	such	as	dbGAP	(see	link	list	at	top	right)	or	EGA	(see	link	list	at	top	right).
21.	Computational	models	that	are	central	and	integral	to	a	study	should	be	shared	without	restrictions	and	provided	in	a	
machine-readable	form.		The	relevant	accession	numbers	or	links	should	be	provided.	When	possible,	standardized	
format	(SBML,	CellML)	should	be	used	instead	of	scripts	(e.g.	MATLAB).	Authors	are	strongly	encouraged	to	follow	the	
MIRIAM	guidelines	(see	link	list	at	top	right)	and	deposit	their	model	in	a	public	database	such	as	Biomodels	(see	link	list	
at	top	right)	or	JWS	Online	(see	link	list	at	top	right).	If	computer	source	code	is	provided	with	the	paper,	it	should	be	
deposited	in	a	public	repository	or	included	in	supplementary	information.

22.	Could	your	study	fall	under	dual	use	research	restrictions?	Please	check	biosecurity	documents	(see	link	list	at	top	
right)	and	list	of	select	agents	and	toxins	(APHIS/CDC)	(see	link	list	at	top	right).	According	to	our	biosecurity	guidelines,	
provide	a	statement	only	if	it	could.

C-	Reagents

D-	Animal	Models

E-	Human	Subjects

Human	umbilical	vein	endothelial	cells	(HUVEC)	from	Lonza,	Catalog	#:	C2519A.
Mouse	aortic	endothelial	cells	(MAEC)
HUVEC	and	MAEC	are	primary	endothelial	cells	authenticated	by	their	expression	of	the	marker	
CD31.	HUVEC	were	tested	negative	for	Mycoplasma	by	Lonza.
MAEC	were	not	tested	for	Mycoplasma	since	they	are	primary	cells	kept	in	culture	only	for	a	few	
weeks.

No.

Variance	is	considered	for	using	the	approppriate	statistical	test	in	each	experiment.

For	Western	blot	(WB):	anti-MT1-MMP	(mouse	monoclonal,	clon	LEM-2/15),	anti-eNOS	(BD-
Bioscience,		ref	610297),	anti-GFP	(Abcam,	ref	ab13970),	anti-GAPDH	(Sigma–Aldrich,	ref	G9545),	
and	anti-β-actin	(Sigma-Aldrich,	ref	A5441).

C57BL/6	wild-type	mice	from	Charles	River;	Mmp14-lacZ	reporter	mice	provided	by	Dr	Seiki's	lab	
(Yana	et	al.,	J.	Cell	Sci.	2007),	Mmp14-loxP/loxP	mice		provided	by	Dr	López-Otín's	lab	(Gutierrez-
Fernandez	et	al.,	EMBO	J.	2015)	and	Cdh5-CreERT2	mice	provided	by	Prof.	Adams'	lab	(Wang		et	
al.,	Nature,	2010).
Male	and	female.	8-20	weeks-old.	Mice	were	housed	and	all	animal	experiments	performed	under	
specific	pathogen-free	conditions	at	the	Animal	facility	of	Centro	Nacional	de	Investigaciones	
Cardiovasculares	Carlos	III	(CNIC),	and	in	strict	accordance	with	the	institutional	guidelines.	Mice	
were	fed	ad	libitum	with	standard	chow	diet	(2108	Teklad	global,	Harlan	Interfauna	Iberica	S.L.).

Animal	procedures	were	approved	by	the	Committee	on	the	Ethics	of	Animal	Experiments	of	the	
CNIC	(Permit	Number:	CNIC-01/13)	and	by	the	corresponding	legal	authority	of	the	local	
government	‘Comunidad	Autónoma’of	Madrid	(PermitNumber:	PROEX	34/13).	Animal	studies	
were	conformed	to	directive	2010/63	EU	and	recommendation	2007/526/EC	regarding	the	
protection	of	animals	used	for	experimental	and	other	scientific	purposes,	enforced	in	Spanish	law	
under	RD1201/2005

We	confirm	compliance	to	recommended	guidelines	to	the	best	of	our	knowledge.

G-	Dual	use	research	of	concern

F-	Data	Accessibility

The	Hospital	de	La	Princesa	Ethics	Committee.

Human	samples	were	obtained	with	informed	consent	after	ethical	approval	by	the	Hospital	de	La	
Princesa	Ethics	Committee.	Informed	consent	was	obtained	from	all	subjects	and	the	experiments	
conformed	to	the	principles	set	out	in	the	WMA	Declaration	of	Helsinki	and	the	Department	of	
Health	and	Human	Services	Belmont	Report.	
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We	will	collect	the	datasets	for	the	final	version	of	the	paper	as	source	data.
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