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1st Editorial Decision 19 December 2018 

As you will see from the enclosed reports, the referees acknowledge the potential interest of the 
topic. However, they remain unsatisfied and are not convinced that as it stands, the main 
conclusions of the study are well supported by the data, particularly regarding the expression of Slug 
in different cell types. Considering the substantial points raised and the overall rather low level of 
support provided by the reviewers, I am afraid I see little choice but to return the manuscript to you 
at this point with the decision that we cannot offer to publish it.  
 
I am sorry that I could not bring better news this time and hope that the referee comments are 
helpful in your continued work in this area. 
 
 
***** Reviewer's comments *****  
 
Referee #1 (Comments on Novelty/Model System for Author):  
 
The use of IHC is flawed-the signals required to analyze the location and action of slug/PIP on 
vascular remodeling would be better captured using confocal analysis of lung sections. The IHC is 
very poor and the counterstain is weak, making appreciation of the pathology very hard to the naked 
eye.  
 
Referee #1 (Remarks for Author):  
 
1. Patient characteristics: There is no data regarding the pulmonary mechanical properties of these 
patients. How bad was their restrictive disease? Did they had obstructive lung disease as well? How 
many were on oxygen? We need more details. I strongly suggest providing information on: 1. FVC, 
FEV1 and FEV1/FVC, 2) DLCO, 3) oxygen saturation, 4) oxygen use.  
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2. These IPF-PH patients seem to have mild PH, the most common form. Yet, there is a subgroup 
that has PH out of proportion to the underlying fibrosis. This must be carefully pointed out as this 
subtype appears to be different (less severe PFTs, very elevated mPAP).  
 
3. Figure 1F and G. The vascular pathology seen in severe fibrosis of PF-PH is hard to compare 
against its corresponding PF alone since it is located within a fibrotic lesions while the PF is located 
in a less scarred zone. The authors should ensure that they are comparing areas of similar fibrotic 
burden before quantifying vascular remodeling. This raises concerns regarding the data output on 
this section of the study.  
 
4. Figure 2A. The Ki67 label is hard to interpret. It looks as if the signal comes mostly from 
endothelial cells rather than SMC or fibroblasts. I request that the authors do IF and label bot EC 
and SMC along with ki67 to do colocalization studies. Also, severity of the remodeling is not 
comparable to that seen in Figure 1.  
 
5. Figure 2B. Counterstain is very faint and makes appreciation the vascular wall anatomy very 
hard. Please follow my request for IF.  
 
6. Figures 2D-G: It is very hard to appreciate c ell number, location and position in Figures 2D and 
G to be comfortable concerning the analysis. Where is the inset region located in the lung section. 
There also seems to be much more macrophages in figure E compared to what you see on D and G. 
Is this only because of the greater magnification? It is hard for me to really accept the quantification 
based on these poor quality images.  
 
7. Figure 3. The authors make use of public data to look at genes associated with Slug. A major 
problem here is that we don't know the clinical characteristics of these patients nor do we know how 
they compare with their discovery cohort. Is slug something that responds differently in the setting 
of mild vs. severe restriction? Is it independent of IPF severity? This information is mandatory to 
establish relevance of their discovery to clinical setting.  
 
8. Figure 3D-F: IHC for PIP appears to be all over the PF lungs (PH or not). Why are we looking 
only at SMCs? The ECs and fibroblasts are also part of the path-biology of vascular remodeling in 
this setting as they are vital components of the vessel wall. Please perform proliferation/apoptosis 
studies using all 3 cell types. It would also add greater impact to your paper if you have PBMCs 
from IPF patients to look at the Slug/PIP production via FACS and in co-culture assays.  
 
9. Figure 5. Once again, the IHC is very problematic. I zero in on the IF because it allows me to 
appreciate the slug signal better (macrophages are notorious for nonspecific stains in IHC) but I can't 
rule out that slug is not being expressed in other parts of the lung. Are we POSITIVE that slug is 
only being expressed in macrophages?  
 
10. Figure 6 and 7. The Slug siRNA should affect many cells since it is not targeted to macrophages. 
This leads me to ask again: are we positive that slug is only located to macrophages? The authors 
make no effort to characterize whether slug expression is down in the lungs using qPCR/WB or to 
purify macrophages and measure slug/PIP production after treatment. The remodeled vessels do not 
look very different to my eye which again raises concerns regarding the quantification used. n  
 
 
Referee #2 (Remarks for Author):  
 
Ruffenach and colleagues show histological differences in vascular remodeling in patients with 
pulmonary hypertension secondary to pulmonary fibrosis compared with the lungs of patients with 
pulmonary fibrosis, which is quite interesting considering that one of the main characteristics of 
pulmonary hypertension is the increase in remodeling of the pulmonary vasculature and the increase 
of cell proliferation that is also being demonstrated in this article. On the other hand, the authors 
show an increase in Slug and PIP, two proteins for which their role during PH development had 
already been demonstrated in previous works.  
The most interesting aspect of this manuscript is the proposal of a new model of pulmonary 
hypertension derived from pulmonary fibrosis and that the authors demonstrate the increase in 
RVSP and RVH values, as well pulmonary fibrosis markers such as collagen and fibronectin, 
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resulting interesting for the future analysis of physiological and molecular mechanisms related to 
pulmonary hypertension secondary to pulmonary fibrosis.  
 
However, the manuscript needs additional set of experiments to compile these interesting findings.  
 
 
Major comments  
 
Figure 1 B, C and D, Include the expression levels in control and PAH will give more strength to the 
results if they match with the results in figure 4 I, J and K.  
 
Figure 2 and 3 D: Include Western blot analysis for Slug and PIP in lung homogenate will be more 
informative.  
 
Figure 4: Panel B,C,D the authors are showing only 4 rats after Bleo treatment vs 7 controls while in 
the other set (panels F and G) the n number is the same. I would like to know the main reason to use 
a less sample number and ask for the increase of the n after bleo treatment to have the same number.  
Since there are post-transcriptional regulation mechanisms, it would be important to show the 
protein levels of fibronectin and collagen (panel I, J, K)  
 
The authors are not showing enough data to prove the molecular mechanism through Slug via PIP is 
regulating PASCM proliferation; since Slug has more targets that could play a role during PF-PH 
vascular remodeling; I recommend the isolation of PASMC cells after Bleo, MCT and siSlug with 
the respective controls and perform BrdU experiment and the measurement of PIP mRNA 
expression and the protein levels of Slug and PIP via western blot analysis.  
 
Which pathways they suggest are increasing the vascular remodeling in PF-PH?  
Vascular remodeling is not only due to the increase in cell proliferation, it is also due to the 
production of ECM components, however the author didn't find any change in the expression of 
ColI, ColIII and fibronectin, may be interesting analyze the expression levels of other ECM proteins.  
 
Page 13 line 2 the data are not enough to assert the role of ECM in cellular communication between 
macrophages and vascular cells in PF-PH, the expression of ECM proteins doesn't change and the 
results show an increase in wall thickening in non-fibrotic and fibrotic areas.  
Figure 8: The authors found an increase in the expression of Slug in macrophages, however; in 
previous reports was prove that also epithelial cells have a high expression of Slug in PF. Which are 
the expression levels of Slug in PF-PH vs PF? The expression of Slug in epithelial cells could have 
the same effect over PIP and proliferation in PASCM.  
 
Minor comments  
Figure 7: (B) and (C) are interchanged in the foot note. D) Quantification of Slug....... But in the plot 
is write PIP  
 
 
Referee #3 (Comments on Novelty/Model System for Author):  
 
In this particular study, the emphasis is on SLUG. Others have shown that mice that overexpress an 
inducible Slug transgene are viable and appear phenotypically normal; although many of these mice 
die from cardiac hypertrophy as adults (Perez-Mancera PA, et al Cytogenet Genome Res. 
2006;114(1):24-29). Also SLUG has been shown in the mouse hypoxia SUGEN model of PH to be 
associated with the proliferative phenotype of pulmonary arterial smooth muscle cells (PASMCs) 
and vascular remodelling (Coll-Bonfill et al PLOS ONE 11(7): e0159460)  
 
Would it have been better to use the inducible SLUG overexpressing mouse in conjunction with 
bleomycin to investigate and dissect the SLUG/PIP mechanism in PF-PH?  
 
 
Referee #3 (Remarks for Author):  
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This is an interesting and important paper which addresses the mechanisms of pulmonary 
hypertension secondary to pulmonary fibrosis (PF-PH). The molecular mechanisms and cellular 
interactions that result in PF-PH are complex and notoriously difficult to dissect because they 
involved both the pulmonary interstitium and the pulmonary vasculature. In addition the crosstalk of 
many cell types (epithelial, mesenchymal, and vascular) make it harder to dissect the important 
pathways that contribute to the pathogenesis. Any research in this field is therefor of great interest.  
 
This work has been carried out great care and is very detailed. The authors have developed an 
animal model of PF-PH using rats by combining two well established models for PF (Bleomycin- 
induced) and PH (Monocrotaline- induced). As the authors have pointed out, neither of these reflect 
fully the human conditions and are therefore flawed. However, they do provide insights to 
understanding mechanism.  
 
The authors have shown that the transcription factor SLUG (Snai2) is upregulated in both PF-PH 
patient lungs and in the rat model. They then demonstrated that inhibition of SLUG by 
administration of siRNA resulted in decreased pulmonary vascular remodelling, vascular pressures 
but did not alter the extent of pulmonary fibrosis. They went on to provide some evidence and 
propose a mechanism by which prolactin-induced protein (PIP), a SLUG downstream target, is 
secreted by macrophages and induces increased smooth muscle cell proliferation in both non-
fibrotic and fibrotic areas of the PF-PH lung. In contrast, the levels of PIP secretion in the PF lungs 
are lower in non-fibrotic areas and therefore there is no accompanying PH.  
 
Comments:  
1) Animal model  
The rational of developing this animal model is correct and it is a welcome addition to those 
working in the field of PF-PH. My comments are as follows:  
 
In this particular study, the emphasis is on SLUG. Others have shown that mice that overexpress an 
inducible Slug transgene are viable and appear phenotypically normal; although many of these mice 
die from cardiac hypertrophy as adults (Perez-Mancera PA, et al Cytogenet Genome Res. 
2006;114(1):24-29). Also SLUG has been shown in the mouse hypoxia SUGEN model of PH to be 
associated with the proliferative phenotype of pulmonary arterial smooth muscle cells (PASMCs) 
and vascular remodelling (Coll-Bonfill et al PLOS ONE 11(7): e0159460)  
 
What is the advantage in using the new rat model? Would it have been better to use the inducible 
SLUG overexpressing mouse in conjunction with bleomycin to investigate and dissect the 
SLUG/PIP mechanismin PF-PH? I would like to see more in the discussion about the existing 
mouse literature and how they relate to the proposed mechanism.  
 
2) The authors propose that the SLUG/PIP mechanism is predominantly associated with the alveolar 
macrophages and PASMCs and based on the evidence provided in Figure 5. The literature suggests 
that SLUG is expressed in the lung in epithelial cells undergoing EMT. The images in Figures 5B-F 
are not clear enough to exclude SLUG expression in the epithelial/ mesenchymal compartments. 
The DAB immunohistochemical staining is difficult to assess in these images because they are small 
and have various pinkish backgrounds. In addition, I would like to see some immunofluorescence 
studies of SLUG and alveolar epithelial or fibroblast markers. This point is important because 
'predominance' of SLUG expression on macrophages may be due to the inflammatory nature of the 
MCT/Bleo model rather than a part of PF-PH pathogenesis. I would like to also see better images of 
staining of SLUG on the patient samples. (Figure 2). Is there any evidence that SLUG expression in 
the pulmonary epithelium and mesenchymal compartments transient/ associated with EMT?  
 
3) Minor comments: In the supplemental methods, the authors say that 'care was taken not to 
consider the adventitial fibroblast into consideration during quantification'. How was this done? 
There is existing evidence that adventitial fibroblast migrate in the medial and intimal layers of 
remodelling vessels.  
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Authors’ appeal  14 January 2019 

Thank you very much for taking the time to thoroughly review our recent manuscript titled 
"Histological Hallmarks and Role of Slug/PIP Axis in Pulmonary Hypertension Secondary to 
Pulmonary Fibrosis (EMM-2018-10061)." We were very encouraged when we were notified that 
our work was sent to reviewers but were ultimately surprised and disappointed in the final editorial 
decision. Although reviewers 2 and 3 were more positive and acknowledged the significance of our 
work, reviewer 1 was less enthusiastic and raised many concerns.  
 
The most important common critique raised by you and the reviewers was about the expression of 
Slug in different cell types. In the original paper, we showed Slug expression in macrophages; 
however, we never concluded that macrophages were the only cell type expressing Slug as reviewer 
1 implied. On that note, we agree that investigating the expression of Slug in different cell types 
within the lung is relevant and would add significance to our work. To address this, we started 
labeling both human and rat lung tissue with Slug antibody co-labeled with markers of smooth 
muscle cells, endothelial cells, fibroblasts and epithelial cells. Based on our initial experiments, I 
believe that we are able to show the expression of Slug in different cell types in both rat and human 
lungs. In addition, we can also show whether Slug expression in different cell types changes 
between pulmonary fibrosis (PF) and PF-PH as we demonstrated in the original paper for 
macrophages where the expression of Slug is significantly increased in PF-PH compared to PF. We 
are also happy to replace some of our IHC images with immunofluorescence and confocal imaging 
as was mainly suggested by reviewer 1. There are several other points raised by the first reviewer 
that we can easily clarify as well.  
 
Ultimately, I am writing you to see whether you are willing to consider a revised version of our 
manuscript. You stated in your decision letter that our work is not acceptable as it stands; but, within 
1-2 months, we believe we can improve our paper drastically by including new data suggested by all 
three reviewers. I sincerely hope that you may reconsider your decision and allow us the opportunity 
to submit our revised manuscript.  
 
 
Editor’s Response 15 January 2019 

Thank you for your email. I understand the different points you raise. 
Given the potential interest of your findings, we would be willing to consider a new manuscript on 
the same topic if at some time in the near future you obtained data that would considerably 
strengthen the message of the study and address the referees concerns in full. To be completely 
clear, however, I would like to stress that if you were to send a new manuscript, this would be 
treated as a new submission rather than a revision and would be reviewed afresh, in particular with 
respect to the literature and the novelty of your findings at the time of resubmission. If you decide to 
follow this route, please make sure you nevertheless upload a letter of response to the referees' 
comments. 
 
 
1st Revision - authors' response 25 May 2019 

Response to Reviewer #1: 
1. Patient characteristics: There is no data regarding the pulmonary mechanical properties of these 
patients. How bad was their restrictive disease? Did they had obstructive lung disease as well? How 
many were on oxygen? We need more details. I strongly suggest providing information on: 1. FVC, 
FEV1 and FEV1/FVC, 2) DLCO, 3) oxygen saturation, 4) oxygen use. 
 
We agree with this critique and have added all the data suggested (See updated Table 1). Since 
Table 1 shows the average value ± SD for each parameter, we have also provided a detailed 
supplementary table 1 which gives the individual values of these parameters for each patient. Both 
PF and PF-PH patients had similar degree of restriction based on forced vital capacity. None of the 
PF patients and only one PF-PH patients had an obstructive defect based on a FEV1/FVC ratio less 
than 70%. Virtually all patients were on supplemental oxygen except for one patient in the PF 
group. 
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2. These IPF-PH patients seem to have mild PH, the most common form. Yet, there is a subgroup 
that has PH out of proportion to the underlying fibrosis. This must be carefully pointed out as this 
sub-type appears to be different (less severe PFTs, very elevated mPAP). 
 
Considering mPAP greater than 40 is one of the most accepted criteria to define severe PH in PF 
patients, 12 out of 14 of our PF-PH patients (85%) would be classified as mild PH, and 2 patients 
with mPAP of 44 and 47mmHg, would be classified as severe PH (although there is still no official 
consensus regarding the definition of mild and severe PH [1]), We chose to keep these two patients 
in our study since their other parameters did not differ from the remaining PF-PH cohort. For 
example,the cardiac output of these 2 patients were 4.2 and 3.8L.min-1 (average±SD: 4.7 ± 1); FVC 
(%predicted) were 52 and 33 (average±SD: 50±20) and FEV1/FVC were 81 and 86 (average±SD: 
85 ± 8.4, Suppl. Table 1). 
 
3. Figure 1F and G. The vascular pathology seen in severe fibrosis of PF-PH is hard to compare 
against its corresponding PF alone since it is located within a fibrotic lesions while the PF is located 
in a less scarred zone. The authors should ensure that they are comparing areas of similar fibrotic 
burden before quantifying vascular remodeling. This raises concerns regarding the data output on 
this section of the study. 
 
We agree that comparing areas of similar fibrosis is important for our study. As described in the 
methods, for all vessels quantified, the fibrosis in the surrounding pulmonary area has been 
quantified using the Ashcroft score. Then, vessels were grouped in three categories based on the 
surrounding fibrosis: non-fibrotic area (Ashcroft score 0-2), mild fibrosis (Ashcroft score 2-5) and 
severe fibrosis (Ashcroft score 5-8). Regarding the representative images, each image shown in the 
previous version was chosen from the same category of fibrosis, but, considering that these 
categories are a range, the degree of fibrosis is still variable. For example, in the severe fibrosis 
category (Ashcroft score between 5-8) an image of severe fibrosis with Ashcroft score of 5 will 
show noticeably less fibrosis than an image of severe fibrosis with Ashcroft score of 8. Nonetheless, 
we agree with the reviewer that showing vascular remodeling from images with varying levels of 
fibrosis raises some concerns; therefore, we have replaced our representative images to show similar 
scarring for each category (See new Fig 1F and 1G). 
 
4. Figure 2A. The Ki67 label is hard to interpret. It looks as if the signal comes mostly from 
endothelial cells rather than SMC or fibroblasts. I request that the authors do IF and label bot EC 
and SMC along with ki67 to do colocalization studies. Also, severity of the remodeling is not 
comparable to that seen in Figure 1. 
 
As suggested, we have removed IHC staining for Ki67 and have performed co-immunofluorescence 
for Ki67 with vWF, and Ki67 with aSMA to quantify proliferation of endothelial cells and smooth 
muscle cells, respectively, both in human and rat lungs (See new Figs. 2A, 5A). The severity of the 
remodeling in IF images in Fig. 2A seems to be less pronounced than the severity of the remodeling 
in the Masson Trichrome staining in Fig 1E, F, G in PF-PH patients compared to PF since IF only 
shows SMC or EC layers and not the adventitial layer. 
 
5. Figure 2B. Counter-stain is very faint and makes appreciation the vascular wall anatomy very 
hard. Please follow my request for IF. 
 
We have removed IHC for Ki67 and performed co-immunofluorescence for Ki67 with SMC and/or 
EC (new Fig. 2A, 5A). 
 
6. Figures 2D-G: It is very hard to appreciate cell number, location and position in Figures 2D and G 
to be comfortable concerning the analysis. Where is the inset region located in the lung section. 
There also seems to be much more macrophages in figure E compared to what you see on D and G. 
Is this only because of the greater magnification? It is hard for me to really accept the quantification 
based on these poor quality images 
 
We agree with the reviewer that from our original IHC images, it is hard to visualize the expression 
of Slug in lung tissue. Therefore, we have performed extensive additional co-immunofluorescence 
experiments to quantify expression of Slug in 5 different cell types both in human and rat lungs from 
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PF and PF-PH (See new Figures 2D and 5D). 
 
7.1. Figure 3. The authors make use of public data to look at genes associated with Slug. A major 
problem here is that we don't know the clinical characteristics of these patients nor do we know how 
they compare with their discovery cohort. 
 
We agree with the reviewer that clinical characteristics of our cohort should be comparable with the 
cohort used in the online microarray database. Although we do not have access to the clinical 
characteristics of each patient, the average clinical characteristics are reported in the original 
publication (Table 2 from Mura et al [2]). Overall both cohorts are similar in age, sex, and FVC. Our 
cohort did have a higher mPAP (32±2 vs 28±5) and a lower DLCO (% predicted: 26.5±9.4 vs. 
39±11). We used online microarray data as a discovery tool and the fact that we were able to 
validate upregulation of prolactin-induced protein (PIP) in our own cohort, further strengthens the 
implication of PIP in combined PF-PH patients. 
 
7.2 Is slug something that responds differently in the setting of mild vs. severe restriction? Is it 
independent of IPF severity? This information is mandatory to establish relevance of their discovery 
to clinical setting. 
 
The restriction in our cohort is not significantly different between PF and PF-PH patients. Our data 
shows that the percentage of Slug positive macrophages are significantly higher in PF-PH patients. 
Therefore, we plotted the percentage of Slug positive macrophages as a function of FVC for each PF 
(A) and PF-PH patients (B). Although we did not find any significant association between the 
expression of Slug and restriction severity in PF nor in PF-PH, a trend toward an association can be 
seen in PF-PH. However, our limited number of patients for this type of investigation prevents us 
from drawing any conclusion. We also did not find any significant association between Slug mRNA 
and FVC in our PF and PF-PH patients (C). Due to the small number of patients for which we had 
access to lung samples for mRNA measurements, we pulled together PF and PF-PH patients to 
examine a potential correlation between Slug mRNA and FVC. 
 

 
 
8. Figure 3D-F: IHC for PIP appears to be all over the PF lungs (PH or not). Why are we looking 
only at SMCs? The ECs and fibroblasts are also part of the path-biology of vascular remodeling in 
this setting as they are vital components of the vessel wall. Please perform proliferation/apoptosis 
studies using all 3 cell types. It would also add greater impact to your paper if you have PBMCs 
from IPF patients to look at the Slug/PIP production via FACS and in co-culture assays. 
 
We agree that PIP is an extracellular matrix protein, thus could have an effect on multiple cell types 
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in the lung. We exposed PAECs, PASMCs and fibroblasts to different concentrations of PIP and 
measured proliferation for each cell type. The results of these experiments demonstrate a significant 
increase in PAEC and PASMC proliferation when exposed to PIP, while PIP had no effect on the 
fibroblasts (new Fig 3G-J). We also agree that showing Slug/PIP production in PBMC from PF and 
PF-PH patients would have been a great addition to our paper. However, in our preliminary 
experiments, we were not able to detect Slug transcripts in PBMC from PF and PF-PH patients. 
 
9. Figure 5. Once again, the IHC is very problematic. I zero in on the IF because it allows me to 
appreciate the slug signal better (macrophages are notorious for nonspecific stains in IHC) but I can't 
rule out that slug is not being expressed in other parts of the lung. Are we POSITIVE that slug is 
only being expressed in macrophages? 
In our original submission, we showed Slug expression in macrophages; however, we never 
concluded that macrophages were the only cell type expressing Slug. We agree with the reviewer 
that it is important to examine which cell types express Slug in the lungs. Therefore, we performed 
coimmunofluorescence and measured expression of Slug in 5 different cell types (epithelial cells, 
macrophages, fibroblasts, pulmonary arterial smooth muscle cells and endothelial cells) in human 
and rats. These new experiments revealed that Slug is expressed in epithelial cells, macrophages and 
fibroblasts. Interestingly, expression of Slug was significantly higher only in macrophages in PF-PH 
compared to PF both in rat lungs similar to humans (See new Fig. 2D and 5D). Since expression of 
Slug was only different in macrophages, we next examined expression of Slug in fibrotic vs. 
nonfibrotic areas. We found that the percentage of Slug-positive macrophages is increased 
significantly both in non-fibrotic and fibrotic areas of the lung in PF-PH compared to PF patients 
and rats (See new Fig. 2F and 5F). 
 
10. Figure 6 and 7. The Slug siRNA should affect many cells since it is not targeted to macrophages. 
This leads me to ask again: are we positive that slug is only located to macrophages? The authors 
make no effort to characterize whether slug expression is down in the lungs using qPCR/WB or to 
purify macrophages and measure slug/PIP production after treatment. The remodeled vessels do not 
look very different to my eye which again raises concerns regarding the quantification used. 
 
In the original submission, we showed Slug and PIP transcripts (using qPCR) were significantly 
downregulated in the lung of rats treated with Si-Slug compared to Si-Scrm. As suggested, we have 
performed Western Blot analysis for Slug and PIP. Our new data shows Slug and PIP proteins are 
significantly downregulated in the lungs of rats that received Si-Slug compared to Si-Scrm RNA 
(See New Fig.7B-C and Fig 8D-E). We also show the percentage of Slug positive macrophages is 
decreased in the lungs of rats treated with Si-Slug vs. Si-Scrm (Fig 8A and 8C).  
 
Regarding vascular remodeling, we carefully chose representative images that reflect our 
quantification, which is a ~20% decrease in vascular remodeling in Si-Slug compared to Si-Scrm 
treated rats. We replaced our images to better show this decrease in the vascular remodeling. For 
quantification of vascular remodeling, we would like to clarify that we only took the media and 
intima of the vessels. The adventitia was not taken into account in our measurement since it lacks a 
clear anatomical delineation for most vessels which makes the quantification of the adventitial 
thickening difficult [3,4]. 
 
 
Response to reviewer #2: 
Figure 1 B, C and D, Include the expression levels in control and PAH will give more strength to the 
results if they match with the results in figure 4 I, J and K. 
 
We agree with the reviewer that these data from Ctrl and PAH patients would be of interest. 
Unfortunately, for Ctrl and PAH patients, we only had access to slides and did not have any lung 
samples to measure transcript and protein expression. For the PF and PF-PH patients, out of 14 
patients in each group, we had access to the slides and lung samples from 6 in each group, and for 
remaining 8, we only had access to slides. 
 
Figure 2 and 3 D: Include Western blot analysis for Slug and PIP in lung homogenate will be more 
informative. 
 
As suggested, we have added Western blots for Slug and PIP for human and rat lungs. Our new 
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Western Blot analysis show protein expression of Slug and PIP are significantly increased in human 
and rat lungs confirming our mRNA finding (See new Fig. 2C, 3E, 5C, 6B). We also found a 
significant decrease of Slug and PIP protein expression in rats treated with Si-Slug compared to Si-
Scrm treated rats (seen new Fig 7B and 8E) 
 
Figure 4: Panel B,C,D the authors are showing only 4 rats after Bleo treatment vs 7 controls while in 
the other set (panels F and G) the number is the same. I would like to know the main reason to use a 
less sample number and ask for the increase of the n after bleo treatment to have the same number. 
 
In the previous submission, we had only 4 rats with 2 weeks of bleomycin. The aim of this 
experiment was only to confirm the presence of lung fibrosis after two weeks of bleomycin (which 
has been reported previously in numerous publications [5- 8]) before exposure to the second insult 
of MCT for triggering PH. Nonetheless, we agree with the reviewer that the number of animals 
should be similar to the other groups, so we have increased the number of rats to 7 in this group. We 
have updated our measurements of Ashcroft score, collagen I, collagen III, and fibronectin using 7 
rats in each group (See new Fig 4A-D). 
 
Since there are post-transcriptional regulation mechanisms, it would be important to show the 
protein levels of fibronectin and collagen (panel I, J, K) 
 
We agree that ECM proteins are subjected to post-transcriptional regulation, which could impact the 
protein stability without modifying mRNA expression. However, our Ashcroft score measurements 
from Masson’s trichrome staining, which allows visualization and quantification of the global ECM 
protein deposition, did not reveal significant differences in the extent of ECM protein deposition 
between PF and PF-PH, supporting our mRNA quantification. Our Ashcroft score measurements are 
supported by previous work showing no significant differences between lung fibrosis in PF-PH 
patients compared to PF [9- 11]. Therefore, based on all these evidence form molecular and clinical 
investigations, we do not believe there is a significant difference in post-transcriptional modification 
of these ECM proteins between PF-PH and PF patients in our cohort. 
 
The authors are not showing enough data to prove the molecular mechanism through Slug via PIP is 
regulating PASMCs proliferation; since Slug has more targets that could play a role during PF-PH 
vascular remodeling; 
 
Our in-vivo experiments showed Slug inhibition using Si-Slug was associated with decreased 
expression of PIP and decreased vascular remodeling (new Fig. 7J and 8D-E). In agreement with 
our in-vivo experiments, our in-vitro experiments on PASMC, PAEC and fibroblasts, showed 
exogenous PIP is able to induce proliferation both in PASMC and PAEC (Fig. 3G-J). These 
experiments together support the role of Slug/PIP axis in promoting pulmonary vascular remodeling. 
Our working hypothesis is that increased expression of Slug in macrophages in PF-PH is associated 
with up regulation of PIP in the extracellular matrix, which in turn promotes proliferation of 
PASMC and PAEC leading to pulmonary vascular remodeling. 
 
Our microarray analysis of PF-PH patients compared to PF revealed seven genes that are 
transcriptional targets of Slug and are implicated in both extracellular matrix and cellular 
proliferation. Since the most up-regulated gene, Mucin 4, is anchored to the cell membrane [12] and 
is not secreted into the extracellular matrix, we focused on the second most up-regulated 
transcriptional target of Slug, which is PIP. As pointed out by the reviewer, it is still possible that 
Slug promotes vascular remodeling in PF-PH by controlling other extracellular proteins than PIP. 
This possibility is discussed in the manuscript. 
 
I recommend the isolation of PASMCs cells after Bleo, MCT and siSlug with the respective controls 
and perform BrdU experiment and the measurement of PIP mRNA expression and the protein levels 
of Slug and PIP via western blot analysis. 
 
After performing co-localization studies with Slug and aSMA antibodies, we found that Slug is not 
expressed in PASMC in human and rats lungs (new Fig. 2D and Fig. 5D). Since PIP is an 
extracellular matrix protein, we did not think that further investigation into the Slug/PIP axis within 
PASMCs is helpful. 
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Which pathways they suggest are increasing the vascular remodeling in PF-PH? Vascular 
remodeling is not only due to the increase in cell proliferation, it is also due to the production of 
ECM components, however the author didn't find any change in the expression of ColI, ColIII and 
fibronectin, may be interesting analyze the expression levels of other ECM proteins. 
 
We agree with the reviewer that ECM modification is part of the vascular remodeling seen in 
pulmonary hypertension. In group 3 PH Milara et al. [13] already demonstrated the modification of 
the vascular ECM using isolated pulmonary vessels. In the present study we did not find significant 
differences in the expression of collagens and fibronectin between PF and PF-PH. In our view, the 
lack of a change should not be considered as the absence of increased deposition of vascular ECM. 
These proteins are also part of the lung fibrosis so local vascular changes of the ECM may be 
masked due to the high concentration of these proteins in the lung parenchyma. This section has 
been added to the discussion. 
 
Page 13 line 2 the data are not enough to assert the role of ECM in cellular communication between 
macrophages and vascular cells in PF-PH, the expression of ECM proteins doesn't change and the 
results show an increase in wall thickening in non-fibrotic and fibrotic areas. 
 
We agree with the reviewer and have removed that sentence. 
 
Figure 8: The authors found an increase in the expression of Slug in macrophages, however; in 
previous reports was prove that also epithelial cells have a high expression of Slug in PF. Which are 
the expression levels of Slug in PF-PH vs PF? The expression of Slug in epithelial cells could have 
the same effect over PIP and proliferation in PASCM. 
 
We agree with the reviewer comment and performed co-immunofluorescence to quantify Slug 
expression in 5 major cell types in the lungs (epithelial cells, macrophages, endothelial cells, smooth 
muscle cells, and fibroblasts). Our new data shows Slug is highly expressed in the epithelial cells 
and to lesser extent in macrophages, fibroblasts and endothelial cells (new Fig. 2D and 5D). More 
importantly, we found that expression of Slug is significantly increased ONLY in macrophages in 
PF PH compared to PF both in the lungs of humans and rats, and not in other cell types. 
Upregulation of Slug in macrophages in PF-PH is associated with increase PIP expression, 
therefore, the increase in PIP in PF-PH is mainly mediated by macrophages. While Slug is highly 
expressed in epithelial cells, it is unlikely that epithelial cells are participating in upregulation of PIP 
in PF-PH since there is no change in Slug expression within epithelial cells between PF and PF-PH 
groups. 
 
Figure 7: (B) and (C) are interchanged in the foot note. D) Quantification of Slug....... But in the plot 
is write PIP 
 
We have corrected the footnote. 
 
 
Response to Reviewer #3 
What is the advantage in using the new rat model? Would it have been better to use the inducible 
SLUG over-expressing mouse in conjunction with bleomycin to investigate and dissect the 
SLUG/PIP mechanism in PF-PH? I would like to see more in the discussion about the existing 
mouse literature and how they relate to the proposed mechanism. 
 
We developed our combined model of PF-PH in rats, since it is well accepted that rats mimic 
histopathological features of human PH better than mice. Mice never develop severe pulmonary 
vascular remodeling as it is evident by their much lower RVSP (~35 mmHg vs 60-80 mmHg in rats 
[14]). Bleomycin has been used for decades to induce PF; however, we found that rats treated with 
bleomycin alone do not recapitulate the histological and molecular features of PF-PH patients. For 
example, bleomycin alone only induces vascular remodeling within the fibrotic areas, and Slug is 
not up-regulated in the lungs of rats in bleomycin alone group (Figure 4M and 5C and [15]). It took 
us 4 years to develop a novel translational rat model of combined PF-PH that is reproducible and 
shares similar histological (fibrosis, pulmonary vascular remodeling) and molecular features (Slug 
and PIP) with human PF-PH. We agree with the reviewer that slug inducible macrophage specific 
mouse would be a great tool to further examine the role of Slug in promoting PF-PH transition, but 



EMBO Molecular Medicine - Peer Review Process File 
 

 
© European Molecular Biology Organization 11 
 

at the moment there is no macrophage or monocyte specific promoter [16,17]. Regarding mice 
literature in the context of PF-PH, as suggested by the reviewer, we found 2 studies that shows mice 
on chronic low dose of bleomycin also develop some degree of PH [18,19]. The development of PH 
in mice on chronic dose of bleomycin was mitigated by hyaluronan synthase inhibition [18] and also 
in smooth muscle cell Adenosine A2b Receptor knock out mice [19]. We have added these studies 
to our discussion. However, these studies did not investigate the role of SLUG/PIP axis in 
development of PH in preexisting PF. 
 
2) The authors propose that the SLUG/PIP mechanism is predominantly associated with the alveolar 
macrophages and PASMCs and based on the evidence provided in Figure 5. The literature suggests 
that SLUG is expressed in the lung in epithelial cells undergoing EMT. The images in Figures 5B-F 
are not clear enough to exclude SLUG expression in the epithelial/ mesenchymal compartments. 
The DAB immunohistochemical staining is difficult to assess in these images because they are small 
and have various pinkish backgrounds. In addition, I would like to see some immunofluorescence 
studies of SLUG and alveolar epithelial or fibroblast markers. This point is important because 
'predominance' of SLUG expression on macrophages may be due to the inflammatory nature of the 
MCT/Bleo model rather than a part of PF-PH pathogenesis. I would like to also see better images of 
staining of SLUG on the patient samples. (Figure 2). Is there any evidence that SLUG expression in 
the pulmonary epithelium and mesenchymal compartments transient/ associated with EMT? 
 
According to the reviewer’s comment, we measured the expression of Slug in human and rat lungs 
in 5 different cell types (epithelial cells, macrophages, fibroblast, endothelial cells and smooth 
muscle cells) (new Fig. 2D and 5D). We agree with the reviewer that the inflammatory nature of 
MCT could be a confounding factor. Nonetheless, qPCR studies performed on human lungs and 
lungs of our rat model do not demonstrate any significant difference in CD68 transcript levels 
between PF and PF-PH groups (Fig. 2E and 5E). These data suggest that the sequential 
administration of bleomycin and MCT does not induce an increased recruitment of macrophages 
compared to the bleomycin alone in our study. In our new quantification of Slug expression, we 
detected expression of Slug in epithelial cells as well as in fibroblasts, but the percentage of Slug 
positive cells did not differ in epithelial cells and fibroblasts between PF and PF-PH patients and 
rats. Examining role of Slug in promoting EMT in combined PFPH model is the focus of our 
ongoing research but is beyond the scope of this paper. 
 
3) Minor comments: In the supplemental methods, the authors say that 'care was taken not to 
consider the adventitial fibroblast into consideration during quantification'. How was this done? 
There is existing evidence that adventitial fibroblast migrate in the medial and intimal layers of 
remodeling vessels. 
 
To distinguish the fibroblasts in the previous quantification by IHC we used the external laminae to 
delimitate the media. As pointed out by the reviewer, we could not distinguish fibroblast migrating 
into the media or the intima of the vessels in IHC, but we did not take into account the adventitial 
fibroblasts. In our new quantification by immuno-fluorescence, only the vWF or aSMA positive 
cells were taken into account. Nonetheless, fibroblasts can also express aSMA and so this is a 
limitation of our new immuno-fluorescence quantifications of SMC since aSMA positive fibroblasts 
will be considered in this quantification. 
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2nd Editorial Decision 30 June 2019 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine.  
As you will see the reviewers are now globally supportive and I am pleased to inform you that we 
will be able to accept your manuscript pending the following final amendments:  
 
1) Please address referee 3's comment in writing. At this stage, we'd like you to discuss this referee's 
concern and if you do have data at hand, we'd be happy for you to include it, however we will not 
ask you to provide any additional experiments. 
 
I look forward to receiving your revised manuscript. 
 
 
***** Reviewer's comments *****  
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Referee #1 (Remarks for Author):  
 
My concerns from the original submission have been addressed.  
 
Referee #2:  
 
Suitable for publication.  
 
Referee #3 (Remarks for Author):  
 
On the whole the authors have addressed the majority of the reviewers' comments satisfactorily.  
 
COMMENT:  
I am of the view that the authors should be using macrophage inducible targeting strategy to assess 
the role of Slug in pulmonary hypertension secondary to pulmonary fibrosis and understand the role 
of the pulmonary macrophage subsets. Despite the authors' comment, the literature supports that 
there are promoters that specifically target interstitial macrophages (for example CX3CR1-ERCre as 
described in McCubbrey et al. 2017: Promoter specificity and efficacy in conditional and inducible 
transgenic targeting of lung macrophages' Front Immunol; 8:1618). To strengthen their findings, 
they could even deplete blood derived monocyte/macrophages using Clodronate in the rat model. 
 
 
2nd Revision - authors' response 31 July 2019 

Referee #1 (Remarks for Author): 
My concerns from the original submission have been addressed. 
 
Referee #2: 
Suitable for publication. 
 
Referee #3 (Remarks for Author): 
On the whole the authors have addressed the majority of the reviewers' comments satisfactorily. 
 
COMMENT: 
I am of the view that the authors should be using macrophage inducible targeting strategy to assess 
the role of Slug in pulmonary hypertension secondary to pulmonary fibrosis and understand the role 
of the pulmonary macrophage subsets. Despite the authors' comment, the literature supports that 
there are promoters that specifically target interstitial macrophages (for example CX3CR1-ERCre as 
described in McCubbrey et al. 2017: Promoter specificity and efficacy in conditional and inducible 
transgenic targeting of lung macrophages' Front Immunol; 8:1618). To strengthen their findings, 
they could even deplete blood derived monocyte/macrophages using Clodronate in the rat model.                                                                                                                                                           
 
 We agree with the reviewer that using a slug-inducible macrophage-specific mouse would 
be a great tool to further examine the role of Slug in macrophages in promoting PF-PH transition 
using CX3CR1-ER Cre mice. However, since mouse models of PH do not develop as severe 
pulmonary vascular remodeling as rats and do not mimic the histopathological features of human 
PH, we developed our combined model of PF-PH in rats. In rats the use of Clodronate would have 
been an interesting option to investigate the role of macrophages in PH development secondary to 
PF. Nonetheless, this approach also has limitation, since Clodronate has already been shown to 
reduce pulmonary fibrosis during the fibrotic phase of bleomycin model(Gibbons et al, 2011). In 
addition, macrophages depletion has already been extensively demonstrated to decrease pulmonary 
hypertension in different animal models(Tian et al, 2013; Thenappan et al, 2011; Rabinovitch et al, 
2014; Žaloudíková et al, 2016). Thus, we believe our best strategy was to use si-RNA targeting Slug 
to inhibit Slug expression in the lungs of PF-PH rats.  
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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	

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	interactions19.	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.

N/A

N/A

G-	Dual	use	research	of	concern

N/A

NA

NA

F-	Data	Accessibility

N/A

N/A

For	human	study,	the	office	of	the	human	research	protection	program	(OHRPP)	at	UCLA	approved	
the	collection	of	samples	and	patients	data.	For	animal	study,	the	protocol	was	approved	by	the	
Animal	Research	Committee	(ARC)	at	UCLA

All	patients	gave	informed	signed	consent	before	collection	of	the	samples	and	data.

NA

All	human	data	and	samples	were	coded	to	ensure	patients	privacy

NA

D-	Animal	Models

Male	rats	sprague	Dawley	arround	200-250g	each	were	used.	Rats	were	housed	in	standard	
conditions	with	12h	light	/	dark	cycle	and	access	to	food	and	water	ad	libitum

See	Materials	and	Methods

We	followed	all	guidelines	required	by	UCLA	ARC	committee.

E-	Human	Subjects

Yes,	the	Brown-Forsythe	test	(Modified	Levene	test)	was	used	to	verify	homogeneity	of	variances.	
When	homogeneity	was	not	fulfilled,	values	were	log	transformed	to	stabilize	variances	and	
statistical	analyses	were	performed	on	these	log	transformations.

C-	Reagents

All	antibody	catalog	numbers	are	provided	in	the	manuscript	(see	Materials	and	Methods)	which	
can	be	used	to	find	the	data	sheet,	citations	and	reviews	on	the	supplier	website

All	cells	used	are	primary	cultured	cells,	pulmonary	artery	smooth	muscle	cells	and	endothelial	
cells	were	negative	for	mycoplasma	from	life	line.	PASMC	were	characterized	by	smooth	muscle	a-
actin	positive	and	factor	VIII	negative	and	PAEC	were	characterized	by	smooth	muscle	a-actin	
negative	and	factor	VIII	positive.	Fibroblast	were	freshly	isolated	from	donor	tissue,	they	were	not	
tested	for	mycoplasma	contanimation	and	authenticate	by	morphology	and	vimentin	positive	
staining.


