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21st Nov 20231st Editorial Decision

21st Nov 2023 

Dear Prof. Wenzel, 

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 and are overall supporting publication of your work pending appropriate revisions. Please note that
editorially and agreed upon in a cross-consultation session with the reviewers, the request from Reviewer 2 to test FR treatment
in more severe models of PH, such as in monocrotaline-PH rats or Sugen/Hypoxia-PH rats, will not be considered necessary for
a successful revision, though we do agree that this could elevate the translational potential of the manuscript. 

Addressing the remaining 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. 

If you would like to discuss further the points raised by the referees, I am available to do so via email or video. Let me know if
you are interested in this option. 

We are expecting your revised manuscript within three months, if you anticipate any delay, please contact us. 

When submitting your revised manuscript, please carefully review the instructions that follow below.  We perform an initial quality
control of all revised manuscripts before re-review; failure to include requested items will delay the evaluation of your revision. 

We require: 

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

2) Individual production quality figure files as .eps, .tif, .jpg (one file per figure). For guidance, download the 'Figure Guide PDF'
(https://www.embopress.org/page/journal/17574684/authorguide#figureformat).

3) At EMBO Press we ask authors to provide source data for the main figures. Our source data coordinator will contact you to
discuss which figure panels we would need source data for and will also provide you with helpful tips on how to upload and
organize the files.

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

5) A complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/17574684/authorguide#submissionofrevisions). Please insert information in the
checklist that is also reflected in the manuscript. The completed author checklist will also be part of the RPF.

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

7) It is mandatory to include a 'Data Availability' section after the Materials and Methods. Before submitting your revision, primary
datasets produced in this study need to be deposited in an appropriate public database, and the accession numbers and
database listed under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public (see
https://www.embopress.org/page/journal/17574684/authorguide#dataavailability).

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

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



9) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows:  "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at .

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable
online. A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and
their respective legends should be included in the main text after the legends of regular figures.
- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc.
- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xls files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.
See detailed instructions here:

11) The paper explained: EMBO Molecular Medicine articles are accompanied by a summary of the articles to emphasize the
major findings in the paper and their medical implications for the non-specialist reader. Please provide a draft summary of your
article highlighting
- the medical issue you are addressing,
- the results obtained and
- their clinical impact.
This may be edited to ensure that readers understand the significance and context of the research. Please refer to any of our
published articles for an example.

12) For more information: There is space at the end of each article to list relevant web links for further consultation by our
readers. Could you identify some relevant ones and provide such information as well? Some examples are patient associations,
relevant databases, OMIM/proteins/genes links, author's websites, etc... 

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

14) Disclosure statement and competing interests: We updated our journal's competing interests policy in January 2022 and
request authors to consider both actual and perceived competing interests. Please review the policy
https://www.embopress.org/competing-interests and update your competing interests if necessary.

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

Please also suggest a striking image or visual abstract to illustrate your article as a PNG file 550 px wide x 300-600 px high.  
Share synopsis text and image, as well as eTOC: 
Please note that these would be the final versions and changes during proofing are usually not allowed 

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

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. 

Yours sincerely, 

Poonam Bheda 

Poonam Bheda, PhD 
Scientific Editor 
EMBO Molecular Medicine 

***** Reviewer's comments ***** 

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

The study entitled "Pharmacological Gq inhibition induces strong pulmonary vasorelaxation and reverses pulmonary
hypertension" by Alexander Seidinger et al tested the pulmonary vasodilating effect of the macrocyclic depsipeptide FR900359
(FR), a highly specific inhibitor of Gq/11/14 signalling, and its potential in the treatment of pulmonary hypertension (PH). 
Pulmonary hypertension (PH), with elevated pulmonary arterial pressure (mPAP {greater than or equal to} 20 mmHg) and
pulmonary vascular resistance, affects up to 100 million people worldwide. Patients with PAH (PH Group 1) are presently treated
with drugs targeting three dysfunctional endothelial pathways: augmentation of the nitric oxide (NO)/cyclic GMP pathway
(soluble guanylyl cyclase activators, phosphodiesterase 5 inhibitors), endothelin-1 (ET-1) receptor antagonists; and prostacyclin
analogs. Despite therapeutical progresses, PAH remains a fatal disease with a 3-year survival rate of 58%. Treatment of groups
2 to 5 PH addresses the causal disease and PAH therapeutics are presently not recommended. However, the presence of even
moderate PH increases morbidity and mortality. Hence, new approaches to the management of all these patients are urgently
needed. 
The pathophysiology of PH is multifactorial and includes chronic or recurrent hypoxia and augmented (peri)vascular expression
of vasoconstrictors, growth factors and inflammatory mediators, such as endothelin, serotonin, thromboxane A2 and others.
Ultimately this leads to endothelial cell dysfunction and increased contraction, proliferation and apoptosis resistance of
pulmonary artery smooth muscle cells (PASMCs) with remodeling of small pulmonary arterioles and muscularization of very
distal, normally nonmuscularized vessels. 
Here the authors combined elegant studies in isolated murine and porcine pulmonary arteries, cultured mouse PASMCs and
precision-cut slices from human and murine lungs to study the vasodilatory efficacy and potency of the specific Gq inhibitor FR
on serotonin-, thromboxane- and endothelin-1-evoked vasoconstrictions. The results demonstrated that FR markedly prevents
and reverses the vasoconstrictor effects of these factors in the pulmonary macro- and microcirculation. These observations were
confirmed in isolated perfused murine lungs. The later experiments also demonstrated that FR does not inhibit hypoxia-driven
vasoconstrictions, but efficiently counter-regulates vasoconstrictions elicited by agonists acting on Gq-coupled receptors. To
elucidate the relevance of this observations for the therapy of PH, the authors firstly tested the effect of local, intratracheal
application of FR on acute serotonin-evoked pulmonary vasoconstrictions in anesthetized mice (the subsequent increases in
pulmonary arterial pressure, PAP, were indirectly measured through recordings of right ventricular systolic pressure, RVSP).
Notably, FR markedly reduced serotonin-evoked increases in RVSP and this effect was preserved in mice with hypoxia-induced
PH. Lastly the authors studied the effect of FR in the preclinical model of Sugen/hypoxia (SuHx)-driven chronic PH in mice.
Notably FR markedly prevented and even reverted Sugen/HOX-driven PH, pulmonary vascular remodeling as well as right
ventricular hypertrophy. Taken together, the results from these complex experiments in vitro/ex vivo and in vivo indicate the
potential of pharmacological inhibition of Gq proteins in the treatment of PH. The possible human relevance is emphasized by
the results obtained from experiments with "cultured" precision-cut slices from human lungs. 
This is a very elegant study with high clinical relevance. The experiments and results are well described and properly discussed.
In my view this manuscript will be very interesting for clinicians and scientists working in the fields of lung pathophysiology and
vascular physiology and disease. 
I have some specific comments and questions: 
- In figure 2, the authors showed the relevance of different G proteins in murine pulmonary arteries and a DMR-dose response
curve for 5-HT with modified PASMCs treated with sh-RNAs for G11 and Gq. The 5-HT-induced constriction was similarly
reduced by downregulation of G11 or Gq, while FR had a higher vasorelaxant effect than the downregulation of these G
proteins. Does the downregulation of both G proteins inhibit the vasoconstrictor effect of 5-HT similarly as FR? The expression
of these proteins and their downregulation is not shown in the manuscript. Please show the expression of these proteins and
their downregulation by qRT-PCR and/or Western Blot.
- The DMR method and its functional meaning should be explained in better way.
- Figure 3 shows that the vasorelaxant effect of FR is superior to other antagonists. Please explain why the Thromboxane
antagonist (SQ) or the ETA/B receptor antagonist Bosentan only evoked 50 % vasorelaxation of the vasoconstriction induced by



the Thromboxane analogue or ET-1. Are higher concentrations of SQ or Bosentan more effective?
- In figures 6 and 7 the authors demonstrated that FR prevents and even reverts pulmonary arterial hypertension in the Sugen
(Su)Hox mouse model. The long duration of these studies indicates that besides vasorelaxation other mechanisms participate in
the protective effects of FR. How does FR impact the proliferation of PASMCs, the survival of endothelial cells and/or pulmonary
infiltration by immune cells?
- Lastly: Gq-coupled receptors are also involved in the regulation of peripheral vascular resistance, for instance by Angiotensin II
(AT1-R) or adiuretin/vasopressin (V1-R). How does FR affect systemic arterial blood pressure? Which unwarranted effects can
be associated with systemic FR therapy? These aspects should be discussed in better way.

Referee #1 (Remarks for Author): 

The study entitled "Pharmacological Gq inhibition induces strong pulmonary vasorelaxation and reverses pulmonary
hypertension" by Alexander Seidinger et al tested the pulmonary vasodilating effect of the macrocyclic depsipeptide FR900359
(FR), a highly specific inhibitor of Gq/11/14 signalling, and its potential in the treatment of pulmonary hypertension (PH). 
Pulmonary hypertension (PH), with elevated pulmonary arterial pressure (mPAP {greater than or equal to} 20 mmHg) and
pulmonary vascular resistance, affects up to 100 million people worldwide. Patients with PAH (PH Group 1) are presently treated
with drugs targeting three dysfunctional endothelial pathways: augmentation of the nitric oxide (NO)/cyclic GMP pathway
(soluble guanylyl cyclase activators, phosphodiesterase 5 inhibitors), endothelin-1 (ET-1) receptor antagonists; and prostacyclin
analogs. Despite therapeutical progresses, PAH remains a fatal disease with a 3-year survival rate of 58%. Treatment of groups
2 to 5 PH addresses the causal disease and PAH therapeutics are presently not recommended. However, the presence of even
moderate PH increases morbidity and mortality. Hence, new approaches to the management of all these patients are urgently
needed. 
The pathophysiology of PH is multifactorial and includes chronic or recurrent hypoxia and augmented (peri)vascular expression
of vasoconstrictors, growth factors and inflammatory mediators, such as endothelin, serotonin, thromboxane A2 and others.
Ultimately this leads to endothelial cell dysfunction and increased contraction, proliferation and apoptosis resistance of
pulmonary artery smooth muscle cells (PASMCs) with remodeling of small pulmonary arterioles and muscularization of very
distal, normally nonmuscularized vessels. 
Here the authors combined elegant studies in isolated murine and porcine pulmonary arteries, cultured mouse PASMCs and
precision-cut slices from human and murine lungs to study the vasodilatory efficacy and potency of the specific Gq inhibitor FR
on serotonin-, thromboxane- and endothelin-1-evoked vasoconstrictions. The results demonstrated that FR markedly prevents
and reverses the vasoconstrictor effects of these factors in the pulmonary macro- and microcirculation. These observations were
confirmed in isolated perfused murine lungs. The later experiments also demonstrated that FR does not inhibit hypoxia-driven
vasoconstrictions, but efficiently counter-regulates vasoconstrictions elicited by agonists acting on Gq-coupled receptors. To
elucidate the relevance of this observations for the therapy of PH, the authors firstly tested the effect of local, intratracheal
application of FR on acute serotonin-evoked pulmonary vasoconstrictions in anesthetized mice (the subsequent increases in
pulmonary arterial pressure, PAP, were indirectly measured through recordings of right ventricular systolic pressure, RVSP).
Notably, FR markedly reduced serotonin-evoked increases in RVSP and this effect was preserved in mice with hypoxia-induced
PH. Lastly the authors studied the effect of FR in the preclinical model of Sugen/hypoxia (SuHx)-driven chronic PH in mice.
Notably FR markedly prevented and even reverted Sugen/HOX-driven PH, pulmonary vascular remodeling as well as right
ventricular hypertrophy. Taken together, the results from these complex experiments in vitro/ex vivo and in vivo indicate the
potential of pharmacological inhibition of Gq proteins in the treatment of PH. The possible human relevance is emphasized by
the results obtained from experiments with "cultured" precision-cut slices from human lungs. 
This is a very elegant study with high clinical relevance. The experiments and results are well described and properly discussed.
In my view this manuscript will be very interesting for clinicians and scientists working in the fields of lung pathophysiology and
vascular physiology and disease. 
I have some specific comments and questions: 
- In figure 2, the authors showed the relevance of different G proteins in murine pulmonary arteries and a DMR-dose response
curve for 5-HT with modified PASMCs treated with sh-RNAs for G11 and Gq. The 5-HT-induced constriction was similarly
reduced by downregulation of G11 or Gq, while FR had a higher vasorelaxant effect than the downregulation of these G
proteins. Does the downregulation of both G proteins inhibit the vasoconstrictor effect of 5-HT similarly as FR? The expression
of these proteins and their downregulation is not shown in the manuscript. Please show the expression of these proteins and
their downregulation by qRT-PCR and/or Western Blot.
- The DMR method and its functional meaning should be explained in better way.
- Figure 3 shows that the vasorelaxant effect of FR is superior to other antagonists. Please explain why the Thromboxane
antagonist (SQ) or the ETA/B receptor antagonist Bosentan only evoked 50 % vasorelaxation of the vasoconstriction induced by
the Thromboxane analogue or ET-1. Are higher concentrations of SQ or Bosentan more effective?
- In figures 6 and 7 the authors demonstrated that FR prevents and even reverts pulmonary arterial hypertension in the Sugen
(Su)Hox mouse model. The long duration of these studies indicates that besides vasorelaxation other mechanisms participate in
the protective effects of FR. How does FR impact the proliferation of PASMCs, the survival of endothelial cells and/or pulmonary
infiltration by immune cells?
- Lastly: Gq-coupled receptors are also involved in the regulation of peripheral vascular resistance, for instance by Angiotensin II
(AT1-R) or adiuretin/vasopressin (V1-R). How does FR affect systemic arterial blood pressure? Which unwarranted effects can



be associated with systemic FR therapy? These aspects should be discussed in better way.

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

For a better translational way, authors should investigate the consequence of curative treatment with FR in the development of
PH in more severe experimental models of PH as monocrotaline-PH rats or Sugen/Hypoxia-PH rats. 

Referee #2 (Remarks for Author): 

In their manuscript "Pharmacological Gq inhibition induces potent pulmonary vasorelaxation and reverses pulmonary
hypertension", the authors investigated the potential as a therapeutic target of Gq proteins in PAH. They showed that the
inhibition of Gq proteins by FR9000359 induced a potent vasorelaxation ex vivo in PA from healthy mice, pigs, and humans.
They also demonstrated that the application of FR in vivo on Sugen-Hypoxia mice reversed PH. They proposed that Gq proteins
could be used as a therapeutic target in PH. Their work is interesting. However, this work has methodological issues and
requires additional experiments and clarifications. 

Major: 

1) Authors should use the new hemodynamic definition of PAH from the 2022 guidelines (Humbert et al., ERJ, 2022) and the
complete one, including mean pulmonary arterial pressure, pulmonary vascular resistance, and pulmonary arterial wedge
pressure. They should also cite more recent papers on the prognosis of PAH.

2) Importantly, for a better translational way, authors should investigate the consequence of curative treatment with FR in the
development of PH in more severe experimental models of PH as monocrotaline-PH rats or Sugen/Hypoxia-PH rats.

3) Authors used the shRNA strategy to reduce the expression of Gq and G11 and to measure the consequence of Gq or G11
knockdown on pulmonary arterial contraction.
In addition to pulmonary artery vasoconstriction, PAH is also characterized by strong pulmonary arterial remodeling involving at
least exacerbated PAMCS proliferation and migration. In this way, authors should take advantage of their Gq inhibitor and their
shRNA to determine the role of Gq and G11 in PASMC proliferation and migration from control and PH conditions.

4) In line with point #3, as we know, Gq is primordial for intracellular Ca2+ signaling. Because Gq activation activates PLC,
which leads to diacylglycerol and IP3 production, and consequently induces an increase of intracellular Ca2+ concentration via
IP3R localized at ER membrane as well as store-operated Ca2+ channel localized at the plasma membrane including Orai and
TRPC channels.
Orai and TRPC channels were recently demonstrated to be upregulated in PAH and to be considered as potential therapeutic
targets.
Are there any consequences of Gq inhibition on Orai and TRPC expression and IP3R Ca2+ release? By reducing the function of
these Ca2+ channels, FR treatments should also reduce PASMC proliferation, migration since these processes are strongly
dependent on intracellular Ca2+ concentration.
Authors should investigate and discuss these points in their study.

Moreover, regarding this large spectrum of action of Gq inhibitor, how authors have measured the potential side effects of Gq
inhibition in other organs? Authors should investigate the consequences of Gq inhibition in healthy mice or rat. 
In addition, authors should not limit their explanations of the increasing heart rate by IP3R inhibition (page 25). 

5) Regarding in vivo experiments in mice (preventive and curative approach), authors should also measure the consequences of
FR treatment on right ventricle fibrosis. Authors should add the Fulton index (RV/LV+septum) values for in vivo experiments.
Authors should examine the rate of muscularized and non-muscularized pulmonary arteries by using alpha-SMA/VWF staining.

6) Results showing reduction of RVSP in PH mice by FR treatment (1 hour after FR application) are exciting but limited due to
the use of the mousemodel. Authors should also do these experiments in monocrotaline or Sugen/hypoxia rats to better define
the acute consequence of FR infusion in RVSP, cardiac output, and systemic blood pressure. Because of the rapid PA
relaxation produced by FR application, we could hypothesize that FR should reduce RVSP in these PH models more rapidly
than one hour.
Is there any consequence of Gq inhibition on systemic arterial tone? It should be.

7) In the continuity of point #6, the authors should assess the effect of the Gq-inhibition on the pulmonary vascular tone of the
PH condition. Does FR application always induce pulmonary artery relaxation?



Minor: 

1) Why, in the presence of FR (10-6 M), there is no constriction of PA-induced by 5-HT dose response (Figure 2A). Because,
with FR at 10-6 M, PA relaxation is around 80%with a residual 20% of contraction.
2) The red trace of FR condition is absent from the graph presented in Figure 2C.
3) Please add a comma between "mouse" and "pig" in the abstract and between "PH" and "FR" in the discussion (page 25).
4) Please homogenize terms as "in vivo" in italics or not.
5) Authors should improve the visual quality of Figure 2.

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

In vitro, ex vivo and in vivo models were all used in this study and the findings seemed all consistent with the overall hypothesis. 

Referee #3 (Remarks for Author): 

This manuscript reports the pharmacological role of a pan-Gq protein inhibitor FR900359 (FR) in relaxing of pulmonary artery
and managing pulmonary hypertension. Specifically, the authors found that the FR compound at low micromolar concentrations
induced significant vasodilation in several ex vivo models of mouse, pig, and human pulmonary arteries. In addition, they found
that local delivery or i.p. delivery FR decreased pulmonary hypertension in a couple of relevant mouse models. Overall, the
study has a translational potential and the experiments appeared to be well-performed. However, the idea of targeting a Gq
protein to control vascular tone is not particularly novel, and the quality of this work would be further improved if the following
points could be considered or clarified: 

1.Page 3, ET-1 and 5-HT should be fully defined when they first appeared.
2.Fig. 1, it would be better if the authors could show sample tracing on the effect of FR on KCL-induced vascular constriction.
3.Fig. EV1, panel B, the RT-PCR study did not have positive and negative controls.
4.Lentiviral transduction decreased Gq and G11 mRNA expression, but it remained unknown how much Gq/11 protein
expression was reduced.
5.Why in the pig species, FR showed at least 10-fold more sensitive than in mice?
6.It is not clear for all the vascular contractility study if the endothelium were all removed or not. Please specify this in the
method section.
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Referee #1 (Comments on Novelty/Model System for Author): 

The study entitled "Pharmacological Gq inhibition induces strong pulmonary vasorelaxation 
and reverses pulmonary hypertension" by Alexander Seidinger et al tested the pulmonary 
vasodilating effect of the macrocyclic depsipeptide FR900359 (FR), a highly specific inhibitor 
of Gq/11/14 signalling, and its potential in the treatment of pulmonary hypertension (PH).  
Pulmonary hypertension (PH), with elevated pulmonary arterial pressure (mPAP {greater 
than or equal to} 20 mmHg) and pulmonary vascular resistance, affects up to 100 million 
people worldwide. Patients with PAH (PH Group 1) are presently treated with drugs targeting 
three dysfunctional endothelial pathways: augmentation of the nitric oxide (NO)/cyclic GMP 
pathway (soluble guanylyl cyclase activators, phosphodiesterase 5 inhibitors), endothelin-1 
(ET-1) receptor antagonists; and prostacyclin analogs. Despite therapeutical progresses, 
PAH remains a fatal disease with a 3-year survival rate of 58%. Treatment of groups 2 to 5 
PH addresses the causal disease and PAH therapeutics are presently not recommended. 
However, the presence of even moderate PH increases morbidity and mortality. Hence, new 
approaches to the management of all these patients are urgently needed. 
The pathophysiology of PH is multifactorial and includes chronic or recurrent hypoxia and 
augmented (peri)vascular expression of vasoconstrictors, growth factors and inflammatory 
mediators, such as endothelin, serotonin, thromboxane A2 and others. Ultimately this leads 
to endothelial cell dysfunction and increased contraction, proliferation and apoptosis 
resistance of pulmonary artery smooth muscle cells (PASMCs) with remodeling of small 
pulmonary arterioles and muscularization of very distal, normally nonmuscularized vessels.  
Here the authors combined elegant studies in isolated murine and porcine pulmonary 
arteries, cultured mouse PASMCs and precision-cut slices from human and murine lungs to 
study the vasodilatory efficacy and potency of the specific Gq inhibitor FR on serotonin-, 
thromboxane- and endothelin-1-evoked vasoconstrictions. The results demonstrated that FR 
markedly prevents and reverses the vasoconstrictor effects of these factors in the pulmonary 
macro- and microcirculation. These observations were confirmed in isolated perfused murine 
lungs. The later experiments also demonstrated that FR does not inhibit hypoxia-driven 
vasoconstrictions, but efficiently counter-regulates vasoconstrictions elicited by agonists 
acting on Gq-coupled receptors. To elucidate the relevance of this observations for the 
therapy of PH, the authors firstly tested the effect of local, intratracheal application of FR on 
acute serotonin-evoked pulmonary vasoconstrictions in anesthetized mice (the subsequent 
increases in pulmonary arterial pressure, PAP, were indirectly measured through recordings 
of right ventricular systolic pressure, RVSP). Notably, FR markedly reduced serotonin-
evoked increases in RVSP and this effect was preserved in mice with hypoxia-induced PH. 
Lastly the authors studied the effect of FR in the preclinical model of Sugen/hypoxia (SuHx)-
driven chronic PH in mice. Notably FR markedly prevented and even reverted Sugen/HOX-
driven PH, pulmonary vascular remodeling as well as right ventricular hypertrophy. Taken 
together, the results from these complex experiments in vitro/ex vivo and in vivo indicate the 
potential of pharmacological inhibition of Gq proteins in the treatment of PH. The possible 
human relevance is emphasized by the results obtained from experiments with "cultured" 
precision-cut slices from human lungs.  
This is a very elegant study with high clinical relevance. The experiments and results are well 
described and properly discussed. In my view this manuscript will be very interesting for 
clinicians and scientists working in the fields of lung pathophysiology and vascular physiology 
and disease.  

I have some specific comments and questions: 

Response: We thank the reviewer for the very positive comments and important suggestions 
to further improve our manuscript. 

- In figure 2, the authors showed the relevance of different G proteins in murine pulmonary
arteries and a DMR-dose response curve for 5-HT with modified PASMCs treated with sh-
RNAs for G11 and Gq. The 5-HT-induced constriction was similarly reduced by

26th Apr 20241st Authors' Response to Reviewers
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downregulation of G11 or Gq, while FR had a higher vasorelaxant effect than the 
downregulation of these G proteins. Does the downregulation of both G proteins inhibit the 
vasoconstrictor effect of 5-HT similarly as FR? The expression of these proteins and their 
downregulation is not shown in the manuscript. Please show the expression of these proteins 
and their downregulation by qRT-PCR and/or Western Blot.  

Response: We thank the reviewer for raising this interesting point. mRNA expression of 
Gα11 and Gαq in PASMCs with or without sh-RNA treatment is displayed in the expanded 
view (Fig. EV1C,D). As suggested by the reviewer we performed new experiments to assess 
protein expression after sh-RNA treatment using Western Blot analysis (Fig. EV1G,H). This 
analysis shows the downregulation of Gα11 but not of Gαq as there are neither Gα11 nor Gαq-
specific antibodies commercially available and an antibody against both Gαq and Gα11 still 
detects the more prevalent Gα11 isoform after Gαq downregulation in PASMCs (Fig. 
EV1G,H). MRNA and protein analysis reveal that sh-RNA treatment strongly lowers 
expression of both Gαq and Gα11 but does neither abrogate Gαq nor Gα11 completely. 
Accordingly, the combination of sh-Gq and sh-G11 does not diminish the DMR signal to a 
similar extent as FR (Fig. 2C). This can be explained by residual Gαq and Gα11 expression 
further highlighting the inhibitory power of the pharmacological pan-Gq inhibitor FR.  

We included Western Blot analysis of Gαq/11 expression in new Fig. EV 1G,H. The effect of 
combined treatment with sh-Gq and sh-G11 is included in Fig. 2C and described in the 
results section (p. 8, ll. 2-6) of the revised manuscript. 

- The DMR method and its functional meaning should be explained in better way.

Response: As requested, we improved the description of DMR in the revised manuscript: 
DMR technology is an optical-based label-free detection platform that provides phenotypic 
measures of cellular activity when cells are exposed to pharmacologically active stimuli 
(Schröder et al, 2010; Schröder et al, 2011). If used to capture GPCR activation, it reports 
signaling along all four major G protein pathways (Schröder et al, 2010; Schröder et al, 2011; 
Camp et al, 2016).  
We included this detailed explanation in the methods section of the revised manuscript (p. 
22, ll. 17-21). 

- Figure 3 shows that the vasorelaxant effect of FR is superior to other antagonists. Please
explain why the Thromboxane antagonist (SQ) or the ETA/B receptor antagonist Bosentan
only evoked 50 % vasorelaxation of the vasoconstriction induced by the Thromboxane
analogue or ET-1. Are higher concentrations of SQ or Bosentan more effective?

Response: Fig. 3 shows dose response curves of pulmonary vasoconstriction induced by 
the constrictors U-46619 (Fig 3A) and ET-1 (Fig 3C) after pre-treatment with the inhibitor FR 
or the respective receptor antagonists (i.e. SQ, Bos). Both, SQ and Bos are competitive 
antagonists and therefore induced a right-shift of the dose-response curve by the agonist 
based on agonist/antagonist competition at the receptor ligand binding site. Therefore, a 
higher antagonist concentration results in a more pronounced right shift of the dose-response 
curve of U-46619 or ET-1. Since FR is known to show pseudo-irreversible binding with very 
slow dissociation kinetics at the Gq protein level downstream of the receptor (Schrage et al, 
2015) the mechanisms of action of the receptor blockers and the Gq inhibitor FR as well as 
their efficacies at the same concentration are different. 

We have emphasized the different mechanisms of action of receptor antagonists and the Gq 
inhibitor FR in the results section of the revised version of the manuscript (p. 8, ll. 26-27 + p. 
9, ll. 1-2). 

- In figures 6 and 7 the authors demonstrated that FR prevents and even reverts pulmonary
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arterial hypertension in the Sugen (Su)Hox mouse model. The long duration of these studies 
indicates that besides vasorelaxation other mechanisms participate in the protective effects 
of FR. How does FR impact the proliferation of PASMCs, the survival of endothelial cells 
and/or pulmonary infiltration by immune cells?  

Response: We thank the reviewer for this interesting question. To examine the effect of FR 
on PASMC proliferation and endothelial cell survival, we isolated murine PASMC 
(mPASMCs) by an outgrowth method and murine lung endothelial cells (mLECs) by magnet-
associated cell sorting (MACS). Effects of FR on mPASMCs were analyzed in native cells 
and cells stimulated with a combination of PDGF and 5-HT to mimic PH conditions in cell 
culture (Hervé et al, 1995; Eddahibi et al, 2006; Schermuly et al, 2005). In native cells neither 
FR nor the solvent DMSO affected cell growth. Stimulation of mPASMC with PDGF and 5-HT 
strongly increased cell growth as assessed by cell counting after 2 days. While the solvent 
DMSO had no effect, Gq inhibition by FR significantly reduced mPASMC cell growth under 
these conditions (PDGF + 5-HT: 1.98 ± 0.07, n=10, PDGF + 5-HT + DMSO: 1.97 ± 0.07, 
n=9, PDGF + 5-HT + FR: 1.53 ± 0.06, n=9, p<0.001 vs. PDGF + 5-HT + DMSO) (new Fig. 
7A). To identify the Gq family member that is responsible for this effect we also treated 
mPASMCs with lentiviral sh-RNAs against Gα11, Gαq or both. Interestingly, only knockdown 
of Gαq reduced cell growth, while the knockdown of Gα11 had no effect (sh-ctrl: 1.00 ± 0.04, 
n=8, sh-ctrl + PDGF + 5-HT: 1.82 ± 0.08, n=8, sh-G11 + PDGF + 5-HT: 1.90 ± 0.06, n=8, sh-
Gq + PDGF + 5-HT: 1.46 ± 0.03, n=8, p<0.01 vs. sh-ctrl + PDGF + 5-HT, sh-G11 + sh-Gq + 
PDGF + 5-HT: 1.46 ± 0.04, n=8, p<0.01 vs. sh-ctrl + PDGF + 5-HT), implicating that Gαq is 
more relevant than Gα11 for mPASMC growth under PH conditions (new Fig. 7C).  
To exclude potential detrimental effects of FR on ECs we analyzed survival of mLECs in 
response to FR and performed TUNEL staining in native mLECs. We found that neither 
DMSO nor FR induced apoptosis in these cells (new Fig. EV5D).  
Pulmonary infiltration by immune cells, including macrophages, monocytes, mast cells, 
dendritic cells and several T cell subpopulations (Savai et al, 2012) is an important hallmark 
of PAH. Hypoxia exposure in mice leads to increasing amounts of macrophages in the lung, 
which promotes muscularization at least in part due to macrophage-derived PDGF and this 
mechanism is also of relevance in human PAH (Liu et al, 2023; Ntokou et al, 2021). To 
examine the effect of FR on pulmonary infiltration of macrophages in PH, we generated 
paraffin sections of lungs from mice that had developed PH during 5 weeks of Hx and were 
treated with FR or solvent for the last 2 weeks. Then, stainings against macrophages using a 
MAC-2 antibody were performed. We found that pulmonary infiltration by macrophages was 
reduced in response to FR application compared to solvent DMSO controls (DMSO: 29.7 ± 
1.8, n=9, FR: 22.6 ± 1.5, n=9, p<0.05) suggesting that FR can also reduce immune cell 
infiltration in the lung.  

We included the data on mPASMC cell growth and mLEC survival in new Fig. 7A,C/Fig. 
EV5D and the results section (p. 13, ll. 12-25 + p. 14, ll. 16-19). Data on pulmonary 
macrophage invasion were included into new Fig. 8H and the results section of the revised 
manuscript (p. 15, ll. 4-5) 

- Lastly: Gq-coupled receptors are also involved in the regulation of peripheral vascular
resistance, for instance by Angiotensin II (AT1-R) or adiuretin/vasopressin (V1-R). How does
FR affect systemic arterial blood pressure? Which unwarranted effects can be associated
with systemic FR therapy? These aspects should be discussed in better way.

Response: We thank the reviewer for raising this important point. We performed additional 
experiments to determine the effect of chronic FR application on LVSP in healthy mice and 
our disease models. Similar as reported in the literature regarding the effects of FR on 
systemic arteries (Meleka et al, 2019; Crüsemann et al, 2018) chronic FR application in our 
experiments resulted in a decrease of LVSP under normoxic conditions and also when 
applied during 3 weeks of SuHx PH development (new Fig. EV5A). A similar effect was also 
found when FR was used for treatment of pre-existing PH (new Fig. EV5E). This was 
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expected as a reduction of the systemic blood pressure is known for nearly all drug classes 
that are currently used in the clinics to treat pulmonary hypertension (Sildenafil (Preston et al, 
2005), Iloprost (Kingman et al, 2017), Riociguat (Ghofrani et al, 2013; Dumitrascu et al, 
2006), Bosentan (Williamson et al, 2000)). 
Pan-Gq inhibition by FR could also potentially affect platelet aggregation in vivo. Even 
though we could not detect spontaneous bleeding in response to the FR concentration used 
in our in vivo experiments, reports on the structural similar Gq inhibitor YM-254890 (Uemura 
et al, 2006) as well as on Gαq deficient mice (Offermanns et al, 1997) provide evidence that 
Gq inhibition can result in impaired platelet aggregation. While anticoagulation is no longer a 
standard treatment in PAH (Roldan et al, 2016; Jose et al, 2019), inhibition of hemostasis 
may still be beneficial for some patients (Humbert et al, 2022). 
We included our data on LVSP in response to FR in new Fig. EV5A,E and the results section 
of our revised manuscript (p. 13, l. 3 + p. 15, l. 1). Moreover, we included effects of FR on 
systemic blood pressure and platelet aggregation into the discussion section of the revised 
manuscript (p. 18, ll. 10-23). 

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

For a better translational way, authors should investigate the consequence of curative 
treatment with FR in the development of PH in more severe experimental models of PH as 
monocrotaline-PH rats or Sugen/Hypoxia-PH rats.  

Referee #2 (Remarks for Author): 

In their manuscript "Pharmacological Gq inhibition induces potent pulmonary vasorelaxation 
and reverses pulmonary hypertension", the authors investigated the potential as a 
therapeutic target of Gq proteins in PAH. They showed that the inhibition of Gq proteins by 
FR9000359 induced a potent vasorelaxation ex vivo in PA from healthy mice, pigs, and 
humans. They also demonstrated that the application of FR in vivo on Sugen-Hypoxia mice 
reversed PH. They proposed that Gq proteins could be used as a therapeutic target in PH. 
Their work is interesting. However, this work has methodological issues and requires 
additional experiments and clarifications.  

Major: 

1) Authors should use the new hemodynamic definition of PAH from the 2022 guidelines
(Humbert et al., ERJ, 2022) and the complete one, including mean pulmonary arterial
pressure, pulmonary vascular resistance, and pulmonary arterial wedge pressure. They
should also cite more recent papers on the prognosis of PAH.

Response: We thank the Reviewer for making this helpful suggestion. We updated and 
completed the hemodynamic definition from the current PAH guideline (p. 4, ll. 6-8) and cited 
more recent papers on the prognosis of PAH (p. 4, ll. 9-10). 

2) Importantly, for a better translational way, authors should investigate the consequence of
curative treatment with FR in the development of PH in more severe experimental models of
PH as monocrotaline-PH rats or Sugen/Hypoxia-PH rats.

Response: As suggested by the reviewer, we performed more in vivo experiments to 
analyze the effect of FR on the systemic blood pressure in healthy and PH mice. We 
assessed the Fulton index, potential right ventricular fibrosis and the amount of muscularized 
PAs in mouse; moreover, we analyzed the kinetics of the acute FR effect on RVSP and 
LVSP in PH mice. Additionally, we induced PH in mice to perform isometric force 
measurements in order to test the effect of FR in isolated vessels of PH mice (see all below). 
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We agree that in the future these experiments should be also performed in another species, 
but we consider this to go beyond the scope of the current manuscript. 

3) Authors used the shRNA strategy to reduce the expression of Gq and G11 and to
measure the consequence of Gq or G11 knockdown on pulmonary arterial contraction. In
addition to pulmonary artery vasoconstriction, PAH is also characterized by strong pulmonary
arterial remodeling involving at least exacerbated PASMC proliferation and migration. In this
way, authors should take advantage of their Gq inhibitor and their shRNA to determine the
role of Gq and G11 in PASMC proliferation and migration from control and PH conditions.

Response: We thank the reviewer for this important question.  
To examine the effect of FR, Gαq- and/or Gα11 sh-RNA on PASMC proliferation and 
migration, we isolated murine PASMC (mPASMCs) by an outgrowth method and analyzed 
the effect in native cells and cells stimulated with a combination of PDGF and 5-HT. These 
compounds were chosen to mimic PH conditions in cell culture as both are known to be 
drivers of PH pathophysiology (Hervé et al, 1995; Eddahibi et al, 2006; Schermuly et al, 
2005). In native cells neither FR nor the solvent DMSO affected cell growth (native: 1.00 ± 
0.06, n=12, DMSO: 1.01 ± 0.03, n=9, FR: 1.00 ± 0.04, n=9). Stimulation of mPASMCs with a 
combination of PDGF and 5-HT strongly increased cell growth as assessed by cell counting 
after 2 days. While the solvent DMSO had no effect, Gq inhibition by FR significantly reduced 
mPASMC cell growth under these conditions (PDGF + 5-HT: 1.98 ± 0.07, n=10, PDGF + 5-
HT + DMSO: 1.97 ± 0.07, n=9, PDGF + 5-HT + FR: 1.53 ± 0.06, n=9, p<0.001 vs. PDGF + 5-
HT + DMSO) (new Fig. 7A). To identify the Gq family member that is responsible for this 
effect we also treated mPASMCs with lentiviral sh-RNAs against Gα11, Gαq or both. 
Interestingly, only knockdown of Gαq reduced cell growth, while the knockdown of Gα11 had 
no effect (sh-ctrl + PDGF + 5-HT: 1.82 ± 0.08, n=8, sh-G11 + PDGF + 5-HT: 1.90 ± 0.06, 
n=8, sh-Gq + PDGF + 5-HT: 1.46 ± 0.03, n=8, p<0.01 vs. sh-ctrl + PDGF + 5-HT, sh-G11 + 
sh-Gq + PDGF + 5-HT: 1.46 ± 0.04, n=8, p<0.01 vs. sh-ctrl + PDGF + 5-HT), implicating that 
Gαq is more relevant than Gα11 for mPASMC growth under PH conditions (new Fig. 7C). 
Migration was investigated by a wound healing/scratch assay. Unter native conditions FR 
had no effect. Stimulation of the cells with PDGF and 5-HT (PH condition) increased wound 
healing after 12 hours (native: 32.9 ± 2.5 %, n=8 vs. PDGF + 5-HT: 64.6 ± 3.7 %, n=6, 
p<0.001). This increase was not affected by the solvent DMSO but significantly reduced by 
pharmacological Gq inhibition using FR (PDGF + 5-HT + DMSO: 63.4 ± 2.9 %, n=6 vs. 
PDGF + 5-HT + FR: 45.4 ± 3.1 %, n=6, p<0.01) (new Fig. 7B). Again, this result was 
confirmed in cells treated with lentivirus-based sh-G11, sh-Gq or sh-G11+sh-Gq 
transduction. Similar to our results in the cell growth assay the knockdown of Gα11 alone had 
no effect, whereas the knockdown of Gαq reduced wound healing significantly (sh-ctrl + 
PDGF + 5-HT: 65.7 ± 1.8 %, n=6, sh-G11 + PDGF + 5-HT: 62.3 ± 1.6 %, n=6, sh-Gq + 
PDGF + 5-HT: 45.9 ± 2.0 %, n=6, p<0.001 vs. sh-ctrl + PDGF + 5-HT, sh-G11 + sh-Gq + 
PDGF + 5-HT: 45.7 ± 1.6 %, n=6, p<0.001 vs. sh-ctrl + PDGF + 5-HT) indicating that the 
inhibition of Gαq is responsible for the anti-remodeling effect of FR in PASMCs (new Fig. 7D). 
These data were included in new Fig. 7 and the results section of the revised manuscript (p. 
13, ll. 12-28 + p. 14, ll. 1-15).  

4) In line with point #3, as we know, Gq is primordial for intracellular Ca2+ signaling.
Because Gq activation activates PLC, which leads to diacylglycerol and IP3 production, and
consequently induces an increase of intracellular Ca2+ concentration via IP3R localized at
ER membrane as well as store-operated Ca2+ channel localized at the plasma membrane
including Orai and TRPC channels.
Orai and TRPC channels were recently demonstrated to be upregulated in PAH and to be
considered as potential therapeutic targets.
Are there any consequences of Gq inhibition on Orai and TRPC expression and IP3R Ca2+
release? By reducing the function of these Ca2+ channels, FR treatments should also reduce
PASMC proliferation, migration since these processes are strongly dependent on intracellular
Ca2+ concentration.
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Authors should investigate and discuss these points in their study. 

Response: To analyze the effect of FR on Orai1 and TRPC expression we applied native 
mPASMCs and cells exposed to PDGF+5-HT (PH condition). We analyzed Orai1, TRPC1 
and TRPC3 expression as these were shown to be increased in human and/or mouse 
PASMCs in PH (Masson et al, 2022; Masson et al, 2023). Our qPCR analysis revealed that 
only Orai1 and TRPC1 but not TRPC3 channels were expressed in our mPASMCs. Under 
PH conditions (PDGF+5-HT) Orai1 (native: 2.0 ± 0.2 2-ΔCtx106, n= 8 vs. PDGF + 5-HT: 3.2 ± 
0.3 2-ΔCtx106, n=6, p<0.01) but not TRPC1 expression was found to be increased. 
Interestingly, FR did neither affect Orai1 nor TRPC1 expression under both conditions 
suggesting that FR does not affect Ca2+ signaling via modulation of Orai1 and TRPC1/3 
expression. 
As suggested by the reviewer we also investigated effects on intracellular Ca2+ in mPASMCs. 
Therefore, we applied a combination of PDGF and 5-HT to mimic PH conditions and 
measured intracellular Ca2+ concentration. The Ca2+ response to PDGF + 5-HT consisted of 
two phases: a fast and small Ca2+ increase induced by 5-HT, that could be inhibited by FR 
(new Fig. 7 E-G) and a delayed stronger Ca2+ elevation that was induced by PDGF and was 
FR-insensitive (new Fig. 7E,F,H). Interestingly, the impact of FR on intracellular Ca2+ was 
minor, while its inhibitory effect of proliferation and migration was much more pronounced 
(see above).   
The qPCR data on Orai1 and TRPC expression were included in new Fig. EV5B,C and the 
Ca2+ data in new Fig. 7E-H as well as the discussion section (p. 18, ll. 26-28 + p. 19, ll. 1) of 
the revised manuscript. 

Moreover, regarding this large spectrum of action of Gq inhibitor, how authors have 
measured the potential side effects of Gq inhibition in other organs? Authors should 
investigate the consequences of Gq inhibition in healthy mice or rat.  

Response: We thank the reviewer for raising this important point. The application of FR did 
not produce overt alterations in mouse behavior or locomotion. In healthy mice we can show 
that FR does neither affect basal RVSP nor heart rate after acute (Fig. EV4D,E) or chronic 
application (Fig. 6A,B). Effects on RVSP are most likely absent because there is little or no 
resting tone in pulmonary arteries (Wilkins et al, 1996). 
We also performed new experiments and determined the effect of chronic FR application on 
LVSP in healthy mice and our disease models. In accordance with earlier results on the 
effects of FR on systemic arteries (Meleka et al, 2019; Crüsemann et al, 2018) we found that 
acute and chronic FR application resulted in a decrease of LVSP under normoxic conditions 
and when applied in our disease models (new Fig. EV5A,E). This was expected as a 
reduction of the systemic blood pressure is known for nearly all drug classes that are 
currently used in the clinics to treat PAH (Sildenafil (Preston et al, 2005), Iloprost (Kingman 
et al, 2017), Riociguat (Ghofrani et al, 2013; Dumitrascu et al, 2006), Bosentan (Williamson 
et al, 2000)).  
Pan-Gq inhibition by FR could potentially also affect platelet aggregation in vivo. Even 
though we could not detect spontaneous bleeding in response to the FR concentration used 
in our in vivo experiments, reports on the structural similar Gq inhibitor YM-254890 (Uemura 
et al, 2006) as well as on Gαq deficient mice (Offermanns et al, 1997) provide evidence that 
Gq inhibition can result in impaired platelet aggregation. While anticoagulation is no longer a 
standard treatment in PAH (Roldan et al, 2016; Jose et al, 2019), inhibition of hemostasis 
may still be beneficial for some patients (Humbert et al, 2022). 

We included data on LVSP changes in response to FR in new Fig. EV5A,E and the results 
section (p. 13, l. 3 + p. 15, l. 1). Moreover, we included effects of FR on systemic blood 
pressure and platelet aggregation into the discussion section of the revised manuscript (p. 
18, ll. 10-23). 



7 

In addition, authors should not limit their explanations of the increasing heart rate by IP3R 
inhibition (page 25).  

Response: We found that 1h after FR application heart rate was unaffected in healthy but 
slightly reduced in PH mice. This could be explained by inhibition of the accelerating function 
of Gq proteins for GIRK channel deactivation kinetics resulting in an increased heart rate 
(Mark et al, 2000) or the inhibition of Gq-dependent IP3-mediated Ca2+ release that has also
been shown to increase pacemaker activity in the heart (Ju et al, 2012). In addition, it has 
been reported that Gq inhibition alters arterial baroreflex control (Meleka et al, 2019).  
We included all these explanations in the discussion section of our revised manuscript (p. 17, 
ll. 24-28 + p.18, l. 1).

5) Regarding in vivo experiments in mice (preventive and curative approach), authors should
also measure the consequences of FR treatment on right ventricle fibrosis. Authors should
add the Fulton index (RV/LV+septum) values for in vivo experiments. Authors should
examine the rate of muscularized and non-muscularized pulmonary arteries by using alpha-
SMA/VWF staining.

Response: We thank the reviewer for this helpful suggestion. We focused our analysis on 
the curative approach since this is most relevant for translation (Brown et al, 2011). We 
analyzed right ventricular collagen deposition as a sign for potential fibrosis of the heart by 
morphometry of Sirius red-stained paraffin sections. Quantification of collagen revealed that 
there is hardly any collagen deposition and no cardiac fibrosis after 5 weeks in the PH mouse 
model of SuHx (see also Fig. 1 of the rebuttal below). In addition, chronic FR application did 
not induce cardiac fibrosis as potential adverse effect. (DMSO: 4.5 ± 0.9 %, n=9 vs. FR: 3.6 ± 
0.8 %, n=9)   
We included the quantitative analysis for right ventricular collagen deposition after FR 
treatment in new Fig. EV5H. 

Rebuttal Fig. 1. 5 weeks of Hx does not induce right ventricular fibrosis in mouse. Sirius red 
staining of a paraffin section derived from a DMSO- treated mouse with Su/Hx after 5 weeks. 
Boxes indicate areas magnified in the pictures on the right. Magnification: left: 1x, middle: 
10x, right: 40x.  

As suggested by the reviewer we also analyzed the Fulton index in our therapeutic approach. 
Our data demonstrate that FR was able to reverse right heart hypertrophy (DMSO: 44.3 ± 1.9 
%, n=7 vs. FR: 33.2 ± 1.1 %, n=5, p<0.01). This result is in line with our analysis of the cross-
sectional area of cardiomyocytes (see Fig. 8J-L).  
We included these data regarding the Fulton index in new Fig 8I of the revised manuscript. 

As suggested by the reviewer, we performed alpha-SMA/vWF stainings to examine the 
amount of muscularized and non-muscularized PAs in lung sections of PH animals treated 
with FR. In accordance with our results on PA vascular wall thickness (Fig. 8C-E) and 



8 

media/CSA ratio (Fig. 8F) FR reduced the amount of fully muscularized lung vessels and 
enhanced the amount of non and partially muscularized lung vessels. 
Also these data were included into new Fig. EVF,G and Fig. 8G. 

6) Results showing reduction of RVSP in PH mice by FR treatment (1 hour after FR
application) are exciting but limited due to the use of the mouse model. Authors should also
do these experiments in monocrotaline or Sugen/hypoxia rats to better define the acute
consequence of FR infusion in RVSP, cardiac output, and systemic blood pressure. Because
of the rapid PA relaxation produced by FR application, we could hypothesize that FR should
reduce RVSP in these PH models more rapidly than one hour.
Is there any consequence of Gq inhibition on systemic arterial tone? It should be.

Response: We thank the reviewer for this suggestion. To characterize the kinetics of FR on 
blood pressure in the pulmonary and systemic circulation in detail, we performed additional in 
vivo experiments in mice with established SuHx PH. In these animals we recorded the RVSP 
and LVSP simultaneously using two Millar pressure catheters in the right and left ventricle, 
respectively. After baseline recordings (RVSP: DMSO group: 35.6 ± 1.3 mmHg, n=4 vs. FR 
group: 35.2 ± 1.6 mmHg, n=5; LVSP: DMSO group: 87.1 ± 3.6 mmHg, n=4 vs. FR group: 
86.8 ± 1.5 mmHg, n=5) we applied FR (10 µg/mouse) or DMSO as solvent control via the i.p. 
route as in our chronic FR experiments and monitored changes in pressure over the first 20 
minutes (see Fig. EV4H,I). When FR was administered a small decrease of pressure could 
be observed starting from 5 min on. After 20 minutes RVSP as well as LVSP were reduced 
by around 13% each, while in controls blood pressure was stable over time (RVSP: 99.3 ± 
0.9 %, LVSP: 103.3 ± 1.1 %) 
These data suggest that the acute relative effects of FR on the pulmonary and systemic 
circulation are similar.  
We added these data in new Fig. EV4H,I and the results as well as the discussion section (p. 
18, ll. 10-16) of the revised manuscript. 
Experiments in another species are beyond the scope of the current manuscript and need to 
be performed in future studies. 

7) In the continuity of point #6, the authors should assess the effect of the Gq-inhibition on
the pulmonary vascular tone of the PH condition. Does FR application always induce
pulmonary artery relaxation?

Response: As suggested by the reviewer we investigated the effect of FR on pulmonary 
vascular tone of mice with pre-existing PH (3 weeks SuHx) in isometric force measurements. 
Interestingly, we found that the pre-constriction amplitude by 5-HT was strongly increased in 
mice with pre-existing PH compared to our experiments in healthy mice (see Fig. 1) (Nx: 2.5 
± 0.1 mN, n=22 vs. Hx: 5.1 ± 0.2, n=12, p<0.001) reflecting the successful induction of PH in 
these mice. Importantly, the relaxation induced by FR in PAs of mice with pre-existing PH 
was similar compared to that of healthy mice (Nx FR: 79.2 ± 2.5 %, n=12 vs Hx FR: 88.0 ± 
1.5 %, n=6 p<0.05, at 8 min after FR application), highlighting the strong vasorelaxant effect 
of FR even under PH conditions.  
We included these data into new Fig. 5I,J and the results section of the revised manuscript 
(p. 11, ll. 7-16).  

Minor: 
1) Why, in the presence of FR (10-6 M), there is no constriction of PA-induced by 5-HT dose
response (Figure 2A). Because, with FR at 10-6 M, PA relaxation is around 80%with a
residual 20% of contraction.

Response: In our single dose experiments of FR after 5-HT constriction, we analyzed 
vasorelaxation by FR at 8 min after FR application (Fig. 1F). After this time-point isometric 
force continued to decrease slowly, but it was unclear if this could be attributed to the action 
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of FR and therefore it was not systematically analyzed. To test if FR can completely abolish 
constriction by 5-HT in the next series of experiments we pre-incubated PAs with FR and 
then performed 5-HT dose response curves (Fig. 2A). In these experiments FR prevented 5-
HT-induced vasoconstriction completely (Fig. 2B) indicating that FR can completely abrogate 
5-HT-dependent constriction.
In addition, in myograph experiments with PAs of mice with pre-existing PH (see point 7
above) after 5-HT pre-constriction and FR application we recorded the vasorelaxation by FR
for a longer time-period and found that at 15 min after FR application relaxation reached
about 100% demonstrating that FR can also completely diminish constriction when applied
after 5-HT.
To make this clearer, we improved the description of the experimental approach related to
isometric force measurements in the method section (p. 24, ll. 6-8) and included values for
FR-induced relaxation in PH animals at 15 min (p. 11, ll. 15-16).

2) The red trace of FR condition is absent from the graph presented in Figure 2C.

Response: This experiment was designed to characterize the differential contribution of Gαq 
and Gα11 to acute 5-HT-dependent effects in PASMCs. Accordingly, we used FR (10-6 M) as
a positive endpoint control only at the highest α-methyl-5-HT (10-6 M) concentration in native 
cells. Therefore, only one data point has been recorded and can be displayed.  

We better explained this procedure in the methods section of the revised manuscript (p. 23, 
ll. 3-5). 

3) Please add a comma between "mouse" and "pig" in the abstract and between "PH" and
"FR" in the discussion (page 25).

Response: Done 

4) Please homogenize terms as "in vivo" in italics or not.

Response: Done 

5) Authors should improve the visual quality of Figure 2.

Response: Done 

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

In vitro, ex vivo and in vivo models were all used in this study and the findings seemed all 
consistent with the overall hypothesis.  

Referee #3 (Remarks for Author): 

This manuscript reports the pharmacological role of a pan-Gq protein inhibitor FR900359 
(FR) in relaxing of pulmonary artery and managing pulmonary hypertension. Specifically, the 
authors found that the FR compound at low micromolar concentrations induced significant 
vasodilation in several ex vivo models of mouse, pig, and human pulmonary arteries. In 
addition, they found that local delivery or i.p. delivery FR decreased pulmonary hypertension 
in a couple of relevant mouse models. Overall, the study has a translational potential and the 
experiments appeared to be well-performed. However, the idea of targeting a Gq protein to 
control vascular tone is not particularly novel, and the quality of this work would be further 
improved if the following points could be considered or clarified:  
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Response: We thank the reviewer for the positive comments and helpful suggestions. 

1.Page 3, ET-1 and 5-HT should be fully defined when they first appeared.

Response: We defined ET-1 and 5-HT at first appearance in the manuscript (p. 4, l. 11). 

2.Fig. 1, it would be better if the authors could show sample tracing on the effect of FR on
KCl-induced vascular constriction.

Response: We thank the reviewer for this helpful suggestion. As suggested by the reviewer, 
we included an original trace of KCl-induced constriction followed by solvent DMSO or FR 
(10-6 M) application in the plateau phase in new Fig. 1D,E. 

3.Fig. EV1, panel B, the RT-PCR study did not have positive and negative controls.

Response: We thank the reviewer for raising this important point. In Fig. EV1B we added 
mouse lung tissue as positive control and mPASMCs after knockdown of Gαq or Gα11 as 
negative controls. 

4.Lentiviral transduction decreased Gq and G11 mRNA expression, but it remained unknown
how much Gq/11 protein expression was reduced.

Response: As suggested by the reviewer we performed additional experiments to analyze 
protein expression of Gαq and/or Gα11 after lentiviral downregulation. This analysis shows the 
downregulation of Gα11 but not Gαq as there are neither Gα11 nor Gαq-specific antibodies 
commercially available and an antibody against both Gαq and Gα11 still detects the more 
prevalent Gα11 isoform after Gαq downregulation in PASMCs (Fig. EV1G,H). We included the 
data regarding Gαq/11 protein expression in EV1G,H and in the results section of the revised 
manuscript (p. 7, ll. 22-25). 

5.Why in the pig species, FR showed at least 10-fold more sensitive than in mice?

Response: To compare the effects of FR in pig and mouse we re-analyzed FR dose 
response curves after U46619-dependent constriction as only this constrictor was applied in 
both species so that FR effects can be correlated. (Fig. EV2D,E). When we calculated IC50 
values for FR we found that these are quite similar in both species (see bar diagram below).  
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Rebuttal Fig. 2. Analysis of IC50 values of FR relaxation after U-46619 pre-constriction in 
mouse and pig. Unpaired student`s t-test. 
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6.It is not clear for all the vascular contractility study if the endothelium were all removed or
not. Please specify this in the method section.

Response: We thank the reviewer for this suggestion. The endothelium was preserved in all 
experiments. This information was included in the methods section of the revised manuscript 
(p. 23, l. 25 + p. 24, ll. 14-15). 
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Dear Prof. Wenzel, 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. Your manuscript has now been re-
reviewed by the three original reviewers. Based on their advice (included below), I am pleased to inform you that we will be able
to accept your manuscript pending the following final amendments and appropriate response to reviewers (particularly Reviewer
2): 

1) Author contributions: Please remove from the manuscript and specify author contributions in our submission system. CRediT
has replaced the traditional author contributions section because it offers a systematic machine-readable author contributions
format that allows for more effective research assessment. You are encouraged to use the free text boxes beneath each
contributing author's name to add specific details on the author's contribution. More information is available in our guide to
authors:
https://www.embopress.org/page/journal/17574684/authorguide#authorshipguidelines
2) In the Materials and Methods, please take care of the following:
- Studies with human research participants: The use of human samples requires information on the authority granting ethics
approval (e.g. IRB) and informed consent. If the need for approval is waived, please cite the reason (e.g. non-human subject
research because the samples used were de-identified/coded with no identifying information) and legislation in the relevant
methods section. Please also state 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. Finally, please update the "Author Checklist" to indicate
that this information was included in the manuscript.
- Animals: Please ensure that an ethics statement and the approval committee for research on animals is included in the section
where animal experiments are described in the Materials and Methods. Please also ensure that specific housing conditions as
well as gender, age, and origin of the animals involved in experiments is reported (beyond a statement that the experiments
complied). The specific conditions are currently missing for the mouse experiments, and no ethics or additional information has
been given for the pig experiments.
3) Please place individual sections of the manuscript in the following order: Title page - Abstract & Keywords - Introduction -
Results - Discussion - Materials & Methods - Data Availability - Acknowledgements - Disclosure and Competing Interests
Statement - The Paper Explained - For More Information - References - Figure Legends - Expanded View Figure Legends.
4) For the figures and figure legends, please take care of the following:
- Please make sure to update the callouts of all figures in the main manuscript text (currently figure callouts are missing for
Figure 4e)
- Please note that information related to n is missing in the legends of figures 5m; 7a-h; EV 1h; EV 4e-f; EV 5d.
- Although 'n' is provided, please describe the nature of entity for 'n' in the legends of figures 1f; 2c; 4d, f; 5c, f, h; EV 1c-f; EV 4c,
EV 5b-c.
- Please note that the error bars are not defined in the legends of EV 2c-g.
5) Synopsis:
- Synopsis text: The standfirst is over the limit of maximum of 300 characters (including spaces), please shorten this sentence.
We would suggest simply removing the first sentence.
- Please check your synopsis text and image before submission with your revised manuscript. Please be aware that in the proof
stage minor corrections only are allowed (e.g., typos).
6) For more information: This space should be used to list relevant web links for further consultation by our readers. Could you
identify some relevant ones and provide such information as well? Some examples are patient associations, relevant databases,
OMIM/proteins/genes links, author's websites, etc...
7) As part of the EMBO Publications transparent editorial process initiative (see our policy here:
https://www.embopress.org/transparent-process#Review_Process), EMBO Molecular Medicine will publish online a Peer Review
File (PRF) to accompany accepted manuscripts. This file will be published in conjunction with your paper and will include the
anonymous referee reports, your point-by-point response and all pertinent correspondence relating to the manuscript. Let us
know whether you agree with the publication of the PRF and as here, if you want to remove or not any figures from it prior to
publication. Please note that the Authors checklist will be published at the end of the PRF.
8) Please provide a point-by-point letter INCLUDING my comments as well as the reviewer's reports and your detailed
responses (as Word file).

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

Yours sincerely, 

Poonam Bheda 



Poonam Bheda, PhD
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EMBO Molecular Medicine 
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***** Reviewer's comments ***** 

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

The authors performed a "tour de force" of new experiments in vitro, ex vivo and in vivo to address and answer all reviewer´s 
questions. The number and quality of the technical approaches used here to answer the question whether Gq inhibition can 
attenuate PH is impressive and few laboratories are able to combine such different approaches in such careful dedicated way 
and at such a high level. 

Referee #1 (Remarks for Author): 

The study entitled "Pharmacological Gq inhibition induces strong pulmonary vasorelaxation and reverses pulmonary 
hypertension" by Alexander Seidinger et al tested the pulmonary vasodilating effect of the macrocyclic depsipeptide FR900359 
(FR), a highly specific inhibitor of Gq/11/14 signalling, and its potential in the treatment of pulmonary hypertension (PH). 
Pulmonary hypertension (PH), with elevated pulmonary arterial pressure (mPAP {greater than or equal to} 20 mmHg) and 
pulmonary vascular resistance, affects up to 100 million people worldwide. Patients with PAH (PH Group 1) are presently treated 
with drugs targeting three dysfunctional endothelial pathways: augmentation of the nitric oxide (NO)/cyclic GMP pathway
(soluble guanylyl cyclase activators, phosphodiesterase 5 inhibitors), endothelin-1 (ET-1) receptor antagonists; and prostacyclin 
analogs. Despite therapeutical progresses, PAH remains a fatal disease with a 3-year survival rate of 58%. Treatment of groups 
2 to 5 PH addresses the causal disease and PAH therapeutics are presently not recommended. However, the presence of even 
moderate PH increases morbidity and mortality. Hence, new approaches to the management of all these patients are urgently 
needed. 
The pathophysiology of PH is multifactorial and includes chronic or recurrent hypoxia and augmented (peri)vascular expression 
of vasoconstrictors, growth factors and inflammatory mediators, such as endothelin, serotonin, thromboxane A2 and others. 
Ultimately, this leads to endothelial cell dysfunction and increased contraction, proliferation, and apoptosis resistance of 
pulmonary artery smooth muscle cells (PASMCs) with remodeling of small pulmonary arterioles and muscularization of very 
distal, normally non-muscularized vessels. 
Here, the authors combined elegant studies in isolated murine and porcine pulmonary arteries, cultured mouse PASMCs and 
precision-cut slices from human and murine lungs to study the vasodilatory efficacy and potency of the specific Gq inhibitor FR 
on serotonin-, thromboxane- and endothelin-1-evoked vasoconstrictions. The results demonstrated that FR markedly prevents 
and reverses the vasoconstrictor effects of these factors in the pulmonary macro- and microcirculation. Moreover, FR also 
inhibits the growth factor (e.g. PDGF-BB) stimulated proliferation of cultured PASMC. This is important because besides 
vasoconstriction, the hyperproliferation of vascular mural cells and vascular remodeling/thickening have a major role in the 
development of PH. 
These interesting observations were extended with experiments in isolated perfused murine lungs. The results demonstrated 
that FR does not inhibit hypoxia-driven vasoconstrictions, but efficiently counter-regulates vasoconstrictions elicited by agonists 
acting on Gq-coupled receptors. 
To elucidate the relevance of this observations for the therapy of PH, the authors firstly tested the effect of local, intratracheal 
application of FR on acute serotonin-evoked pulmonary vasoconstrictions in anesthetized mice (the subsequent increases in 
pulmonary arterial pressure, PAP, were indirectly measured through recordings of right ventricular systolic pressure, RVSP). 
Notably, FR markedly reduced serotonin-evoked increases in RVSP and this effect was preserved in mice with hypoxia-induced 
PH. Lastly, the authors studied the effect of FR in the preclinical model of Sugen/hypoxia (SuHx)-driven chronic PH in mice. 
Notably, FR markedly prevented and even reverted Sugen/HOX-driven PH, pulmonary vascular remodeling as well as right 
ventricular hypertrophy. Taken together, the results from these complex experiments in vitro/ex vivo and in vivo indicate the 
potential of pharmacological inhibition of Gq proteins in the treatment of PH. The possible human relevance is emphasized by 
the results obtained from experiments with "cultured" precision-cut slices from human lungs. 
This is a very elegant study with high clinical relevance. The experiments and results are well described and properly discussed. 
The authors performed a "tour de force" of new experiments in vitro and in vivo to address and answer all reviewer´s questions. 
The number and quality of the technical approaches used here to answer the question whether Gq inhibition can attenuate PH is 
impressive and few laboratories are able to combine such different approaches at such a high level. The introduction and



discussion sections have also been improved to address reviewers' comments. In particular the possible systemic effects of
pharmacological Gq inhibition have been carefully discussed. In my view, this manuscript will be very interesting for clinicians
and scientists working in the fields of lung pathophysiology and vascular physiology and disease. 

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

Authors strongly improve the quality of their manuscript. We greatly appreciate the authors' efforts to respond to our concerns. 
However, we still have some concerns regarding the news of Calcium experiments, which are a little bit strange. We also asked
the authors to write a limitation section because they did not use a severe model of PAH and because they found that FR
treatment reduced LV blood pressure, which is not necessarily beneficial for PAH patients. 

Referee #2 (Remarks for Author): 

Authors strongly improve the quality of their manuscript. The results presented in the revised manuscript are still exciting, and
we greatly appreciate the authors' efforts to respond to our concerns. 
However, we have still some concerns. 

Major: 
1-We understand that the authors did not perform in vivo pharmacological experiments in more severe animal models of PAH
(Monocrotaline rats or Su/Hx rats). In our opinion, these experiments should be crucial for a better translational perspective. The
authors should at least write a limitation section regarding the use of only the mouse model of PAH.

2-Regarding the new Ca2+ imaging experiments. We do not understand the presented traces. Maybe authors should better
legend these traces. When drug is applied? What corresponds to the second phase of these Ca2+ signals? The authors should
perform these Ca2+ experiments in a Ca2+-free medium to determine where this second phase comes from.

In the text, the authors explain that they used A23187. Does it correspond to the second phase of the Ca2+ response? If yes, it
is not necessary to present the results of A23187. 
In addition, the chosen colors to illustrate the different experimental conditions are confusing. Please change. 

3-In the limitation part of their manuscript, the authors should discuss the effect of FR treatment on LV pressure, which is not
necessarily beneficial for PAH patients.

Minor: 
1-In line 28, page 13, it is not a mouse but a rat.
2-Authors should add the numbered of each figure

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

Well revised and is ready for acceptance. 

Referee #3 (Remarks for Author): 

The authors have performed additional experiments, and the new data are very supportive of the conclusion. All other critiques
seemed to be well-addressed, and this reviewer does not have any concerns about publishing this work. 



Scientific Editor comments 

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

Response: We removed the author contribution section from our manuscript and specified 
author contribution in the submission system. 

2) In the Materials and Methods, please take care of the following:
- Studies with human research participants: The use of human samples requires information

on the authority granting ethics approval (e.g. IRB) and informed consent. If the need for
approval is waived, please cite the reason (e.g. non-human subject research because the
samples used were de-identified/coded with no identifying information) and legislation in the
relevant methods section. Please also state 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. Finally, please update the "Author Checklist" to indicate that this
information was included in the manuscript.

Response: We added the following information to the Materials and Methods section: 
The human donor lungs in this study were purchased from the International Institute for the 
Advancement of Medicine (IIAM) and de-identified. Since no human subject is involved in the 
study, ethics (or IRB) approval is waived. Likewise, the WMA Declaration of Helsinki and the 
Department of Health and Human Services Belmont Report are not applicable to the study 
(p.25, ll.12-15). 
The Author Checklist was updated as requested. 

- Animals: Please ensure that an ethics statement and the approval committee for research
on animals is included in the section where animal experiments are described in the
Materials and Methods. Please also ensure that specific housing conditions as well as
gender, age, and origin of the animals involved in experiments is reported (beyond a
statement that the experiments complied). The specific conditions are currently missing for
the mouse experiments, and no ethics or additional information has been given for the pig
experiments.

Response: We specified the conditions of mouse experiments. The lungs from adult pigs of 
either sex (~50 kg) were collected from a local abattoir, therefore use of the tissue does not 
require ethical approval. We added this information in the animal experiment section (p.29, ll. 
7-13). The abattoir received pigs from different farms, that is why the housing conditions are
unknown.

3) Please place individual sections of the manuscript in the following order: Title page -
Abstract & Keywords - Introduction - Results - Discussion - Materials & Methods - Data
Availability - Acknowledgements - Disclosure and Competing Interests Statement - The
Paper Explained - For More Information - References - Figure Legends - Expanded View
Figure Legends.

Response: We changed the order as requested. 

28th May 20242nd Authors' Response to Reviewers



4) For the figures and figure legends, please take care of the following:
- Please make sure to update the callouts of all figures in the main manuscript text (currently

figure callouts are missing for Figure 4e)

- Please note that information related to n is missing in the legends of figures 5m; 7a-h; EV
1h; EV 4e-f; EV 5d.

- Although 'n' is provided, please describe the nature of entity for 'n' in the legends of figures
1f; 2c; 4d, f; 5c, f, h; EV 1c-f; EV 4c, EV 5b-c.

- Please note that the error bars are not defined in the legends of EV 2c-g.

Response: We added the missing callout and n-numbers as well as the nature of entity for 
“n” in the indicated figure legends. Furthermore, we added the definition of error bars in Fig. 
EV2. 

5) Synopsis:

- Synopsis text: The standfirst is over the limit of maximum of 300 characters (including
spaces), please shorten this sentence. We would suggest simply removing the first sentence.

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

Response: We removed the first sentence and checked the synopsis text and image. 

6) For more information: This space should be used to list relevant web links for further
consultation by our readers. Could you identify some relevant ones and provide such
information as well? Some examples are patient associations, relevant databases,
OMIM/proteins/genes links, author's websites, etc...

Response: We provided web links for further information (p. 32, ll.2-4). 

7) As part of the EMBO Publications transparent editorial process initiative, EMBO Molecular
Medicine will publish online a Peer Review File (PRF) to accompany accepted manuscripts.
This file will be published in conjunction with your paper and will include the anonymous
referee reports, your point-by-point response and all pertinent correspondence relating to the
manuscript. Let us know whether you agree with the publication of the PRF and as here, if
you want to remove or not any figures from it prior to publication. Please note that the
Authors checklist will be published at the end of the PRF.

We agree with the publication of the complete correspondence. 

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

Done. 



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

The authors performed a "tour de force" of new experiments in vitro, ex vivo and in vivo to 
address and answer all reviewer´s questions. The number and quality of the technical 
approaches used here to answer the question whether Gq inhibition can attenuate PH is 
impressive and few laboratories are able to combine such different approaches in such 
careful dedicated way and at such a high level.  

Referee #1 (Remarks for Author): 

The study entitled "Pharmacological Gq inhibition induces strong pulmonary vasorelaxation 
and reverses pulmonary hypertension" by Alexander Seidinger et al tested the pulmonary 
vasodilating effect of the macrocyclic depsipeptide FR900359 (FR), a highly specific inhibitor 
of Gq/11/14 signalling, and its potential in the treatment of pulmonary hypertension (PH). 
Pulmonary hypertension (PH), with elevated pulmonary arterial pressure (mPAP {greater 
than or equal to} 20 mmHg) and pulmonary vascular resistance, affects up to 100 million 
people worldwide. Patients with PAH (PH Group 1) are presently treated with drugs targeting 
three dysfunctional endothelial pathways: augmentation of the nitric oxide (NO)/cyclic GMP 
pathway (soluble guanylyl cyclase activators, phosphodiesterase 5 inhibitors), endothelin-1 
(ET-1) receptor antagonists; and prostacyclin analogs. Despite therapeutical progresses, 
PAH remains a fatal disease with a 3-year survival rate of 58%. Treatment of groups 2 to 5 
PH addresses the causal disease and PAH therapeutics are presently not recommended. 
However, the presence of even moderate PH increases morbidity and mortality. Hence, new 
approaches to the management of all these patients are urgently needed. 
 The pathophysiology of PH is multifactorial and includes chronic or recurrent hypoxia and 
augmented (peri)vascular expression of vasoconstrictors, growth factors and inflammatory 
mediators, such as endothelin, serotonin, thromboxane A2 and others. Ultimately, this leads 
to endothelial cell dysfunction and increased contraction, proliferation, and apoptosis 
resistance of pulmonary artery smooth muscle cells (PASMCs) with remodeling of small 
pulmonary arterioles and muscularization of very distal, normally non-muscularized vessels. 
Here, the authors combined elegant studies in isolated murine and porcine pulmonary 
arteries, cultured mouse PASMCs and precision-cut slices from human and murine lungs to 
study the vasodilatory efficacy and potency of the specific Gq inhibitor FR on serotonin-, 
thromboxane- and endothelin-1-evoked vasoconstrictions. The results demonstrated that FR 
markedly prevents and reverses the vasoconstrictor effects of these factors in the pulmonary 
macro- and microcirculation. Moreover, FR also inhibits the growth factor (e.g. PDGF-BB) 
stimulated proliferation of cultured PASMC. This is important because besides 
vasoconstriction, the hyperproliferation of vascular mural cells and vascular 
remodeling/thickening have a major role in the development of PH.  

These interesting observations were extended with experiments in isolated perfused murine 
lungs. The results demonstrated that FR does not inhibit hypoxia-driven vasoconstrictions, 
but efficiently counter-regulates vasoconstrictions elicited by agonists acting on Gq-coupled 
receptors.  
To elucidate the relevance of this observations for the therapy of PH, the authors firstly 
tested the effect of local, intratracheal application of FR on acute serotonin-evoked 
pulmonary vasoconstrictions in anesthetized mice (the subsequent increases in pulmonary 
arterial pressure, PAP, were indirectly measured through recordings of right ventricular 
systolic pressure, RVSP). Notably, FR markedly reduced serotonin-evoked increases in 
RVSP and this effect was preserved in mice with hypoxia-induced PH. Lastly, the authors 
studied the effect of FR in the preclinical model of Sugen/hypoxia (SuHx)-driven chronic PH 



in mice. Notably, FR markedly prevented and even reverted Sugen/HOX-driven PH, 
pulmonary vascular remodeling as well as right ventricular hypertrophy. Taken together, the 
results from these complex experiments in vitro/ex vivo and in vivo indicate the potential of 
pharmacological inhibition of Gq proteins in the treatment of PH. The possible human 
relevance is emphasized by the results obtained from experiments with "cultured" precision-
cut slices from human lungs. 
This is a very elegant study with high clinical relevance. The experiments and results are well 
described and properly discussed. The authors performed a "tour de force" of new 
experiments in vitro and in vivo to address and answer all reviewer´s questions. The number 
and quality of the technical approaches used here to answer the question whether Gq 
inhibition can attenuate PH is impressive and few laboratories are able to combine such 
different approaches at such a high level. The introduction and discussion sections have also 
been improved to address reviewers' comments. In particular the possible systemic effects of 
pharmacological Gq inhibition have been carefully discussed. In my view, this manuscript will 
be very interesting for clinicians and scientists working in the fields of lung pathophysiology 
and vascular physiology and disease.  

Response: We thank the reviewer for the very positive comments and the appreciation of 
our work. 

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

Authors strongly improve the quality of their manuscript. We greatly appreciate the authors' 
efforts to respond to our concerns. 

However, we still have some concerns regarding the news of Calcium experiments, which 
are a little bit strange. We also asked the authors to write a limitation section because they 
did not use a severe model of PAH and because they found that FR treatment reduced LV 
blood pressure, which is not necessarily beneficial for PAH patients.  
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Authors strongly improve the quality of their manuscript. The results presented in the revised 
manuscript are still exciting, and we greatly appreciate the authors' efforts to respond to our 
concerns.  
However, we have still some concerns. 

Major: 
1-We understand that the authors did not perform in vivo pharmacological experiments in
more severe animal models of PAH (Monocrotaline rats or Su/Hx rats). In our opinion, these
experiments should be crucial for a better translational perspective. The authors should at
least write a limitation section regarding the use of only the mouse model of PAH.

Response: We thank the reviewer for this comment. As requested by the reviewer we 
included a limitations paragraph discussing the added value of testing FR in more severe 
animal models of PH and potential side-effects of FR on LV/systemic blood pressure. (p. 19, 
ll. 3-7).

2-Regarding the new Ca2+ imaging experiments. We do not understand the presented
traces. Maybe authors should better legend these traces. When drug is applied? What



corresponds to the second phase of these Ca2+ signals? The authors should perform these 
Ca2+ experiments in a Ca2+-free medium to determine where this second phase comes 
from. 

In the text, the authors explain that they used A23187. Does it correspond to the second 
phase of the Ca2+ response? If yes, it is not necessary to present the results of A23187. 
In addition, the chosen colors to illustrate the different experimental conditions are confusing. 
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alone by the orange dotted line, the response to PDGF alone is indicated by the green dotted 
line and the response to PDGF + 5-HT (PH condition) is depicted by the black dotted line. 
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PDGF (green line) (Fig. 7E). In accordance with this the pharmacological Gq inhibitor FR 
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the experiment in the results section of the revised manuscript (p.14, ll. 8-20). 
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Well revised and is ready for acceptance. 
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The authors have performed additional experiments, and the new data are very supportive of 
the conclusion. All other critiques seemed to be well-addressed, and this reviewer does not 
have any concerns about publishing this work.  

Response: We thank the reviewer for the very positive comments. 
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