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25th Jul 20231st Editorial Decision

Dear Dr. Levy, 

Thank you for submitting your manuscript to The EMBO Journal. Your study has now been seen by two referees and their
comments are provided below. 

As you can see the referees appreciate your findings and support publication here. They raise some relevant points that would
strengthen the analysis. Should you be able to address the concerns raised in full then I would like to invite you to submit a
revised version. Let me know if there are anything that we should further discuss. 

When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review
Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process,
please visit our website: https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess 

Thank you for the opportunity to consider your work for publication. I look forward to your revision. 

with best wishes 

Karin 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

Instructions for preparing your revised manuscript: 

Please make sure you upload a letter of response to the referees' comments together with the revised manuscript. 

Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists. 

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen: 
https://bit.ly/EMBOPressFigurePreparationGuideline 
See also guidelines for figure legends: https://www.embopress.org/page/journal/14602075/authorguide#figureformat 

At EMBO Press we ask authors to provide source data for the main manuscript 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.  

IMPORTANT: When you send the revision we will require 
- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file).
- a word file of the manuscript text.
- individual production quality figure files (one file per figure)
- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).
- Expanded View files (replacing Supplementary Information)
Please see out instructions to authors
https://www.embopress.org/page/journal/14602075/authorguide#expandedview

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure. 

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide 

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (23rd Oct 2023). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions. 



As a matter of policy, competing manuscripts published during this period will not negatively impact on our assessment of the
conceptual advance presented by your study. 

Use the link below to submit your revision: 

https://emboj.msubmit.net/cgi-bin/main.plex 

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

Referee #1: 

The manuscript of Parikh et al., presents data suggesting that extracellular vehicles (EV) control macrophages, which in turn
impact melanoma metastasis. A large body of data, often through complex experimental settings, is presented. Authors suggest
that "second hand" EV (up taken by fibroblasts and released from them), engulphed by resident macrophages, cause their
polarization and promotion of the metastatic niche. AKT1 was identified as key factor that is responsible for these changes.
Human patients' data corroborates elevated AKT1 expression with patient poor responsiveness, elevated melanosome markers
and disease aggressiveness. This study could be appropriate for publication in the EMBO J, once the following points can be
addressed. 
• Most work presented relies on a single melanoma cell line used for EV studies- MNT-1. Can authors observations be
corroborated in other melanoma cell lines. Is the phenotype described true for all melanomas (or select genetic mutation
driven)?
• Along the same lines, a single cell line was used for proliferation analyses - WM3682; can these be corroborated in additional
cell lines?
• Quantifications are lacking in many data figures. Examples are Fig 1B, 1D, 1I, 1J, 1K; likewise, validations for genes identified
in omics-based analyses is lacking (i.e., Fig 3D, 3K, 3L).
• Why would B16F10 growth in vivo be attenuated after 14 days (Fig 2C)? this raises concerns regarding the way experiments
were performed. Decreased tumor volume after 14 days is indicative of tumor rejection by the host, which may have happened
due to the co-culturing with the selective macrophages? Details pertaining to the number of cells injected and why was the ratio
5:1 chosen, etc., are lacking.
• Select subset of genes are selected, at times, but the rationale or unbiased assessment are lacking. For example, Fig 2G
highlights changes in mRNA of genes implicated in angiogenesis (Cd31, Tie1, etc.,). Were these genes chosen because they
were the most impacted genes?
• AKT1 was selected based on STRING assessment, and experiments followed its altered expression in both EV and patient's
specimens. Would AKT inhibitors block the phenotype reported here? Can authors link findings presented earlier (Fig 1-3) with
AKT? Can authors establish a formal link between key findings outlined in figures 1-3 and patient's data?

Referee #2: 

In this manuscript Parikh et al., investigate how melanosomes originating from melanoma cells and up taken by recipient
keratinocytes or dermal fibroblasts can be further transferred to macrophages with consequences on melanoma development.
Such "educated" macrophages acquire then a pro-tumor or a pro-immune-cell infiltration phenotype. 

Comments and concerns: 
The authors make interesting analogies between Extracellular Vesicles (EVs 
) And Melanosomes which can be assimilated to "large EVs". One should just consider and advise the reader that EVs are
defined as membrane delimited vesicles released from the plasma membrane (ectosomes/microvesicles) or from the endosomal
system, exosomes (after fusion of multivesicular endosomes with the plasma membrane) (Thery et al., MISEV Guidelines, JEV,
2022; van Niel et al., Nat Rev Mol. Cell, 2022). In the case that Melanosomes undergo exocytosis to be further up taken by
recipient cell, the melanosomal contents once released, are devoid of a limiting membrane. The so called "melanocores" that the
authors recover from the cell conditioned media are composed of pigment packed on fibrils composed of the protein
PMEL/GP100. 
This reviewer would recommend 
- Changing/ adapting the title, as the title does not immediately maybe misleading for the reader as these are
melanosomes/melanocores and not "EVs" delimited by a membrane per se
- State in the introduction why secreted melanosomes/melanocores can be viewed as large "EVs". Certainly because, as EVs
they carry cargo and function in intercellular communication to reprogram recipient cells? What are the analogies.
- With this in mind, also unclear for the reader is the rationale to compare melanosomes and "exosomes".. It is not clear
immediately for the EV afficionados that melanosomes are EV like ... and as detailed below the comparison should be with small
EVs? Rather then endosome derived "exosomes" ...?
Other comments:
-It would be important even essential to better characterize secreted melanosomes/melanocores but also the small EVs that the



authors call exosomes.
One can "state" exosomes once it is possible to assign a biogenetic origin (endosomal system) (for example Verweij, F et al.,
JCB, 2018). 
Here the authors call exosomes small EVs recovered after differential ultracentrifugation. 
Although the authors perform mass spectrometry a couple of additional characterization is required 
TEM without or if possible CD63 immunolabeling, Western Blot with small EVs markers.(follow MISEV guildelines, JEV, 2022).
The same holds for isolated melanocores as one cannot discard pigment granules still delimited by a membrane (present in the
medium from dead /lysed cells). 
Additional and major concerns on data interpretation: 
- The authors should revise the interpretation of the EMs presented in Figure 1.
- Although the authors show nice labeling with anti PMEL/GP100 antibodies in the EM observations are very misleading: Panel
D .. the authors point to melanosomes in keratinocytes, fibroblasts, macrophages.
- In keratinocytes and macrophages, the organelles do not show any morphological features of bona fide melanosomes
transferred to recipient cells (Correia et al., JID, 2018, Hurbain et al., JID, 2018 among others). The panel on fibroblasts is not on
focus , difficult to interpret. In keratinocytes the pointed organelles show more morphological features with lysosomes (multiple
membranes) , in macrophages they are just electron dense..(actually on the Top left .. the organelle that is half cut could
correspond to a melanosome with pigment but not the one pointed that seems more like a "cheddar cheese lysosome" Paul
Luzio's papers (Bright et al., Curr Biol, 2005) for example or Klumperman and Raposo, Cold Spring Harbor, 2014).

In conclusion, it is a very interesting study that really deserves attention as there are potential implications, but the data and
interpretations should be strengthened. These points should be considered before revision. 



Referee #1: 

The manuscript of Parikh et al., presents data suggesting that extracellular vehicles 

(EV) control macrophages, which in turn impact melanoma metastasis. A large body 

of data, often through complex experimental settings, is presented. Authors suggest 

that "second hand" EV (up taken by fibroblasts and released from them), engulphed 

by resident macrophages, caused their polarization and promotion of the metastatic 

niche. AKT1 was identified as key factor that is responsible for these changes. Human 

patients' dta corroborates elevated AKT1 expression with patient poor responsiveness, 

elevated melanosomes markers and disease aggressiveness. This study could be 

appropriate for publication in the EMBO J, once the following points can be 

addressed. 

Most work presented relies on a single melanoma cell line used for EV studies-MNT-

1. Can authors observations be corroborated in other melanoma cell lines. Is the

phenotype described true for all melanomas (or select genetic mutation driven)? 

Along the same lines, a single cell line was used for proliferation analyses – 

WM3682; can these be corroborated in additional cell lines? 

We thank the reviewer for raising important and thoughtful points. To corroborate our 

phenotypic observations, we have now repeated all experiments in additional human 

melanoma cell lines 501mel, WM3682, and MNT1. Cells from all three lines were 

phenotypically analysed following treatment with conditioned media from 

macrophages that were cultured with (1) ortholog melanosomes isolated from the 

tested melanoma cells; (2) melanosome isolated from the other melanoma cells; (3) 

melanosome isolated from fibroblasts that were treated with the ortholog melanoma 

melanosome, or (4) melanosome isolated from fibroblasts that were treated with the 

other melanoma line melanosomes.  

Invasion: There was a significant increase in invasion potential of melanoma 

cells from all lines upon treatment with conditioned media of macrophages cultured 

with fibroblast-derived melanosomes (isolated after treatment with melanosomes from 

the orthologous melanoma line or from another melanoma line). No increase in 

melanoma invasion potential was observed upon treatment with conditioned media of 

macrophages cultured with melanoma melanosomes (new Figure 3M and Figure 

EV3B and C).  

26th Oct 20231st Authors' Response to Reviewers



Proliferation: A significant increase in proliferation was observed in all 

melanoma cell lines upon treatment with conditioned media of macrophages that were 

cultured with fibroblast-derived melanosomes (either the ortholog melanoma or other 

melanoma line melanosomes). No increase in melanoma proliferation was observed 

upon treatment with conditioned media of macrophages cultured with melanoma 

melanosomes (new Figure 3O and Figure EV3D and E). 

Angiogenesis: A significant increase in the tube formation capability of 

human dermal blood endothelial cells (HDBEC) was observed upon treatment with 

conditioned media of macrophages that were cultured with fibroblast-derived 

melanosomes (either the ortholog melanoma or other melanoma line melanosomes). 

A smaller but significant increase in the tube formation capability of the HDBEC cells 

was observed upon treatment with conditioned media of macrophages cultured with 

melanoma melanosomes (new Figure 3Q). 

Further, the reviewer raised the possibility that our observations might be a 

driven by genetic mutation. We therefore considered the genetic status of the tested 

melanoma cell lines: The 501mel line has mutations in CDKN2A, BRAF, and PTEN 

(Dahl et al, 2013; Tanami et al, 2004); the WM3682 line has a mutation in NRAS 

(Lovly et al, 2012); and the MNT1 line has a mutation in BRAF (Vighi et al, 2018). 

Two lines have BRAF mutation, however, with additional various driver mutations, 

and 70-88% of primary melanomas are BRAF mutated (Castellani et al, 2023). We 

cannot exclude the possibility that mutations contribute to the abilities of melanoma 

melanosomes to affect the fibroblasts and macrophages, either directly or via a driver 

mutation from the same downstream signaling (Oikonomou et al, 2014). However, 

macrophages promoted melanoma aggressiveness whether they were cultured with 

melanosomes derived from fibroblasts that were treated with orthologous 

melanosomes or melanosomes from another melanoma line. Moreover, not only 

melanosomes from fibroblasts treated with MNT1 melanosomes but also those treated 

with WM3682 or 501mel melanosomes were loaded with the AKT protein (new 

Figure EV5E). This suggests that our idea about "second hand" EV (uptaken 

melanosomes released by fibroblasts that are engulfed by resident macrophages cause 

macrophage polarization that in turn promotes formation of the metastatic niche. Even 

if only BRAF-mutated melanoma causes this effect, this mechanism is relevant in 70-

88% of melanoma cases.  

https://sciwheel.com/work/citation?ids=15545613,11701570&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=594374&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=15545616&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=15545619&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1697422&pre=&suf=&sa=0&dbf=0


Quantifications are lacking in many data figures. Examples are Fig 1B, 1D, 1I, 1J, 

1K; likewise,  

We have now added quantification to all relevant figures (Revised Figure 1B and 

Figure 2I, J which in the original manuscript corresponds to Figure 1B, J, and K).  

validations for genes identified in omics-based analyses is lacking (i.e., Fig 3D, 3K, 

3L). 

Following the reviewer's important comment, we have now performed validation of 

the omics-based analyses. We performed qRT-PCR analysis of pro-inflammatory 

genes and genes identified in Figure 6C in the macrophages that were cultured with 

melanoma-derived, keratinocyte-derived, or fibroblast-derived melanosomes (new 

Figure EV4A and EV6C, n= 3 independent donors of monocytes that were 

differentiated into macrophages). To clinically validate the genes identified in omics-

based analyses, we have analyzed macrophages within fresh biopsies of lymph nodes 

harboring melanoma compared to tumor-free sentinel lymph node biopsies of the 

same patient in collaboration with Dr. Nizri from the Sourasky Medical Center. By 

flow cytometry we analyzed the expression of proteins including TLR3, as a marker 

for the macrophages that had taken up fibroblast-derived melanosomes, TRAF6, as a 

marker of macrophages that had taken up keratinocyte-derived melanosomes, and 

SNCA, as a marker of macrophages that have taken up melanoma-derived 

melanosomes. We found that macrophages in the tumor-containing lymph nodes 

expressed significantly higher levels of TLR3 and TRAF6 compared to those in the 

tumor-free lymph nodes (new Figure 6F and workflow in New Figure EV6D). 

Simultaneously, we found tumor macrophages expressing solely either TLR3, SNCA, 

or TRAF6 in the tumor-containing lymph, whereas tumor-free lymph macrophages 

had a significantly higher expression of the combination of these markers (new 

Figure 6F). Clinical validation of AKT1 was presented in the original manuscript 

(old Figure 6G). 

Why would B16F10 growth be attenuated after 14 days (Fig 2C)? this raises concerns 

regarding the way experiments were performed. Decreased tumor volume after 14 

days is indicative of tumor rejection by the host, which may have happened due to the 

co-culturing with selective macrophages? Details pertaining to the number of cells 

injected and why was the ratio 5:1 chosen, etc., are lacking. 



We apologize for not providing detailed rationale and methodology for this 

experiment in the original version. As the reviewer suggested, tumour growth is 

affected by several parameters including the number of injected cells, the formulation 

(Matrigel or PBS) used for the injection and the ratio between the co-grafted cells. 

We injected 0.1 million B16F10 cells via the s.c. route into C57BL6 mice (as in 

(Wang et al, 2019; Pozzi et al, 2022; Talebian et al, 2012) and tracked tumour growth 

for 3 weeks. We used this number of cells to avoid a dominant effect of melanoma 

cell growth that might overshadow the subtle effects involving the tumour 

microenvironment cells. Such a small number of injected cells might generate a 

strong immune system as the reviewer suggested. However, co-grafting with specific 

macrophages that were previously cultured with fibroblast melanosomes significantly 

overcame this repressor effect (Figure 3C), indicating the importance of macrophages 

in driving tumor progression. Macrophages cultured with melanoma-derived or 

keratinocyte-derived melanosomes induced a pro-inflammatory microenvironment 

(Figure 4D and new figure EV4A) that did not suppress melanoma growth. This 

favours our hypothesis that a strong proinflammatory reaction results when a small 

number of cells are injected. However, this number of injected cells, clearly allowed 

us to observe the rescue effect of melanoma cell growth when the cells were co-

grafted with macrophages that had been cultured with fibroblast-derived 

melanosomes (Figure 3D). 

Formulation is critical as this provides a surface for the cancer cells to grow 

and enhances engraftment at the tumor inoculation site (Quintana et al, 2008). 

Specifically, angiogenesis is affected in the presence of Matrigel (Kitahara et al, 

2010). Therefore, to avoid this bias in favour of melanoma cell growth, we formulated 

the cells in PBS which might have affected the growth of the melanoma cells in the 

naive condition. We used a ratio of melanoma cells to tumor environment cells of 1:5 

as was done previously (Lerner et al. 2023) in order to allow the observation of the 

environmental cell effect without any bias toward melanoma growth. We have added 

the above rationale and methods to the revised manuscript. 

Select subsets of genes are selected, at times, but the rationale or unbiased assessment 

are lacking. For example, Fig 2G highlights changes in mRNA of genes implicated in 

angiogenesis (Cd31, Tie1, etc.,). Were these genes chosen because they were the most 

impacted genes? 

https://sciwheel.com/work/citation?ids=15548817,15548818,14411673&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=57454&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=15361540&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=15361540&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=15221161&pre=&suf=&sa=0&dbf=0


We apologize for not providing the rationale behind the selection of the angiogenesis 

signature genes. The tested genes were CD31, Tie1, Ang1, and Ang2. All are well-

established pro-angiogenic genes, known for their roles in enhancing vascular 

integrity and promoting tumor vascular development (Kim et al, 2013; La Porta et al, 

2018; Pieniazek et al, 2018). Furthermore, we included mTOR, which encodes a 

component of the PI3K-AKT-mTOR pathway, which is responsible for releasing 

VEGF, a crucial factor in tumor angiogenesis (Karar & Maity, 2011). mTOR also 

plays a key role in polarizing macrophages into tumor-associated macrophages (Chen 

et al, 2012). There was a significant increase in CD31, Tie1, and mTOR gene 

expression specifically in the tumors of the mice co-grafted with melanoma and 

macrophages that had taken up fibroblast-derived melanosomes, suggesting a 

heightened pro-tumor and pro-angiogenic activity of these melanophages. The 

rationale for selection of these genes is explained in the Results section of the revised 

manuscript.  

AKT1 was selected based on STRING assessment, and experiments followed its 

altered expression in both EV and patient's specimens. Would AKT inhibitors block 

the phenotype reported here? Can authors link findings presented earlier (Fig 1-3) 

with AKT? Can authors establish a formal link between key findings outlined in 

figures 1-3 and patient's data.  

We thank the reviewer for this comment, which led us to enhance the mechanism 

angle of our manuscript. In response to this feedback, we conducted a series of 

experiments in the presence of a pan-AKT inhibitor, capivasertib, to assess the 

angiogenic phenotype, invasion capability, and proliferation potential of WM3682 

melanoma cells. Treatment of macrophages that had taken up fibroblast-derived 

melanosomes, which are loaded with AKT, with the AKT inhibitor repressed tube 

formation in endothelial cells and tumor invasiveness and proliferation of WM3682 

melanoma cells (new Figure 5G, J, and K). The new data demonstrate that the effect 

of macrophages on melanoma phenotype is AKT dependent, providing a formal link 

between data obtained in culture (Figure 1-3) and the clinical data that revealed AKT 

and its downstream targets enrichment in tumor macrophages compared to non-tumor 

macrophages of the same patient (new Figure 6F, EV6C, and old Figure 6G). 

Referee #2: 

https://sciwheel.com/work/citation?ids=15545620,4821838,7229901&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=15545620,4821838,7229901&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=4363445&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=179898&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=179898&pre=&suf=&sa=0&dbf=0


In this manuscript Parikh et al., investigate how melanosomes originating from 

melanoma cells and up taken by recipient keratinocytes or dermal fibroblasts can be 

further transferred to macrophages with consequences on melanoma development. 

Such "educated" macrophages acquire then a pro-tumor or pro-immune-cell 

infiltration phenotype. 

Comments and concerns: 

The authors make interesting analogies between Extracellular Vesicles (EVs) And 

Melanosomes which can be assimilated to "large EVs". One should just consider and 

advise the reader that EVs are defined as membrane delimited vescicles released from 

the plasma membrane (ectosomes/microvesicles) or from the endosomal system, 

exosomes (after fusion of multivesicular endosomes with plasma membrane) (Thery 

et al., MISEV Guidelines, JEV, 2022; van Niel et al., Nat Rev Mol. Cell, 2022). In the 

case that Melanosomes undergo exocytosis to be further up taken by recipient cell, the 

melanosomal contents once released, are devoid of limiting membrane. The so called 

"melanocores" that the authors recover from the cell conditioned media are composed 

of pigment packed on fibrils composed of protein PMEL/GP100. 

We thank the reviewer and agree that it is necessary to define EVs and explain the 

origins of melanosomes as membrane delimited vesicles released from the plasma 

membrane (ectosomes/macrovesicles) or from the endosomal system. This is an 

important point, especially at the context of melanosomes and exosomes. We have 

now revised the introduction, elaborating this concept as follows: "Extracellular 

vesicles (EVs) refer to a group of membrane-bound vesicles generated by cells 

through diverse mechanisms including outward budding from the plasma membrane 

or inward budding of the endosomal membrane (van Niel et al, 2022). EVs are key 

players in cellular communication networks including the communication between 

melanoma cells and their microenvironment (Gyukity‑Sebestyén et al, 2019; 

Lattmann & Levesque, 2022; Dror et al, 2016; Mathieu et al, 2019). Melanosomes, 

which are synthesized specifically in melanocytes, originate from the early endosomal 

system (Raposo & Marks, 2007) and are tissue-specific, membrane-bound organelles 

of 200-500 nm in size (Hearing, 2005; Raposo & Marks, 2002) that transport melanin 

pigment to neighboring epidermal keratinocytes as protection against UV-induced 

DNA damage (Raposo & Marks, 2007; Yamaguchi & Hearing, 2009; Joshi et al, 

2007). Although melanosomes are secreted out of the cell of origin and meet other 

https://sciwheel.com/work/citation?ids=12622652&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=8109860,14303557,3241474,6221448&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&sa=0,0,0,0&dbf=0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=8109860,14303557,3241474,6221448&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&sa=0,0,0,0&dbf=0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=3012274&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=3916016,486529&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=3012274,1105838,3972531&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=3012274,1105838,3972531&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0


criteria that could allow them to be classified as EVs [according to the Minimal 

Information for Studies of Extracellular Vesicles (Théry et al, 2018)], including their 

size and inclusion of a cargo of RNA and protein content, they are not classical EVs 

at this stage as they are secreted without a membrane and thus have been termed 

melanocores (Théry et al, 2018). However, melanocores gain a membrane once inside 

keratinocytes, resulting in novel membrane-bound organelles (Tarafder et al, 2014; 

Hurbain et al, 2018; Benito‑Martínez et al, 2021). Further, there are additional ways 

of melanosome secretion including the shedding of large vesicles that contain 

melanosomes with their membrane (Théry et al, 2018; Benito‑Martínez et al, 2021).” 

Moreover, for the sake of clarity and to prevent any potential confusion with classical 

large EVs, we now consistently use the term melanosomes throughout the revised 

article. 

This reviewer would recommend Changing/adapting the title, as the title does not 

immediately maybe misleading for the reader as these are melanosomes/melanocores 

and not "EVs" delimited by a membrane per se 

As suggested, we have changed the title to "Second-Hand Melanoma Melanosomes 

Regulate Diversity Among Tumor-Associated Macrophages". 

State in the introduction why secreted melanosomes/melanocores can be viewed as 

large "EVs". Certainly because, as EVs they carry cargo and function in intercellular 

communication to reprogram recipient cells? What are the analogies. 

This is again very important comment. We have now clarified that melanosomes are 

EV-like secreted organelles rather than classical EVs. Melanosome size, organelles of 

200-500 nm, fit the definition of large EVs as given by the Minimal Information for

Studies of Extracellular Vesicles (Théry et al, 2018). However, as described above 

and in the revised text, melanosome are not classical EVs. We have followed the 

reviewer’s suggestion and have modified the terminology throughout the paper.   

With this in mind, also unclear for the reader is the rationale to compare melanosomes 

and "exosomes".. It is not clear immediately for the EV aficionados that melanosomes 

are EV like.. and as detailed below the comparison should be with small EVs? Rather 

then endosome derived "exosomes"…? 

We thank the reviewer for the thoughtful feedback. 

https://sciwheel.com/work/citation?ids=6064276&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=6064276&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12809003,12065374,13992366&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12809003,12065374,13992366&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=6064276,13992366&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=6064276&pre=&suf=&sa=0&dbf=0


First, we will replace the term “exosome” with the term “small EVs”. The comparison 

between melanosomes and small EVs derived from melanoma cells is appropriate 

because both can transform primary fibroblasts into CAFs [(Dror et al, 2016; Hu & 

Hu, 2019), and Figure EV5A, respectively]. Our comparison was also motivated by 

the MISEV guidelines that say that a preliminary step in functional studies should 

involve comparing the activity of small EVs with that of large EVs (Théry et al, 

2018). Given that the size of melanosomes is typical of a large EV, we used small 

EVs as a comparison. Importantly, small EVs are a type of vesicle known to be 

dissolved in the recipient cells (Gurung et al, 2021), whereas melanosomes are not. 

To clarify our rationale, we have made relevant changes in the Results. 

Furthermore, we have included additional information in the Discussion 

section regarding the rationale for comparing melanosomes with small EVs. Chen et. 

al. showed elevated levels of PD1 in both exosomes and larger EVs obtained from 

metastatic melanoma patients, and that exosomes were primarily responsible for an 

immunosuppressive effect (Chen et al, 2018). Moreover, in another study, AKT1 and 

other kinases were detected in blood EVs from patients with various epithelial tumor 

types, which has implications for metastatic prostate cancer due to genomic 

abnormalities in the PI3K pathway, though the distinction between large and small 

EVs was not made (Minciacchi et al, 2017). It is essential to highlight that focusing 

exclusively on one type of EV may lead to the potential oversight of the most active 

subtype for the intended function.  

Other comments: 

It would be important even essential to better characterize secreted 

melanosomes/melanocores but also the small EVs that the authors call exosomes. One 

can "state" exosomes once it is possible to assign a biogenetic origin (endosomal 

system) (for example Verweij, F et al., JCB, 2018). 

Following the reviewer comment we now use the term “small EVs” rather than 

“exosomes” throughout the manuscript. We have now added new supplementary data 

characterizing EVs by western blot analysis with the signature proteins of 

melanosomes including GPNMB, GPR143, TYR, and DCT (Dror et al, 2016; Raposo 

& Marks, 2007; Giordano et al, 2009; Hoashi et al, 2010) (new Figure EV2I). We 

have adhered to the MISEV guidelines defining small EVs, selecting Category 1 and 

1b proteins, namely CD63 and CD9, both of which are transmembrane or GPI-
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anchored proteins, as well as a Category 2a protein, Syntenin, which is a cytosolic 

protein found in EVs (Théry et al, 2018; Verweij et al, 2018) for our analysis (new 

Figure EV2J). 

We have also conducted transmission electron microscopy to capture images 

of the morphologies and sizes of small EVs, secreted melanosomes, and intracellular 

melanosomes, and NanoSight analysis was performed to determine the sizes of these 

organelles (new Figure EV2C, old Figure EV2A, and new Figure EV5B). As 

melanosomes function in melanin pigment synthesis and storage (Raposo & Marks, 

2007), we also measured the melanin content of both small EVs and melanosomes. 

Melanin was detected within both intracellular and extracellular (secreted) MNT1 

melanoma-derived melanosomes, keratinocyte-derived melanosomes, and fibroblast-

derived melanosomes (Figure EV2H). No melanin was observed in the small EV 

fractions as expected (Figure EV2H).   

Here the authors call exosomes small EVs recovered after differential 

ultracentrifugation. Although the authors perform mass spectrometry a couple of 

additional characterization is required. 

TEM without or if possible CD63 immunolabeling, Western Blot with small EVs 

markers. (follow MISEV guidelines, JEV, 2022). The same holds for isolated 

melanocores as one cannot discard pigment granules still delimited by a membrane 

(present in the medium from dead/lysed cells). 

In response to the reviewer’s comments, we have changed “exosome” to “small EV” 

throughout the manuscript. Further, we now better characterize small EVs by analyses 

of their protein content (new Figure EV2J), morphology (new Figure EV2C and 

EV5B), and size (new Figure EV2C and EV5B). We also evaluated protein content 

of secreted and intracellular melanosomes/melanocores (new Figure EV2I). Size 

(Figure EV2A and EV2G), morphology (Figure EV2A and EV2G), and melanin 

content (Figure EV2H) were presented in the original manuscript. 

Additional and major concerns on data interpretation: 

The authors should revise the interpretation of the Ems presented in Figure 1. 

Although the authors show nice labeling with anti PMEL/GP100 antibodies in the EM 

observations are very misleading: Panel D.. the authors point to melanosomes in 

keratinocytes, fibroblasts, macrophages. 
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In keratinocytes and macrophages, the organelles do not show any morphological 

features of bona fide melanosomes transferred to recipient cells (Correia et al., JID, 

2018, Hurbain et al., JID, 2018 among others). The panel on fibroblasts is not on 

focus, difficult to interpret. In keratinocytes the pointed organells show more 

morphological features with lysosomes (multiple membranes), in macrophages they 

are just electron dense..(actually on the Top left.. the organelle that is half cut could 

correspond to a melanosome with pigment but not the one pointed that seems more 

like a "cheddar cheese lysosome" Paul Luzio's papers (Bright et al., Curr Biol, 2005) 

for example or Klumperman and Raposo, Cold Spring Harbor, 2014). 

We would like to thank the reviewer for the valuable input on better characterizing 

melanosome structures within each cell type. We have now repeated TEM of 

keratinocytes, fibroblasts, and macrophages that have taken up MNT1 melanoma-

derived melanosomes/melanocores (new Figure 2B). Additionally, we have repeated 

the TEM analysis of macrophages that have taken up keratinocyte-derived and 

fibroblast-derived melanosomes (new Figure 2G). In both we observed the typical 

melanosome morphology as demonstrated earlier (Correia et al, 2018; Hurbain et al, 

2018). Moreover, we demonstrate that there is a clear separation between the 

melanosome organelle and the lysosomes surrounded by the multi-membrane sheets 

within the keratinocytes (new Figure 2B).  

We acknowledge our prior lack of clarity regarding the melanosome structures 

within macrophage cells. To address this, we now explicitly state that we have 

observed the presence of potential broken melanin pigment in a multi-membrane 

lysosome-like compartment within macrophage cells, possibly indicative of potential 

organelle degradation. To study whether melanoma-secreted 

melanosomes/melanocores stay intact or are degraded in a cell-dependent manner, we 

employed two distinct assays. First, as described in the original version of the paper, 

we incubated keratinocytes, fibroblasts, and macrophages with MNT1 melanoma-

derived secreted melanosomes/melanocores labeled with the Pkh67 dye. We tracked 

the behavior of these organelles over a span of 3 days. Pkh67 was detected within 

keratinocytes and fibroblasts over the 3 day period, indicating the presence of 

melanosomes during the entire time frame of the experiment, whereas the signal 

within macrophages gradually diminished (Figure 2D). Second, for this revision, we 

have performed a new experiment to demonstrate the co-localization of Pkh67-labeled 

melanosomes/melanocores within acidic lysosomal structures. Keratinocytes, 
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fibroblasts, and macrophages were incubated with Pkh67-labeled MNT1 melanoma-

derived secreted melanosomes/melanocores for 24 hours. Subsequently, these cells 

were stained with LysoTracker dye to label acidic organelles such as lysosomes and 

autolysosomes (Raben et al, 2009; Correia et al, 2018). We also incubated Pkh67-

labeled keratinocyte-derived and fibroblast-derived melanosomes with macrophages 

for 24 hours followed by LysoTracker staining. Analyses at a single-cell resolution 

showed that nearly 70% of keratinocytes, fibroblasts, and macrophages were positive 

for both the LysoTracker and Pkh67-labeled melanosomes (new Figure EV2K-P). In 

about 40% of macrophages, there was co-localization between melanosomes and the 

LysoTracker dye, whereas co-localization was observed in only 2-3% of fibroblasts 

and keratinocytes (new Figure 2H). Taken together, these observations indicate that 

melanoma-secreted melanosome/melanocores stay intact or are degraded in a cell-

dependent manner. 

In conclusion, it is a very interesting study that really deserves attention as there are 

potential implications, but the data and interpretations should be strengthened. These 

points should be considered before revision. 

We appreciate this reviewer’s excellent suggestions, and we have done our best to 

reply to all points raised.  
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14th Dec 20231st Revision - Editorial Decision

Dear Dr. Levy, 

Thank you for the submission of your revised manuscript to The EMBO Journal. We have now received the comments of the two
referees that were asked to re-evaluate your study (included below). As you will see, both are satisfied with the revision, and
they acknowledge that their previous concerns have been sufficiently addressed. 

From the editorial side, there are a few changes and corrections that we need from you before we can proceed with acceptance
of the manuscript: 

- Please enter all relevant funding information (including grant numbers) in our online manuscript handling system. It should
match exactly the information provided in the Acknowledgements section of your manuscript.

- Please make sure that all deposited datasets will be publicly available at the time of publication. Reviewer access tokens can
now be removed from the Data availability section.

- Please change the heading of your "Declaration of Interests" statement to: "Disclosure and competing interests statement".

- The author contributions statement should be removed from the manuscript file. Instead, we now use CRediT to specify the
contributions of each author in the journal submission system. Please use the free text box in our online submission portal to
provide more detailed descriptions. See also our guide to authors for more information:
https://www.embopress.org/page/journal/14602075/authorguide#authorshipguidelines .

- We noticed that there is a callout in the manuscript for Fig. 1I, but there is no such panel in fig. 1. Please correct this.

- Please provide either a "Yes" or a "Not Applicable" answer to each one of the questions in your Author Checklist (you have not
answered two of them yet). In the last column of this checklist, only the sections of the manuscript where the relevant
information can be found should be listed (the information per se should be included in the main manuscript file).

- The Appendix should have a brief Table of Contents (including page numbers) on its first page. The nomenclature of its
contents should be "Appendix Figure S#", "Appendix Table S#" etc. Please also update the respective callouts in the manuscript
accordingly. For more information, see our guide to authors:
https://www.embopress.org/page/journal/14602075/authorguide#expandedview

- We noticed that the source data for Fig. 2B have been uploaded individually, not together with other files for Fig. 2. Could you
please zip together all source data related to Fig. 2?

- Please note that the final dimensions of the synopsis image should be 550 pixels (wide) x 300-600 pixels (height). Would you
please consider increasing the font sizes to make sure all text will be legible at the final dimensions?

- EMBO Press papers are accompanied online by:
A) a short (2 sentences) summary of findings and their significance, and
B) 2-5 short bullet points highlighting the key findings.
Please upload this information in a Word file along with your revised manuscript.

- We detected possible re-use of images between:
A) Figure 3G & Figure 5G
B) Figure 3B and Figure EV3A
Please check carefully these figures, correct them if necessary, or -if image re-use is necessary in any of these cases-, please
clarify why and state re-use explicitly in the respective figure legends.

- A highlight box needs to be added to Figure EV2 C.

- A highlight box needs to be added to Figure EV5 B.

- Please consider adding a "Data information" section at the end of each figure legend to report information regarding data,
statistics, representation (e.g. error bars, scale bars) etc. referring to the figure panels. Please see our guide to authors for more
information:
https://www.embopress.org/page/journal/14602075/authorguide#figureformat.

- Please define the annotated p values ***/**/* in the legend of figure 2d, i; 5f-k; EV3b-e as appropriate.

- Please indicate the statistical test used for data analysis in the legend of figure 4l.



- Please note that the box plots need to be defined in terms of minima, maxima, centre, bounds of box and whiskers, and
percentile in the legend of figure 4g.

- The movies and their callouts in the manuscript should be renamed "Movie EV1" to "Movie EV5". Their legends should be
removed from the main manuscript file, and each one (in a separate Word/text file) should be zipped together with its
corresponding movie file.

- Main figure legends should be placed after the References in the manuscript.

- There are 6 EV Figures and the EV Figure legends should be included in the manuscript file, after the main Figure legends; the
EV figures themselves should be uploaded individually.

- The manuscript sections are in the wrong order. Please follow the order: Title page, Abstract, Keywords, Introduction, Results,
Discussion, Materials and Methods, Data availability, Acknowledgements, Disclosure and competing interests statement,
References, Figure legends, Expanded View Figure legends.

Please also note that as part of the EMBO publications' Transparent Editorial Process, The EMBO Journal publishes online a
Peer Review File along with each accepted manuscript. This File will be published in conjunction with your paper and will include
the referee reports, your point-by-point response and all pertinent correspondence relating to the manuscript. You can opt out of
this by letting the editorial office know (contact@embojournal.org). If you do opt out, the Peer Review File link will point to the
following statement: "No Peer Review File is available with this article, as the authors have chosen not to make the review
process public in this case." 

We look forward to seeing a final version of your manuscript as soon as possible. Please use this link to submit your revision:
https://emboj.msubmit.net/cgi-bin/main.plex 

Yours sincerely, 

Ioannis Papaioannou, PhD 
Editor, The EMBO Journal 
i.papaioannou@embojournal.org

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

Referee #1: 

The revised manuscript well addresses the comments and suggestions raised by the reviewers and substantiates authors
conclusions. 

Referee #2: 

Although I think that the quality of the EM data could be better, the authors have responded to my concerns satisfactorily and I
am satisfied with their revision. 



4th Jan 20242nd Authors' Response to Reviewers

The authors addressed the minor editorial issues.



29th Jan 20242nd Revision - Editorial Decision

Dear Dr. Levy, 

Thank you for submitting your revised manuscript to The EMBO Journal and for addressing the majority of our previous
requests. While checking your manuscript and its associated files, we noticed that there is a number of remaining editorial points
that have not been (sufficiently) addressed, and we would thus like to invite another re-submission addressing the following: 

1. Please provide in the Data Availability section of your manuscript the specific URL for your mass spectrometry dataset
deposited in PRIDE.

2. In the last column of the Author Checklist, only the sections of the manuscript where the relevant information can be found
should be listed, e.g. Materials and Methods, Figure legends, Data availability section etc. The information per se should be
included in the respective sections of the main manuscript file, not in the Checklist. Please correct your Checklist accordingly.

3. You have uploaded a "Resources Table" in a separate file. If you wish to use the structured methods format in your article,
please upload your table as a "Reagent Table" file, and note that the methods (in the main manuscript file) should have the
heading "Methods and Protocols". Please make sure your reagent table is formatted according to our examples/templates and
does not contain headers referring to other publishers. For more information, examples and templates, please see our guide:
https://www.embopress.org/page/journal/14602075/authorguide#textformat.

4. Please remove the heading from your synopsis image, as well as the empty space from the bottom of the image - the final
dimensions should be 550 pixels (width) x 300-600 pixels (height). We would also recommend simplifying the figure legend -and
the image itself, if necessary- keeping only the elements that are essential for interpreting the image correctly.

5. Please use black fonts (not red) for the figure panel labels in all Figures.

6. We have previously detected re-use of images between i. Figure 3G & Figure 5G, and ii. Figure 3B and Figure EV3A, and you
have clarified in your revised legends that this is intentional. In this case, please mention the re-use of images in both legends of
each pair.

7. The height of your Figure EV2A is extremely long. Please consider moving some of the panels to the Appendix (either to an
existing or to a new Appendix Figure) so that Figure EV2A fits vertically in a single page, similarly to all other Figures. Please
make sure that all Figure callouts are updated accordingly throughout the manuscript.

8. In the "Data information" section of the legend of Figure 5, the significance level 0.05 presumably corresponds to a single
asterisk, but this is not stated. Please check and correct it.

9. Please state clearly the statistical test used for data analysis in the legend of figure 4l.

We look forward to receiving the final version of your manuscript as soon as possible. Please use this link to submit your
revision: https://emboj.msubmit.net/cgi-bin/main.plex 

Yours sincerely, 

Ioannis Papaioannou, PhD 
Editor, The EMBO Journal 
i.papaioannou@embojournal.org



6th Feb 20243rd Authors' Response to Reviewers

The authors addressed the remaining editorial issues.



26th Mar 20243rd Revision - Editorial Decision

Dear Carmit, 

I am very pleased to inform you that your manuscript has been accepted for publication in The EMBO Journal. 

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information. 

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/14602075/authorguide#chargesguide 

Should you be planning a Press Release on your article, please get in contact with embo_production@springernature.com as
early as possible in order to coordinate publication and release dates. 

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to The EMBO
Journal. 

Yours sincerely, 

Ioannis Papaioannou, PhD 
Editor, The EMBO Journal 
i.papaioannou@embojournal.org

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

>>> Please note that it is The EMBO Journal policy for the transcript of the editorial process (containing referee reports and your
response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to inform the
Editorial Office via email immediately. More information is available here: https://www.embopress.org/transparent-
process#Review_Process 

** Click here to be directed to your login page: https://emboj.msubmit.net
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The EMBO Journal - Author Guidelines

EMBO Reports - Author Guidelines

Molecular Systems Biology - Author Guidelines

EMBO Molecular Medicine - Author Guidelines

Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for figures

1. Data

The data shown in figures should satisfy the following conditions:

➡

➡

➡

➡

➡

2. Captions

➡

➡

➡

➡

➡

➡

➡

➡ definitions of statistical methods and measures:

- are tests one-sided or two-sided?

- are there adjustments for multiple comparisons?

- exact statistical test results, e.g., P values = x but not P values < x;

- definition of ‘center values’ as median or average;

- definition of error bars as s.d. or s.e.m. 

Materials

Newly Created Materials
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

New materials and reagents need to be available; do any restrictions 

apply?
Yes Reagents Table

Antibodies
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue 

number and or/clone number

- Non-commercial: RRID or citation

Yes Reagents Table

DNA and RNA sequences
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the 

sequences.
Yes Reagents Table

Cell materials
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Cell lines: Provide species information, strain. Provide accession number 

in repository OR supplier name, catalog number, clone number, and/OR 

RRID.

Yes Methods and Protocols

Primary cultures: Provide species, strain, sex of origin, genetic 

modification status.
Yes Methods and Protocols

Report if the cell lines were recently authenticated (e.g., by STR profiling) 

and tested for mycoplasma contamination.
Yes Cell lines were tested for mycoplasma contamination

Experimental animals
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex, 

age, genetic modification status. Provide accession number in repository 

OR supplier name, catalog number, clone number, OR RRID.

Yes Methods and Protocols

Animal observed in or captured from the field: Provide species, sex, 

and age where possible.
Not Applicable

Please detail housing and husbandry conditions. Yes Methods and Protocols

Plants and microbes
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant, 

unique accession number if available, and source (including location for 

collected wild specimens).

Not Applicable

Microbes: provide species and strain, unique accession number if 

available, and source.
Not Applicable

Human research participants
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex 

and gender or ethnicity for all study participants.
Yes Methods and Protocols

Core facilities
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in 

the acknowledgments section?
Yes Acknowledgement section

Design

Corresponding Author Name: Carmit Levy

Journal Submitted to: EMBO Journal

Manuscript Number: EMBOJ-2023-114740

This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in 

transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your 

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an accurate 

and unbiased manner.

Reporting Checklist for Life Science Articles (updated January 

ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.

plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical 

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

a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including 

how many animals, litters, cultures, etc.).

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

- common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney tests, can be 

unambiguously identified by name only, but more complex techniques should be described in the methods section;

Please complete ALL of the questions below.

Select "Not Applicable" only when the requested information is not relevant for your study.

if n<5, the individual data points from each experiment should be plotted.  Any statistical test employed should be justified.

Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data 

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

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

the assay(s) and method(s) used to carry out the reported observations and measurements.

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
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Study protocol
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the 

manuscript. For clinical trials, provide the trial registration number OR 

cite DOI.

Not Applicable

Report the clinical trial registration number (at ClinicalTrials.gov or 

equivalent), where applicable.
Not Applicable

Laboratory protocol 
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step 

protocols are available.
Not Applicable

Experimental study design and statistics
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical 

methods were used.
Yes Figure Legends, Source Data Files

Were any steps taken to minimize the effects of subjective bias when 

allocating animals/samples to treatment (e.g. randomization 

procedure)? If yes, have they been described?

Yes Methods and Protocols

Include a statement about blinding even if no blinding was done. Yes Methods and Protocols

Describe inclusion/exclusion criteria if samples or animals were 

excluded from the analysis. Were the criteria pre-established?

If sample or data points were omitted from analysis, report if this was due 

to attrition or intentional exclusion and provide justification.

Not Applicable

For every figure, are statistical tests justified as appropriate? Do the data 

meet the assumptions of the tests (e.g., normal distribution)? Describe 

any methods used to assess it. Is there an estimate of variation within 

each group of data? Is the variance similar between the groups that are 

being statistically compared?

Yes Methods and Protocols

Sample definition and in-laboratory replication
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was 

replicated in laboratory.
Yes Figure Legends

In the figure legends: define whether data describe technical or 

biological replicates.
Yes Figure Legends

Ethics

Ethics
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Studies involving human participants: State details of authority 

granting ethics approval (IRB or equivalent committee(s), provide 

reference number for approval.

Yes Methods and Protocol

Studies involving human participants: Include a statement confirming 

that informed consent was obtained from all subjects and that the 

experiments conformed to the principles set out in the WMA Declaration 

of Helsinki and the Department of Health and Human Services Belmont 

Report.

Yes Methods and Protocol

Studies involving human participants: For publication of patient photos, 

include a statement confirming that consent to publish was obtained.
Not Applicable

Studies involving experimental animals: State details of authority 

granting ethics approval (IRB or equivalent committee(s), provide 

reference number for approval. Include a statement of compliance with 

ethical regulations.

Yes Methods and Protocol

Studies involving specimen and field samples: State if relevant permits 

obtained, provide details of authority approving study; if none were 

required, explain why.

Yes Methods and Protocol

Dual Use Research of Concern (DURC)
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check 

biosecurity documents and list of select agents and toxins (CDC): 

https://www.selectagents.gov/sat/list.htm 

Not Applicable

If you used a select agent, is the security level of the lab appropriate and 

reported in the manuscript?
Not Applicable

If a study is subject to dual use research of concern regulations, is the 

name of the authority granting approval and reference number for the 

regulatory approval provided in the manuscript?

Not Applicable

Reporting

Adherence to community standards
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE, 

PRISMA) have been followed or provided.
Not Applicable

For tumor marker prognostic studies, we recommend that you follow 

the REMARK reporting guidelines (see link list at top right). See author 

guidelines, under ‘Reporting Guidelines’. Please confirm you have 

followed these guidelines.

Not Applicable

For phase II and III randomized controlled trials, please refer to the 

CONSORT flow diagram (see link list at top right) and submit the 

CONSORT checklist (see link list at top right) with your submission. See 

author guidelines, under ‘Reporting Guidelines’. Please confirm you have 

submitted this list.

Not Applicable

Data Availability

Data availability
Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's 

guidelines (see 'Data Deposition' section) and the respective accession 

numbers provided in the Data Availability Section?

Yes Methods and Protocols, Data Availablity, and  Reagents Table

Were human clinical and genomic datasets deposited in a public 

access-controlled repository in accordance to ethical obligations to the 

patients and to the applicable consent agreement?

Not Applicable

Are computational models that are central and integral to a study 

available without restrictions in a machine-readable form? Were the 

relevant accession numbers or links  provided?

Yes Reagents Table

If publicly available data were reused, provide the respective data 

citations in the reference list. 
Yes Results section , Methods and Protocol

The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about 

requiring specific guidelines and recommendations to complement MDAR.
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