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4th May 20221st Editorial Decision

Dear Prof. Martello,

Thank you for the submission of your research manuscript to EMBO reports. I have now received the reports from the three
referees that were asked to evaluate your study, which can be found at the end of this email. 

As you will see, the referees think that these findings are of interest. However, all referees have several comments, concerns,
and suggestions, indicating that a major revision of the manuscript is necessary to allow publication of the study in EMBO
reports. As the reports are below, and all their points need to be carefully addressed, I will not detail them here.

Given the constructive referee comments, we would like to invite you to revise your manuscript with the understanding that all
referee concerns must be addressed in the revised manuscript and in a detailed point-by-point response. Acceptance of your
manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round of
revision only and acceptance of the manuscript will therefore depend on the completeness of your responses included in the
next, final version of the manuscript. 

Revised manuscripts should be submitted within three months of a request for revision. Please contact me to discuss the
revision (also by video chat) if you have questions or comments regarding the revision, or should you need additional time.

When submitting your revised manuscript, please also carefully review the instructions that follow below. 

PLEASE NOTE THAT upon resubmission revised manuscripts are subjected to an initial quality control prior to exposition to re-
review. Upon failure in the initial quality control, the manuscripts are sent back to the authors, which may lead to delays.
Frequent reasons for such a failure are the lack of the data availability section (please see below) and the presence of statistics
based on n=2 (the authors are then asked to present scatter plots or provide more data points).

When submitting your revised manuscript, we will require: 

1) a .docx formatted version of the final manuscript text (including legends for main figures, EV figures and tables), but without
the figures included. Figure legends should be compiled at the end of the manuscript text.

2) individual production quality figure files as .eps, .tif, .jpg (one file per figure), of main figures and EV figures. Please upload
these as separate, individual files upon re-submission.

The Expanded View format, which will be displayed in the main HTML of the paper in a collapsible format, has replaced the
Supplementary information. You can submit up to 5 images as Expanded View. Please follow the nomenclature Figure EV1,
Figure EV2 etc. The figure legend for these should be included in the main manuscript document file in a section called
Expanded View Figure Legends after the main Figure Legends section. Additional Supplementary material should be supplied
as a single pdf file labeled Appendix. The Appendix should have page numbers and needs to include a table of content on the
first page (with page numbers) and legends for all content. Please follow the nomenclature Appendix Figure Sx, Appendix Table
Sx etc. throughout the text, and also label the figures and tables according to this nomenclature. 

For more details, please refer to our guide to authors: 
http://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation

Please consult our guide for figure preparation: 
http://wol-prod-cdn.literatumonline.com/pb-assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

See also the guidelines for figure legend preparation:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat

3) a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14693178/authorguide). Please insert page numbers in the checklist to indicate where
the requested information can be found in the manuscript. The completed author checklist will also be part of the RPF.

Please also follow our guidelines for the use of living organisms, and the respective reporting guidelines:
http://www.embopress.org/page/journal/14693178/authorguide#livingorganisms 

4) that primary datasets produced in this study (e.g. RNA-seq, ChIP-seq, structural and array data) are deposited in an
appropriate public database. If no primary datasets have been deposited, please also state this in a dedicated section (e.g. 'No
primary datasets have been generated and deposited'), see below.

See also: http://embor.embopress.org/authorguide#datadeposition 



Please remember to provide a reviewer password if the datasets are not yet public.

The accession numbers and database should be listed in a formal "Data Availability" section (placed after Materials & Methods)
that follows the model below. This is now mandatory (like the COI statement). Please note that the Data Availability Section is
restricted to new primary data that are part of this study. This section is mandatory. As indicated above, if no primary datasets
have been deposited, please state this in this section

# Data availability

The datasets produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE46843 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/identifier/doi] ([URL or identifiers.org/DATABASE:ACCESSION]) 

*** Note - All links should resolve to a page where the data can be accessed. ***

Moreover, I have these editorial requests:

6) We strongly encourage the publication of original source data with the aim of making primary data more accessible and
transparent to the reader. The source data will be published in a separate source data file online along with the accepted
manuscript and will be linked to the relevant figure. If you would like to use this opportunity, please submit the source data (for
example scans of entire gels or blots, data points of graphs in an excel sheet, additional images, etc.) of your key experiments
together with the revised manuscript. If you want to provide source data, please include size markers for scans of entire gels,
label the scans with figure and panel number, and send one PDF file per figure. 

7) 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: http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

8) Regarding data quantification and statistics, please make sure that the number "n" for how many independent experiments
were performed, their nature (biological versus technical replicates), the bars and error bars (e.g. SEM, SD) and the test used to
calculate p-values is indicated in the respective figure legends (also for potential EV figures and all those in the final Appendix).
Please also check that all the p-values are explained in the legend, and that these fit to those shown in the figure. Please
provide statistical testing where applicable. Please avoid the phrase 'independent experiment', but clearly state if these were
biological or technical replicates. See also: 
http://www.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

9) Please also note our reference format:
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) For microscopic images, please add scale bars of similar style and thickness to all the microscopic images, using clearly
visible black or white bars (depending on the background). Please place these in the lower right corner of the images. Please do
not write on or near the bars in the image but define the size in the respective figure legend.

11) 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. Please name this section 'Disclosure and Competing Interests Statement' and put it after the
Acknowledgements section.

I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if you have questions or
comments regarding the revision. 

Please use this link to submit your revision: https://embor.msubmit.net/cgi-bin/main.plex

Yours sincerely,

Achim Breiling
Senior Editor
EMBO Reports



-------------
Referee #1:

In the past two years, a number of groups have successfully converted specially cultured "naïve" human pluripotent stem cells
(hPSC) to trophoblast stem cells (hTSC). There have also been reports of conversion of cells from conventionally cultured
primed hESC to hTSC, though there is controversy as to how efficient this process is, and whether the resulting cells are actually
amnion or are contaminated with amnion-like cells.

In this paper, the authors demonstrate that relatively short-term treatments designed to promote naïve reversion (periods of 7 or
even 3 days) are sufficient to allow conversion to trophoblast. The research is reasonably well conducted, but a few important
comparisons are missing (see major comments below). From a technical standpoint, the research is useful to researchers who
want to generate hTSC lines from hPSC lines as quickly as possible, but the biological value of the data is limited and the paper
may be better suited to a more specialized journal. 

Major comments:
1. The question of whether primed hPSCs generate trophoblast or amnion upon differentiation is still not settled (yet another
possibility is that they may form trophoblast-like cells via an amnion-like intermediate). The introduction section strikes too
certain a tone that primed hESC cannot generate trophoblast.
2. Relevant to the comment above, the authors demonstrate a lack of amnion markers in their chemically converted trophoblast
cells in Figure 3e. However, they omit these markers in Figure 4b, in which they show differentiation of chemically converted
TSCs over a time course. It is possible that the d3-reverted cells are generating amnion as well as trophoblast upon culture in
hTSC media or passing through an amnion-like intermediate. Furthermore, the authors should include markers in these figures
(e.g. ADAP2, HAVCR3, SLC28A3) specific to trophoblast as opposed to amnion. Many classical trophoblast genes are also
expressed in amnion.
3. The authors draw attention to a population of non-naïve cells formed by d7 of reversion (Figures 1b,c, Figure2f) and seem to
suggest that these could be trophoblast-like. However, they never demonstrate this. Either they should withdraw the claim or
perform an immunofluorescence staining for trophoblast markers to show that they are trophoblast-like. Physical resemblance is
insufficient proof, a lot of epithelial cells look vaguely similar.
4. Ideally, a publication claiming to have generated hTSCs would use, as a comparison point, authentic hTSCs generated from
placenta or blastocyst. The authors here compare their ccTSC lines to naïve hPSC-derived hTSCs. This is perhaps tolerable
given that there is pretty good literature establishing the similarity of naïve-derived hTSCs to authentic hTSCs, but at very least
the authors should directly compare differential gene expression between naïve-derived hTSC and cchTSC and see if there are
any statistically significant differences. Showing that they are found in similar places in a PCA plot is not sufficient. 
5. Is there any concept as to the molecular identity of the d3-reverted cells, compared with classically primed or naïve hESCs.
Does their ostensibly superior ability to form trophoblast arise from an earlier developmental state than conventional primed
cells?

Minor comments:
- Page 5: "We asked ourselves what these cells might be". Too colloquial. 
- A table detailing the passage number, sample descriptions, mapping statistics etc. of the RNA-seq samples is necessary.
- There are hCG ELISA kits which will deliver data far more quantitative than a home pregnancy test. These would be
appropriate for Figure 2d. 

-------------
Referee #2:

This manuscript from Zorzan et al. reports an efficient and rapid method for generating trophoblast stem cells (TSCs) from
human pluripotent stem cells (PSCs) using a modified naïve resetting protocol. This work joins a number of recent studies that
report methods to derive TSCs from naïve PSCs, all of which take advantage of the culture conditions for isolation of TSCs that
were first described by Okae et al. in 2018. The difference with these prior studies is that Zorzan et al. show that 3 days of
chemical resetting using a MEK inhibitor, HDAC inhibitor and LIF is sufficient to induce competence for TSC derivation, which
removes the need for prolonged expansion under naïve conditions. Establishing more efficient methods to generate TSCs is
important for modeling placental disorders. However, the authors need to clarify a number of points; in particular, the nature of
the intermediate cells from which they derive TSCs after 3 days of chemical resetting remains unclear. This issue needs to be
clarified since it is currently unclear whether TSCs are directly converted from conventional PSCs into TSCs (as the title
suggests) or emerge from a partially reprogrammed intermediate state.

Major comments:

1. The current title of the manuscript gives the impression that the authors have developed a method for directly converting
human conventional (i.e. primed) PSCs into TSCs without passing through naïve pluripotency. It's not clear that this is actually
the case since this chemical resetting protocol was developed to induce naïve pluripotency and many naïve markers are already



upregulated within 3 days (see Fig. 4b). A more appropriate title might be: "Chemical conversion of human pluripotent stem cells
to trophoblast stem cells following transient naïve reversion".

2. The nature of the intermediate cells that emerge within 3 days of chemical resetting is only investigated by bulk RNA-seq,
which obscures likely heterogeneity within the population. It is unclear whether the TSCs arise from partially reprogrammed
naïve cells, early trophoblast precursors (the "flat polygonal cells"?), or a true intermediate state in which naïve and trophoblast
genes are co-expressed at the single cell level. It's also possible that some fully naïve cells are already present within 3 days.
Since this issue is critical for the authors' interpretation, single cell analyses and/or prospective sorting based on distinctive cell-
surface-markers is needed to understand the origin of TSCs.

3. According to the bulk RNA-seq data in Fig. 4b, the majority of naïve and TSC specific genes are already induced within two
days of chemical resetting. Is the extra day of chemical resetting really necessary to induce competence for TSC derivation?

4. In Fig. 1 the authors compare gene expression in KiPS primed cells, KiPS cells undergoing chemical resetting, and HPD06
naïve iPSCs. At what timepoint were the KiPS undergoing chemical resetting analyzed? The text mentions 7 days, but the figure
legend mentions 14 days. I'm also confused why KiPS cells undergoing chemical reprogramming are compared to HPD06 naïve
iPS cells, which have a different genetic background. Fully reprogrammed KiPS naïve cells following prolonged expansion under
naïve conditions would provide a better or at least complementary control. 

5. In Fig. 2 and 3 gene expression in chemically converted (cc) TSCs is compared to TSCs generated from H9 and HPD06 naïve
PSCs. These data need to be compared to previously published RNA-seq data from TSCs isolated from placental tissues or
naïve PSCs by other labs. Also, can the authors comment on whether there are any transcriptional differences between naive
TSCs and ccTSCs?

6. In Fig. 2 and 3 STB differentiation is assessed, but the authors do not investigate whether ccTSC can complete differentiation
into the extravillous trophoblast (EVT) lineage, which is the other major specialized trophoblast lineage generated from TSCs.
Upregulation of EVT markers should be assessed at the RNA and protein level relative to EVT generated from naïve TSC
controls. 

Minor points:

1. Please define the term "GETMS" in the Introduction.

2. Fig. 3d shows an image of ccTSC at passage 5 and KiPS treated with BAP media for 3 days. Given the significant difference
in time, it would be useful to include phase contrast images of ccTSC at multiple timepoints during the derivation process.

-------------
Referee #3:

In this manuscript, Zoran and colleagues propose an alternative way to generate hTSCs from primed hPSCs. The manuscript is
overall well written and nicely presented.

While of potential interest, some important controls are missing to clearly assess their findings.

Major remarks:
- An important omission is the study by Wei et al., Sci. Adv. 2021; 7 : eabf4416 11 August 2021. The approach is different, but
should be at least discussed. It is possible than BMP signaling is a better "priming toward TSC reprogramming" strategy than
inducing a naïve conversion. What would be the pros and the cons of each approach?
- When mentioning lack of amniotic signature, author should use the results of the recently published study by Rostovskaya and
colleagues, Cell Stem Cell 2022.
- Authors might consider using placental or embryonic derived TSC, as reference.
- It is necessary to check if ccTSCs obtained after 3 days in MEKi/LIF/HDACi and directly switched to TSC medium are able to
form bona fide syncytiotrophoblasts, looking at syncytialization, and also extravillous trophoblasts. 
- How many passages where the ccTSCs cultured? Did extended passaging impaired differentiation potential?
- « We conclude that a modified chemical resetting protocol allowed the efficient conversion of
conventional PSCs to TSCs. » Going back to my first comment, how efficient is the conversion? Did the author assess the
homogeneity of the population? 

Minor: 
- Fig4B, it would be interesting to include ccTSC in the Heatmap.



Point-by-point response to Reviewers’ comments

Referee #1:

In the past two years, a number of groups have successfully converted specially cultured

"naïve" human pluripotent stem cells (hPSC) to trophoblast stem cells (hTSC). There have

also been reports of conversion of cells from conventionally cultured primed hESC to hTSC,

though there is controversy as to how efficient this process is, and whether the resulting cells

are actually amnion or are contaminated with amnion-like cells.

In this paper, the authors demonstrate that relatively short-term treatments designed to

promote naïve reversion (periods of 7 or even 3 days) are sufficient to allow conversion to

trophoblast. The research is reasonably well conducted, but a few important comparisons

are missing (see major comments below). From a technical standpoint, the research is

useful to researchers who want to generate hTSC lines from hPSC lines as quickly as

possible, but the biological value of the data is limited and the paper may be better suited to

a more specialized journal.

We thank the Referee for the useful comments, which helped us improve the

manuscript.

In particular, we made two observations that we deem biologically valuable:

1. Single-cell analysis of the conversion revealed rapid co-expression of naive

pluripotency and TSC markers at day 3 (Fig 6). This phenomenon has not

been observed in any of the recent TSC conversion protocols (Viukov et al,

2022; Wei et al, 2021; Jang et al, 2022; Soncin et al, 2018). Interestingly, also

human naive cells co-express pluripotency and extraembryonic markers, a

feature linked to their broad differentiation potential (Dong et al, 2020; Guo et

al, 2021).

2. We noticed that our protocol leads to more robust activation of TSC markers

than those based on BMP stimulation (Fig 3E-F), indicating that different

conversion trajectories might have an impact on the quality of TSCs.

3. Concerning the controversy about amnion/TSC identity, we clarified that

neither our protocol, nor those based on BMP stimulation (Wei et al, 2021;

Jang et al, 2022) generates TSCs stably expressing amnion markers at a

24th Nov 20221st Authors' Response to Reviewers

https://www.zotero.org/google-docs/?92uBlK
https://www.zotero.org/google-docs/?92uBlK
https://www.zotero.org/google-docs/?PR17tp
https://www.zotero.org/google-docs/?PR17tp
https://www.zotero.org/google-docs/?7l4BZr
https://www.zotero.org/google-docs/?7l4BZr


significant level, by analysing a large set of amnion markers recently identified

by Rostovskaya and colleagues (Rostovskaya et al, 2022).. Only some

amnion markers are transiently upregulated during the conversion, but

expression is lost upon expansion.

Major comments:

1. The question of whether primed hPSCs generate trophoblast or amnion upon

differentiation is still not settled (yet another possibility is that they may form trophoblast-like

cells via an amnion-like intermediate). The introduction section strikes too certain a tone that

primed hESC cannot generate trophoblast.

We agree with the reviewer, considering very recent publications (Seetharam et al,

2022; Soncin et al, 2018; Rostovskaya et al, 2022), it is still not clear whether primed

hPSCs generate amnion, trophoblast or a combination of the two. Also, it is hard to

find markers that unambiguously distinguish between the two cell types.

For this reason, we included additional analyses (see below) about the expression of

amnion markers in TSCs obtained from different sources.

We have edited the Introduction and Results sections accordingly (line 81-97 and

248-267).

2. Relevant to the comment above, the authors demonstrate a lack of amnion markers in

their chemically converted trophoblast cells in Figure 3e. However, they omit these markers

in Figure 4b, in which they show differentiation of chemically converted TSCs over a time

course. It is possible that the d3-reverted cells are generating amnion as well as trophoblast

upon culture in hTSC media or passing through an amnion-like intermediate.

This is a very good suggestion, we analysed the amnion markers previously shown in

Figure 3E (i.e. POSTN, SPARCL1, ITGB6, ISL1 and SEMA3C).

We observed a mild and transient upregulation of BAMBI, ISL1, POSTN and

SEMA3C. However, their expression dropped in ccTSC (Fig EV3A-B).

As a reference, we analysed transcriptomes of a set of TSCs obtained from different

sources (from embryos, from naive PSCs or from primed PSCs, see also Point 4),

and found that the amnion markers ITGB6, ISL1 and SEMA3C showed low

expression in several TSC lines derived from primed PSCs via different protocols

https://www.zotero.org/google-docs/?IVyg8O
https://www.zotero.org/google-docs/?cFaOgW
https://www.zotero.org/google-docs/?cFaOgW


(Wei et al, 2021; Jang et al, 2022) and this study) and in embryo-derived TSCs (Fig

EV2E). BAMBI was detected in heterogeneous fashion in TSCs - including

embryo-derived ones - and in all PSCs (Fig EV2E-F).

We conclude that the low levels of expression BAMBI, ITGB6, ISL1 and SEMA3C

observed during conversion and in established TSCs might not indicate acquisition of

amnion identity, but rather background/spurious expression.

To further investigate the potential acquisition of amnion identity we analysed

additional markers identified by Rostovskaya and colleagues (Rostovskaya et al,

2022), in a recent study reporting that amnion forms from two waves of epiblast

differentiation (early and late amniogenesis).

We observed that early amnion markers (e.g. PGF, TIMP3, S100P) are highly

expressed in all TSCs, regardless of their origin (Fig EV2E). Indeed, Rostovskaya

and colleagues reported that early amniogenesis occurs via a trophectoderm-like

route, thus indicating a shared transcriptional programme between the two cell fates.

Late amnion markers (IGFBP3, PRKD1, KCNMA1, GABRP) were barely detectable

in all TSCs analysed (Fig EV2D-F). Also these markers showed a similar

low/background expression in primed/conventional PSCs.

During conversion, we measured the expression of unambiguous amnion markers

(Fig EV2E) and detected rapid upregulation of only ISL1 and POSTN during the first

3 days. We conclude that cells do not acquire a transient amnion identity during

conversion (Fig EV3A-B).

At day 9 in TSC medium the late amnion markers KCNMA1 and GABRP were

upregulated (Fig EV3A-B). In established ccTSCs all these amnion markers were

expressed at negligible levels. These results might suggest that either a fraction of

amnion is generated during the conversion, but these cells do not expand in TSC

conditions or, alternatively, that some amnion markers are erroneously activated by

transcription factors shared by TE and amnion identity (e.g. TFAP2A).

Formally, we cannot rule out a transition through an amnion-like intermediate. Future

studies, based on genetic inactivation of key amnion regulators and/or lineage tracing

will be needed to distinguish between the two hypotheses, but these experiments go

beyond the scope of the current study.

https://www.zotero.org/google-docs/?vD4xG4
https://www.zotero.org/google-docs/?IMzpMd
https://www.zotero.org/google-docs/?IMzpMd


Furthermore, the authors should include markers in these figures (e.g. ADAP2, HAVCR3,

SLC28A3) specific to trophoblast as opposed to amnion. Many classical trophoblast genes

are also expressed in amnion.

We added the suggested markers and observed that only ADAP2 is rapidly induced,

from day 2 onwards (Fig 5D and EV3A).

We then checked the expression of these 3 markers in a panel of TSCs, including

established ccTSCs.

ADAP2 is robustly expressed by ccTSCs to levels found in TSC lines obtained from

embryos and from naive PSCs (Fig EV2E and 3F).

HAVCR1 (we think the Referee wrote ‘HAVCR3’ but meant ‘HAVCR1’, as only the

latter is used as a TSC marker) is upregulated in established ccTSC and naive-TSC,

relative to primed PSCs, as detected by qPCR and RNAseq (Fig 3F and EV2D-E).

SLC28A3 is also highly expressed by ccTSCs to levels comparable to

embryo-derived TSCs (Fig 3F and EV2E). Of note, HAVCR1 and SLC28A3 were not

expressed in several TSCs derived from primed PSCs via BMP induction (Wei et al,

2021; Jang et al, 2022)(Fig 3F).

We conclude that ADAP2 is rapidly induced during conversion of primed PSCs to

ccTSCs, while HAVCR1 and SLC28A3 expression increases during expansion of

ccTSCs.

3. The authors draw attention to a population of non-naïve cells formed by d7 of reversion

(Figures 1b,c, Figure2f) and seem to suggest that these could be trophoblast-like. However,

they never demonstrate this. Either they should withdraw the claim or perform an

immunofluorescence staining for trophoblast markers to show that they are trophoblast-like.

Physical resemblance is insufficient proof, a lot of epithelial cells look vaguely similar.

We withdrew the claim as suggested and simply reported the activation of TSC and

TE markers. We also clarified, both in the text and in the figures/legends, that the

analyses performed in Figure 1 refer to day 14, rather than day 7.

4. Ideally, a publication claiming to have generated hTSCs would use, as a comparison

point, authentic hTSCs generated from placenta or blastocyst. The authors here compare

https://www.zotero.org/google-docs/?OzpdpH
https://www.zotero.org/google-docs/?OzpdpH


their ccTSC lines to naïve hPSC-derived hTSCs. This is perhaps tolerable given that there is

pretty good literature establishing the similarity of naïve-derived hTSCs to authentic hTSCs,

but at very least the authors should directly compare differential gene expression between

naïve-derived hTSC and cchTSC and see if there are any statistically significant differences.

Showing that they are found in similar places in a PCA plot is not sufficient.

We completely agree on the importance of comparing our data against

embryo-derived TSCs. To do so, we analysed RNA-seq data from 3 studies (Okae et

al, 2018; Wei et al, 2021; Jang et al, 2022) in which TSCs were obtained from

embryos or placental tissues, as well as from PSCs.

We found that ccTSCs and TSC derived from our naive PSCs expressed a large set

of TSC markers at levels comparable to, or higher than, embryo-derived TSCs (Fig

3E).

Importantly, functional TSC regulators have been recently identified (e.g. SKP2,

TEAD1, ARID5B, TFAP2C, GATA3)(Guo et al, 2021; Dong et al, 2022), and all those

genes are highly expressed in ccTSCs.

To further characterise the transcriptome of ccTSCs we used the PlacentaCellEnrich

program (Jain & Tuteja, 2021), which find specific expression of cell types found in

first-trimester human placenta (Vento-Tormo et al, 2018).

The genes upregulated in ccTSCs, compared to isogenic primed kiPS cells, were

highly enriched for Syncytiotrophoblast, the in vivo couterpart of TSCs (Fig 3D).

A similarly strong enrichment was found comparing H9 naive-TSCs against their

isogenic primed PSCs (H9 ESCs). These analyses indicate correct trophoblast

identity acquisition in ccTSCs.

To compare the global transcriptome of ccTSC against those TSC obtained from

naive PSCs, we also performed a correlation analysis (Fig EV2B). We found that

ccTSCc and naive-TSC are highly correlated, with coefficients ranging between 0.85

and 0.92. In contrast, comparing  ccTSC vs naive PSC gave coefficients below 0.72,

and comparing ccTSC vs primed PSC gave coefficients between 0.69 and 0.72.

These results indicate that the global transcriptome of ccTSC and naive-TSC are

highly correlated.

We then focussed on differences between ccTSCs and naive-TSCs.

https://www.zotero.org/google-docs/?pnia7a
https://www.zotero.org/google-docs/?pnia7a
https://www.zotero.org/google-docs/?2se977
https://www.zotero.org/google-docs/?QlV36D
https://www.zotero.org/google-docs/?d8Jokm


None of the TSC markers were found differentially expressed between ccTSCs and

TSC obtained from naive PSCs (see Reviewer Figure 1, at the end of this document).

We performed Gene Ontology and KEGG pathways enrichment analyses on the 279

genes (Cluster B) distinguishing ccTSCs from naive TSCs, and failed to find any

significant term.

However, manual inspection revealed aberrant expression of 7 imprinted genes in

TSC derived from naive PSCs (Reviewer Figure 1).

Prolonged expansion of human naive PSCs has been reported to induce imprinting

abnormalities (Perrera & Martello, 2019), thus it is interesting to observe aberrant

expression of imprinted genes in TSC derived from naive PSCs.

However, we believe that a thorough investigation of this aspect might be suited for a

future publication comparing a larger set of TSC obtained with different protocols.

Thus, based on the comparable expression of several functional TSC markers,

PlacentaCellEnrich analysis, the PCA and the global correlation analysis, we

conclude that the ccTSCs, naive TSCs and embryo-derived TSCs are highly similar.

5. Is there any concept as to the molecular identity of the d3-reverted cells, compared with

classically primed or naïve hESCs. Does their ostensibly superior ability to form trophoblast

arise from an earlier developmental state than conventional primed cells?

To address this crucial question we performed two experiments:

1. We analysed the expression of developmental stages earlier than conventional

primed PSCs, namely naive pluripotency and 8-cell like cells (8CLCs -

Taubenschmid-Stowers et al, 2022; Mazid et al, 2022). We could not detect

expression of 8-cell stage markers (Fig EV3A), while several naive markers were

rapidly upregulated, together with TSC markers like GATA3.

2. We performed quantitative immunostaining for markers of TSC (GATA3 and KRT7),

general pluripotency (OCT4) and naive pluripotency (SUSD2) (Fig 6B-D).

Remarkably, after 3 days of resetting we found co-expression of OCT4, SUSD2,

GATA3 and KRT7 in 54% of cells, and of OCT4, SUSD2, GATA3 in 21%.

This is in line with rapid mRNA increase of GATA3 and SUSD2 measured by RNAseq

(Fig 5B and 5D).

https://www.zotero.org/google-docs/?4rGud9
https://www.zotero.org/google-docs/?EAnui0


We conclude that 3 days of resetting activate both naive and TSC markers in the

same cells. The subsequent signalling environment steers cells towards one of the

two alternative fates.

This is interesting, as a recent study proposed that the co-expression of embryonic

and extraembryonic genes observed in human naive pluripotent cells confers them

the competence for somatic and extraembryonic differentiation (Dong et al, 2020).

Minor comments:

- Page 5: "We asked ourselves what these cells might be". Too colloquial.

We rephrased the sentence.

- A table detailing the passage number, sample descriptions, mapping statistics etc. of the

RNA-seq samples is necessary.

We generated the requested table (see Appendix Table S1).

- There are hCG ELISA kits which will deliver data far more quantitative than a home

pregnancy test. These would be appropriate for Figure 2d.

We agree on the fact that an ELISA test would be more sensitive than a home

pregnancy test, but we think that a qualitative result (i.e. present/absent) is sufficient

in this context, as also found in several high profile studies (Turco et al, 2018; Liu et

al, 2020).

https://www.zotero.org/google-docs/?Y64XHF
https://www.zotero.org/google-docs/?Wz8fhG
https://www.zotero.org/google-docs/?Wz8fhG


Referee #2:

This manuscript from Zorzan et al. reports an efficient and rapid method for generating

trophoblast stem cells (TSCs) from human pluripotent stem cells (PSCs) using a modified

naïve resetting protocol. This work joins a number of recent studies that report methods to

derive TSCs from naïve PSCs, all of which take advantage of the culture conditions for

isolation of TSCs that were first described by Okae et al. in 2018. The difference with these

prior studies is that Zorzan et al. show that 3 days of chemical resetting using a MEK

inhibitor, HDAC inhibitor and LIF is sufficient to induce competence for TSC derivation, which

removes the need for prolonged expansion under naïve conditions. Establishing more

efficient methods to generate TSCs is important for modelling placental disorders. However,

the authors need to clarify a number of points; in particular, the nature of the intermediate

cells from which they derive TSCs after 3 days of chemical resetting remains unclear. This

issue needs to be clarified since it is currently unclear whether TSCs are directly converted

from conventional PSCs into TSCs (as the title suggests) or emerge from a partially

reprogrammed intermediate state.

Major comments:

1. The current title of the manuscript gives the impression that the authors have developed a

method for directly converting human conventional (i.e. primed) PSCs into TSCs without

passing through naïve pluripotency. It's not clear that this is actually the case since this

chemical resetting protocol was developed to induce naïve pluripotency and many naïve

markers are already upregulated within 3 days (see Fig. 4b). A more appropriate

title might be: "Chemical conversion of human pluripotent stem cells to trophoblast stem

cells following transient naïve reversion".

We thank the reviewer for the suggestion, but we think there must have been some

technical issues or confusion.

The title of our submitted manuscript is “Chemical conversion of human conventional

Pluripotent Stem Cells to Trophoblast Stem Cells”.

We actually never implied that the conversion occurs without passing through the

naive state. The Reviewer might maybe refer to the title of an older version of our

bioRxiv preprint, which we anyway amended.

We agree that we should mention the activation of naive genes, especially in light of

the novel results showing widespread expression of the naive marker SUSD2 during



conversion (Fig 6B-D). Also, no activation of naive genes have been reported in other

recent studies (Viukov et al, 2022; Soncin et al, 2018).

However we think that "Chemical conversion of human pluripotent stem cells to

trophoblast stem cells following transient naïve genes activation”, as “naive

reversion” implies functional reversion to the naive state, which was never tested.

2. The nature of the intermediate cells that emerge within 3 days of chemical resetting is only

investigated by bulk RNA-seq, which obscures likely heterogeneity within the population. It is

unclear whether the TSCs arise from partially reprogrammed naïve cells, early trophoblast

precursors (the "flat polygonal cells"?), or a true intermediate state in which naïve and

trophoblast genes are co-expressed at the single cell level. It's also possible that some fully

naïve cells are already present within 3 days. Since this issue is critical for the authors'

interpretation, single cell analyses and/or prospective sorting based on distinctive

cell-surface-markers is needed to understand the origin of TSCs.

We completely agree on the importance of resolving at the single cell resolution the

potential heterogeneity of day 3 cells.

We thus performed quantitative immunostaining for two markers of TSC (GATA3 and

KRT7), a general pluripotency marker (OCT4) and a naive pluripotency marker

(SUSD2).

GATA3 and OCT4 have been demonstrated to be functionally required for TSC and

PSC identity, respectively (Dong et al, 2022; Guo et al, 2021; Takashima et al, 2014;

Hay et al, 2004; Matin et al, 2004; Zaehres et al, 2005; Wang et al, 2012).

Remarkably, after 3 days of resetting we found co-expression of OCT4, SUSD2,

GATA3 and KRT7 in 54% of cells, and of OCT4, SUSD2, GATA3 in 21%.

Interestingly, the population of cells expressing only OCT4+SUSD2, or only

GATA3+KRT7 were negligible (1% and 0%, respectively).

See also Results (line 315-344).

We conclude that at day 3 of conversion the majority of cell co-express markers of

naive PSC and TSC. The subsequent exposure to different signalling environments

steer the cells towards two alternative cell fates.

This is interesting, as a recent study proposed that the co-expression of embryonic

and extraembryonic genes observed in human naive pluripotent cells confers them

the competence for somatic and extraembryonic differentiation (Dong et al, 2020).

https://www.zotero.org/google-docs/?DXEq8X
https://www.zotero.org/google-docs/?pxGjJL
https://www.zotero.org/google-docs/?pxGjJL
https://www.zotero.org/google-docs/?ffz59y


3. According to the bulk RNA-seq data in Fig. 4b, the majority of naïve and TSC specific

genes are already induced within two days of chemical resetting. Is the extra day of chemical

resetting really necessary to induce competence for TSC derivation?

We respectfully disagree with this comment. Between day 2 and day 3 there is a

significant increase in the expression of GATA3 and SUSD2 (Fig 5D), so it is

reasonable to perform chemical resetting for 3 days.

4. In Fig. 1 the authors compare gene expression in KiPS primed cells, KiPS cells

undergoing chemical resetting, and HPD06 naïve iPSCs. At what time point were the KiPS

undergoing chemical resetting analyzed? The text mentions 7 days, but the figure legend

mentions 14 days.

We apologise for the confusion. The figure legends are correct, as those images

refer to day 14 of the conversion. In the text we stated that ‘After 7 days, several

dome shaped, compact colonies were present, that we could readily expand for

multiple passages in PXGL medium’. We simply meant that naive-like colonies

appeared after 7 days, as reported by other authors (Guo et al, 2017; Bredenkamp et

al, 2019).

We amended the text, figures and figure legends to avoid misunderstandings (line

133-136).

I'm also confused why KiPS cells undergoing chemical reprogramming are compared to

HPD06 naïve iPS cells, which have a different genetic background. Fully reprogrammed

KiPS naïve cells following prolonged expansion under naïve conditions would provide a

better or at least complementary control.

We have reset KiPS cells, sorted them for SUSD2 positivity (Bredenkamp et al, 2019)

and negativity for the primed marker CD24 (Collier et al, 2017) expanded and

analysed, as suggested. Fig 1D shows that KiPS undergoing chemical resetting for

14 days upregulated naive markers and downregulated the primed state marker

ZIC2.

https://www.zotero.org/google-docs/?En49vv
https://www.zotero.org/google-docs/?En49vv
https://www.zotero.org/google-docs/?xg39Op
https://www.zotero.org/google-docs/?VB4twL


5. In Fig. 2 and 3 gene expression in chemically converted (cc) TSCs is compared to TSCs

generated from H9 and HPD06 naïve PSCs. These data need to be compared to previously

published RNA-seq data from TSCs isolated from placental tissues or naïve PSCs by other

labs. Also, can the authors comment on whether there are any transcriptional differences

between naive TSCs and ccTSCs?

We compared the transcriptome of ccTSC, H9-TSC and HPD06-TSC to those of TSC

generated in other laboratories, either from placenta/blastocysts or from naive PSCs

(Wei et al, 2021; Jang et al, 2022; Okae et al, 2018).

We found that ccTSCs and TSC derived from our naive PSCs expressed a large set

of TSC markers at levels comparable to, or higher than, embryo-derived TSCs (Fig

3D). Importantly, we analysed a set of crucial TSC regulators (e.g. SKP2, TEAD1,

ARID3A, ARID5B, TFAP2C) identified by via CRISPR/Cas9 inactivation (Dong et al,

2022; Guo et al, 2021) and all those genes are highly expressed in TSCs generated

in our study (Fig 3D, in bold).

To further characterise the transcriptome of ccTSCs we used the PlacentaCellEnrich

program (Jain & Tuteja, 2021), which finds specific expression of cell types found in

first-trimester human placenta (Vento-Tormo et al, 2018).

The genes upregulated in ccTSCs, compared to isogenic primed KiPS cells, were

highly enriched for Syncytiotrophoblast, the in vivo couterpart of TSCs. A similarly

strong enrichment was found comparing H9 naive-TSCs against their isogenic

primed PSCs. These analyses indicate correct trophoblast identity acquisition in

ccTSCs.

To compare the transcriptome of ccTSC against those TSC obtained from naive

PSCs, we also performed a correlation analysis (Fig EV2B). We found that ccTSCc

and naive-TSC are highly correlated, with coefficients ranging between 0.85 and

0.92. In contrast, comparing  ccTSC vs naive PSC gave coefficients below 0.72, and

comparing ccTSC vs primed PSC gave coefficients between 0.69 and 0.72. These

results indicate that the global transcriptome of ccTSC and naive-TSC are highly

correlated.

We then focussed on differences between ccTSCs and naive-TSCs.

None of the TSC markers were found differentially expressed between ccTSCs and

TSC obtained from naive PSCs (see Reviewer Fig. 1, at the end of this document).

https://www.zotero.org/google-docs/?aviRvz
https://www.zotero.org/google-docs/?WEHSC0
https://www.zotero.org/google-docs/?WEHSC0
https://www.zotero.org/google-docs/?8Xits0
https://www.zotero.org/google-docs/?2jSbCY


We performed Gene Ontology and KEGG pathways enrichment analyses on the 279

genes (Cluster B) distinguishing ccTSCs from naive TSCs, and failed to find any

significant term.

However, manual inspection revealed aberrant expression of 7 imprinted genes in

TSC derived from naive PSCs (Reviewer Fig. 1).

Prolonged expansion of human naive PSCs has been reported to induce imprinting

abnormalities (Perrera & Martello, 2019), thus it is interesting to observe aberrant

expression of imprinted genes in TSC derived from naive PSCs.

However, we believe that a thorough investigation of this aspect might be suited for a

future publication comparing a larger set of TSC obtained with different protocols.

Thus, based on the comparable expression of several functional TSC markers,

PlacentaCellEnrich analysis, the PCA and the global correlation analysis, we

conclude that the ccTSCs, naive TSCs and embryo-derived TSCs are highly similar,

but future studies will be needed to investigate the impact of aberrantly expressed

imprinted genes found in naive TSCs.

6. In Fig. 2 and 3 STB differentiation is assessed, but the authors do not investigate whether

ccTSC can complete differentiation into the extravillous trophoblast (EVT) lineage, which is

the other major specialized trophoblast lineage generated from TSCs. Upregulation of EVT

markers should be assessed at the RNA and protein level relative to EVT generated from

naïve TSC controls.

We first performed EVT differentiation from naive-TSCs and observed robust

induction of HLA-G surface protein and of VGLL3, NOTUM, SNAI1 and ITGA5

mRNAs, accompanied by an elongated, mesenchyme-like morphology (Fig 2C-D and

4).

We then repeated the differentiation protocols for STB and EVT on naive-TSCs and

on ccTSCs. We used ccTSCs2, obtained after 3 days in MEKi/LIF/HDACi and directly

switched to TSC medium (Fig 3), as requested by Reviewer #3.

Analysis of a large set of STB and EVT markers, both at the mRNA and protein

levels, confirmed successful differentiation (Fig 4).

https://www.zotero.org/google-docs/?fCXKYt


Minor points:

1. Please define the term "GETMS" in the Introduction.

We rephrased the sentence and listed the 5 transcription factors.

2. Fig. 3d shows an image of ccTSC at passage 5 and KiPS treated with BAP media for 3

days. Given the significant difference in time, it would be useful to include phase contrast

images of ccTSC at multiple timepoints during the derivation process.

We have included in the revised manuscript phase contrast images of the derivation

process (Fig 6A). Cells at day 3 of the conversion are morphologically distinct from

BAP cells.



Referee #3:

In this manuscript, Zorzan and colleagues propose an alternative way to generate hTSCs

from primed hPSCs. The manuscript is overall well written and nicely presented.

While of potential interest, some important controls are missing to clearly assess their

findings.

Major remarks:

- An important omission is the study by Wei et al., Sci. Adv. 2021; 7 : eabf4416 11 August

2021. The approach is different, but should be at least discussed. It is possible than BMP

signaling is a better "priming toward TSC reprogramming" strategy than inducing a naïve

conversion. What would be the pros and the cons of each approach?

We apologise for not citing and discussing this important study.

We analysed transcriptomes from cells generated by Wei and colleagues (Wei et al,

2021) and found that some TSC markers were not expressed (HAVCR1 and

SLC28A3, Fig 3F), or expressed at levels lower than ccTSCs (e.g. TEAD1, TCAF1

and ARID5B - Fig 3E-F). We also analysed a large set of amniotic markers

(Rostovskaya et al, 2022; Guo et al, 2021; Cinkornpumin et al, 2020; Jang et al,

2022) and found no significant differences among TSCs of different origin.

We discussed that the trajectories followed during conversion appear different. In our

protocol we detected robust induction of naive markers, together with TSC markers.

This aspect was not investigated by Wei and colleagues. However, two recent

studies (Soncin et al, 2018; Viukov et al, 2022) reported the conversion of

conventional PSC to TSC without induction of naive markers, indicating that different

protocols induce distinct trajectories.

A recent study also proposed the co-expression of embryonic and extraembryonic

genes as a functional attribute of naive pluripotency (Dong et al, 2020). In

agreement with this idea, we detected co-expression of naive PSCs and TSCs

markers at the single-cell levels after 3 days of chemical conversion, indicating an

intermediate cellular state responsive to different external stimuli.

Given the robust expression of a large set of TSC markers in ccTSCs (Fig 3E) and

the co-expression of KRT7 and GATA3 in 97% of cells at day 14 of conversion (Fig

6B-D) we do not think that inducing a naive conversion is worse than using BMP

https://www.zotero.org/google-docs/?29xoLA
https://www.zotero.org/google-docs/?29xoLA
https://www.zotero.org/google-docs/?7BvxWl
https://www.zotero.org/google-docs/?7BvxWl
https://www.zotero.org/google-docs/?ekBwD3
https://www.zotero.org/google-docs/?GasUCd


signalling (for which Wei and colleagues reported less than 25% of KRT-positive cells

by day 10, while GATA positivity ranged from ~25 to ~90%), although additional

studies, comparing side by side different protocols would be needed to draw

conclusions about efficiency.

- When mentioning lack of amniotic signature, authors should use the results of the recently

published study by Rostovskaya and colleagues, Cell Stem Cell 2022.

This is a very good suggestion, we analysed the amnion markers previously shown in

Figure 3E of the submitted manuscript (i.e. POSTN, SPARCL1, ITGB6, ISL1 and

SEMA3C), together with additional markers identified by Rostosvskaya and

colleagues (Rostovskaya et al, 2022), in a recent study reporting that amnion forms

from two waves of epiblast differentiation (early and late amniogenesis).

First, we analysed a panel of embryo-derived TSCs, naive-TSCs and TSCs derived

from primed/conventional PSCs with different protocols (Fig EV2E).

We observed that early amnion markers (e.g. PGF, TIMP3, S100P) are highly

expressed in all TSCs, regardless of their origin. Indeed, Rostovskaya and

colleagues reported that early amniogenesis occurs via a trophectoderm-like route,

thus indicating the presence of transcriptional programme shared by the two cell

fates.

In contrast, the late amnion markers (PRKD1, KCNMA1, GABRP) were barely

detectable in all TSCs, either embryo-derived or obtained from PSCs (Fig EV2E-F).

These late amnion markers showed equally low expression levels in

primed/conventional PSCs. Given that conventional PSCs are not amnion cells, we

conclude that the low expression of late amnion markers observed in TSCs does not

indicate acquisition of amnion identity in TSCs.

- Authors might consider using placental or embryonic derived TSC, as reference.

We included the suggested samples from 3 different studies (Okae et al, 2018; Wei

et al, 2021; Jang et al, 2022) and included them in our analyses (Fig 3E-F, EV2E-F).

A large number of TSC markers were expressed at comparable levels in ccTSCs and

embryo-derived TSCs.

https://www.zotero.org/google-docs/?eudX7D
https://www.zotero.org/google-docs/?twQ8R1
https://www.zotero.org/google-docs/?twQ8R1


- It is necessary to check if ccTSCs obtained after 3 days in MEKi/LIF/HDACi and directly

switched to TSC medium are able to form bona fide syncytiotrophoblasts, looking at

syncytialization, and also extravillous trophoblasts.

We first performed EVT differentiation from naive-TSCs and observed robust

induction of HLA-G surface protein and of VGLL3, NOTUM, SNAI1 and ITGA5

mRNAs, accompanied by an elongated, mesenchyme-like morphology (Fig 2C-D and

4).

We then repeated the differentiation protocols for STB and EVT on naive-TSCs and

on ccTSCs. We used ccTSCs2, obtained after 3 days in MEKi/LIF/HDACi and directly

switched to TSC medium (Fig 3), as requested by Reviewer #3.

Analysis of a large set of STB and EVT markers, both at the mRNA and protein

levels, confirmed successful differentiation (Fig 4).

- How many passages where the ccTSCs cultured? Did extended passaging impaired

differentiation potential?

The ccTSC line we generated expanded robustly for >20 passages.

All differentiation experiments were performed between passage 7 and 10, so we do

not know whether extended passaging could affect the differentiation potential, but

such studies would require several months of expansion and differentiation.

- « We conclude that a modified chemical resetting protocol allowed the efficient conversion

of conventional PSCs to TSCs. » Going back to my first comment, how efficient is the

conversion? Did the author assess the homogeneity of the population?

We have measured the protein expression levels of TSC and PSC markers

throughout the conversion (Fig 6B-D). On day 3 we observed coexpression of PSC

(OCT4) and TSC (GATA3) markers in >75% of cells. At day 7, after the switch to TSC

medium, OCT4 expression was retained, together with GATA3 in 37% of cells. 40%

of cells expressed OCT4, GATA3 and KRT7. A similar co-expression of PSC (OCT4

and SUSD2) and TSC markers (GATA3 and KRT7) was recently reported by Zijlmans

et al. (Zijlmans et al, 2022), when naive PSC were converted to TSCs.

https://www.zotero.org/google-docs/?faYOLP


On day 14 we found that 97% of cells were GATA3 and KRT7 double positive,

indicating high homogeneity of the population.

As a comparison, the most efficient protocol from Wei and colleagues, based on BMP

stimulation, gave rise to less than 25% of KRT-positive cells by day 10, while GATA

positivity ranged from ~25 to ~90%. Although a direct side-by-side comparison would

be needed, our protocol seems at least equally efficient.

Minor:

- Fig4B, it would be interesting to include ccTSC in the Heatmap

Thanks for the good suggestion, we added ccTSCs to the heatmap.
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Figure legend: K-means clustering of the 2000 most variable genes in Primed-iPSCs (KiPS

primed-iPSCs, HPD00 primed-iPSCs and H9 ESCs), ccTSCs (ccTSC.01 and ccTSC.02) and

Naive-TSC (HPD06 naive-TSC and H9 naive-TSC. Red and green indicate high and low

expression, respectively. Representative genes of each cluster are shown on the right.



9th Jan 20231st Revision - Editorial Decision

Dear Prof. Martello,

Thank you for the submission of your revised manuscript to our editorial offices. I have now received the reports from the three
referees that I asked to re-evaluate your study, you will find below. As you will see, the referees now support the publication of
your study in EMBO reports. Nevertheless, referees #1 and #2 have remaining concerns and suggestions to improve the
manuscript, I ask you to address in a final revise manuscript.

Moreover, I have these editorial requests I also ask you to address:

- Please provide a more comprehensive title with not more than 100 characters (including spaces).

- Please provide the abstract written in present tense throughout.

- Please have your final manuscript carefully proofread by a native speaker. There are still typos and grammatical errors present.

- Please remove the heading 'Title page: Conversion of primed PSCs to TSCs' from the title page. 

- Please upload the figures as individual production quality figure files as .eps, .tif, .jpg (one file per figure - main figures and EV
figures). Please upload these as separate, individual files upon re-submission.

For more details, please refer to our guide to authors:
http://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation

Please consult our guide for figure preparation:
http://wol-prod-cdn.literatumonline.com/pb-assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

See also the guidelines for figure legend preparation:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat

- We now use CRediT to specify the contributions of each author in the journal submission system. CRediT replaces the author
contribution section. Please use the free text box to provide more detailed descriptions. Thus, please remove the author
contributions section from the manuscript text file. See also guide to authors:
https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines

- Please order the manuscript sections like this (using these names as headings): 
Title page - Abstract - Introduction - Results - Discussion - Materials and Methods - Data availability section -
Acknowledgements - Disclosure and Competing Interests Statement - References - Figure legends - Expanded View Figure
legends

- Please add more subheadings to the second half of the results section to better structure the text.

- Please remove the referee token from the data availability section and make sure that the dataset is public latest upon online
publication of the study.

- Please make sure that the number "n" for how many independent experiments were performed, their nature (biological versus
technical replicates), the bars and error bars (e.g. SEM, SD) and the test used to calculate p-values is indicated in the respective
figure legends (main, EV and Appendix figures), and that statistical testing has been done where applicable. Please avoid
phrases like 'independent experiment', but clearly state if these were biological or technical replicates. Please add complete
statistical testing to all diagrams (main, EV and Appendix figures) with n>=3. Please also indicate (e.g. with n.s.) if testing was
performed, but the differences are not significant. In case n=2, please show the data as separate datapoints without error bars
and statistics. 

Presently, most diagrams seem to lack statistical testing!

- The labelling of the x-axes in Fig. 5D is hardly readable. Please provide the diagrams enlarged and in 2-3 rows with bigger
fonts.

- Please add scale bars of similar style and thickness to the microscopic images (main and EV), using clearly visible black or
white bars (depending on the background). Please place these in the lower right corner of the images. Please do not write on or
near the bars in the image but define the size in the respective figure legend. Presently, many scale bars are rather thin.

- Please make sure that all the funding information is also entered into the online submission system and that it is complete and



similar to the one in the acknowledgement section of the manuscript text file.

- Please make sure that all figure panels are called out separately and sequentially (main and EV figures). Presently, Fig. 6D is
called out before 6A, 
Fig. EV2C is called out before EV2A and there seems to be no callout for Fig. EV2F.
Moreover, there are callouts to panels EV3E-F, which don't seem to exist. Please check.

- Please add a title to the Appendix file (Appendix for ...), page numbers and also add the page numbers to the table of contents.

- - Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript. Please do that for co-corresponding author Irene Zorzan. Please find instructions on how to link your ORCID ID to
your account in our manuscript tracking system in our Author guidelines:
http://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines

- Finally, please find attached a word file of the manuscript text (provided by our publisher) with changes we ask you to include
in your final manuscript text and comments. Please use the attached file as basis for further revisions and provide your final
manuscript file with track changes, in order that we can see any modifications done. 

In addition, I would need from you: 
- a short, two-sentence summary of the manuscript (not more than 35 words).
- two to four short bullet points highlighting the key findings of your study (two lines each).
- a schematic summary figure that provides a sketch of the major findings (not a data image) in jpeg or tiff format (with the exact
width of 550 pixels and a height of not more than 400 pixels) that can be used as a visual synopsis on our website. 

I look forward to seeing the final revised version of your manuscript when it is ready. Please let me know if you have questions
regarding the revision. 

Please use this link to submit your revision: https://embor.msubmit.net/cgi-bin/main.plex

Yours sincerely,

Achim Breiling
Senior Editor
EMBO Reports

--------------
Referee #1:

The authors have substantially addressed most of my concerns, and I do not object to the eventual publication of this paper.
However, I still have one significant concern about this submission. To the extent that there is anything approaching a
consensus in the field about hTSC derived from primed hPSC, it is that most trophoblast genes can be reactivated relatively
easily but that certain heavily methylated imprinted require extended naïve culture. This point was best demonstrated by a paper
published since the initial submission of Zorzan et al: Kobayashi et al. "The microRNA cluster C19MC confers differentiation
potential into trophoblast lineages upon human pluripotent stem cells" Nature Communications 2022. Kobayashi and colleagues
find that activation of the imprinted C19MC locus occurs when naïve hPSCs are converted to trophoblast but not when primed
cells are.

It is logical to worry therefore, that certain imprinted genes including but not limited to C19MC will not reactivate in three days of
chemical conversion. In response to previous comments, the authors compare expression of naïve and cc-derived hTSCs, and
note failure to activate imprints including PEG3. C19MC is presumably not analyzed, not being a coding transcript. The authors
should include Reviewer Figure 1 in the extended data and discuss it briefly. Also they should analyze reactivation of C19MC or
at least mention the Kobayashi 2022 finding in the Discussion and say that the C19MC reactivation status of the ccTSC is
unknown. 

Minor comments:
1. Reviewer Figure 1: ZFN57 is not imprinted, it is a regulatory of imprinting. Did the authors mean ZNF597?
2. Line 167/Figure 1I "We also analysed a wide range of markers expressed by TSCs in vitro and observed strong upregulation
of some trophoblast markers (Figure 1I)." 
EOMES is not expressed in conventional hTSCs or for that matter first trimester placenta (see RNA-seq data in Okae 2018). It is
really only a trophoblast marker for mouse. The authors should change their phrasing. 
3. Figure 3E, EV2E: Legend makes extensive reference to RNA-seq data from Okae 2018 that appears to be from Dong 2020.
There are no H9 ESCs in Okae 2018.
4. Line 297: "APAD2" is presumably ADAP2
5. Figure 5D labels are too small.



--------------
Referee #2:

Zorzan and colleagues have carefully addressed the reviewers' comments and their manuscript has been improved as a result.
In particular, their newly incorporated single cell analysis of primed cells undergoing chemical resetting reveals the co-
expression of naïve and trophoblast markers on day 3, which suggests the emergence of a transient intermediate state that is
amenable for either naïve reversion or trophoblast differentiation. In addition, the revised their title better conveys the main
message of the manuscript. This study will be of interest to the readers of EMBO Reports. I only have a few minor suggestions
remaining:

- On lines 230-231 the authors conclude that "a transient inhibition of histone deacetylases is sufficient to allow efficient and
rapid conversion of conventional PSCs to ccTSCs, without need of an intermediate step in a naïve supporting medium".
However, MEK inhibition and LIF are also included in the chemical resetting recipe and likely contribute to the observed gene
expression changes. It would be better to write "transient histone deacetylase and MEK inhibition with LIF stimulation", as is
indicated in the abstract.

- Line 284: same issue as above. 

- Line 330: please change "SUD2" to "SUSD2"

- In Fig. 3E and Fig. EV2E it looks like the samples from Dong et al. 2020 are mislabeled as "Okae et al., 2018". Okae et al.
2018 did not generate naïve TSC. 

--------------
Referee #3:

The authors have improved their manuscript and correctly addressed my points.



Point-by-point Response to Reviewers’ Comments 

Comments from Referee #1: 

The authors have substantially addressed most of my concerns, and I do not object to the eventual 
publication of this paper. However, I still have one significant concern about this submission. To 
the extent that there is anything approaching a consensus in the field about hTSC derived from 
primed hPSC, it is that most trophoblast genes can be reactivated relatively easily but that certain 
heavily methylated imprinted require extended naïve culture. This point was best demonstrated by a 
paper published since the initial submission of Zorzan et al: Kobayashi et al. "The microRNA 
cluster C19MC confers differentiation potential into trophoblast lineages upon human pluripotent 
stem cells" Nature Communications 2022. Kobayashi and colleagues find that activation of the 
imprinted C19MC locus occurs when naïve hPSCs are converted to trophoblast but not when 
primed cells are. 

It is logical to worry therefore, that certain imprinted genes including but not limited to C19MC will 
not reactivate in three days of chemical conversion. In response to previous comments, the authors 
compare expression of naïve and cc-derived hTSCs, and note failure to activate imprints including 
PEG3. C19MC is presumably not analyzed, not being a coding transcript. The authors should 
include Reviewer Figure 1 in the extended data and discuss it briefly. Also they should analyze 
reactivation of C19MC or at least mention the Kobayashi 2022 finding in the Discussion and say 
that the C19MC reactivation status of the ccTSC is unknown.  

We thank the reviewer for the insightful comment. We included the Figure as 
suggested. We discussed the importance of analysing imprinted genes 
expression in TSCs obtained via different methods. 
We also mentioned the findings of Kobayashi and colleagues, but we have 
been unable to analyze the expression of C19MC as small-RNA sequencing 
would be needed. 

Minor comments: 
1. Reviewer Figure 1: ZFN57 is not imprinted, it is a regulatory of imprinting. Did the authors mean
ZNF597?

We deleted ZNF57 from the figure. 

2. Line 167/Figure 1I "We also analysed a wide range of markers expressed by TSCs in vitro and
observed strong upregulation of some trophoblast markers (Figure 1I)."
EOMES is not expressed in conventional hTSCs or for that matter first trimester placenta (see
RNA-seq data in Okae 2018). It is really only a trophoblast marker for mouse. The authors should
change their phrasing.

We deleted the EOMES panel from the figure. 

31st Jan 20232nd Authors' Response to Reviewers



3. Figure 3E, EV2E: Legend makes extensive reference to RNA-seq data from Okae 2018 that 
appears to be from Dong 2020. There are no H9 ESCs in Okae 2018. 
 

We amended the figure and the legend; we should have indeed referred to 
Dong 2020. 

 
 
4. Line 297: "APAD2" is presumably ADAP2 
 

We apologize for the typo. 
 
 
5. Figure 5D labels are too small. 
 

We made sure all labels are easy to read. 
 
 
 
 
Comments from Referee #2: 
 
Zorzan and colleagues have carefully addressed the reviewers' comments and their manuscript has 
been improved as a result. In particular, their newly incorporated single cell analysis of primed cells 
undergoing chemical resetting reveals the co-expression of naïve and trophoblast markers on day 3, 
which suggests the emergence of a transient intermediate state that is amenable for either naïve 
reversion or trophoblast differentiation. In addition, the revised their title better conveys the main 
message of the manuscript. This study will be of interest to the readers of EMBO Reports. I only 
have a few minor suggestions remaining: 
 

We are glad the Reviewer appreciates the improvements in our revised 
manuscript. 

 
 
- On lines 230-231 the authors conclude that "a transient inhibition of histone deacetylases is 
sufficient to allow efficient and rapid conversion of conventional PSCs to ccTSCs, without need of 
an intermediate step in a naïve supporting medium". However, MEK inhibition and LIF are also 
included in the chemical resetting recipe and likely contribute to the observed gene expression 
changes. It would be better to write "transient histone deacetylase and MEK inhibition with LIF 
stimulation", as is indicated in the abstract. 
 
- Line 284: same issue as above. 
 

We have rephrased the text on line 230-231, and other instances, clearly stating 
that it is "transient histone deacetylase and MEK inhibition with LIF 
stimulation". 

 
 
- Line 330: please change "SUD2" to "SUSD2" 
 



 We apologise for the typo. 
 
 
- In Fig. 3E and Fig. EV2E it looks like the samples from Dong et al. 2020 are mislabeled as "Okae 
et al., 2018". Okae et al. 2018 did not generate naïve TSC. 
 

We amended the figure and the legend; we should have indeed referred to 
Dong 2020. 

 
 
 
 
Comments from Referee #3: 
 
The authors have improved their manuscript and correctly addressed my points. 
 

We are glad the Reviewer appreciates the improvements in our revised 
manuscript. 



3rd Feb 20232nd Revision - Editorial Decision

Prof. Graziano Martello
University of Padova
Department of Biology
Viale G. Colombo, 3
Padova 35131
Italy

Dear Prof. Martello,

I am very pleased to accept your manuscript for publication in the next available issue of EMBO reports. Thank you for your
contribution to our journal.

At the end of this email I include important information about how to proceed. Please ensure that you take the time to read the
information and complete and return the necessary forms to allow us to publish your manuscript as quickly as possible.

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a Review Process File to
accompany accepted manuscripts. As you are aware, 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.

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you have not done so already,
otherwise the File will be published by default [contact: emboreports@embo.org]. If you do opt out, the Review Process File link
will point to the following statement: "No Review Process File is available with this article, as the authors have chosen not to
make the review process public in this case." Please note that the author checklist will still be published even if you opt out of
the transparent process.

Thank you again for your contribution to EMBO reports and congratulations on a successful publication. Please consider us
again in the future for your most exciting work.

Yours sincerely,

Achim Breiling
Editor
EMBO Reports

********************************************************************************

THINGS TO DO NOW: 

Once your article has been received by Wiley for production, the corresponding author will receive an email from Wiley's Author
Services system which will ask them to log in and will present them with the appropriate license for completion. 

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to our Production Office; you
should return your corrections within 2 days of receiving the proofs. 

Please inform us if there is likely to be any difficulty in reaching you at the above address at that time. Failure to meet our
deadlines may result in a delay of publication, or publication without your corrections. 

All further communications concerning your paper should quote reference number EMBOR-2022-55235V3 and be addressed to
emboreports@wiley.com. 

Should you be planning a Press Release on your article, please get in contact with emboreports@wiley.com as early as
possible, in order to coordinate publication and release dates. 
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Please note that a copy of this checklist will be published alongside your article.
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1. Data
The data shown in figures should satisfy the following conditions:
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2. Captions
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➡

➡

➡

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

Materials

Newly Created Materials Information included in the 
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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? Not Applicable

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 Appendix PDF (Appendix Table S2)

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 Appendix PDF (Appendix Table S3)

Cell materials Information included in the 
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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 Materials and Methods

Primary cultures: Provide species, strain, sex of origin, genetic modification 
status. Not Applicable

Report if the cell lines were recently authenticated (e.g., by STR profiling) and 
tested for mycoplasma contamination. Yes Materials and Methods

Experimental animals Information included in the 
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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.
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Animal observed in or captured from the field: Provide species, sex, and 
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Microbes: provide species and strain, unique accession number if available, 
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reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your manuscript.

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 2022)

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 replicates.
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by name only, but more complex techniques should be described in the methods section;
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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 Presentation.

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.



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 
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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?
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(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 Material and Methods

Were any steps taken to minimize the effects of subjective bias when 
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yes, have they been described?

Yes Material and Methods

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

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.

Yes Material and Methods

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 Material and Methods
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