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Reviewer #1 Review
Report for Author:
The paper from the Bendall group presents an elegant mass cytometry study regarding nongenetic heterogeneity in response to TRAIL in 10 cell lines. By process of elimination, the authors
concluded that genetic and cell cycle dependent mechanisms are not involved. The diversity of
signaling states induced by TRAIL and protein synthesis were found to be correlated to the cell
survival quotient. The cells would move on to a common signaling state prior to deciding whether
to stay in that state or move on to a pro-apoptotic state. In a sense, this study lends support to the
study by Spencer et al. back in 2009. While the study of TRAIL responses in cell lines is of
moderate impact, the data presented are of high quality.

Major concerns
1. It is unclear how many independent replicates are performed for each mass cytometry
experiment and subsequent survival quotient (SQ) and entropy calculations. I was expecting that
there was barcoding and pooling of multiple replicates, which can later be deconvoluted. However,
none of the figure legends or methods mentioned n. We assume n is greater than 1,(i.e., n cannot
be the number of cells in a single run). Increasing n would speak to the relative robustness of
signaling mechanisms.
2. Diversity of signaling correlating to resistance phenotypes. The authors concluded that the
entropy measure (the diversity or variance of signaling states) is correlated to a survival quotient.
However, variance is usually correlated to the amplitude of a signal even if the data are variancecorrected. Thus, the mechanism can be: that increased amplitude of signaling in multiple pathways,
where many of the markers measured are in survival pathways, is correlated to survival. This
mechanism will still be consistent with the inhibitor results (which the authors claimed to decrease
heterogeneity and signaling magnitude at the same time). Please discern these hypotheses.
3. Mechanisms of resistance. The mechanism of adaptive resistance is still not conclusively
discerned, and could still be explained by some degree of heterogeneity before TRAIL treatment.
For instance, it is unclear whether resistant cell states exist prior to treatment or is it a truly
Lamarckian process by which a group of cells adapt dynamically. Some of these mechanisms can
only be functionally tested. For instance, the authors excluded the possibility of cell cycle effects.
Can there be an experiment done where cell cycle of cells is synchronized prior to treatment?
4. With regards to the low entropy of untreated cells, this again can be due to the amplitude
argument mentioned in point 2. I would again not discount the existence of heterogeneity prior to
treatment, just because it is not detectable or measurable (differences below the sensitivity of
detection). These cells may be functionally heterogeneous and respond differently).
5. Why are cells able to exhibit diversity in protein translation? If it is a contact dependent
mechanism, a marker can certainly be identified in densely populated versus sparsely populated
area in a cell line. Furthermore, if you hit the cells in a cell cycle phase where translation is active, are
cells then more likely to resist treatment? The heterogeneity in protein translation should be further
explored
6. .
7. The concept of entropy probably needs to be moderated and be made specific to the markers
used in the study since it is only calculated from selected markers measured in the panel. It cannot
be excluded that there may be the same amount or even less entropy if the entire signaling space
of the cell is considered.
Minor concerns
1. Figure S2 legend is incorrect
2. Kimmey et al. paper in press is not in citations
3. The methods mentioned patient specimens. There are no patient specimens in the paper.

Reviewer #2 Review
Report for Author:
In their Manuscript "TRAIL induced variation of cell signalling states provides non-heritable
resistance to apoptosis", the authors use mass cytometry to investigate how signalling states of

cells relate to TRAIL resistance. They find that heterogeneity in signalling states induced bz TRAIL
correlates with TRAIL resistance, and increased translation, presumably induced by mTOR/S6 is a
mechanism of TRAIL resistance.
The authors use 10 different cell lines and and show that response to trail is variable, with also
variability on signalling response (exemplified by S6). Using restimulation experiments, the authors
show that survival/resistant is not maintained and rather a stochstic event, and CyTOF analysis
shows that the signalling response of pre-exposed and control are similar. The authors then show
that signalling heterogeneity (entropy) after TRAIL treatment correlates with resistance and
changes in heterogeneity by inhibitors also show correlation with survival. Finally, the authors show
that translation induction is one of the key features that leads to survivial.
Overall I like the approach and also think that the results are important and well justified. However, I
have a number of concerns as follows.
Major:
- As far as I understand the entire story builds on no replicates (n=1). At least the key experiments
should be repeated.
- The authors attribute the increase in S6 to AKT/mTOR signalling. While this is likely, why not show
it by using inhibitors. In the moment this statement is contradicted by experiments shown in Fig. 5,
where S6 seems to be unaffected by PI3K/mTOR inhibitors (I find it also puzzling that pAKT
increases when PI3K signalling is blocked, see Fig. 5D).
- The authors show that the TNF receptor mRNA levels don't correlate with the response. This
should be shown on the surface protein level, as it is unclear how the mRNA levels of these
receptor correlate with functional protein on the surface.
Minor:
- Fig 1B: I have a problem with the term emergence of "late stage cCasp_low cPARP_high
apoptotic population" as the same population also exist at an earlier timepoint (2hrs). Maybe there
is just some high variability?
- While I like the idea about cellular entropy, I think it is rather poorly defined and difficult to interpret.
Why not use (the sum of) coefficient of variation or something similar, which are related to entropy
but much better defined and easier to digest? Would also be important to understand which
combination of marker variability is really decisive.

Reviewer #3 Review

Summary
Baskar et . al. use mass cyt omet ry to charact erize het erogeneous responses of different cancer cell
lines to the apopt osis inducing ligand, TRAIL. This work builds upon previous report s of TRAILinduced fract ional killing in cancer cell lines that show non-genet ic cell variabilit y in the apopt ot ic
response. Using a panel of ant ibodies for various prot eins involved in apopt osis, cell cycle, and

survival signaling, the authors hoped to identify a TRAIL-induced transition state that all cells
occupy before selectively progressing to apoptosis. As a measure of such a transition state, the
authors compute an entropy-based metric that correlates heterogeneity changes with cell survival
rates. Further, they find that several different survival signaling-related kinases and targets in the
CyTOF panel are induced in cells that are resistant to TRAIL. Adding puromycin to the CyTOF
panel, the authors claim that cell-to-cell variability depends on de novo TRAIL-induced translation in
treated cells.
General remarks
Overall, the manuscript overstates the findings and the data do not support claims made by the
authors regarding specific TRAIL-induced changes in cells. There are previous reports to justify the
authors interests in fractional killing of cancer cells by TRAIL (PMID: 19363473, 22108795,
22570596, 23699397, etc.), and this work does little that goes beyond the earlier studies. The
authors generated a high-dimensionality dataset by measuring 30 proteins in single cells for 10
cancer cell lines, both pre- and post-treatment with TRAIL. While these data provide a nice
resource for future systems models of heterogeneity in TRAIL response, the manuscript here is
largely phenomenological. Follow on experiments and analyses lack depth and do not add to the
authors' claims. While initial measurements are made for all 10 cell lines, findings seem cell-type
specific and most of the findings are only followed up in one cell line. These general critiques are
expanded upon later in the review.
This manuscript seems more appropriate for a proteomics-focused journal that allows a resource
type contribution. It does not meet the criteria or scientific scope of Molecular Systems Biology. I
suggest the authors focus their writing on motivating and describing the experimental design for
this dataset to make it accessible for those interested in developing models that are dependent on
cell-type context and cell-to-cell variability, such as models coupling cell-cycle progression and
apoptosis.
Major points
Critique of this manuscript falls under two major categories that are elaborated upon below. For
each, a non-exhaustive list of representative examples is provided.
There is a repeated lack of transparency in the data presented in several figures and
accompanying text:
• The actual numerical data generated by mass cytometry not provided anywhere in the
manuscript. Every heatmap is accompanied by a scale bar ranging from "minimum" to "maximum",
lacking actual numerical ranges and thereby obscuring the data. While there is a table in the
supplement listing the antibodies used, there is no cataloging of experimental conditions and data
generated.
• The authors use different gating parameters for "viable" and "non-apoptotic" cells that are never
described and vary between figures. How the two different gates are deployed is also unclear.
• The authors use 10 cell lines but do not describe the differences between them. For example,
both "Hela" and "Hela C9" cells are used with the latter not having any literature references nor a
description. As most of their follow-on analyses are in Hela C9 cells, the lack of description of this
Hela derivative cell line is notable.
• There is discrepancy in data between different figures for the same cell line and experimental
measurements that are not addressed by the authors. For example, the "survival quotient"-a critical
readout used by the authors for estimating TRAIL resistance-varies by 1.5-2x for the same cell line
(Hela C9) in the same treatment condition between Fig. 1D and Fig. 5B.
There are several instances where the data presented in the figures are misinterpreted in the text,

which confounds the conclusions made by the authors:
• In Fig. 5, the authors attempt to perturb resistance to TRAIL treatment by inhibiting a variety of
kinases. However, nowhere in the main figure or the supplement is the inhibitory action of the
molecules verified. In fact, the heatmap in Fig. 5D suggests that these inhibitors do not work as
described by the authors. For example, pAKT increases in response to inhibition of its activator PI3K
and pS6 increases in response to inhibition of its activator mTOR. Both of these findings are
opposite of what is expected but described by the authors as "compensatory signaling changes"
without proper justification (Page 10). It seems that either the heatmap scale bar is reversed or
misinterpreted or these inhibitors are not effective in this experimental design.
• In Fig. 6, the authors claim that resistance to TRAIL is dependent on treatment-induced increased
translation, and inhibiting translation with cycloheximide abrogates resistance. However, in Fig. 6B
we see that the population of cells with high translation rate is unaffected by cycloheximide alone. It
is only when combined with TRAIL that cycloheximide treatment results in decrease in translation
rate. The authors conclude that this implies a causative relationship between overall translation
and TRAIL resistance. However, the data suggest that TRAIL treatment sensitizes cells to
translation inhibition by cycloheximide. The manuscript does not even consider the well known
explanation that translation of NF-kappaB-induced transcripts will promote survival in TRAILtreated cells.
• While the major technical advance of this manuscript is in its high dimensional single-cell
measurements, the authors do not adequately explore single-cell correlations of different protein
markers. While overall heterogeneity is characterized in Fig. 3D and Fig. 4C, actual molecular
variations are not detailed. Within a single cell-line, a 20x20 correlation plot of changes in different
proteins in response to TRAIL would offer a view of the entire dataset, which would allow the reader
to evaluate whether cell lines have coordinated or divergent responses to TRAIL treatment.
Minor points
• Consistent numerical ranges on heatmaps are necessary.
• The re-treatment experiment conditions in Fig. 2 would be better renamed with + and - signs. For
example, N1T2 is better shown as -/+.
• There are numerable typographical errors including allusions to "patient samples" in the methods
section, as well as incorrect figure captions in the supplement.

1st Editorial Decision

September 16, 2019

September 16, 2019
Re: Life Science Alliance manuscript #LSA-2019-00554-T
Dr Sean C Bendall
Stanford School of Medicine
Pathology
3373 Hillview Ave
Room 230a
Palo Alto, CA 94304
Dear Dr. Bendall,
Thank you for transferring your manuscript entitled "TRAIL Induced Variation of Cell Signaling
States Provides Non-Heritable Resistance to Apoptosis" to Life Science Alliance. The manuscript
was assessed by expert reviewers at another journal before, and the editors transferred those
reports to us with your permission.
The reviewers appreciated the quality of your data but would have expected a further reaching
advance. This is not precluding publication in Life Science Alliance, and we would thus like to invite
you to submit a revised version of your manuscript to us.
As already outlined to you in our discussion prior to submission, we would expect a full point-bypoint response and accordingly changes to the manuscript text to discuss alternative hypothesis
(rev#1), addition of information, clarifications and toning-down of the conclusions (all reviewers),
making sure of having several replicates (rev#1 and 2), fixing or removing the inhibitor data that
gave perplexing outcomes (rev#2 and 3), analysis of TNFR surface abundance (rev#2), adding more
insight into the translation part (rev#3).
To upload the revised version of your manuscript, please log in to your account:
https://lsa.msubmit.net/cgi-bin/main.plex
You will be guided to complete the submission of your revised manuscript and to fill in all necessary
information. Please get in touch in case you do not know or remember your login name.
While you are revising your manuscript, please also attend to the below editorial points to help
expedite the publication of your manuscript. Please direct any editorial questions to the journal
office.
Thank you for this interesting contribution to Life Science Alliance. We are looking forward to
receiving your revised manuscript.
Sincerely,
Andrea Leibfried, PhD
Executive Editor
Life Science Alliance

Meyerhofstr. 1
69117 Heidelberg, Germany
t +49 6221 8891 502
e a.leibfried@life-science-alliance.org
www.life-science-alliance.org
--------------------------------------------------------------------------A. THESE ITEMS ARE REQUIRED FOR REVISIONS
-- A letter addressing the reviewers' comments point by point.
-- An editable version of the final text (.DOC or .DOCX) is needed for copyediting (no PDFs).
-- High-resolution figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your production-ready images, http://www.life-sciencealliance.org/authors
-- Summary blurb (enter in submission system): A short text summarizing in a single sentence the
study (max. 200 characters including spaces). This text is used in conjunction with the titles of
papers, hence should be informative and complementary to the title and running title. It should
describe the context and significance of the findings for a general readership; it should be written in
the present tense and refer to the work in the third person. Author names should not be mentioned.
B. MANUSCRIPT ORGANIZATION AND FORMATTING:
Full guidelines are available on our Instructions for Authors page, http://www.life-sciencealliance.org/authors
We encourage our authors to provide original source data, particularly uncropped/-processed
electrophoretic blots and spreadsheets for the main figures of the manuscript. If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this information. These files
will be linked online as supplementary "Source Data" files.
***IMPORTANT: It is Life Science Alliance policy that if requested, original data images must be
made available. Failure to provide original images upon request will result in unavoidable delays in
publication. Please ensure that you have access to all original microscopy and blot data images
before submitting your revision.***
---------------------------------------------------------------------------

1st Authors' Response to Reviewers

September 18, 2019

Reviewers’ comments
Author responses
Reviewer #1:
The paper from the Bendall group presents an elegant mass cytometry study regarding nongenetic heterogeneity in response to TRAIL in 10 cell lines. By process of elimination, the
authors concluded that genetic and cell cycle dependent mechanisms are not involved. The
diversity of signaling states induced by TRAIL and protein synthesis were found to be correlated
to the cell survival quotient. The cells would move on to a common signaling state prior to
deciding whether to stay in that state or move on to a pro-apoptotic state. In a sense, this study
lends support to the study by Spencer et al. back in 2009. While the study of TRAIL responses in
cell lines is of moderate impact, the data presented are of high quality.
We thank the reviewer for the feedback on data quality and agree with them that these data
presented here both extend and reconcile the observations around TRAIL induced apoptosis
heterogeneity by Spencer et al. in Nature.
Major concerns
1. It is unclear how many independent replicates are performed for each mass cytometry
experiment and subsequent survival quotient (SQ) and entropy calculations. I was expecting that
there was barcoding and pooling of multiple replicates, which can later be deconvoluted.
However, none of the figure legends or methods mentioned n. We assume n is greater than
1,(i.e., n cannot be the number of cells in a single run). Increasing n would speak to the relative
robustness of signaling mechanisms.

The signaling diversity was calculated for each cell line with 1-4 independent biological
replicates and this information is better reflected in the figures (example, fig 4E-F below) and
figure legends of the revised manuscript.

2. Diversity of signaling correlating to resistance phenotypes. The authors concluded that the
entropy measure (the diversity or variance of signaling states) is correlated to a survival quotient.
However, variance is usually correlated to the amplitude of a signal even if the data are variancecorrected. Thus, the mechanism can be: that increased amplitude of signaling in multiple
pathways, where many of the markers measured are in survival pathways, is correlated to
survival. This mechanism will still be consistent with the inhibitor results (which the authors
claimed to decrease heterogeneity and signaling magnitude at the same time). Please discern
these hypotheses.
The reviewer raises an interesting point about our original analysis, to account for this we have
included a simplified analysis that accounts for signaling amplitude in the revised manuscript.
The entropy metric was simplified to Shannon’s diversity index calculated directly on arsinhtransformed signaling marker values re-scaled to 0-1 (the revised methods on signaling diversity
calculations contains detailed information). This diversity calculation is not impacted by the
absolute abundance of the markers and only assesses the relative differences in the scaled
signaling marker values in comparison to each other in each cell of the equally subsampled nonapoptotic population. Shannon’s diversity index is a well-known metric that captures the
heterogeneity present in single cell biology and by normalizing the data beforehand, we ensured
that any differences in the absolute abundance of the markers did not confound signaling
diversity of the cells (Chung et al., 2017; Park et al., 2010). With this metric we reinforce our
original conclusion and show that the signaling diversity of the resistant cells across cell lines
and inhibitor treatments significantly correlate with resistance (survivor quotient) (Figure 4F,
5F, revised manuscript).
3. Mechanisms of resistance. The mechanism of adaptive resistance is still not conclusively
discerned, and could still be explained by some degree of heterogeneity before TRAIL treatment.
For instance, it is unclear whether resistant cell states exist prior to treatment or is it a truly
Lamarckian process by which a group of cells adapt dynamically. Some of these mechanisms
can only be functionally tested. For instance, the authors excluded the possibility of cell cycle

effects. Can there be an experiment done where cell cycle of cells is synchronized prior to
treatment?
This is an interesting question about resistance in general raised by the reviewer. Due to the
nature of our multiplexed assessment of apoptosis, the same cells are not tracked from before
TRAIL treatment and throughout the time-course. Therefore, we cannot truly ascertain whether
the same resistant cells existed prior to treatment.
However, we show that: 1) virtually all cells signal in response to TRAIL, 2) there is a wide
dichotomy of signaling states cells achieve are very different in their signaling states which are
likely TRAIL-induced. We are also able to capture the cell cycle states of cells using 4 key
readouts; IdU, cyclinB1 and phosphorylated H3 and Rb (Behbehani et al., 2012). These markers
delineate S, G1/G2, M and G0 phase respectively. We also further have a pan proliferation
marker Ki67 to marker cells actively dividing. As we have the cell cycle status of all cells across
cell lines, we were able to quantitatively ascertain the cell cycle differences after TRAIL
treatment and felt this was sufficient to show that TRAIL-induced cell cycle changes were cell
type specific – effectively we were able to synchronize the cell cycle to each stage in silico
(Figure 3B, revised manuscript). Due to the lack of conserved cell cycle differences with TRAIL
treatment across cell lines observed here, we believed there was little additional value in
physically/chemically synchronizing cell cycle in additional experiments – which can also
further confound apoptotic readouts.
4. With regards to the low entropy of untreated cells, this again can be due to the amplitude
argument mentioned in point 2. I would again not discount the existence of heterogeneity prior to
treatment, just because it is not detectable or measurable (differences below the sensitivity of
detection). These cells may be functionally heterogeneous and respond differently).
Again, we simplified the high dimensional signaling diversity calculation to Shannon’s diversity
index calculated on unit scaled data for each sample individually, removing the effect of
signaling amplitude differences on our entropy calculations in the revised manuscript.
We agree with the reviewer that it is likely that heterogeneity exists within the starting
population of cells. We believe this functional heterogeneity is revealed here by TRAIL
treatment and the resulting differential signaling responses and apoptotic resistance. However,
we do not see a conserved trend with resistance (survivor quotient) across our experiments in
untreated non-apoptotic cells (Figure 4F, revised manuscript). We observe significant positive
correlation only when we consider treated non-apoptotic cells, across cell lines and combination
therapies. So, for the purpose of this study, we put forward signaling diversity in response to
TRIAL, likely an induced phenomenon, as a mechanism of non-genetic resistance to TRAIL.
5. Why are cells able to exhibit diversity in protein translation? If it is a contact dependent
mechanism, a marker can certainly be identified in densely populated versus sparsely populated
area in a cell line. Furthermore, if you hit the cells in a cell cycle phase where translation is
active, are cells then more likely to resist treatment? The heterogeneity in protein translation
should be further explored

In this case the diversity in translation was linked directly to the diversity in TRAIL induced
signaling. If we modulated signaling with chemical inhibitors, we also change the de novo
protein translation response and if we reduced (via sublethal cycloheximide) de novo protein
translation we reduced resistance to TRAIL induced apoptosis. We have added figures and
additional explanation in the results section of the revised manuscript to better describe how
translation and the non-canonical signaling response to TRAIL are linked together in our data
(Figure 6 & S6E). Given the strong correlation between the two it is likely these two events are
linked. For instance, these processes could be working together through a positive feedback loop
and additionally explain the heterogeneity in protein translation.
6. The concept of entropy probably needs to be moderated and be made specific to the markers
used in the study since it is only calculated from selected markers measured in the panel. It
cannot be excluded that there may be the same amount or even less entropy if the entire signaling
space of the cell is considered.
We agree with the reviewer and moderated our concept of entropy by changing it to a simple
Shannon’s diversity index calculation over 14 key markers in our panel. This certainly does not
capture the entire signaling space of the cell, but it tries to capture the diversity in the key
signaling pathways known to be downstream of TRAIL.
Minor concerns
1. Figure S2 legend is incorrect
Corrected
2. Kimmey et al. paper in press is not in citations
Corrected
3. The methods mentioned patient specimens. There are no patient specimens in the paper.
Removed from the revised manuscript
Reviewer #2:
In their Manuscript "TRAIL induced variation of cell signalling states provides non-heritable
resistance to apoptosis", the authors use mass cytometry to investigate how signalling states of
cells relate to TRAIL resistance. They find that heterogeneity in signalling states induced bz
TRAIL correlates with TRAIL resistance, and increased translation, presumably induced by
mTOR/S6 is a mechanism of TRAIL resistance.
The authors use 10 different cell lines and and show that response to trail is variable, with also
variability on signalling response (exemplified by S6). Using restimulation experiments, the
authors show that survival/resistant is not maintained and rather a stochstic event, and CyTOF
analysis shows that the signalling response of pre-exposed and control are similar. The authors
then show that signalling heterogeneity (entropy) after TRAIL treatment correlates with

resistance and changes in heterogeneity by inhibitors also show correlation with survival.
Finally, the authors show that translation induction is one of the key features that leads to
survivial.
Overall I like the approach and also think that the results are important and well justified.
However, I have a number of concerns as follows.
We thank the reviewer for the succinct summary of the approach and key findings and for the
overall positive feedback on the methods and interpretation.
Major:
- As far as I understand the entire story builds on no replicates (n=1). At least the key
experiments should be repeated.
While some of the qualitatively described time course experiments were n=1 as presented here,
they were repeated across numerous cell line as well as the data presented here is based on
dozens of optimization experiments yielding similar trends. The key signaling diversity
experiments here for instance had data calculated for each cell line based on 1-4 independent
biological replicates and this information is better reflected in the relevant figures (Figure 4EF). Overall, the replicates have been better described in the figures of the corresponding data in
the revised manuscript.
- The authors attribute the increase in S6 to AKT/mTOR signalling. While this is likely, why not
show it by using inhibitors. In the moment this statement is contradicted by experiments shown
in Fig. 5, where S6 seems to be unaffected by PI3K/mTOR inhibitors (I find it also puzzling that
pAKT increases when PI3K signalling is blocked, see Fig. 5D).
This was not actually the case in the original manuscript. However, the issue was that untreated
non-apoptotic cells were used as the baseline which hid the inhibitor-driven signaling changes –
accounting for the reviewer’s interpretation here. We rectified this by setting cells treated with
6h of TRAIL only as the baseline and improved the visualization of the data. We now show that
phosphorylation of S6 is reduced by mTOR/PI3K inhibitors and pAKT decreases with PI3K
inhibition when combination therapy samples are compared to 6h TRAIL only treated samples
(Figure 5D, revised manuscript).
- The authors show that the TNF receptor mRNA levels don't correlate with the response. This
should be shown on the surface protein level, as it is unclear how the mRNA levels of these
receptor correlate with functional protein on the surface.
We have added new experimental data to Figure 1 where we captured the levels of TRAIL
receptor 1 (Death receptor 4) protein on endogenous cell lines using flow cytometry (Figure 1E).
We show that interestingly with higher DR4, there is greater resistance to TRAIL-induced
apoptosis across cell lines (Figure 1F). Furthermore, we also show that mRNA levels of
TNFRSF10A gene is very strongly correlated to DR4 protein levels across cell lines (Figure
S1D). These results reinforce our original conclusion that TRAIL receptor availability seems to

be unrelated apoptotic resistance. Again, this is also in the background of all cells tested initially
signaling in response to TRAIL.
Minor:
- Fig 1B: I have a problem with the term emergence of "late stage cCasp_low cPARP_high
apoptotic population" as the same population also exist at an earlier timepoint (2hrs). Maybe
there is just some high variability?
We agree with the reviewer and removed this from the figure and text.
- While I like the idea about cellular entropy, I think it is rather poorly defined and difficult to
interpret. Why not use (the sum of) coefficient of variation or something similar, which are
related to entropy but much better defined and easier to digest? Would also be important to
understand which combination of marker variability is really decisive.
We agree with the reviewer and simplified our entropy measurement to Shannon’s diversity
index calculated on unit scaled signaling data from non-apoptotic cells. This provides a robust
measure of signaling heterogeneity that can be comparable across cell lines, treatments and
experiments.
Reviewer #3:
Summary
Baskar et. al. use mass cytometry to characterize heterogeneous responses of different cancer cell
lines to the apoptosis inducing ligand, TRAIL. This work builds upon previous reports of
TRAIL-induced fractional killing in cancer cell lines that show non-genetic cell variability in the
apoptotic response. Using a panel of antibodies for various proteins involved in apoptosis, cell
cycle, and survival signaling, the authors hoped to identify a TRAIL-induced transition state that
all cells occupy before selectively progressing to apoptosis. As a measure of such a transition
state, the authors compute an entropy-based metric that correlates heterogeneity changes with
cell survival rates. Further, they find that several different survival signaling-related kinases and
targets in the CyTOF panel are induced in cells that are resistant to TRAIL. Adding puromycin
to the CyTOF panel, the authors claim that cell-to-cell variability depends on de novo TRAILinduced translation in treated cells.
General remarks
Overall, the manuscript overstates the findings and the data do not support claims made by the
authors regarding specific TRAIL-induced changes in cells. There are previous reports to justify
the authors interests in fractional killing of cancer cells by TRAIL (PMID: 19363473, 22108795,
22570596, 23699397, etc.), and this work does little that goes beyond the earlier studies. The
authors generated a high-dimensionality dataset by measuring 30 proteins in single cells for 10
cancer cell lines, both pre- and post-treatment with TRAIL. While these data provide a nice
resource for future systems models of heterogeneity in TRAIL response, the manuscript here is
largely phenomenological. Follow on experiments and analyses lack depth and do not add to the
authors' claims. While initial measurements are made for all 10 cell lines, findings seem cell-type
specific and most of the findings are only followed up in one cell line. These general critiques
are expanded upon later in the review.

This manuscript seems more appropriate for a proteomics-focused journal that allows a resource
type contribution. It does not meet the criteria or scientific scope of Molecular Systems Biology.
I suggest the authors focus their writing on motivating and describing the experimental design
for this dataset to make it accessible for those interested in developing models that are dependent
on cell-type context and cell-to-cell variability, such as models coupling cell-cycle progression
and apoptosis.
We thank the reviewer for an excellent summary of our study design. While we agree that the
data and conclusions presented here reconcile well with published literature – we disagree that
there is no additional contribution. All of the previous studies cited utilized far less diversity in
biological systems interrogated. Furthermore, when a diverse number of systems is queried –
shown here for the first time – we highlight that despite technical consistency there is much
biological diversity in TRAIL signaling responses when focusing on apoptotic resistance
specifically. This highlights the intractable problem of TRAIL resistance and provides the most
comprehensive map of these resistance signaling events with single cell resolution to date.
Still, with that said, we have taken into consideration the reviewers’ comments and refocused the
revised manuscript on better describing the experimental construction and will be providing the
signaling data as a resource with publication.
Major points
Critique of this manuscript falls under two major categories that are elaborated upon below. For
each, a non-exhaustive list of representative examples is provided.
There is a repeated lack of transparency in the data presented in several figures and
accompanying text:
• The actual numerical data generated by mass cytometry not provided anywhere in the
manuscript. Every heatmap is accompanied by a scale bar ranging from "minimum" to
"maximum", lacking actual numerical ranges and thereby obscuring the data. While there is a
table in the supplement listing the antibodies used, there is no cataloging of experimental
conditions and data generated.
We added the numerical ranges to all scales in the figures for greater clarity and we uploaded
all the data generated to flowrepository.org. The data is available at repository IDs: FR-FCMZ276, FR-FCM-Z277, FR-FCM-Z278, FR-FCM-Z279, FR-FCM-Z27A, FR-FCM-Z27B, FRFCM-Z27C, FR-FCM-Z27D and FR-FCM-Z27E.
• The authors use different gating parameters for "viable" and "non-apoptotic" cells that are
never described and vary between figures. How the two different gates are deployed is also
unclear.
We and made the gates and their names consistent, with cells gated on live/dead viability stain to
be called “live” and then live cells gated on cleaved caspase 3 and cleaved PARP to be called
“non-apoptotic”. We show the gating strategy in Figure 1B of the revised manuscript.
• The authors use 10 cell lines but do not describe the differences between them. For example,

both "Hela" and "Hela C9" cells are used with the latter not having any literature references nor a
description. As most of their follow-on analyses are in Hela C9 cells, the lack of description of
this Hela derivative cell line is notable.
This clone of Hela cells was obtained from the Sorger lab where single cell clones were
generated by serial dilution followed by expansion and testing for differential TRAIL sensitivity
(Flusberg & Sorger, 2013). This information as well as reference has been added to the methods
section of the revised manuscript.
• There is discrepancy in data between different figures for the same cell line and experimental
measurements that are not addressed by the authors. For example, the "survival quotient"-a
critical readout used by the authors for estimating TRAIL resistance-varies by 1.5-2x for the
same cell line (Hela C9) in the same treatment condition between Fig. 1D and Fig. 5B.
We thank the reviewer for picking up a mistake on our part in using a wrong gate to determine
the non-apoptotic cell population. We have since used a more appropriate gate that captures the
non-apoptotic population as shown below (left: Non-apoptotic gate on untreated Hela c9 cells in
the combination inhibitor treatment experiments, right: Non-apoptotic gate on 6h TRAIL treated
Hela c9 live cells). While certainly more accurate this adjustment did not materially change the
quantified data or conclusion.

There are several instances where the data presented in the figures are misinterpreted in the text,
which confounds the conclusions made by the authors:
• In Fig. 5, the authors attempt to perturb resistance to TRAIL treatment by inhibiting a variety of
kinases. However, nowhere in the main figure or the supplement is the inhibitory action of the
molecules verified. In fact, the heatmap in Fig. 5D suggests that these inhibitors do not work as
described by the authors. For example, pAKT increases in response to inhibition of its activator
PI3K and pS6 increases in response to inhibition of its activator mTOR. Both of these findings
are opposite of what is expected but described by the authors as "compensatory signaling
changes" without proper justification (Page 10). It seems that either the heatmap scale bar is
reversed or misinterpreted or these inhibitors are not effective in this experimental design.
This was not actually the case in the original study, but we realize how the data presentation
made this unclear. The heatmap in the original manuscript was set to untreated cells as the
baseline which hid the signaling changes due to combination treatment with TRAIL. We fixed

this by setting 6h TRAIL treated cells as the baseline and this shows that the inhibitors change
the levels of pS6 and pAKT as expected (Figure 5D, revised manuscript).
• In Fig. 6, the authors claim that resistance to TRAIL is dependent on treatment-induced
increased translation, and inhibiting translation with cycloheximide abrogates resistance.
However, in Fig. 6B we see that the population of cells with high translation rate is unaffected by
cycloheximide alone. It is only when combined with TRAIL that cycloheximide treatment results
in decrease in translation rate. The authors conclude that this implies a causative relationship
between overall translation and TRAIL resistance. However, the data suggest that TRAIL
treatment sensitizes cells to translation inhibition by cycloheximide. The manuscript does not
even consider the well-known explanation that translation of NF-kappaB-induced transcripts will
promote survival in TRAIL-treated cells.
We agree that the scenario described by the review is a definite possibility that is consistent with
our observations and conclusions here. We don’t see a conserved signaling response to TRAIL
across cell lines and additionally NFkB is not activated/phosphorylated in response to TRAIL in
all resistant cells, however, we do see that regardless of cell line and combination treatments,
resistant cells show higher rates of translation (as indicated by puromycin levels)(Arcsinh ratio
of indicated markers in 6h TRAIL treated cells when compared to untreated cells, data shown
below). Therefore, while the described scenario could certainly be happening in some cases, it is
not conserved and the more general take away and what our data highlights for the first time is a
more complex relationship between cellular response to TRAIL and translation. Please note, at
the chosen cycloheximide dose, there is no direct significant effect on translation (Figure 6A,
revised manuscript), however with TRAIL treatment the signaling response is shown to co-occur
with high levels of translation (as shown by higher levels of our single cell translation reporter,
puromycin) (Figure 6C & S6E, revised manuscript). We have tempered our conclusions in the
main text and provided a more thorough discussion of the data and its interpretations in the
revised manuscript.

• While the major technical advance of this manuscript is in its high dimensional single-cell
measurements, the authors do not adequately explore single-cell correlations of different protein
markers. While overall heterogeneity is characterized in Fig. 3D and Fig. 4C, actual molecular
variations are not detailed. Within a single cell-line, a 20x20 correlation plot of changes in
different proteins in response to TRAIL would offer a view of the entire dataset, which would

allow the reader to evaluate whether cell lines have coordinated or divergent responses to TRAIL
treatment.
To the reviewers comments, and in an effort to increase the accessibility of the cell signaling as a
resource here we have added substantial new analysis methods to leverage on our high
dimensional single cell data, including differential correlation plots of signaling markers
between 2 experimental conditions and mutual information DREMI plots to examine in more
detail the signaling protein relationship changes with treatment and combination therapy
(Krishnaswamy et al., 2014)(Figure 5G & 5H, revised manuscript).
Minor points
• Consistent numerical ranges on heatmaps are necessary.
• The re-treatment experiment conditions in Fig. 2 would be better renamed with + and - signs.
For example, N1T2 is better shown as -/+.
• There are numerable typographical errors including allusions to "patient samples" in the
methods section, as well as incorrect figure captions in the supplement.
All minor concerns have been addressed (corrected or removed as per reviewer comments) in
the main text and figures.
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October 10, 2019
RE: Life Science Alliance Manuscript #LSA-2019-00554-TR
Prof. Sean C Bendall
Stanford School of Medicine
Pathology
3373 Hillview Ave
Room 230a
Palo Alto, CA 94304
Dear Dr. Bendall,
Thank you for submitting your revised manuscript entitled "TRAIL Induced Variation of Cell
Signaling States Provides Non-Heritable Resistance to Apoptosis". As you will see, original reviewer
#2 appreciates the introduced changes and we would thus be happy to publish your paper in Life
Science Alliance pending final revisions necessary to meet our formatting guidelines:
- Please link your profile in our submission system to your ORCID iD, you should have received an
email with instructions on how to do so
- Please provide the manuscript text in docx format
- Please list 10 authors et al in the reference list
- Please upload all figures (also suppl. Figures) as individual files; the figure legends should remain in
the main ms file and the supplementary figure legends and table S1 can get moved into the main
ms file as well, please
- Please note that we display the suppl figures in-line in the HTML version of the paper; please split
Figure S4 into two figures
- Please add callouts in the ms text to Fig S1E and S5B
If you are planning a press release on your work, please inform us immediately to allow informing our
production team and scheduling a release date.
To upload the final version of your manuscript, please log in to your account:
https://lsa.msubmit.net/cgi-bin/main.plex
You will be guided to complete the submission of your revised manuscript and to fill in all necessary
information. Please get in touch in case you do not know or remember your login name.
To avoid unnecessary delays in the acceptance and publication of your paper, please read the
following information carefully.
A. FINAL FILES:
These items are required for acceptance.
-- An editable version of the final text (.DOC or .DOCX) is needed for copyediting (no PDFs).

-- High-resolution figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your production-ready images, http://www.life-sciencealliance.org/authors
-- Summary blurb (enter in submission system): A short text summarizing in a single sentence the
study (max. 200 characters including spaces). This text is used in conjunction with the titles of
papers, hence should be informative and complementary to the title. It should describe the context
and significance of the findings for a general readership; it should be written in the present tense
and refer to the work in the third person. Author names should not be mentioned.
B. MANUSCRIPT ORGANIZATION AND FORMATTING:
Full guidelines are available on our Instructions for Authors page, http://www.life-sciencealliance.org/authors
We encourage our authors to provide original source data, particularly uncropped/-processed
electrophoretic blots and spreadsheets for the main figures of the manuscript. If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this information. These files
will be linked online as supplementary "Source Data" files.
**Submission of a paper that does not conform to Life Science Alliance guidelines will delay the
acceptance of your manuscript.**
**It is Life Science Alliance policy that if requested, original data images must be made available to
the editors. Failure to provide original images upon request will result in unavoidable delays in
publication. Please ensure that you have access to all original data images prior to final
submission.**
**The license to publish form must be signed before your manuscript can be sent to production. A
link to the electronic license to publish form will be sent to the corresponding author only. Please
take a moment to check your funder requirements.**
**Reviews, decision letters, and point-by-point responses associated with peer-review at Life
Science Alliance will be published online, alongside the manuscript. If you do want to opt out of
having the reviewer reports and your point-by-point responses displayed, please let us know
immediately.**
Thank you for your attention to these final processing requirements. Please revise and format the
manuscript and upload materials within 7 days.
Thank you for this interesting contribution, we look forward to publishing your paper in Life Science
Alliance.
Sincerely,
Andrea Leibfried, PhD
Executive Editor
Life Science Alliance
Meyerhofstr. 1
69117 Heidelberg, Germany

t +49 6221 8891 502
e a.leibfried@life-science-alliance.org
www.life-science-alliance.org
-----------------------------------------------------------------------------Reviewer #2 (Comments to the Authors (Required)):
Very sorry for the late response, I was overbusy during the last weeks. I think the authors adressed
all of my concerns, and I recommend publication.
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October 25, 2019
RE: Life Science Alliance Manuscript #LSA-2019-00554-TRR
Prof. Sean C Bendall
Stanford School of Medicine
Pathology
3373 Hillview Ave
Room 230a
Palo Alto, CA 94304
Dear Dr. Bendall,
Thank you for submitting your Research Article entitled "TRAIL Induced Variation of Cell Signaling
States Provides Non-Heritable Resistance to Apoptosis". It is a pleasure to let you know that your
manuscript is now accepted for publication in Life Science Alliance. Congratulations on this
interesting work.
The final published version of your manuscript will be deposited by us to PubMed Central upon
online publication.
Your manuscript will now progress through copyediting and proofing. It is journal policy that authors
provide original data upon request.
Reviews, decision letters, and point-by-point responses associated with peer-review at Life Science
Alliance will be published online, alongside the manuscript. If you do want to opt out of having the
reviewer reports and your point-by-point responses displayed, please let us know immediately.
***IMPORTANT: If you will be unreachable at any time, please provide us with the email address of
an alternate author. Failure to respond to routine queries may lead to unavoidable delays in
publication.***
Scheduling details will be available from our production department. You will receive proofs shortly
before the publication date. Only essential corrections can be made at the proof stage so if there
are any minor final changes you wish to make to the manuscript, please let the journal office know
now.
DISTRIBUTION OF MATERIALS:
Authors are required to distribute freely any materials used in experiments published in Life Science
Alliance. Authors are encouraged to deposit materials used in their studies to the appropriate
repositories for distribution to researchers.
You can contact the journal office with any questions, contact@life-science-alliance.org
Again, congratulations on a very nice paper. I hope you found the review process to be constructive
and are pleased with how the manuscript was handled editorially. We look forward to future exciting
submissions from your lab.

Sincerely,
Andrea Leibfried, PhD
Executive Editor
Life Science Alliance
Meyerhofstr. 1
69117 Heidelberg, Germany
t +49 6221 8891 502
e a.leibfried@life-science-alliance.org
www.life-science-alliance.org

