
Reviewers' comments:  

Reviewer #1 (Remarks to the Author):  

The authors present a method for assessing the asymmetry of how the cell partitions objects upon 

cell division. To the best of my knowledge, the method is novel and can be of interest for future 

research. Overall, the work appears solid, though in some instances (see below) I think more 

evidence is warranted.  

As a point of clarity, I feel the authors should stress that the pivotal aspect of their method is the fact 

that they sort the cells. The rest essentially follows from this approach.  

Related to that, I think it would be worthwhile to discuss the effect of (artificially) choosing a narrow 

initial population. Obviously, the authors are thereby biasing the results to those particular cells, 

which may introduce artifacts or, in any case, have an effect.  

The choice of Gaussian for fitting procedure (Eq. 2) should be discussed and better motivated. The 

data (Fig. 2d), while not representing the sorted population, nevertheless looks more log-normal 

than Gaussian. Related to this, it would seem reasonable to actually show the fits (in one dimension, 

rather than the 2D versions shown in Fig. 2b, from which I can tell very little about the goodness of 

fit).  

The authors say in the Abstract that the results are “incompatible with an independent division 

mechanism”, yet their model assumes a binomial partitioning which is based upon independent 

partitioning. Some clarification on this would be useful.  

The authors do not seem to take into account the fact that (at least) the mitochondria are individual 

objects and the binomial partitioning should be applied to the organelle, not its fluorescence 

intensity. A similar point may be made for the cytosol and lipids, though I think it is less important 

for them.  

p. 10 penultimate paragraph: I understand the utility of having several markers, where one (the 

symmetrically partitioning one) helps identifying the generations. However, I do not understand how 

the authors take into account (or why they do not need to take into account) the loss of 

fluorescence of the other dye(s) in their model.  

It would be useful if the authors discuss the influence of different cell cycle lengths among the cells, 

as well as a potential slowing down of the cycling that may very well be present in their experiments 

(since they consider up to 5 generations). From my understanding of the work, it should not pose 

too much of an issue (as long as the generations do not start overlapping) but it would be 

worthwhile to discuss it.  

Minor comments:  

The title does not reflect the work in my opinion.  

I think the implication that asymmetric partitioning is responsible for phenotypic variability in cancer 

cell lines should be removed. As far as I can tell, this is only discussed in the Abstract so obviously no 



real discussion is provided. If the authors do want to make this case, then I think it needs to be 

discussed at much more length, because it is not an immediate outcome of the work.  

Fig. 4e-f. This appears to be, at best, preliminary, with a lack of reproducibility between experiments.  

Part of the Discussion seems misplaced and is indistinguishable from information covered in the 

Introduction. This could be consolidated.  

The language is in need of a bit of a spell-check before final publication, but it is nothing that 

prevents understanding of the work.  

Reviewer #2 (Remarks to the Author):  

In their manuscript, Peruzzi et al. develop a FACS-based method to analyze the asymmetry in the 

distribution of fluorescently-labelled organelles in a proliferating population of human Jurkat T cells. 

The authors further demonstrate that experimental results obtained on differential organelle 

distribution can be explained by assuming a minimal model of asymmetric partitioning where the 

components are divided according to biased binomial statistics. For the most part, the experiments 

described in this manuscript are well designed and properly executed, and the figures are clearly 

presented. However, and although interesting, the study falls short in terms of the biological 

relevance of its conclusions and in representing a significant advance in our present knowledge in 

the field. Prior analyses already showed that several molecules and organelles are differentially 

distributed during asymmetric divisions in cancer cells. As such, asymmetric cell division and 

differential centrosome inheritance have been demonstrated to occur in human neuroblastoma cells 

(Izumi and Kaneko, 2012). Similarly, the Numb polarity factor seems to control the segregation of 

subcellular vesicles during the division of colorectal cancer stem cells (Hwang and Yang, 2016). These 

and other references, in fact, should have been included in the introduction, which somewhat 

excessively relies on general reviews. Finally, and despite the authors incorporate an asymmetric 

binomial partitioning model to adjust the experimental data that provides an interesting novel 

methodological contribution to the analysis of differential organelle distribution, the use of a FACS-

based approach to sort out different populations of cells and evaluate organelle partitioning has also 

been widely used before. Besides these general considerations, other main issues regarding the 

manuscript are:  

1.- The authors analyze the partitioning of cytoplasm, cell membrane and mitochondria during the 

proliferation of Jurkat lymphocytes derived from human T cell leukemia. Their results suggest that 

while in Jurkat cells the cytoplasm is evenly partitioned between the daughter cells, asymmetric 

distribution of membranes and mitochondria can be observed. However, a main objective of the 

manuscript was to help elucidating whether variability associated to the asymmetric partitioning of 

cellular components could play an important role in tumorigenesis. The authors could have thus 

exploited the designed experimental and computational protocol to dig deeper into this matter. In 

this way, by using their methodology to follow the distribution of organelles in populations of cells 

during mitosis in a relatively fast and easy manner, the authors could have evaluated whether there 

exist differences in the partitioning of cytoplasm, cell membrane and mitochondria during the 

proliferation of Jurkat T cells and in populations of immortalized non-transformed T cells, such as 

TERT-expressing T cells. Since TERT-expressing T cells do not develop genetic changes characteristic 

of malignant transformation and maintain intact the mechanisms that regulate growth (Barsov, 

2011), this comparison between transformed and non-transformed cells could thus reveal 



differences in asymmetric partitioning of organelles that might shed light on whether their 

differential distribution had a possible role of in tumor evolution.  

2.- The dyes used to mark the cell membrane, cytoplasm and mitochondria have different 

fluorescent properties and photostabilities. This is a factor that could definitely have an impact on 

the outcome of the FACS analyses. Since cell markers coupled to different fluorophores are 

commercially available, the authors could have easily performed the same experiment with a 

different combination of dyes (e.g., CellTrace™ Yellow, MitoTracker™ Red FM and PKH67 green 

fluorescent cell linker kit for general cell membrane labeling) as a control for the methodology.  

3.- Peruzzi et al. speculate that asymmetric cell membrane partitioning may be linked to aggregated 

of membrane proteins formed after T cell activation. In order to verify this hypothesis, the authors 

acquired confocal microscopy images that they indicate that showed aggregation clusters at the 

membrane level for the PKH fluorescence in many cells (page 10, line 217). However, these images 

are not shown. The authors should either include the confocal images or remove this statement. 

Likewise, when discussing the results from Figures 2c-d, it is indicated that the same behavior is 

observed when the mitochondrial marker is used instead of the PKH maker, but the data is not 

shown (page 6, line 126). These results should be included as supplementary data.  

Finally, some minor concerns are:  

1.- The text should be reviewed for proper syntax and word choice. Results should be written in past 

tense. Finally, there are also several typos (e.g., “cellular component” instead of “cellular 

components” (page1, line 2), “PHK” instead of “PKH” (page 3, line 36), “fitt” instead of “fit” (page 4, 

Figure 2 legend), etc.).  

2.- The definition of asymmetric cell division in the introduction is not accurate. In general, an 

asymmetric cell division results in two cells that differ in size, cellular components and/or fate, but 

does not necessarily ends up with one of the cells differentiating into a specific cellular type.  

3.- The figure legends are, in many cases, missing important information. In this way, while in Figure 

2 it is indicated what do the dark blue, red and green dots represent, no information is provided 

about the light blue and yellow dots. Likewise, it should be clearly stated what do the star, triangles 

and circle represent in Figure 4. These symbols are referred as “dots”, which leads the reader to 

confusion. Finally, in the legend for Figure 4, the statement “the results are very consistent” could be 

removed. This is a consideration that, if necessary, could be introduced in the text.  

4.- In Figure 2b, percentages of cells in each generation are reported in an insert as bar plots. 

However, no scale for the plots is provided.  

















































REVIEWERS' COMMENTS:  

Reviewer #1 (Remarks to the Author):  

In line with my previous review, I feel the method presented in the manuscript is of interest for 

future work in the field. The revised version is also more convincing in the instances where I felt 

more evidence or argument was warranted. In some cases, I give some further suggestions below, 

but also when not explicitly mentioned, I consider that the authors have addressed my concerns. 

Overall, I do not see any reason this should not be accepted. In addition, I offer some further 

suggestions below, but they are more issues of clarity and phrasing, rather than scientific concerns.  

The authors have, largely speaking, addressed my comment about the selection of a narrow initial 

population potentially biasing the results. I wish they would have discussed it more clearly, 

separating general (potential) issues from the effect on their actual experiments. I also wish they had 

*not* discussed the issue under the assumption that one either has to synchronise the cells or select 

a narrow initial population, because I think that is an unnecessary restriction (other options exist, 

though admittedly with their own disadvantages, and they are even referenced in the paper). Finally, 

I wish the main outcomes of this discussion would have made it to the main text, rather than being 

relegated to the supplement. Nevertheless, there is certainly enough mentioned to highlight this 

issue for readers of the paper and there does not appear to be any effect on the results the authors 

present, so I consider this addressed.  

I still think it could be clearer in the manuscript that the Gaussians are applied to the log of the data 

(and hence that my suggestion that the distribution looks more log-normal than normal is entirely 

consistent with what the authors have assumed). However, this is a phrasing and clarity issue, rather 

than a scientific one. Furthermore, the authors have clarified the extraction of the parameters, 

which, indeed, I seemed to have misunderstood in the previous version.  

With regards to my point about different cell cycle lengths, the authors appear to have 

misunderstood this point In their rebuttal. I do not think there is an issue (which I feel was clearly 

stated), but I do think it is a point worthwhile to discuss in the manuscript. Indeed, I would even 

consider the fact that the authors’ method does not depend (heavily) upon a constant cell cycle 

length an advantage. I thus still hold the opinion that this is something worthwhile discussing 

(briefly) in the manuscript, and not just the rebuttal.  

Minor comments:  

p. 4 “showing low toxicity”: This makes it sounds as if the cells are not toxic. I assume what the 

authors are trying to say is that the cells show a low toxic *response* to dyes.  

p. 4 “cells stained for live-dead compounds were highly viable (see Figure S4...”: This makes it sound 

as if the authors have checked viability using a live/dead assay and that it will be presented in Fig. S4. 

In reality, Fig. S4 presents a gating strategy that to me has very little to do with this.  

p. 4 “Unexpectedly, narrow sorting of stained cells”: It is not clear to me in which sense this is 

unexpected. Indeed, to me it is fully expected and, I suspect, it is also for the authors, because it is 

the whole basis of the work.  



p. 4 “t is important to point out that the synchronization is a result of the sorting step, but in 

general, our method does not require synchronization”: It is unclear to me what the authors are 

trying to say here. Read in context, it seems to say that their method could be performed without 

the initial sorting step, which I believe is false (if the authors disagree, then they need to show 

evidence that it works also without this step). However, what I think the authors are trying to say is 

that their method does not require synchronisation in a real sense, only synchronisation in the sense 

of a narrow sorting. In essence, the confusion arises because the authors use the word 

synchronisation to refer also to the act of sorting to achieve a narrow initial population. I would urge 

the authors to rephrase for clarity.  

p. 4 paragraph starting on line 104: The whole discussion is made in terms of base-2 logarithms and 

then ends with a reference to a figure in base-10 (Fig. 1d).  

p. 5 “we measure the integral of the intensity over time”: It is not clear to me what the authors 

mean by this (the same goes for their rebuttal). A generous interpretation could be that they 

measure the convolution of the number of units per cell over the fluorescence expected for a given 

number of units, but that is most definitely not what is written. Having said that, I do agree with the 

authors’ point in the rebuttal that there is no issue.  

p. 5 line 119: E[fg] should be E[f_g], I believe.  

p. 5 line 133 “cell tuples and fluorescence debris”: “cell doublets and debris”  

p. 5 “the Pearson correlation between the two intensities appears to remain constant [...] as shown 

in Figure 2e”: I am unsure of how the authors consider the results in Fig. 2e to be constant, as they 

show significant variation. If they mean to imply that the correlation remains low throughout, then I 

think there are better ways of phrasing that and I would also adjust the graph (i.e., change the y axis 

to range between 0 and 1) to better show this.  

p. 9 “lines show the predictions of the asymmetrical binomial model”: This is true, but a bit 

misleading. A simple exponential decay gives the same prediction. In other words, it does not really 

show the suitability of the model per se (later results do, however) which is how it comes across.  

p. 11, line 330: “Hela” should read “HeLa”  

Some references are missing article numbers or page numbers. For instances: ref. 8, 16-17, 58 and 

62 (I didn’t check all, but happened to notice these).  

Fig. S4. Please write out what FV780 is.  

The language is still in need of a bit of editing before final publications, but as before, it is nothing 

that prevents understanding of the work.  

Reviewer #2 (Remarks to the Author):  

In this revised version of their manuscript, Peruzzi et al. provide a series of arguments and new 



evidence to reinforce the conclusions drawn in the original version of their work and to clarify the 

main issues raised during the review. I would like to acknowledge the notable effort that the authors 

have done, overall, in order to answer to most of my concerns. In this sense, Peruzzi et al. have 

successfully replied to most issues regarding the methodology, including new additional data that 

more strongly support their FACS-based experimental and computational approach to evaluate the 

asymmetric partitioning of cellular components during the division of Jurkat cancer T cells. The 

authors have nonetheless not tackled the other main issue raised during the revision, which had to 

do with the biological implications of their results. Without further exploiting their methodology to 

dig deeper into whether the differential distribution of cellular organelles could have a possible role 

in tumor evolution, the data presented does not provide enough strong evidence supporting such a 

possibility. Despite the main objective of the manuscript was to develop a new protocol to estimate 

partitioning bias, having used it to get new insights on such an exciting biological question would 

have definitely increased its interest and potential impact. On a final note, I also consider that the 

redaction of the text could be still significantly improved. 








