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1st Editorial Decision 9th Sep 2019

Thank you for the submission of your manuscript (EMB0J-2019-103009) to The EMBO Journal.
Your manuscript has been sent to three reviewers, and we have received reports from all of them,
which I enclose below.

As you will see, the referees acknowledge the potential interest and novelty of your results, although
they also express a number of major issues. In more detail, referee #3 states that the characterization
of the Rab11-positive compartment as exosomes and the details of Rab11's functional involvement
are not at this stage, which in his-her view undermines the impact of the work (ref#3, pts standfirst,
pts. 1,2). Further, this referee asks you to test the Kras-dependence of your results (ref#3, pt.3) and
clarify consistency of experimental settings (ref#3, pt.10; see also ref#2, pt.1-1). Referee #2 agrees
in that the distinctive nature of CD63-positive versus Rab11-positive exosomes has not been
sufficiently demonstrated and points to inconsistencies in the model proposed (ref#2, pts.1,2).
Referee #1 states that the subcellular origin of Rabl1positive EVs has to be explored in more detail
(ref#1, pt.1). In addition, the reviewers raise a number of issues related to methods annotation, data
representation, statistics and appropriate citation of literature references as well as clarity and flow
of the overall manuscript that would need to be conclusively addressed to achieve the level of
robustness and clarity needed for The EMBO Journal.

I judge the comments of the referees to be generally reasonable and given their overall interest, we
are happy to invite you to revise your manuscript experimentally to address the referees' comments.
Given the multitude of matters brought-up and the open outcome of the revisional work, | need to
stress though that we would need strong support from the referees on a revised version of the study
in order to move on to publication of the work.
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REFEREE REPORTS:
Referee #1:

The article by Fan et al demonstrates a novel pathway of secretion of extracellular vesicles induced
upon glutamine deprivation of the cells. These vesicles form intracellularly inside multivesicular
compartments, thus are called exosomes, but these compartments are not classical CD63+ late
endosomes, but rather Rab11+ recycling endosomes. Furthermore, the resulting EVs display novel
functional properties, such as enhanced proliferation of tumor or endothelial cells, which are due to
overexpression of an EGFR ligand, the transmembrane protein AREG, on the glutamine
deprivation-induced exosomes.

These results are novel and very interesting, especially in light of the growing understanding of the
heterogeneity of extracellular vesicles, and their different intracellular origins: classically MVB and
plasma membrane are described as the places of vesicle budding and secretion, but here the authors
show that other intracellular compartments can be a source of EVSs.

The authors also provide functional evaluation of the EVs in vitro and in vivo.

All EV experiments are performed in a manner that properly follows the ISEV guidelines (quoted
here: Thery et al 2018), in terms of reporting, isolation, characterization.

I only have minor comments:

1) can the authors really exclude the possibility that part or all of the Rab11/Cavl/AREG-containing
EVs could form by direct budding at the plasma membrane, rather than inside internal recycling
endosomes? Additional IF images of HCT116 cells could possibly be shown in figure 3, displaying
localization of Rab11a in the plasma membrane area, with CD81 as a marker of this area, and
possibly AREG. Of note, CD8L1 is not an endosomal marker, as wrongly suggested in the
introduction p4, it is in most cells expressed at the PM or possibly sub-PM compartments.

the quality of IF images in figure 3 is not very satisfying

2) the decrease of global CD63 expression in the cells upon glutamine deprivation is not really
discussed or explained: is CD63 degraded in lysosomes? is it localized in different intracellular
compartments than in control cells? This decrease makes it difficult to interpret the anti-CD63
uptake experiment shown in figure 5D: is uptake really compromised, or is it impossible to do the
experiment in the glutamine-deprivation condition because the Ab will not bind any CD63 at the cell
surface?

3) The first two figures showing intracellular compartments in the Drosophila accessory gland are
interesting and nice in suggesting the existence of the Rab11+ compartments with internal vesicles
and of Rab11+ EVs and Btl secretion, but maybe a bit difficult to follow for someone who is not
used to look at images of this experimental model.

For instance, Figure S1 may be more informative than current main figure 1.

The images do not show the plasma membrane pattern of the various molecules in secondary cells,
thus again, do not make it possible to determine whether PM could contribute to the EVs found in
the accessory gland lumen. Of note, ESCRT-I and -111 are known to be also involved in budding and
release of EVs from the PM.

It is surprising to see such heterogeneity in the LysoTrackerRed pattern in the different panels: can
the authors explain?.

In figure 1E, it would have been interesting to show if Btl and Rab11 colocalize, at the PM or in
internal compartments, to strengthen the message that Btl+ EV's come from this pathway,

Finally, for the link with the rest of the article, is there any glutamine-deprivation situation in the
accessory gland of drosophila?

Referee #2:

This is an interesting study identifying an alternate class of exosomes that are marked by Rab11 and
have particular functional properties in terms of promoting cell proliferation. This study will be of
interest to a broad audience studying exosomes, growth factor signaling, and cell proliferation.

There are two major issues which need clarification to make the main messages of this manuscript
solid:
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1. What is the relationship between CG63+ and Rab11+ exosomes. Are they the same particles or
different particles? There are several statements in the manuscript indicating that the two classes of
exosomes have different origins and carry distinct cargo, and many experiments in the manuscript
showing that when Rablla+ exosomes increase CD63+ exosomes decrease (e.g. Fig. 4B) yet some
of the data do not fit this model:

1-1 In Fig 4D comparing the two glutamine conditions, there are equal levels of Syn-1, Tsg101 and
CD81 hence presumably the same number of exosomes particles in the two samples. In the low-
glutamine sample there is more Rab11a, but not less CD63 compared to the high-glutamine sample.
This does not fit the simple model that there are more Rab11a+ exosome particles and less CD63+
particles. Some possible options are that in the low-glutamine sample

-there is more Rab11a protein per Rablla+ exosome (ie not more Rablla+ particles, but more
Rab1la protein per particle)

-Rab11a now also gets loaded on CD63+ particles

-Rabl1la+ particles also contain CD63

Which of these scenarios is the explanation? One way to look at this would be to IP CD63+
exosomes and check if they contain Rabl1a in the two conditions.

Additionally, one could perform microscopy as in Fig 3D to check Rab11/CD63 colocalization, but
in the low-glutamine condition.

1-2 The same issue arises in Fig 4G upon Akt inhibition. There is more Rab11a but not less CD63.

1-3 Regarding the Drosophila data:

-The Drosophila data seem to indicate the opposite - that CD63 and Rab11 colocalize. Does this
suggest they are not mutually exclusive in the fly?

-The authors claim that the vesicles in the SCs marked by CD63-GFP are Rab11-positive. Co-
staining would be necessary to clarify if this is indeed the case.

-The same is true for Rab11 / Btl colocalization. The authors write "we, therefore, conclude that
Rab11 and Btl are selective membrane-associated markers for exosomes generated in Rab11-
compartments of SCs, which we describe as 'Rab11-exosomes'.") but Rab11 / Btl colocalization is
not shown.

-Same is true for Shrb and Rab11

1-4 Much of the data (e.g. Fig 4E-F) showing that TOR inhibition leads to increased Rabl1a and
decreased CD63 come from normalizations relative to CD81. Is it possible instead to normalize to
EV particle amounts? Does this show the same result?

2. The link between pERK and increased proliferation caused by the low-glutamine derived
exosomes is not completely solid.

-In Fig 6B are the cells still proliferating in the presence of ERK inhibitor? Or does it completely
shut down proliferation, in which case it would show an epistatic effect no matter what stimulus is
given to the cells?

- The AREGab nicely blunts the proliferative effect of the low-glutamine derived EVs. Does is also
blunt the difference between high-glutamine and low-glutamine derived EVs on pErk, as in Fig 6A?

Minor Issues:

1. Is Rab11 just a cargo/marker for this class of exosomes, or required for Rab11+/Cab-1+
exosomes? Fig 5C shows that glutamine removal increases the amount of Rab11+/Cav-1+ exosomes
(both markers increase). Upon Rab11 KD, there is still more Cav-1+ in the EVs. So does this
suggests that Rab11 is a marker for this class of exosomes, but not required for their biogenesis?

2. A question for the discussion: In the fly, from the following text:
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"In contrast, a YFP-Rab7 gene trap fusion protein (Dunst et al., 2015) primarily

trafficked to acidic LELs (Figure 1D) and marked very few puncta in the AG lumen."

it appears there are mainly rab11 exosomes and not rab7 exosomes. In humans, instead, the authors
suggest it's the other way around and the Rab11 exosomes are only stress induced.

Is this a difference between the two systems? Or do SCs have some basal stress levels because,
perhaps, they are highly secretory?

3. Page 6 - the abbreviation "ILV" should be spelled out the first time it is used.

4. Fig 4A - the authors conclude that the HCT116 cells "maintain growth factor signaling” when
tranferred from complete medium to serum free medium supplemented with insulin, however they
do not show pS6 or p4EBP levels in cells in complete medium as a comparison. This is needed to
claim the cells maintain growth factor signaling. (Otherwise, the levels of pS6 or p4AEBP shown in
Fig 4A could be only 1% of complete medium, but a long enough exposure of the blot will give a
signal.)

5. Relating to the torin treatment of HCT116, the authors conclude that "Secretion of all exosome
markers was significantly reduced (Figure S5D', S5E'), suggesting a general shut-down in exosome
release.”

Indeed the EV number drops from 0.89 to 0.5, which is a reduction but not a general shut-down.
Furthermore, in Fig S5D' one sees that Syn1 and Tsg101 levels in the EV isolation are ok.
(Presumably because this is what is being used to normalize the EV loading) But nonetheless, these
exosomal markers are present, also suggesting there is not a general shut-down in exosome release.
Instead, the exosomal cargo seems to change because CD81, CD63 and Rab11a levels are dropping.
I wonder whether the interpretation of the data is correct ?

6. Fig 5a - why are the error bars on the lower graph larger, yet the significance of the difference is
*** compared to the * in the upper graph?

7. Fig 5a, upper panel - the lower part of the error bars appears to be missing. Or, if the error bars
are only shown in one direction, this inconsistent across panels.

8. X-axis labeling Fig 5B has an error (the 2nd to last set should be without ERKi).

9. Fig 4F quantification - data points (dots) on the Rab1la and Cav-1 bars must be missing because
all the dots shown are lower than the average.

10. The order in which the panels are referenced in the text does not always match the order in the
figures. This makes it a bit difficult to follow.

11. Some main-figure bar graphs are missing the overlayed individual data dots (e.g. Fig 5E, 6A)

Referee #3:

In this manuscript by Fan et al., the authors propose the existence of two distinct populations of
exosomes based on cell state-regulated biogenesis. One type would be considered classical CD-63-
containing endosome-derived exosomes and the other is a new population of exosomes derived from
Rablla-positive recycling endosomes. This latter population of exosomes are enriched by glutamine
deprivation and mTORC1 inhibition. These Rabl11a-specific vesicles are growth promoting and
exert their EGFR inducing activity, at least in part, through secretion of AREG. The release of this
putative new class of exosomes is thought to be an adaptive response to metabolic cell stress.
Utilizing a Drosophila model they previously developed and a limited number of human cell lines,
the authors present a considerable amount of interesting data. However, there is insufficient
characterization of this population of exosomes to call them a unique exosomal vesicle. High-speed
UC-based methods are used here isolate an EV pellet containing a heterogenous population of
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vesicles, including exosomes as well as non-vesicular components. Additional purification and
characterization are needed to determine whether these "new" EVs depend on Rabl11a for their
biogenesis and are, in fact, exosomes. EV pellets have been shown in multiple studies to contain
Rab11 but Rablla and Rab11b can only be detected by antibodies directed to the variable regions
between these two isoforms and it is unclear if the antibody used here distinguishes these isoforms.
Although there are several papers that describe the importance of Rab11 in exosome biogenesis, the
evidence presented here is insufficient to infer that this constitutes a new class of "recycling
exosomes". The authors do present substantial evidence that glutamine depletion and mTORC1
inhibition may influence secretion of exosomes - actually the preferred term at this point would be
small extracellular vesicles (SEVs). Based on the evidence presented, the authors cannot rule out that
canonical exosomes, or other type of SEVs, are not also carriers for Rab11a. The authors should note
that there is evidence that Rab11a is involved in secretion of canonical CD63-positive exosomes
(van Niel et al. 2018, Nat Rev Mol Cell Biol).

Major concerns

1. For the authors to claim that they have discovered a novel type of distinct Rablla-positive
exosomes, they must do definitive and comprehensive characterization of this new type of vesicle
using a variety of different techniques and must use a validated Rab11a antibody. A few approaches
are listed here.

2. Super resolution 3D SIM imaging can be used to examine whether Rab11 is in the ILV of
recycling MVBs rather than simply being present in MVBs. Gradient fractionation could be used to
determine which fractions contain Rab11 and other exosomal markers (Kowal et al 2016, PNAS). In
addition, magnetic beads conjugated to a CD63 antibody or an antibody against a transmembrane
protein found in the putative new population of exosomes could be used to capture these two
populations to provide a fuller characterization of the composition of this new population and
contrast it to classical exosomes (see Kowal et al 2016, PNAS; Jeppesen et al 2019, Cell). Crucially,
the authors must be able to demonstrate that CD63-positive and Rab11-positive exosomes are
distinct entities and not simply the same exosomes but with increased or decreased CD63 and
Rablla (and other cargoes) due to glutamine depletion or mTORC inhibition.

3. The rationale for the choice of the different cell lines is not clear. There is substantial evidence
that mutant KRAS alters cancer cell dependence on glutamine. The HCT116 human colorectal
cancer cell line has mutant KRAS. It might be instructive to use isogenic cell lines that differ only in
their KRAS status. It is also not clear why HCT116 cells were chosen as recipient cells. Perhaps
KRAS wild-type colorectal cancer cells might be a better choice.

4. The manuscript has validated limited cargos by western blot under glutamine-depleted conditions.
Global proteomic analysis may lead to identification of additional cargos differentially altered due to
glutamine depletion or mTORC1 inhibition.

5. Authors state, "However, there was an increase in Rab11a and Cav-1 relative to CD81 (Figure 4F,
1), consistent with induction of an mTORC1-regulated switch in the balance of exosome secretion
from late endosomal to Rablla-compartments.” Because this treatment also reduces the number to
total EVs released it may not be a switch in secretion but a loss of the late endosomal pathway with
the "Rabl1a" pathway simply being maintained. One way to resolve this issue that is also raised in
the model proposed in Figure 7E, is to determine whether CD63 knockdown affects Rab11-derived
EVs with and without glutamine depletion.

6. Figure 1 C stained for Rab11, the authors stated that due to the low fluorescence intensity relative
to CD63-GFP, they could not image YFP-Rab11 using super-resolution microscopy (Figure 1C).
However, for Figure S1D, the authors use wide field to image 'Rab11a” when YFP-Rab11a was
overexpressed? Without high resolution imaging, the author cannot conclude that Rab11 is inside of
Rab11-positive ILV only based on the presence of Rab11a inside the MVBs. The same argument
holds for Btl. The authors state that "Rab11 and Btl are selective membrane-associated markers for
exosomes generated in Rabl1-compartments of SCs, which we describe as "Rab-11-exosomes". The
data presented, in our judgement, do not support this conclusion.
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7. There are no high-resolution images to show Rab11 localization when the cells are exposed to
glutamine depletion or mTORC1 pathway inhibition. How did the author ascertain that Rab11 only
localizes to recycling exosomes under these conditions? How did the authors know that the SEV
pellets obtained by UC consist purely of "Rab11-recycling exosomes"? As mentioned above, in
order to claim a separate Rab-11 recycling exosome, they should combine beads capture, gradient
purification and high-resolution images to further characterize these Rab-11-containing
compartments and EVs.

8. Different ways of normalizing proteins in various figures is confusing. In some cases, proteins are
normalized to total cell lysate proteins. On Page 33, authors state " we elected to analyze EVs based
on EV-secreting cell mass to ensure that any changes in protein levels did not result from testing
EVs produced by altered number of cells.” What does this sentence mean? The author needs to
explain the normalization in detail and why this makes sense. Also, for all the EV western blot
quantification, levels were normalized to CD81. Why is CD81 chosen to be the standard for
normalization? In general, protein levels can be normalized to total EV number or total protein level
in EVs. Cell lysate normalization is an apples to oranges comparison. CD81presence is associated
with subtypes of EV in a heterogeneous mixture of EVs and can't be used as a normalization control.
Ideally, a normalization control would be a common protein used in all EV biogenesis; due to the
heterogeneous nature of EVs this is hard to determine.

9. Different non-comparable EV isolation methods are used (some use SE, others UC method). Each
method has to have purified fractions fully characterized to allow comparison. Without a common
method of isolation, such differently purified EVs are not comparable. For instance, in Figure 4 E
and G, Torinl and AKT inhibitor AZD5363 treatment, EVs are isolated using SEC method.
However, for Figure 4 F, in the Raptor knockdown experiment, EVs were isolated by UC. This is
also the case for Figure 5D' and 5E'.

10. Different glutamine concentrations were used for glutamine depletion in different cells, from
0.15mM to 0.02 mM or 0. Why? Different cells may respond to different levels of GIn depletion but
there needs to be some metric for comparison or a discussion of why these are comparable.

11. All Western blots must have molecular weight markers to allow the reader to assess if the
correct protein is present.

12. In Figure 6C, there is a Western for AREG. There are several isoforms of AREG differing in
size in EVs. One can't tell which isoforms are present in this Western blot. Multiple publications
have shown that AREG in EVs is very potent and these should be cited. The authors should consider
looking at the effect of AREG neutralizing antibody on p-EGFR in recipient cells. What population
of exosomes produces AREG - classical exosomes or their putative new class of exosomes? Authors
might consider quantitating the amount of AREG per EV and do a concentration curve when adding
these to recipient cells.

13. For Figure 4 H, it is surprising that CD63 would not be digested by both proteinase K and Triton
X-100 treatment while another tetraspanin, CD81, appears to be digested. The authors need to
provide an explanation for their findings.

14. The blots of Figure 4E, 4F and 4G clearly showed that Torinl treatment or raptor knockdown or
AKT inhibitor treatment did not change the Rab11 levels in those EVs. However, the authors
conclude that Rabl11a level strongly increased under these conditions when the cargo levels are
normalized to CD81. This comparison is not an appropriate way to normalize the level of cargos.
Equal amounts of proteins or equal number of vesicles should be loaded for each sample compared.

Minor concerns

1. Some of the blots are not publication quality. For example, figure S5D, CD63 and 4E-BP1,;
Figure S6D, for S6; Figure 6A.
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2. Figure S5 F, based on the western blot, it is hard to tell that CD63 levels are strongly reduced
when Raptor was knocked down even though the quantification reflected this. Quantification from
three separate biological replicates is needed.

3. Figure 6B, the last two bars appear to be incorrectly labeled.

4. For Figure S3D, E and F, why are only the bar charts shown? The imaging associated with these
should be shown.

5. Figure 7C, Y-axis is not labeled. What does fold change in confluency mean? Can the authors
provide an explanation for why the GIn 0.15m M AREG Ab treatment has the highest fold change?

6. Figure SAE has a bar chart showing changes in levels of putative exosome proteins in EVs
purified by UC. What is the Western blot corresponding to in this bar chart? As noted above, we
don't think cell lysates serve as the appropriate control. normalized to cell lysates?

7. For Figure S5E, which method was used for EV isolation?

8. For Figure S5G, when the AKT inhibitor AZD5363 was added, what is the level of phospho-
AKT?

9. For figure S5E, why are the levels of phospho-S6 and 4E-Bp1 not examined following exposure
to rapamycin?

1st Revision - authors' response 23rd Dec 2019

Point-hv-noi he editorial decision |

1. ‘referee #3 states that the characterization of the Rab11-positive compartment

as exosomes and the details of Rab11's functional involvement are not at this
stage, which in his-her view undermines the impact of the work (ref#3, pts
standfirst, pts. 1,2).”
Response: Using density gradients, we show that Rablla has the same
fractionation pattern as exosome, and not microvesicle, markers (ref#3,
pt.1,8). We have used immunocapture methodologies to show that CD63-
positive exosomes carry negligible, if any, Rabl1a. Rabl1a is indeed, mainly
associated with vesicles that also lack the ‘classical’ exosome marker, CD81
(ref#3, pt.1,2). Technical challenges in the EV field limit the resolution of
different exosome populations inside human cells and microvesicles at the cell
surface. We have, however, performed some additional imaging experiments
with our fly model and in human cells to provide further evidence for the
presence of Rabl1-positive vesicles in Rab1l1-compartments (ref#3, pt.6,7)
and to argue against the hypothesis that the plasma membrane is a source of
these EVs (ref#1, pt.1).

2. ‘Further, this referee asks you to test the Kras-dependence of your results (ref#3,
pt.3) and clarify consistency of experimental settings (ref#3, pt.10; see also
ref#2, pt.1-1).

Response: We have used a recently characterised KRAS inhibitor, BI-2852, to
show that KRAS does not play a major role in controlling Rabl1la-exosomes
(ref#3, pt.3); repeated the experiment highlighted by ref#3, pt.10 to confirm
our findings under our standard HCT116 cell glutamine depletion conditions;
explained how appropriate glutamine depletion concentrations were
determined for different cell lines (ref#3, pt.10), and assessed the effects of
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glutamine depletion on subcellular Rablla localisation, showing that it
remains distinct from CD63 (ref#2, pt.1-1).

3. ‘Referee #2 agrees in that the distinctive nature of CD63-positive versus Rab11-
positive exosomes has not been sufficiently demonstrated and points to
inconsistencies in the model proposed (ref#2, pts.1,2).”

Response: We have now shown by immunocapture that CD63- and Rab11a-
positive exosomes are distinct (ref#2, pt.1). Furthermore, we now
demonstrate that glutamine depletion-induced EVs promote an increase in
ERK activation in target cells, which is selectively blunted by neutralising anti-
AREG antibodies; we also include data showing that the ERK inhibitor does
not completely shut down growth and proliferation in these cells (ref#2,

pt.2).

4. ‘Referee #1 states that the subcellular origin of Rabl1positive EVs has to be
explored in more detail (ref#1, pt.1).’
Response: Using the approaches suggested by ref#1, we show most
peripheral Rabl1la is in compartments below the cell surface and remains
separated from CD63 inside the cell (ref#1, pt.1; see also 1 above for further
arguments that Rablla-marked vesicles are exosomes). We agree with this
referee that, as with other proteins associated with exosomes, it is technically
very difficult to completely eliminate the possibility that a small subfraction of
a protein marker reaches the cell surface transiently. Indeed, interpreting
such experiments is also challenging: CD81 is highly concentrated at the
plasma membrane, yet is thought to be an exosome-specific marker.

5. ‘In addition, the reviewers raise a number of issues related to methods
annotation, data representation, statistics and appropriate citation of literature
references as well as clarity and flow of the overall manuscript that would need
to be conclusively addressed to achieve the level of robustness and clarity needed
for The EMBO Journal.’

Response: We have addressed these issues in multiple parts of the
manuscript.
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We are grateful to the referees for their detailed analysis of our manuscript.
We address their points below, using their numbering, with other points
marked by letters. For new references added to the manuscript, we give the
full citation when first mentioned here. Since the figure numbering has been
significantly changed as a result of the new data, we use ‘new’ = revised, and
‘old’ = original manuscript.

Referee #3 (ref#3):

A. ‘However, there is insufficient characterization of this population of exosomes to
call them a unique exosomal vesicle. High-speed UC-based methods are used
here isolate an EV pellet containing a heterogenous population of vesicles,
including exosomes as well as non-vesicular components. Additional purification
and characterization are needed to determine whether these "new" EVs depend
on Rabl1a for their biogenesis and are, in fact, exosomes. EV pellets have been
shown in multiple studies to contain Rab11 but Rab11a and Rab11b can only be
detected by antibodies directed to the variable regions between these two
isoforms and it is unclear if the antibody used here distinguishes these isoforms.
Although there are several papers that describe the importance of Rabl1 in
exosome biogenesis, the evidence presented here is insufficient to infer that this
constitutes a new class of "recycling exosomes". The authors do present
substantial evidence that glutamine depletion and mTORC1 inhibition may
influence secretion of exosomes - actually the preferred term at this point would
be small extracellular vesicles (sEVs). Based on the evidence presented, the
authors cannot rule out that canonical exosomes, or other type of sEVs, are not
also carriers for Rab11a.’

Response: Based on the very helpful suggestions of this referee below, we
provide substantive further evidence that Rab11a is present on a novel form
of exosome.

B. ‘The authors should note that there is evidence that Rablla is involved in
secretion of canonical CD63-positive exosomes (van Niel et al. 2018, Nat Rev Mol
Cell Biol).’

Response: We agree that there is a published literature supporting the role of
Rabl1a in exosome secretion and did allude to this in the original manuscript
(Savina et al., 2002; Koles et al., 2012; Beckett et al.,, 2013). We are grateful to
ref#3 for highlighting further evidence, reviewed in van Niel et al., 2018. This
review has been added to the revised manuscript (line 521) together with
another reference, which more specifically relates to Rab11’s role in CD63-
positive exosome release using breast cancer cells (Messenger et al., 2018;
line 521). Indeed, Rab11a knockdown in our manuscript (old Fig 5C, new Fig
6C) indicates that the levels of both CD63 and CD81 secreted from HCT116
cells may be reduced, but not strongly, in normal and glutamine-depleted
conditions.

New citation: van Niel G, D'Angelo G, Raposo G (2018) Shedding light
on the cell biology of extracellular vesicles. Nat Rev Mol Cell Biol 19:
213-228.
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New citation: Messenger SW, Woo SS, Sun Z, Martin TFJ (2018) A Caz+-
stimulated exosome release pathway in cancer cells is regulated by
Munc13-4. ] Cell Biol 217: 2877-2890.

Major concerns of ref#3

‘For the authors to claim that they have discovered a novel type of distinct
Rabl1la-positive exosomes, they must do definitive and comprehensive
characterization of this new type of vesicle using a variety of different
techniques and must use a validated Rab11la antibody. A few approaches are
listed here.’

Response: Please see below for new experiments to study the Rablla-
marked exosome subtype. The reviewer has made an important point
concerning antibody specificity for Rab11a. In all immunostainings except Fig
3F, we have employed a rabbit Rabl1la-specific antibody (Cell Signaling). In
our hands, this antibody works relatively poorly on western blots (Appendix
Fig S3A). However, using Rab11a knockdown in HCT116 cells, we have shown
that a non-isoform-specific antibody predominantly detects Rablla in
western blots of cell lysates (Appendix Fig S3A) and EVs (Fig 6C [old Fig 5C])
from HCT116 cells. Rab11a is frequently the predominant Rab11 protein in
tissues. We also show for HeLa cells (Appendix Fig S3B) that Rabl1a is
increased in EVs following glutamine depletion.

‘Super resolution 3D SIM imaging can be used to examine whether Rabl11 is in
the ILV of recycling MVBs rather than simply being present in MVBs. Gradient
fractionation could be used to determine which fractions contain Rab11 and
other exosomal markers (Kowal et al 2016, PNAS). In addition, magnetic beads
conjugated to a CD63 antibody or an antibody against a transmembrane protein
found in the putative new population of exosomes could be used to capture these
two populations to provide a fuller characterization of the composition of this
new population and contrast it to classical exosomes (see Kowal et al 2016,
PNAS; Jeppesen et al 2019, Cell). Crucially, the authors must be able to
demonstrate that CD63-positive and Rabl1-positive exosomes are distinct
entities and not simply the same exosomes but with increased or decreased CD63
and Rablla (and other cargoes) due to glutamine depletion or mTORC
inhibition.”

Response: We respond to the comment on super-resolution microscopy
under ref#3, pt.6 below.

Further characterisation of the Rablla-positive exosomes using density
gradient fractionation proved very informative. We used characterised
exosome and microvesicle markers (Jeppesen et al, 2019) to detect the
fractions that contain these different vesicles (new Fig 4C), which have
partially overlapping fractionation patterns in HCT116 cells. Although the
Rab11a signal is too weak under normal conditions to make firm conclusions
(new Appendix Fig S6A), in glutamine-depleted conditions, it primarily co-
fractionates with the exosome proteins CD63 and CD81, and lacks the lower
density profile of microvesicle marker AnnexinAl (AnxA1l; new Fig 4C and
lines 270-277).

We have also performed immuno-capture of CD63-containing vesicles
produced under glutamine-depleted and -replete conditions. In our hands,
CD63 only immuno-isolates a small proportion of HCT116 CD63-positive
vesicles. To circumvent this issue, we used a large quantity of the captured
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material (relative to input) for western blot analysis (new Fig 4E, Appendix
Fig S6D and lines 289-292). Under glutamine-depleted conditions, an
equivalent small proportion of Rab11a is captured with a CD63 versus control
antibody, in contrast to the much higher levels of the classical exosome
markers CD81, Syn-1 and Tsg101 observed with CD63 immunocapture (new
Fig 4E).

CD81 has been reported to mark a larger proportion of exosomes than CD63
(Kowal et al, 2016). Whether the additional CD81-positive exosomes
originate from the recycling endosomes, which may contain some CD81
(imaging in new Appendix Fig S4C, S4D), remains unclear. With the CD81
pull-down, only a small fraction of vesicular Rab11a is captured (new Fig 4F,
lines 292-5), while no CD63, Syn-1, etc remains in the supernatant,
supporting the idea that CD63- and Rabl1la-positive exosomes are largely
distinct.

We have not yet identified a specific EV surface marker to immunocapture a
substantial proportion of Rab11a-positive exosomes or all the exosomes from
Rablla-compartments. Anti-tetraspanin antibodies are currently the most
effective tools for classical exosome pull-down, perhaps because they are so
highly enriched on specific vesicles, and so it is likely to be challenging to
develop such a tool for Rab11a-positive exosomes. In new Fig 8E (supported
by lines 499-505 of Discussion), we present a schematic explaining our
current model, which leaves the question of how many CD81-positive
exosomes might form in Rabl1la-compartments open. Whatever the balance
of different ILVs in these compartments, our protease/detergent and density
gradient studies demonstrate that Rablla is inside vesicles of exosome
density, which are formed separately from CD63-positive and most CD81-
positive exosomes and therefore outside CD63-positive late endosomes.

New citation: Jeppesen DK, Fenix AM, Franklin JL, Higginbotham ]N,
Zhang Q, Zimmerman LJ, Liebler DC, Ping ], Liu Q, Evans R, Fissell WH,
Patton ]G, Rome LH, Burnette DT, Coffey RJ (2019) Reassessment of
Exosome Composition. Cell 177: 428-445.

‘The rationale for the choice of the different cell lines is not clear. There is
substantial evidence that mutant KRAS alters cancer cell dependence on
glutamine. The HCT116 human colorectal cancer cell line has mutant KRAS. It
might be instructive to use isogenic cell lines that differ only in their KRAS
status. It is also not clear why HCT116 cells were chosen as recipient cells.
Perhaps KRAS wild-type colorectal cancer cells might be a better choice.’

Response: We selected HCT116 cells for two major reasons. First, we had
previously characterised their glutamine dependence and its effects on
mTORC1 signalling (Fan et al, 2016). Depletion of exogenous glutamine is
used to suppress, but not completely inhibit, mTORC1 signalling in a
particularly reproducible way throughout this manuscript. Second, we knew
that in HCT116 cells, secretory and endosomal membranes are clustered in a
perinuclear region (Fan et al,, 2016). This was helpful in showing that CD63-
and LAMP-positive late endosomes and lysosomes are largely distinct from
Rab1l1la-positive compartments (see also ref#2, pt.1-1; Fig 3).

KRAS mutations are common in colorectal cancer (CRC; ~30-40% of all
tumours) and cells carrying such mutations have been extensively used for
exosome studies previously, for example by Demory-Beckler et al. (2013)
(new line 348). We elected to screen cell lines from a range of different
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tumour types, rather than different CRC cell lines, to confirm that the switch in
exosome secretion induced by mTORC1 inhibition is not CRC-specific.

We used HCT116 cells as recipient cells so that we could test whether HCT116
cells can intercommunicate under stress conditions via Rab11a-exosomes. We
agree that it will be interesting to test the effects on CRC cells without a KRAS
mutation in the future, but since we see effects, we do not think this is
essential in this current study.

Regarding the referee’s comment concerning KRAS’s role, our analysis
included HeLa cells, which do not have mutant KRAS. These cells still
demonstrate a switch in exosome production under glutamine depletion. To
further address this comment, we have now included a pharmacological
approach to investigate KRAS function in HCT116 cells, treating the cells with
a recently identified KRAS inhibitor, BI-2852 (Kessler et al., 2019), which can
block the activated form of the molecule. While this inhibits ERK signalling,
unlike mTORC1 blockade, it does not affect the secretion of exosome markers,
including Rab11a, from HCT116 cells (new Fig 5F and lines 348-352).

New citation: Demory Beckler M, Higginbotham N, Franklin JL, Ham A],
Halvey P], Imasuen IE, Whitwell C, Li M, Liebler DC, Coffey R] (2013)
Proteomic analysis of exosomes from mutant KRAS colon cancer cells
identifies intercellular transfer of mutant KRAS. Mol Cell Proteomics 12:
343-355.

New citation: Kessler, D, Gmachl, M, Mantoulidis, A, Martin, L], Zoephel,
A, Mayer, M, Gollner, A Covini, D, Fischer, S., Gerstberger, T, et al. (2019)
Drugging an undruggable pocket on KRAS. PNAS 116: 15823-15829.

‘The manuscript has validated limited cargos by western blot under glutamine-
depleted conditions. Global proteomic analysis may lead to identification of
additional cargos differentially altered due to glutamine depletion or mTORC1
inhibition.”

Response: We agree that it would be very helpful to use proteomic analysis to
characterise the content of Rabl1la-exosomes. However, we do not currently
have an immunocapture method to isolate them, so we could only analyse
mixed EV preparations (perhaps depleted of CD81-positive exosomes, which
removes only about 10% of particles) from glutamine-depleted cells. Defining
which proteins are located on Rablla-exosomes and then developing
antibody tools to isolate these exosomes is likely to take some significant time
and we believe this is outside the scope of the current manuscript.

‘Authors state, "However, there was an increase in Rab11a and Cav-1 relative to
CD81 (Figure 4F, 1), consistent with induction of an mTORC1-regulated switch in
the balance of exosome secretion from Iate endosomal to Rablla-
compartments.” Because this treatment also reduces the number to total EVs
released it may not be a switch in secretion but a loss of the late endosomal
pathway with the "Rablla” pathway simply being maintained. One way to
resolve this issue that is also raised in the model proposed in Figure 7E, is to
determine whether CD63 knockdown affects Rabl1-derived EVs with and
without glutamine depletion.’

Response: This referee raises a very important point, which relates to the
approach by which we analyse the switch in exosome production under
glutamine depletion, which is considered in detail below (ref#3, pt.8). Based
on the arguments presented therein, we have more extensively discussed the
results in old Fig 4F (new Fig 5D; lines 332-336) and for other treatments.
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Importantly, we did originally argue that there was a change in the balance of
Rabl1la to CD81 secretion after raptor knockdown and we present further
analysis to show this is the case. However, ref#3 is correct to flag that levels
of Rab11a secreted per cell are essentially unchanged.

Since CD63 does not mark all tetraspanin-positive exosomes (Kowal et al,
2016), we do not think that a CD63 knockdown will confirm that the Rab11a
pathway is independent of the late endosomal pathway. Indeed, it has been
reported that CD63 knockdown is not as effective at removing secreted
exosome markers as other exosome-inhibitory manipulations (Baietti et al.,
2012). We believe that the Rab7 knockdown experiment in our original
manuscript (old Fig 5F, new Fig 6F), where levels of all classical exosome
markers, but not Rab11a, are reduced, provides good evidence that the switch
in the balance of exosomes is not driven by secretion from late endosomes
(lines 408-414).

New citation: Baietti MF, Zhang Z, Mortier E, Melchior A, Degeest G,
Geeraerts A, Ivarsson Y, Depoortere F, Coomans C, Vermeiren E, et al.
(2012) Syndecan-syntenin-ALIX regulates the biogenesis of exosomes. Nat
Cell Biol 14: 677-685.

. ‘Figure 1 C stained for Rabll, the authors stated that due to the low

fluorescence intensity relative to CD63-GFP, they could not image YFP-Rab11
using super-resolution microscopy (Figure 1C). However, for Figure S1D, the
authors use wide field to image 'Rab11a” when YFP-Rab11a was overexpressed?
Without high resolution imaging, the author cannot conclude that Rabll is
inside of Rabl1-positive ILV only based on the presence of Rablla inside the
MVBs. The same argument holds for Btl. The authors state that "Rab11 and Btl
are selective membrane-associated markers for exosomes generated in Rab11-
compartments of SCs, which we describe as "Rab-11-exosomes". The data
presented, in our judgement, do not support this conclusion.’

Response: Regarding the referee’s comment on Btl-GFP, which marks one of
the two transmembrane FGFRs in Drosophila, we did analyse localisation of
this marker by 3D-SIM in Fig 1E, Zoom (now Fig 1F, Zoom) and showed this
protein is located at the surface of intraluminal vesicles inside the large non-
acidic secondary cell compartments. We have previously shown, and also
demonstrate in Fig 1D, that these large non-acidic compartments are Rab11-
positive.

As stated in the original manuscript, in flies carrying the YFP-Rab11 gene trap,
Rab11 is expressed at endogenous levels, which are not high enough to image
by 3D-SIM. We have found that ‘overexpression’ of YFP-Rab11 using the
GAL4-UAS system does not lead to higher Rab11 expression levels, so this is
also incompatible with 3D-SIM; there must be some post-transcriptional
regulation of Rab11 that restricts overall protein levels. We did, however,
provide evidence in the original manuscript that ESCRT knockdown blocks the
formation of Rab11 puncta inside Rab11-positive compartments, consistent
with the idea that is associated with ILVs (old Fig S3B and S3C; new Fig EV2).
In addition, in human cells, we had shown that Rabl1la is shielded by
membranes from proteases in EV preparations (old Fig 4H, new Fig 4D).
Taken together these findings support our proposal that Rab11 is inside ILVs.
In fact, if Rab11 is not in vesicles within SC compartments, it must either be
transported through a membrane from the cytosol (via a currently
uncharacterised mechanism) or be released from a degraded vesicle.
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To further address the referee’s point for Rab11 in flies, we have presented
data from two additional experiments. First, we have co-expressed the Rab11
gene trap with a UAS-CD63-mCherry construct we have generated. We show
that CD63-mCherry traffics at very high levels to the acidic LEL structures in
SCs, a common observation for red fluorescent proteins in these cells. It is,
however, also found at much lower levels at the surface of some non-acidic
compartments, which seems to result in exclusion of YFP-Rab1l1l at the
limiting membrane. Importantly, although CD63 and Rabl1l are often
observed separately inside these compartments, there is co-localisation of
CD63-mCherry and YFP-Rab11 in some internal puncta (new Fig EV1], lines
127-134), which at this level of resolution, is the best additional imaging
evidence we can provide for vesicular association of Rab11l. We have also
included a rare example of a cell in which very large vesicles have formed
inside a Rab11 compartment, where it is clear that YFP-Rab11 is associated
with the vesicle membranes (new Fig EV1F, lines 120-122).

‘There are no high-resolution images to show Rab11 localization when the cells
are exposed to glutamine depletion or mTORC1 pathway inhibition. How did the
author ascertain that Rab11 only localizes to recycling exosomes under these
conditions? How did the authors know that the sEV pellets obtained by UC
consist purely of "Rab11-recycling exosomes"? As mentioned above, in order to
claim a separate Rab-11 recycling exosome, they should combine beads capture,
gradient purification and high-resolution images to further characterize these
Rab-11-containing compartments and EVs.’

Response: We thank the reviewer for these helpful comments. Bead capture
and gradient purification experiments are discussed in ref#3, pt.2. We had
previously undertaken confocal imaging of HCT116 cells under glutamine-
replete conditions and have now repeated this work and included analysis of
glutamine-depleted cells (new Figs 3C, 3D). We have also assessed Rablla
and CD81 staining under the two conditions (see ref#1, pt.1). These data
indicate that following glutamine depletion, Rablla continues to
predominantly localise to perinuclear compartments distinct from CD63-
positive compartments (lines 262-5, 292-295), consistent with our analysis
of isolated EVs.

Regarding the point about sEV pellets consisting entirely of Rablla-
exosomes, we do not believe that we suggested that UC or SEC preparations of
EVs isolated under glutamine-depleted conditions are exclusively Rab11a-
exosomes. In fact, our western analysis data show that other vesicles are
present, eg CD63-positive vesicles and Cav-1-positive vesicles. However, the
preparations are enriched for these exosomes compared to EV preparations
from glutamine-replete cells. Purifying novel populations of EVs is a
significant issue in the EV field. Until an EV subtype-specific marker can be
efficiently pulled down, the ‘purity’ of any EV preparation cannot be
determined, cf. the analysis of non-exosome vesicle subtypes in Jeppesen et
al., 2019.

‘Different ways of normalizing proteins in various figures is confusing. In some
cases, proteins are normalized to total cell lysate proteins. On Page 33, authors
state “ we elected to analyse EVs based on EV-secreting cell mass to ensure that
any changes in protein levels did not result from testing EVs produced by altered
number of cells.” What does this sentence mean? The author needs to explain the
normalization in detail and why this makes sense. Also, for all the EV western
blot quantification, levels were normalized to CD81. Why is CD81 chosen to be
the standard for normalization? In general, protein levels can be normalized to
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total EV number or total protein level in EVs. Cell lysate normalization is an
apples to oranges comparison. CD81presence is associated with subtypes of EV
in a heterogeneous mixture of EVs and can’t be used as a normalization control.
Ideally, a normalization control would be a common protein used in all EV
biogenesis; due to the heterogeneous nature of EVs this is hard to determine.’

Response: This is an important and very difficult point to address fully. As
the referee indicates, there is no protein known to be common to all EVs. For
western analysis, it is, therefore, not possible to normalise EVs in a similar
fashion to cell lysates, where housekeeping proteins, such as actin or tubulin,
can be used.

We have elected not to use EV number or EV protein content as a means of
normalising EV loading for western analysis for three reasons:

First, we find that the measurement of EV number by NTA in repeats under
the same EV collection conditions is more variable on a per cell basis than the
other measures that we use for normalisation. We believe that this reflects
limitations with the technology, which effectively involves a particle count
rather than an EV count, using an approach based on Brownian motion. To
illustrate this and partly address the reviewer’s point, we have included a
normalisation with EV number for glutamine-depleted HCT116 cells in Fig
EV3E. It requires a larger number of samples to reach significance. This
analysis suggests that the number of CD81- and Syn-1-labelled exosomes is
reduced by about 30-40% within the mixture of particles, but not as much as
the CD63-labelled exosomes, and that Rablla-labelled exosomes are
increased by nearly three-fold. In some other experiments, particularly the
knockdown studies, there is even more variation in particle counts,
sometimes prohibiting their use for normalisation.

Second, we believe particle counts and EV protein levels are not preferable
normalisation controls for our experiments. EV preparations also contain
protein aggregates (Jepperson et al.,, 2019; Fig 4C), and at least in the case of
UC, some soluble proteins can be present. In our hands, this means that
particle numbers and protein levels in EV preparations do not correlate well
either with each other or with EV marker signals on westerns. As an
illustration, when we perform anti-CD81 exosome pull-down experiments, the
EV particle number only reduces by about 10%; we believe that at least some
of the remaining particles are likely to be non-vesicular, in addition to the
Rab11a-marked exosomes and other vesicles in the preparation.

Third, in the example given by ref#3, pt.5 for raptor knockdown, using EV
number affects the conclusion in the same way as using CD81 for
normalisation (new Appendix Fig S5F), indicating an increase in Rab11a and
Cav-1 secretion, when the levels secreted per cell are not sufficiently altered
to produce a significant increase. In fact, cell lysate protein mass is the only
variable that can be used for normalisation to highlight this point.

Importantly, several previous studies have used cell number or protein
content of EV-secreting cells to determine the loading of EV proteins for
western analysis, especially when comparing secretion from the same cell
line. These include: (1) cell number (Ghossoub et al., 2014) Zimmerman lab,
KU Leuven, Belgium, (2) protein content in cell lysates, after knockdown of
exosome regulators (Baietti et al, 2012) Zimmerman and David labs,
KULeuven, Belgium and (3) cell number to compare the effects of serum
starvation on MDA-MB-231 cells (Kowal et al., 2016) Théry lab, Institut Curie,
France.

© European Molecular Biology Organization

15



The EMBO Journal - Peer Review Process File

Their rationale and ours is that loading gels on this basis is the most
appropriate way of testing whether a specific exosome marker is secreted at
different ‘per cell’ levels under different conditions. In most of our analyses,
we consistently see an increase in Rablla and Cav-1 levels following
glutamine depletion or Akt/mTORC1 inhibition, and usually a decrease in
CD63 (see new Fig 5G), though as we highlighted in the original manuscript
(and discussed and investigated further in ref#1, pt.2), this is probably partly
due to a reduction in CD63 expression in cells.

We selected CD81 as a normalisation control protein, because it seemed to be
the best general marker for exosomes and would therefore reflect changes in
the balance of Rablla and CD63 secretion. However, our pull-down
experiments suggest most Rablla-positive exosomes are not labelled with
CD81, and so CD81 levels may well also drop if the balance is altered under
glutamine-depletion, etc. We have therefore responded to ref#3, pt.8 in three
ways:

1) included a normalisation to EV number in new Fig EV3E to show the
greater variability in this measurement and confirm a Rab11a/Cav-1 increase
and CD63 decrease for glutamine-depleted HCT116 cells (lines 241-247). We
have also included a similar analysis for raptor knockdown in these cells
(Appendix Fig S5F);

2) used the absolute intensity values from the western blots of EV proteins,
loaded according to cell lysate protein mass, to determine the change in
secreted levels of each exosome marker for all our analyses on a ‘per unit cell
lysate protein mass’ basis;

3) included all the CD81 normalisation data in Appendix Fig S5, since it does
provide an indication of the increase in Rab11a/Cav-1 and decrease in CD63
relative to a ‘classical’ general exosome marker;

4) discussed these points in lines 238-256, explained our approach in lines
917-926, and removed the sentence highlighted by ref#3.

New citation: Ghossoub R, Lembo F, Rubio A, Gaillard CB, Bouchet ],
Vitale N, Slavik ], Machala M, Zimmermann P (2014) Syntenin-ALIX
exosome biogenesis and budding into multivesicular bodies are
controlled by ARF6 and PLD2. Nat Comm 5: 3477.

‘Different non-comparable EV isolation methods are used (some use SE, others
UC method). Each method has to have purified fractions fully characterized to
allow comparison. Without a common method of isolation, such differently
purified EVs are not comparable. For instance, in Figure 4 E and G, Torinl and
AKT inhibitor AZD5363 treatment, EVs are isolated using SEC method. However,
for Figure 4 F, in the Raptor knockdown experiment, EVs were isolated by UC.
This is also the case for Figure 5D” and 5E".

Response: The referee is correct that in old Figs 4B, 4C, 4F, 5D’ and 5E’ (new
Figs 4B, 5A, 5D, EV4A’, EV4B’), we showed western analysis of EV
preparations isolated using UC. Except for Fig 4B, we did not show repeats
using size-exclusion chromatography (SEC). All other western blot data in
which we characterise the cargos of EVs produced under ‘stress’ versus
normal culture conditions employed EV preparations isolated by SEC, which
we have found to be a more consistent method for EV isolation.

Importantly, in the original manuscript, for the HCT116 glutamine depletion
condition that we used throughout the study, we showed UC and SEC data and
confirmed that essentially equivalent changes were observed, eg old Fig 4B
and Fig S4F (new Fig 4B and Fig EV3F) for EV cargos, and old Fig 5A (new

© European Molecular Biology Organization

16



10.

11.

12.

The EMBO Journal - Peer Review Process File

Fig 6A) for EV growth-promoting function. Particularly because we wanted to
assess EV function, we were concerned that using a single isolation method
might produce effects on recipient cells that were not directly linked to
vesicles, and reasoned that using two very different isolation approaches
would control for this.

To consolidate the core messages in the manuscript, we have also now
included an analysis of AREG in HCT116 EVs using UC to confirm that this is
increased following glutamine depletion (Appendix Fig S8D versus SEC data
in Fig 7C) and show the proteinase K digestion data for SEC (Appendix Fig
S$6C) in addition to UC (Fig 4D).

For the glutamine depletion of HeLa cells (old Fig 4C) and HCT116 rapamycin
treatment (old Fig S5E’), we have repeated the experiment using SEC and
included these data (new Appendix Figs S7A”, S7E). Since Torinl, like
rapamycin, strongly suppressed EV production in HCT116 cells (old Fig 5D"),
and did not therefore reveal increased secretion of Rablla, we have not
repeated this experiment with SEC. We also did not think a triplicate analysis
of the raptor knockdown using SEC would add significantly to our findings,
since we have already shown Akt inhibition and mTORC1-inhibitory
glutamine depletion in HCT116 cells produce a switch to more Rablla
secretion using SEC.

Overall, we think that our use of both UC and SEC is a strength of the study,
given that we have shown that both isolation methods produce a similar
profile of the key markers we are studying and we have confirmed functional
parallels (briefly discussed in lines 257-62). In summary, the manuscript
now contains SEC data for all ‘stress’ treatments except Torinl addition and
raptor knockdown in HCT116 cells. Importantly, we have used both isolation
methods to confirm the central findings that glutamine depletion induces a
switch in exosome production in HCT116 cells, leading to the production of
growth-promoting, AREG-dependent exosomes.

‘Different glutamine concentrations were used for glutamine depletion in
different cells, from 0.15mM to 0.02 mM or 0. Why? Different cells may respond
to different levels of GIn depletion but there needs to be some metric for
comparison or a discussion of why these are comparable.’

Response:  This point is well taken. We undertook the HCT116 uptake
analysis experiment (old Fig 5D, 5E) at an early stage of our study with 0 mM
glutamine. We have now repeated this experiment with 0.15 mM glutamine,
which gives a similar outcome (new Fig 6D, 6E).

For different cell lines, we selected an appropriate glutamine concentration
using a dose-response analysis to identify a concentration at which mTORC1
signalling was not strongly inhibited, but 4E-BP1 phosphorylation was clearly
reduced over 24 h, in order to mirror the conditions used for exosome
analysis in HCT116 cells. We have now explained this in the Materials and
Methods section (lines 820-823).

‘All Western blots must have molecular weight markers to allow the reader to
assess if the correct protein is present.’

Response: We agree that this is helpful and have added the marker sizes.

‘In Figure 6C, there is a Western for AREG. There are several isoforms of AREG
differing in size in EVs. One can’t tell which isoforms are present in this Western
blot. Multiple publications have shown that AREG in EVs is very potent and these
should be cited. The authors should consider looking at the effect of AREG
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neutralizing antibody on p-EGFR in recipient cells. What population of exosomes
produces AREG - classical exosomes or their putative new class of exosomes?
Authors might consider quantitating the amount of AREG per EV and do a
concentration curve when adding these to recipient cells.’

Response: Thank you for highlighting this literature on AREG and its potency
in EVs. We did cite Higginbotham et al. (2011) and have now also added
Zhang et al. (2019), which shows that AREG on exosomes and exomeres is
extremely potent.

We have included size marker positions for the AREG blot and in new
Appendix Fig S8D, we have included a blot spanning the size range of
different AREG isoforms, which demonstrates that the membrane-associated
form of ~26 kDa (Brown et al., 1998) predominates. We had cited this paper
in the original manuscript, but without stating the size of the AREG band, so
we now do this (lines 428-431).

Currently we cannot demonstrate whether AREG is carried on exosomes from
the Rab11a compartments of HCT116 cells, because we do not have a surface
marker that could be used to selectively pull down this exosome subtype.

In response to ref#3’s helpful comment concerning AREG concentration, we
have now measured the concentration of AREG by ELISA in the EV
preparations from glutamine-depleted HCT116 cells. We had already
performed a dose-response analysis with EVs in the manuscript (now Figs 6A,
EV5C) and use this to calculate the minimum active AREG concentration
(lines 435-438). This equates to approximately 2 AREG molecules per EV,
although we have not included this number, since we do not know what
proportion of the EVs carry AREG.

New citation: Zhang Q, Higginbotham ]N, Jeppesen DK, Yang YP, Li W,
McKinley ET, Graves-Deal R, Ping ], Britain CM, Dorsett KA, Hartman CL,
Ford DA, Allen RM, Vickers KC, Liu Q, Franklin JL, Bellis SL, Coffey R]
(2019) Transfer of Functional Cargo in Exomeres. Cell Rep 27: 940-
954.e6.

‘For Figure 4 H, it is surprising that CD63 would not be digested by both
proteinase K and Triton X-100 treatment while another tetraspanin, CD81,
appears to be digested. The authors need to provide an explanation for their
findings.’

Response: Yes, we agree that some more details concerning why CD63 might
not be digested would be helpful to include. In the text we now attribute this
to CD63 interacting with lipids or failing to unfold in a way that prevents
access to proteases, even in the presence of low concentrations of detergent.
Furthermore, we confirm this, by repeating the digestion in the presence of
the detergent LDS, which presumably disrupts these interactions sufficiently
to permit proteolytic digestion of CD63 (new Appendix Fig S6B; lines 284-
287).

The blots of Figure 4E, 4F and 4G clearly showed that Torinl treatment or
raptor knockdown or AKT inhibitor treatment did not change the Rab11 levels
in those EVs. However, the authors conclude that Rablla level strongly
increased under these conditions when the cargo levels are normalized to CD81.
This comparison is not an appropriate way to normalize the level of cargos.
Equal amounts of proteins or equal number of vesicles should be loaded for each
sample compared.
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Response: We have discussed the issues around gel loading above and our
decision to load EV preparations, so that we normalise to the protein mass of
cells producing them (ref#3, pt.8). The effect on Rablla on these blots
following different cell treatments (LNCaP with Torinl, HCT116 raptor
knockdown and HCT116 with AZD5363) is less pronounced than under some
other conditions, but as explained above, except for raptor knockdown, levels
of secreted Rab11a increase in triplicate experiments when normalised to cell
lysate protein levels (new Fig 5G), unlike ‘classical’ exosome markers. We
agree that normalising to CD81 accentuates this effect, and therefore only now
include CD81 normalisation in new Appendix Fig S5. Furthermore, if we
normalise the levels of Rab11a to the mean EV number in each case, Rab11a is
increased in all three conditions, including raptor knockdown (Appendix Fig
S5F).

In summary, we have shown an increase in Rab11a secretion per unit mass of
cell lysate protein under all conditions except LNCaP glutamine depletion and
raptor knockdown, which we flag up in the text (lines 305-313, 332-337).
Importantly, the ratio of Rab11a:CD81 increases in all conditions tested,
consistent with a change in the balance of Rabl1la-positive to CD81/CD63-
positive exosomes.

Minor concerns of ref#3

‘Some of the blots are not publication quality. For example, figure S5D, CD63 and
4E-BP1; Figure S6D, for S6; Figure 6A.’

Response: We agree that these blots needed to be improved. We have
replaced Fig 6A (now Fig 7A) and also the blots in Figs S5D and S6D (now
Figs EV4A and EV5E).

‘Figure S5 F, based on the western blot, it is hard to tell that CD63 levels are
strongly reduced when Raptor was knocked down even though the
quantification reflected this. Quantification from three separate biological
replicates is needed.’

Response: Wherever bar charts are shown for westerns in the manuscript,
including in Fig S5F (now Fig EV4(C), all data were from at least three
biological replicates. CD63 levels are reduced by approximately 25% in
lysates after raptor knockdown. In the manuscript text, we had described
CD63 levels as ‘decreased’, not ‘strongly reduced’.

‘Figure 6B, the last two bars appear to be incorrectly labeled.’

Response: We appreciate your alerting us to this and have now corrected this
(new Fig 7B), in addition to changing the format of the graph (as suggested by
ref#2 pt.min11).

‘For Figure S3D, E and F, why are only the bar charts shown? The imaging
associated with these should be shown.’

This is now added as a new supplementary figure (new Appendix Fig S2) and
we have included the bar chart data for the analysis of Rab11 in SC ESCRT
knockdowns (new Fig EV2E, EV2F).
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‘Figure 7C, Y-axis is not labeled. What does fold change in confluency mean? Can
the authors provide an explanation for why the Gln 0.15m M AREG Ab treatment
has the highest fold change?’

Response: We think this comment refers to old Fig 6C’. If so, the Y-axis was
labelled ‘fold change in confluency’. To improve clarity, we have now
explained this phrase in the Materials and Methods (lines 998-1002) and
when we first use it in new Fig 6A.

The greatest fold change in what is now Fig 7C’ is with GIn 0.15 mM and no Ab
(solid red line) rather than the antibody-treated equivalent (dashed red line),
which follows the control growth curve. We have highlighted this in the figure
legend.

‘Figure S4F has a bar chart showing changes in levels of putative exosome
proteins in EVs purified by UC. What is the Western blot corresponding to in this
bar chart? As noted above, we don't think cell lysates serve as the appropriate
control. normalized to cell lysates?’

Response: This bar chart corresponds to the triplicate EV data for which one
blot is presented in Fig 4B, which we explained in the figure legend. As
discussed above, we have now included an extra graph based on
normalisation to EV number (Fig EV3E), using a larger number of samples,
and this essentially shows equivalent changes for the key markers (CD63,
Rab11a, Cav-1) when compared to normalisation using cell lysate (see ref#3,
pt.8 above).

‘For Figure S5E, which method was used for EV isolation?’
Response: UC was used here, which we had described in the figure legend, but

we have now included this in the figure panel for both Figs S5D and S5E (new
Figs EV4A’, EV4B’).

‘For Figure S5G, when the AKT inhibitor AZD5363 was added, what is the level of
phospho-AKT?’

Response: We did not show a phospho-Akt blot, because it proved difficult for
us to reliably detect phospho-Akt in HCT116 cells. We did assess the
phosphorylation of Akt’s downstream target PRAS40 (old Fig S5G; new Fig
EV4D) to show that the drug was working. We are not sure whether ref#3 is
interested to see the effect of AZD5363 on Akt, because it has previously been
reported to increase Akt phosphorylation (Zhang et al, 2016), perhaps
because of the loss of a negative feedback pathway. We do not think that this
point is directly relevant to the theme of the manuscript, focusing on
signalling downstream of Akt.

Relevant reference: Zhang Y, Zheng Y, Faheem A, Sun T, Li C, Li Z, Zhao
D, Wu C, Liu J (2016) A novel AKT inhibitor, AZD5363, inhibits
phosphorylation of AKT downstream molecules, and activates
phosphorylation of mTOR and SMG-1 dependent on the liver cancer cell
type. Oncol Lett 11: 1685-1692.

‘For figure S5E, why are the levels of phospho-S6 and 4E-Bpl not examined
following exposure to rapamycin?’

Response: They were in the western and bar chart in Fig S5E (new Fig
EV4B), which shows a major inhibition of P-S6, also presented in Fig EV4E.
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Referee #1 (ref#1) - minor comments:

‘can the authors really exclude the possibility that part or all of the
Rab11/Cav1l/AREG-containing EVs could form by direct budding at the plasma
membrane, rather than inside internal recycling endosomes? Additional IF
images of HCT116 cells could possibly be shown in figure 3, displaying
localization of Rab11a in the plasma membrane area, with CD81 as a marker of
this area, and possibly AREG.’

Response: We do not think we can completely exclude the possibility that
some of Rablla-containing vesicles are formed from the cell surface. We
have, however, undertaken further experiments based on ref#1’s suggestions,
as well as more detailed characterisation of these vesicles (eg, density
gradient fractionation; see ref#3, pt.2 above), to strengthen our argument
that Rab11a is packaged into exosomes.

We have included images of co-staining with anti-CD81 and Rablla
antibodies under glutamine-replete and -depleted conditions (Appendix Fig
$4C; lines 266-270). These show some co-localisation in the clustered
perinuclear recycling endosomal region, but at the cell surface, while CD81 is
strongly surface-localised (as suggested by the reviewer), low-level Rab1l1a
staining is primarily localised in puncta below the plasma membrane. There
is very little co-localisation at the plasma membrane, supporting our
argument that Rablla is not a microvesicle marker. However, it is worth
noting that CD81 is considered to be one of the best exosome-specific
markers, despite its abundance at the cell surface, so we have not made a
strong case for Rab11a as an exosome marker, based on its localisation below
the plasma membrane of HCT116 cells.

a. ‘Of note, CD81 is not an endosomal marker, as wrongly suggested in the
introduction p4, it is in most cells expressed at the PM or possibly sub-PM
compartments.’

Response: We thank the reviewer for pointing out this error, now
corrected (line 69).

b. ‘the quality of IF images in figure 3 is not very satisfying.’
Response: We have repeated the stainings in old Figs 3A-C, and also

included a Rab11a/CD63 co-staining in glutamine-depleted conditions in
response to ref#3, pt.7 and ref#2, pt.1-1 (new Figs 3A-D).

‘the decrease of global CD63 expression in the cells upon glutamine deprivation
is not really discussed or explained: is CD63 degraded in lysosomes? is it
localized in different intracellular compartments than in control cells? This
decrease makes it difficult to interpret the anti-CD63 uptake experiment shown
in figure 5D: is uptake really compromised, or is it impossible to do the
experiment in the glutamine-deprivation condition because the Ab will not bind
any CD63 at the cell surface?’

Response: We agree that this is an important point to clarify. To determine
whether lysosomal degradation is increased in glutamine-depleted conditions,
we have treated cells under these and normal conditions with chloroquine to
buffer the protons inside the late endosomes and lysosomes. This is now
shown in Appendix Fig S4B (lines 217-220), after we first show that CD63
levels are reduced in cell lysates in Fig 4A, and then highlighted again in the
text accompanying the uptake experiment in new Fig 6D, 6E (lines 399-402).
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‘The first two figures showing intracellular compartments in the Drosophila
accessory gland are interesting and nice in suggesting the existence of the
Rab11+ compartments with internal vesicles and of Rabl1l+ EVs and Btl
secretion, but maybe a bit difficult to follow for someone who is not used to look
at images of this experimental model.

For instance, Figure S1 may be more informative than current main figure 1.’

Response: We think that we need to retain the images shown in old Fig 1,
because imaging CD63-GFP and Btl-GFP with 3D-SIM provides key evidence
for the presence of vesicles in the non-acidic Rab11-compartments. This figure
also presents the clearest data showing Rab11-positive puncta inside these
same compartments in the YFP-Rab11 gene trap line. In response to the
reviewer’s point, we have moved the first image in old Fig S1A into the main
figures (now Fig 1B) to give a clearer view of the SC with DIC, which shows
the dense cores in the Rabll-compartments. It also illustrates the extra
resolution provided by 3D-SIM.

a. ‘The images do not show the plasma membrane pattern of the various
molecules in secondary cells, thus again, do not make it possible to
determine whether PM could contribute to the EVs found in the
accessory gland lumen.’

This was shown in old Fig S1B and S1C (now Fig EV1G, EV1H) - as
we discussed in the original manuscript, it is only YFP-Rab11 that does
not have clear plasma membrane staining. The presence of an
exosome membrane marker at the cell surface does raise the
possibility that it could be secreted by plasma membrane budding, but
exosome markers do localise to the cell surface (ref#1, pt.1), and we
now show that secretion of all the exosome markers from SCs is
inhibited by knockdown of an ESCRT-0, as well as an ESCRT-I and
ESCRT-III (see below).

b. ‘Of note, ESCRT-I and -Ill are known to be also involved in budding and
release of EVs from the PM.’

Finding a genetic manipulation that only blocks exosome formation is
one of the challenges in the exosome field. We had previously shown
that CD63-GFP secretion is inhibited by knockdown of a range of
exosome-regulatory Rabs (including Rab11) and ESCRTs (Corrigan et
al., 2014), providing further support for this marker being secreted on
exosomes. We have now also included the data from knockdown of an
ESCRT-0, Stam, which is not thought to be involved in regulating shed
microvesicles, because its primary role is in the sequestration of
ubiquitinated cargos to endosomes (McCullough et al,, 2013). These
data, which again show that ILV biogenesis is blocked, are presented
in Figs 2B, EV2B and Appendix Fig S2B, and accompanying graphs),
and discussed in lines 166-9, 492-495,

New citation: McCullough, ], Colf, LA, and Sundquist, WI (2013)

Membrane fission reactions of the mammalian ESCRT pathway.
Annu Rev Biochem 82: 663-692

a. ‘ltis surprising to see such heterogeneity in the LysoTrackerRed pattern
in the different panels: can the authors explain?’
We have previously shown that large acidic compartments
sporadically fuse to each other and with non-acidic compartments and
this does lead to variability in their size (Corrigan et al., 2014). The
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increased size of acidic compartments in CD63-GFP-expressing cells
has been highlighted previously (Corrigan et al., 2014, Redhai et al,,
2016), a point that we have now mentioned (lines 114-116); we
believe it is due to increased late endosomal trafficking. Stam
knockdown also leads to the formation of large acidic compartments,
as previously reported for ESCRT-0 Hrs knockdown (see Corrigan et
al, 2013), presumably because maturation of these compartments is
inhibited and degradation of contents is therefore suppressed (Figs
2B and EV2B; Appendix Fig S2B), whereas loss of other ESCRTs
appears to block acidic compartment formation.

b. ‘In figure 1E, it would have been interesting to show if Btl and Rab11
colocalize, at the PM or in internal compartments, to strengthen the
message that Btl+ EVs come from this pathway.’

We do not have a Btl transgene labelled with a fluorescent protein
other than GFP, which expresses at high enough levels to undertake
these experiments. Since all the dense-core granule compartments in
SCs carry Rab11 (Redhai et al,, 2016), we expect Btl-GFP to co-localise
with Rab11l at the limiting membrane of large non-acidic
compartments.

To address this point further, we have made a UAS-CD63-mCherry
construct and expressed this with the YFP-Rab11 gene trap. This does
affect the identity of some non-acidic compartments in the cell, but
they still contain internal fluorescent puncta produced from both
transgenes. The results discussed in ref#3, pt.6 above and suggest
that the two markers sometimes co-localise in regions containing ILVs
(though we cannot use 3D-SIM to assess this at the single vesicle
level), supporting the argument that Rab11 does traffic to ILVs, but
indicating that the EVs in individual compartments are not all identical
(lines 127-134).

c. ‘Finally, for the link with the rest of the article, is there any glutamine-
deprivation situation in the accessory gland of drosophila?’

We have not been able to show an enhancement of secretion from
Rab11 compartments using mTORC1 signalling inhibition or 4E-BP
overexpression, which are the simplest manipulations to test this idea.
However, as we had mentioned in the Discussion (now lines 558-
568), it appears that secretion from Rabl1l-compartments is high,
even under physiological conditions in secondary cells, and we
speculate this may be because of their high secretory activity.

Referee #2 (ref#2):

1. ‘What is the relationship between CG63+ and Rabl1+ exosomes. Are they the
same particles or different particles?’
Response: Please see below and also the discussion in ref#3, pt.2 and ref#3
pt.7 above.

1.1 ‘In Fig 4D comparing the two glutamine conditions, there are equal levels of
Syn-1, Tsg101 and CD81 hence presumably the same number of exosomes
particles in the two samples. In the low-glutamine sample there is more
Rabl1a, but not less CD63 compared to the high-glutamine sample. This
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does not fit the simple model that there are more Rablla+ exosome
particles and less CD63+ particles. Some possible options are that in the low-
glutamine sample
-there is more Rab11a protein per Rabl1a+ exosome (ie not more Rabl1la+
particles, but more Rab11a protein per particle)

-Rab11a now also gets loaded on CD63+ particles

-Rab11a+ particles also contain CD63

Which of these scenarios is the explanation? One way to look at this would
be to IP CD63+ exosomes and check if they contain Rablla in the two
conditions.

Additionally, one could perform microscopy as in Fig 3D to check
Rab11/CD63 colocalization, but in the low-glutamine condition.’

These are important and helpful points. In the revised manuscript (new
Figs 4E, 4F), we now present further evidence that Rab11a and CD63 are
on distinct particles, using the IP approach suggested, and indeed, that
most Rablla is not pulled down by CD81. Nevertheless, Rablla
fractionates with exosome markers and not the microvesicle marker
AnxA1 on iodixanol density gradients (Fig 4C; see ref#3, pt.2 for further
discussion). Therefore, the levels of Rab1l1a in exosomes can potentially
change independently of CD63 and CD81. We did flag up in the text
associated with Fig 4D (now Fig 5B) that CD63 secretion is not altered by
glutamine depletion and this happens for other treatments, eg Akt
inhibitor treatment of HCT116 cells mentioned below, where the primary
change is an increase in Rab11a (and Cav-1) secretion without a reduction
in CD63, but still effectively a change in the Rab11a/CD63 balance. Our
current model (new Fig 8E) is that some CD81 may pass through the
recycling endosomes, but the majority is secreted via the late endosomes
when CD63 secretion is high, though it may not all be associated with
CD63-positive vesicles (Kowal et al., 2016).

In the absence of a surface marker to selectively pull down Rablla-
exosomes, it is not possible to unequivocally show that the same number
of vesicles are being loaded with more Rablla protein. This is also a
problem in microvesicle studies. We discuss in ref#3, pt.8 why total EV
particle number is not appropriate for normalisation, mainly because it
assesses particles of several types and is more variable than other
measures. Therefore, we cannot exclude that Rablla is loaded into
exosomes at higher levels following glutamine depletion or mTORC1
inhibition, though this seems relatively unlikely to be the full explanation,
given the increased flux through the recycling endosomal pathway and the
fact that Rab7 knockdown is sufficient to induce increased Rablla
secretion (lines 510-6). However, we can say that exosome-associated
Rab11a secretion is elevated after glutamine depletion, that this seems to
involve the Rab11a recycling endosomal pathway and that the change is
accompanied by enhanced activity of the secreted vesicles (Figs 4, 6, 7).

We have also followed the helpful suggestion of ref#2 and undertaken a
CD63/Rablla co-immunostaining in HCT116 cells under glutamine-
depleted conditions (Fig 3D), as well as including co-staining for Rab11a
and CD81 (Appendix Fig S4; Ref#1 pt.1-1). This has shown that Rab11a
continues to be almost totally excluded from CD63-positive
compartments, only partially overlaps with CD81, and is primarily found
at low levels in puncta just beneath the plasma membrane (but not on it),
as would be expected for a recycling endosomal marker (lines 262-265,
292-295).
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1.2 ‘The same issue arises in Fig 4G upon Akt inhibition. There is more Rab11la
but not less CD63.’

Please see explanation for ref#2, pt.1-1 above.

1.3 ‘Regarding the Drosophila data:

a. ‘The Drosophila data seem to indicate the opposite - that CD63 and
Rab11 colocalize. Does this suggest they are not mutually exclusive in the

fy?’

For the CD63-GFP experiments in Drosophila, we are overexpressing a
human transgene in a fly cell, and as we have previously shown
(Corrigan et al, 2014; Redhai et al, 2016), while this increases
trafficking to the late endosomes and lysosomes, a fraction of the
CD63-GFP passes through the Rab1l1l compartments, which does not
seem to happen detectably in human cells. Using a UAS-CD63-
mCherry construct, we have now included co-expression data and
have observed partial co-localisation (Fig EV1]). It appears that if
tetraspanins traffic through Rabl1l compartments, they will be
incorporated into some, but not all, Rab11-positive ILVs, as may also
happen for CD81 in human Rabl1la-positive exosomes. The idea that
CD63 behaves differently in fly SCs was discussed in the original
manuscript, and this discussion is now expanded in lines 505-509.

b. ‘The authors claim that the vesicles in the SCs marked by CD63-GFP are

Rab11-positive. Co-staining would be necessary to clarify if this is indeed
the case.
-The same is true for Rab11 / Btl colocalization. The authors write "we,
therefore, conclude that Rabll and Btl are selective membrane-
associated markers for exosomes generated in Rab11- compartments of
SCs, which we describe as 'Rabl1-exosomes’”) but Rabll / Btl
colocalization is not shown.’

Response: Since we cannot be sure that any of the above markers
labels all ILVs in the Rab11 compartments, we did not intend to give
the impression that these markers would co-localise in all vesicles. We
did point out that only a subset of ILVs in Rabll compartments
appears to be marked by Rab11 in the original manuscript. Since we
cannot distinguish YFP-Rab11 from the GFP constructs, which are
expressed at much higher levels, using wide-field fluorescence
microscopy, and a Btl-mCherry construct that we have analysed does
not express at high levels, we needed to construct and express the
UAS-CD63-mCherry construct referred to in (a) (see also ref#3, pt.6),
which shows partial co-localisation with YFP-Rab11. In discussing this
result (lines 127-135), we explain that Rab11 is only expressed in a
small number of ILVs.

c. ‘Same is true for Shrb and Rab11’

Response: The Shrub-GFP protein is not detectable inside Rab11
compartments and therefore is not observed in ILVs. It is only at the
limiting membrane (now Fig EV2G), so we would not expect Rab11
and Shrb co-localisation in ILVs.

1.4 ‘Much of the data (e.g. Fig 4E-F) showing that TOR inhibition leads to
increased Rab11a and decreased CD63 come from normalizations relative to
CD81. Is it possible instead to normalize to EV particle amounts? Does this
show the same result?’
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Response: Again, this is an important point. We discuss the general
problems concerning normalisation and the issues with using EV number
for normalisation in ref#3, pt.8. We now also present the data in Fig 4B
normalised to EV number in Fig EV3E to show that this method can be
used, but the higher variation in EV counts means that larger numbers of
replicates are required. Furthermore, EV number is actually a particle
count that detects protein aggregates as well as a range of different
vesicles. Nevertheless, if we normalise the levels of Rab11a to the mean EV
number in each condition, Rab11a is increased following all treatments; as
mentioned above and in the original manuscript, whether CD63 is reduced
is dependent on the treatment employed, and even when it is reduced, this
may partly reflect increased lysosomal degradation of CD63 (new
Appendix Fig S4B; lines 217-220). Having now shown that CD81 does
not mark the majority of Rab11a-positive exosomes (new Fig 4F), we have
decided to normalise our data to cell lysate protein mass (a proxy for cell
number) in the main figures and present the CD81 normalisation in new
Appendix Fig S5 (see ref#3, pt.8).

2. The link between pERK and increased proliferation caused by the low-
glutamine derived exosomes is not completely solid.

a. -In Fig 6B are the cells still proliferating in the presence of ERK
inhibitor? Or does it completely shut down proliferation, in which case it
would show an epistatic effect no matter what stimulus is given to the
cells?

Response: This is a very good point, which we should have dealt with
in the original manuscript. We have now included the growth curves
for this experiment in Appendix Fig S8C, which show that the control
cells still continue to grow in the presence of ERK inhibitor, explaining
why ERKi with control gives the same overall growth as control
without inhibitor.

b. - The AREGab nicely blunts the proliferative effect of the low-glutamine
derived EVs. Does is also blunt the difference between high-glutamine
and low-glutamine derived EVs on pErk, as in Fig 6A?

Response: This is a very helpful suggestion. Yes, it does reduce ERK
phosphorylation, as shown in new Fig 7C” (lines 431-435).

Minor issues of ref#2

1. ‘Is Rabl1 just a cargo/marker for this class of exosomes, or required for
Rab11+/Cav-1+ exosomes? Fig 5C shows that glutamine removal increases the
amount of Rab11+/Cav-1+ exosomes (both markers increase). Upon Rab11 KD,
there is still more Cav-1+ in the EVs. So does this suggests that Rab1l1l is a
marker for this class of exosomes, but not required for their biogenesis?’

Response: This is an excellent point and one we cannot yet answer fully
because we do not have a surface marker to pull down all the exosomes from
Rablla compartments. We do know that Rablla knockdown blocks the
growth-promoting activity of glutamine-depletion-induced EV preparations
(Fig 6C’), suggesting that Rablla has a role in producing key functional
vesicles, not just marking them; it seems very unlikely that Rab11a itself is an
essential active cargo in stimulating growth. EV levels of CD81, Syn-1 and
Tsg101 seem to be modestly reduced on a per cell basis after Rablla
knockdown in glutamine-depleted conditions (Fig 6C), consistent with a
reduction in exosomes marked by these molecules, perhaps those vesicles
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that pass through the recycling endosomal pathway. By contrast, Cav-1
increases, so we believe that its secretion does not require Rabl1a-dependent
trafficking. We do not at present know the origin of Cav-1-positive vesicles.
The Optiprep gradient suggests that they mainly separate in the same
fractions as exosomes, and some Cav-1 is pulled down by CD63 and CD81, but
like Rab11a, most of the protein is not present in vesicles marked by these
tetraspanins.

‘A question for the discussion: In the fly, from the following text:

"In contrast, a YFP-Rab7 gene trap fusion protein (Dunst et al, 2015) primarily
trafficked to acidic LELs (Figure 1D) and marked very few puncta in the AG
lumen.”

it appears there are mainly rab11 exosomes and not rab7 exosomes. In humans,
instead, the authors suggest it's the other way around and the Rab11 exosomes
are only stress induced.

Is this a difference between the two systems? Or do SCs have some basal stress
levels because, perhaps, they are highly secretory?’

Response: We had mentioned that high levels of secretion might be involved
in increased Rabl1l-exosome production in secondary cells under normal
physiological conditions, but we have now added that the stress associated
with secretion might be an explanation (lines 566-8)

‘Page 6 - the abbreviation "ILV" should be spelled out the first time it is used.’
Response: Thank you for pointing this out - we have now added this in line

‘Fig 4A - the authors conclude that the HCT116 cells "maintain growth factor
signaling” when transferred from complete medium to serum free medium
supplemented with insulin, however they do not show pS6 or p4EBP levels in
cells in complete medium as a comparison. This is needed to claim the cells
maintain growth factor signaling. (Otherwise, the levels of pS6 or p4EBP shown
in Fig 4A could be only 1% of complete medium, but a long enough exposure of
the blot will give a signal.)’

Response: Sorry, we should have included this. It is now shown in Appendix

Fig S4A.

5.

‘Relating to the torin treatment of HCT116, the authors conclude that "Secretion
of all exosome markers was significantly reduced (Figure S5D', S5E’), suggesting
a general shut-down in exosome release.”
Indeed the EV number drops from 0.89 to 0.5, which is a reduction but not a
general shut-down. Furthermore, in Fig S5D' one sees that Synl and Tsg101
levels in the EV isolation are ok. (Presumably because this is what is being used
to normalize the EV loading) But nonetheless, these exosomal markers are
present, also suggesting there is not a general shut-down in exosome release.
Instead, the exosomal cargo seems to change because CD81, CD63 and Rablla
levels are dropping. I wonder whether the interpretation of the data is correct?’

Response: Ref#2 is correct that there is not a complete shut-down, although
as discussed in ref#2, pt.1-1 above, ‘EV particle number’ is measuring more
than EVs; we should have discussed this point more accurately. We have
reworded the statement about Figs S5D’, S5E’ (now Figs EV4A, EV4B) to
reflect the fact that exosome markers are reduced, but not completely lost
(lines 319-325). Syn-1 and Tsgl101 in EVs are reduced on a per cell basis
after Torinl treatment, but less than other exosome markers (Fig EV4A).
Without other tools to separate exosome subtypes, it is difficult to make any
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firm conclusions from this. It may, of course reflect further diversity in
exosome populations under these conditions.

6. ‘Fig 5a - why are the error bars on the lower graph larger, yet the significance of
the difference is *** compared to the * in the upper graph?*

Response: Sorry, this was miscalculated in the top panel (now Fig 6A) and
has been changed.

7. ‘Fig 5a, upper panel - the lower part of the error bars appears to be missing. Or,
if the error bars are only shown in one direction, this inconsistent across panels’.

Response: Thank you, we have now changed this in new Fig 6A.

8. X-axis labeling Fig 5B has an error (the Znd to last set should be without ERKi).’

Response: Thank you for pointing this out. We have now changed this and
altered the style of the bar charts to mirror other figure panels (now Fig 7B).

9. ‘Fig 4F quantification - data points (dots) on the Rab11a and Cav-1 bars must be
missing because all the dots shown are lower than the average.’

Response: Thank you. This was because we had left a gap along the y axis to
include the full span of the data, and this removed the position of some of the
data points. The position of the gap has now been changed (now Appendix
Fig S5F).

10. ‘The order in which the panels are referenced in the text does not always match

the order in the figures. This makes it a bit difficult to follow’.

Response: We have looked at this in the revised manuscript, and made a
number of changes to address the issue.

11. ‘Some main-figure bar graphs are missing the overlayed individual data dots
(e.g. Fig 5E, 6A)’
Thank you, these have now been added, eg Fig 6E, 7A, 7B.

2nd Editorial Decision 31st Jan 2020

Thank you for submitting your revised manuscript for consideration by The EMBO Journal. Please
accept our sincere apologies for the unusual delay in the processing of your revised article due to
protracted reviewer input. Your amended study was sent back to the three referees for re-evaluation,
and we have received comments from all of them, which | enclose below.

As you will see the referee finds that their concerns have been sufficiently addressed and they are
now broadly in favour of publication.

Thus, we are pleased to inform you that your manuscript has been accepted in principle for
publication in The EMBO Journal, pending some minor issues related to formatting and data
representation as listed below, which need to be adjusted at re-submission.

REFEREE REPORTS:

Referee #1:
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The authors have properly answered the concerns raised on the previous version and the article can
be published.

Referee #2:

The authors have nicely addressed the issues raised in my original review.

Referee #3:

This reviewer is satisfied by the response to my many concerns.
This reviewer appreciates the time it has taken to revise the manuscript.

2nd Revision - authors' response 9th Feb 2020

The authors performed the requested editorial changes.

3rd Editorial Decision 10th Feb 2020

Thank you for submitting the revised version of your manuscript. | have now evaluated your
amended manuscript and concluded that the remaining minor concerns have been sufficiently
addressed.

Thus, | am pleased to inform you that your manuscript has been accepted for publication in the
EMBO Journal.
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A- Figures

1. Data

The data shown in figures should satisfy the following conditions:

>

>
>
>
>

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.

figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.
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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.

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

a description of the sample collection allowing the reader to understand whether the samples represent technical or

biological replicates (including how many animals, litters, cultures, etc.).

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

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

* are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

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

definition of ‘center values’ as median or average;

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

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

http://1degreebio.org

http://grants.nih.gov/grants/olaw/olaw.htm

http://www.mrc.ac.uk/Ourresearch/Ethicsresear Useofanimals/index.htm
http://ClinicalTrials.gov

http://www.consort-statement.or;

http:, consort org/chec view/32-consort/66-title
http://www.equator-network.org/reporting: reporting-recom: for-tumc¢

http://datadryad.org
http://figshare.com
http:,

‘www.ncbi.nlm.nih.gov/gal

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http:, biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurit
http://www.selectagents.gov,

documents.html

Please fill out these boxes 0 not worry if you cannot see all your text once you press return)

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

Drosophila experiments - sample size was determined based on previous experiments in Corrigan
etal. 2014. Western blot analysis - it was established from our initial experiments that three
biological replicates were usually sufficient to detect changes in exosomal Rab11a, Cav-1 and
CD63 under nutrient stress conditions, dpending on normalisation method. Activity assays -
between eight and ten technical replicates were involved, using the IncuCyte ZOOM® analysis
system, which was sufficient to detect differences in activity after glutamine depletion, and each
experiment was repeated three times. See below for sample size choice for animal experiments.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

We used power calculations based on previous experiments to ensure the appropriate numbers of
animals were used. In order to provide a statistical power of at least 80% to detect a two-fold
difference in the mean tumour volume between groups, with tumour volume variation of up to
50% within groups, and a statistical difference level of a = 0.05, a sample size of seven mice per
group is required.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

All samples and animals were included in our analyses. For histological analysis, not all animals
provided sections that could be analysed buy the Visiopharm system.

3. Were any steps taken to minimize the effects of bias when i imal. ples to treatment (e.g. For activity assays, samples to receive different treatments were pre-determined. For animal

randomization procedure)? If yes, please describe. study, tumour measurements were in a semi-blind fashion (Sheldon et al., 2010).
Measurements were recorded on the day blind, but recordings were checked after measurements
were complete against previous records for welfare and tumour progression monitoring. The
identify of the EV preparations was disclosed at the end of the study.

For animal studies, include a about r evenifnor was used. No specific randomisation protocol was used to assign nude mice to each group.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

The selection of secondary cells of a specific genotype for imaging was performed by identifying
cells on the AG surface touching the coverslip, which were expressing fluorescent transgenes at
high levels. This took place prior to image capture and processing, which is required to score
phenotypes, hence minimising bias. Quantification of western blot bands was undertaken using
Image] with a fixed measurement area. Cell growth assays were quantified in an automated
fashion using the IncuCyte live cell imager.

4.b. For animal studies, include a statement about blinding even if no blinding was done

Quantification of histological sections was done using the automated Visiopharm Integrator
System, so these measurements were not subject to bias by the operator. The experiments
requiring measurements of tumour size involved repeated injection of EV preparations, so it was
not feasible to fully blind the investigator.

5. For every figure, are statistical tests justified as appropriate?

Yes. For Western blots, relative signal intensities were analysed using the Kruskal-Wallis test. For
the growth and tubulation assays, data were analysed by two-way ANOVA. For SC analysis and
mouse experiments, a one-Way ANOVA Test was employed for normally distributed data, with post;
hoc Dunnett’s Two Tailed T Tests used to directly compare individual control and experimental
datasets. Non-parametric data were analysed using a Kruskal-Wallis test.




Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Before parametric tests were employed, the Shapiro-Wilk Test was used to confirm normality of
the datasets.

Is there an estimate of variation within each group of data?

For larger datasets, Levene’s Test was used to evaluate equality of variances

Is the variance similar between the groups that are being statistically compared?

Yes.

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link st at top right), 1DegreeBio (see link list at top right).

Details provided in the materials and methods section. Confirmation that anti-Rab11a/b antibody i
suitable for Rabl1a detection in HCT116 cells is presented in Appendix Fig S3.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

Details provided in the materials and methods section.

*for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic 1 status where

and husbandry conditions and the source of animals.

Please detail housing

5-6 week old female CD1 nude mice were used for the xenograft experiment. All animals
purchased from Charles River. Animals were housed in individually ventilated cages with nesting
and food both as pellets and for mice to naturally forage. There was a timed 12 hour cycle
between night and day.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

All procedures were carried out under the Home Office licence 30/3197, in accordance with the
Animal Scientific Procedures Act 1986. Animals were housed and used in line with the University of
Oxford Committee guidelines. Protocols were approved by project licence holder following
generation of in vitro and ex vivo data that supported the requirement for further investigations
into animals.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

Animals studies were compliant with the ARRIVE guidelines.

E- Human Subjects

F- Data Accessibility

11. Identify the committee(s) approving the study protocol. N/A
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments N/A
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. N/A
14. Report any restrictions on the availability (and/or on the use) of human data or samples. N/A
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. N/A
16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |N/A
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at |N/A
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data N/A

generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

We have included our datasets in multiple source files and in a Supplementary Document for
Appendix Figure data.

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

N/A

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

N/A

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.

No




