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1st Editorial Decision 19th Feb 2020

Dear Profs. Su and Vale,

Thank you for submitting your manuscript to The EMBO Journal. T his manuscript was transferred
from Review Commons where the review process was carried out.

I have now had a chance to take a careful look at your manuscript, the referee comments and your
point-by-point response with your detailed revision plan.

| appreciate the included data on the 1st generation of CAR and find that this is a really nice and
important addition to the paper. | also agree with your proposed revision plan on the other points
raises. The timeline looks good as well. Iwould therefore like to invite you to submit a revised
manuscript to The EMBO Journal - | have provided the revision link below.

Just a few editorial comments:

- Ithink it would be good to separate the results and discussion section. The manuscript would
allow for a proper discussion of the findings. The manuscript is also fairly short to begin with and |
think the introduction could also be expanded

- Please upload individual figure files

- Take a look at author guidelines regarding reference formatting, supplement figures, author
contributions etc

Let me know if we need to discuss anything further - happy to do so!

With best wishes

Karin

Karin Dumstrei, PhD

Senior Editor

The EMBO Journal

Instructions for preparing your revised manuscript:

When preparing your letter of response to the referees' comments, please bear in mind that this will
form part of the Review Process File, and will therefore be available online to the community. For
more details on our Transparent Editorial Process, please visit our website:

https//www.embopress.org/page/journal/14602075/authorguide#transparentprocess

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

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



When assembling figures, please refer to our figure preparation guideline in order to ensure proper
formatting and readability in print as well as on screen:
http://bit ly/EMBOPressFigurePreparationGuideline

IMPORTANT : When you send the revision we will require

- a point-by-point response to the referees' comments, with a detailed description of the changes
made (as a word file).

- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https/iwww.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors
https/iwww.embopress.org/page/journal/14602075/authorguide#expandedview

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

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

The revision must be submitted online within 90 days; please click on the link below to submit the
revision online before 19th May 2020.

Link Not Available

Please do not share this URL as it will give anyone who clicks it access to your account.

Reviews transferred from Review Commons



REVIEWER #1

Evidence, reproducibility and clarity

The authors compare the TCR alone to a CAR that contains signaling modules from three
receptors- TCR, CD28 and 41BB. The data quality if good and the experiments done are. The
difference is quite clear, and | would even like to see a little more of the evidence related to
failure of the TCR system.

More specifically:

Su and colleagues show that a third generation CAR with TCR zeta, CD28 and 41BB signal
transduction pathways can activate a T cell for microcluster formation and Gads/SLP-76
recruitment, but not IL-2 production, without LAT. This is surprising because LAT is generally
considered, as is up held here, as an essential adapter protein for T cell activation. However,
this is not a "fair" experiment as the CAR has sequences from TCR, and two co-stimulatory
receptor- CD28 and 41BB. It would be important and very straight-forward to test first and
second generation CARs to determine if LAT independence is a function of the CAR
architecture itself, or the additional costimulatory sequences. If it turns out that a first
generation CAR with only TCR sequences can trigger LAT independent clustering and SLP-76
recruitment then the comparison would be fair and no additional experiment would be
needed to make the point that the CAR architecture is intrinsically LAT independent. If the
CD28 and/or 41BB sequences are needed for LAT independence then the fair comparison
would be to co-crosslink TCR, CD28 and 41BB (an inducible costimulator such that anti-CD27
might be substituted to have a constitutively expressed receptor with this similar motifs)
should be cross-linked with the TCR to make this a fair comparison between the two
architectures.

The authors may want to cite work from Vignali and colleagues that even the TCR has two
signaling modules- the classical ZAP-70/LAT module that is responsible to IL-2 and a
Vav/Notch dependent module that controls proliferation. Its not clear to me that the issue
raised about distinct signaling by CARs is completely parallel to this, but its interesting that
Vignali also associated the classical TCR signaling pathway as responsible for IL-2 with an
alterive pathways that uses the same ITAMs to control distinct functions. See Guy CS, Vignali
KM, Temirov J, Bettini ML, Overacre AE, Smeltzer M, Zhang H, Huppa JB, Tsai YH, Lobry C,
Xie J, Dempsey PJ, Crawford HC, Aifantis I, Davis MM, Vignali DA. Distinct TCR signaling
pathways drive proliferation and cytokine production in T cells. Nat Immunol.
2013;14(3):262-70.

| would be very interested to see a movie of the LAT deficient T cells interacting with the
anti-CD3 coated bilayers in Figure 2A. Since OKT3 has a high affinity for CD3 and is coated on
the suface at a density that should engage anti-CD3 I'm surprised there is no clustering even
simply based on mass action. The result looks almost like a dominant negative effect of LAT
deficiency on a high affinity extracellular interaction. It would be interesting to see how this
interface evolves or if there is anti-adhesive behavior that emerges.



Significance

While it interesting that the CAR is LAT independent, its obvious that the signalling networks
are different as the CAR has two sets of motifs that are absent in the TCR, so the
experiments as presented are not that insightful about the specific nature of the differences
that lead to the different outcomes. At present its not a particularly well controlled
experiment as the third gen CAR is changing too many things in relation to the TCR for the
experiment to be interpreted. It would be easy to address this is a revised manuscript. To
publish as is the discussion would need to acknowledge these limitations. The work is
preliminary as science, but it might be useful to T cell engineering field to have this
information as a preliminary report, which might be an argument for adding discussion of
limitations, but going forward without more detailed analysis of mechanism.

REVIEWER #2

Evidence, reproducibility and clarity
__Summary:__

> Provide a short summary of the findings and key conclusions (including methodology and
model system(s) where appropriate).

In this study, the authors have interrogated CAR signaling by imaging CD19-CAR
microclusters as well as T cell signaling molecules recruited to CAR microclusters. They
report differences spatial assembly between CAR and TCR microclusters that form on a lipid
bilayer containing ligand. They also report that LAT is not required for CAR microcluster
formation, recruitment of downstream signaling molecules or IL-2 production in Jurkat cells,
while in primary T cells IL-2 production by CARs show more of a LAT dependence. From
these observations, they conclude that CAR T cells have a rewired signaling pathway as
compared to T cells that signal through the TCR.

__Major comments:__
> Are the key conclusions convincing?

The conclusions made by the authors about CAR microclusters are convincing. However, the
conclusion that there is a "rewired signaling network" different from TCR microclusters
needs to be more convincingly demonstrated in side-by-side comparisons of TCR and CAR
microclusters and synapses.

1. One of the key conclusions in this study is that CAR microclusters form in the absence of
LAT, but TCR microclusters require LAT (in JCam2.5 cells in Fig. 2 and primary T cells in Fig.
4B). The requirement of LAT for formation of TCR microclusters is surprising, given multiple



reports (one of which the authors have cited) that TCRE and ZAP70 clusters form normally in
the absence of LAT (pZAP microclusters form normally in JCam2.5 cells Barda-Saad Nature
Immunology 2005 Figure 1; TCRE clusters form normally in LAT CRISPR KO Jurkat cells Yi et
al., Nature Communications, 2019 Figure 5). The authors should carefully evaluate TCRE and
ZAP70 clusters (that form upstream of LAT) in their assays.

2. The authors make major conclusions about LAT dependence and independence of TCR
and CAR microclusters respectively, by using JCam2.5 Jurkat cells and CRISPR/Cas9 edited
primary cells. Of relevance to this conclusion, differences in the phosphorylation status of
ZAP70 and SLP76 have been described between JCam2.5 cells lacking LAT (in which LAT was
found to be deleted by gamma radiation) and J.LAT cells (in which LAT was specifically
deleted by CRISPR/Cas9 in Lo et al Nature Immunology 2018). Of importance, pZAP and
pPSLP76 appeared fairly intact in J.LAT cells, but absent in JCam2.5 cells (Lo et al., Nat
Immunol. 2018, Supp Fig 2). Therefore, the authors should evaluate TCRE, ZAP70, Gads and
SLP76 in TCR and CAR microclusters in J.LAT cells. This may partly explain the discrepancy in
LAT requirement for IL-2 production in JCam2.5 cells and primary cells with LAT CRISPRed
out.

3. Since the authors are reporting differences between CAR synapses and TCR synapses, the
authors should show side by side comparison of CAR and TCR synapses in Figure 1F.

4. The authors should evaluate Gads microcluster formation in response to TCR stimulation
via OKT3 (in Figure 4A). Given that it has been reported that TCRE, Grb2 and c-Cbl are
recruited to microclusters in Jurkat cells lacking LAT by CRISPR deletion (Yi et al., Nature
Communications, 2019), it is important to establish the differences between TCR
microclusters and CAR microclusters in side by side comparisons in their assay system.

5. Similar to the comment about Gads above, the authors should evaluate pSLP76
microcluster formation in response to TCR stimulation via OKT3 in primary T cells lacking
LAT in Figure 4C, i.e. side by side comparisons of pSLP76 in TCR and CAR synapses (with and
without LAT) should be shown.

> Should the authors qualify some of their claims as preliminary or speculative, or remove
them altogether?

1. The data shown in Figure 3C shows a reduction in conjugate formation from 80% (WT) to
30% (LAT -). This is a severe reduction and does not support the authors' claim in the
corresponding Figure legend that "LAT is dispensable for cell conjugate formation between
Jurkat T cells expressing CAR and Raji B cells" and the Abstract that "LAT.....is not required
for....immunological synapse formation". Statistical analysis for variance should be shown
here.

2. In a similar vein, based on data from Movie S5 (where in a single cell, CAR microclusters
translocate from cell periphery to center), and Figure 3C where (as described above in point
1) conjugate formation appears to be severely reduced, the authors conclude in the Results
and Abstract that "LAT....is not required for actin remodeling following CAR activation". This
conclusion is not supported by the data and the authors should remove this claim.



Alternatively, actin polymerization in CAR expressing cells (that are LAT sufficient and
deficient) can be easily evaluated using phalloidin or F-Tractin.

> Would additional experiments be essential to support the claims of the paper?
Request additional experiments only where necessary for the paper as it is, and do not ask
authors to open new lines of experimentation.

Yes. Please see major comments above.

> Are the suggested experiments realistic in terms of time and resources? It would help if
you could add an estimated cost and time investment for substantial experiments.

Yes. It should take 3 months to complete these experiments, since reagents and
experimental systems to do these experiments already exist.

> Are the data and the methods presented in such a way that they can be reproduced?
Yes. Methods are clearly explained.
> Are the experiments adequately replicated and statistical analysis adequate?

There is no statistical analysis to evaluate differences between samples in Figures 3 and 4.
These must be included.

__Minor comments:__
> Specific experimental issues that are easily addressable.

Please see Major Comments above. We believe that the recommended experiments are not
difficult to execute since reagents exist and experimental systems are already set up.

> Are prior studies referenced appropriately?

Authors reference 13 and 14 for the following sentence in Results section 2: "Deletion or
mutation of LAT impairs formation of T cell microclusters". However, in Reference 14 Barda-
Saad et al., actually show that pZAP clusters are intact in JCam2.5 cells lacking LAT. Perhaps
authors should clarify that LAT (and downstream signaling molecule) microclusters are
impaired when LAT is deleted or mutated.

> Are the text and figures clear and accurate?

Yes. But would be helpful if authors specify what "control" is in Fig. 3B and C. In Figure 3B it
is lipid bilayers without CD19, while in 3C it is K562 cells that do not express CD19.

> Do you have suggestions that would help the authors improve the presentation of their
data and conclusions?



Would be helpful if authors specify in every Figure or at least Figure legend the
experimental bilayer system/ligand used, since they use both OKT3 and CD19 as ligands in
the paper.

Significance

> Describe the nature and significance of the advance (e.g. conceptual, technical, clinical) for
the field.

If CAR microclusters and synapses are appropriately compared in a side by side comparison
with TCR microclusters and synapses (as described in comments above), this study will be a
conceptual advance in the field of CAR signaling. CAR microclusters have not been studied
previously.

> Place the work in the context of the existing literature (provide references, where
appropriate).

Very little imaging has been done on CAR synapses and to our knowledge this is the first live
cell imaging study describing CAR microclusters.

> State what audience might be interested in and influenced by the reported findings.

This study will have a broad audience. Both scientists that study basic T cell signaling as well
as clinicians that use CAR Ts will be interested in this study.

> Define your field of expertise with a few keywords to help the authors contextualize your
point of view. Indicate if there are any parts of the paper that you do not have sufficient
expertise to evaluate.

T cell signaling and imaging of proximal T cell signaling responses.

REVIEWER #3

Evidence, reproducibility and clarity

This manuscript by Dong and colleagues characterizes the molecular requirements and
consequences of engaging a third-generation chimeric antigen receptor (CAR) directed to
CD19. Utilizing a biological system of JCaM2.5, a Jurkat T cell mutant with dramatically low
levels of LAT, expressing a CAR directed to CD19 fused to the cytoplasmic tails of CD28, 4-
1BB and CD3[ that is activated by CD19/ICAM1 reconstituted lipid bilayers, the authors
demonstrate LAT is not required for microcluster formation, immunologic synapse
formation or recruitment of GADS and pSLP76 to the plasma membrane. In contrast, LAT
was required for anti-CD3 mediated microcluster formation and pSLP76 recruitment to the



plasma membrane. However, LAT does appear to contribute to efficient synapse formation,
PIP2 hydrolysis and IL-2 secretion when CAR+ JCaM2.5 or primary T cells are presented with
Raji B cells, respectively. These data provide intriguing insights into the molecular
requirements for third-generation CAR-T cell functions.

The authors have developed quite a nice system to understand the molecular contributions
for CAR-T function. A few suggestions are provided here to further enhance the accuracy
and significance of the findings:

1. The authors can address whether the LAT-independent effects are due to the attributes
of third generation CAR-Ts with inclusion of CD28 and 4-1BB cytoplasmic domains or
whether these differences are intrinsic to all CAR-Ts (e.g., first and second generation CARs).

2. Since a first-generation CAR-T forms non-conventional synapses (Davenport, et al., PNAS
2018), the authors should consider more detailed kinetic analysis to understand the
formation and dissolution of the constituents of the synapse with their third generation
CAR. This should include measurements of the duration of microcluster and synapse
formation as well as further analysis of c- and p-SMAC constituents (e.g., LFA-1, TALIN, LCK
and pSLP76) over time.

3. The authors utilize two different activation platforms. While using CD19/ICAM1
reconstituted bilayers, CAR+ JCaM2.5 or CAR+ primary T cells demonstrate no differences
compared to wildtype JCaM2.5 cells in the parameters studied. However, when using Raji B
cells, the CAR+ JCaM2.5 cells or CAR+ primary T cells demonstrate a more intermediate
phenotype with respect to cell conjugate formation (Figure 3C) and IL-2 production (Figure
4D). The authors should analyze whether the differences attributed to the different
outcomes may be due to the stimulation mode. For example, is c-SMAC assembly and GADS
or pSLP76 recruitment to the plasma membrane still LAT-independent when activated with
Raji B cells?

4. The authors should consider whether CAR expression level affects their observations. For
example, do lower levels of CAR expression make the system LAT-dependent? Further, what
is the level of the CAR relative to endogenous TCR expression on their primary T cells.

Minor comment:

1. Since JCaM2.5 has differences when compared to the parental Jurkat E6.1 T cell line, the
authors should utilize JCaM2.5 reconstituted with wildtype LAT as a comparator.

Significance

The mechanism(s) by which CAR-Ts function is of high significance from both scientific and
clinical viewpoints. From a scientific viewpoint, it provides important basic mechanistic
information of how T cells are being activated to kill tumor cells. By understanding the
molecular requirements, additional generations of CARs can be designed to provide greater
efficacy, overcome resistance and possibly less toxicity.



This is an evolving field and little is known to date. Hence, this study could represent an
insightful and important advance to the field.

Audience is to both basic immunologist and cancer biologists.

My expertise is in T cell signaling, T cell biology and immunotherapy.



1st Authors' Response to Reviewers 25th Apr 2020

Response to Referees: Review Commons Refereed Preprint #RC-2019-00134

General comments

We thank all three reviewers for providing their thoughtful and insightful review
comments of our manuscript. We appreciate that the reviewers recognized the
significance and impact of our work - “Very little imaging has been done on CAR
synapses and to our knowledge this is the first live cell imaging study describing CAR
microclustsers” (Reviewer 2); “This is an evolving field and little is known to date. Hence,
this study could represent an insightful and important advance to the field” (Reviewer 3).
A broad audience from both basic and clinical research sides will be interested in this
work: “This study will have a broad audience. Both scientists that study basic T cell
signaling as well as clinicians that use CAR Ts will be interested in this study” (Reviewer
2); “Audience is to both basic immunologist and cancer biologists” (Reviewer 3).

Meanwhile, we understand that the reviewers have raised a few major and minor issues,
which we attempted to address. Most importantly, as suggested by both reviewer 1 and
3, we performed new experiments showing that LAT is not required for microcluster
formation of the 1% generation of CAR (new Fig 4 and EV5). This finding suggests that
the CAR-independent signaling is due to the intrinsic CAR architecture, and is not
dependent on the co-signaling domains of CD28 and 4-1BB.

With the successful solutions to other issues, we believe the manuscript has been
significantly improved and is ready for publication. Below we will provide point-to-point
responses to each reviewer's comments.

Reviewer #1 (Evidence, reproducibility and clarity (Required)):

The authors compare the TCR alone to a CAR that contains signaling modules from
three receptors- TCR, CD28 and 41BB. The data quality if good and the experiments
done are. The difference is quite clear, and | would even like to see a little more of the
evidence related to failure of the TCR system.

We  appreciate the  general positive  comment  of  this reviewer.

More specifically:

Su and colleagues show that a third generation CAR with TCR zeta, CD28 and 41BB
signal transduction pathways can activate a T cell for microcluster formation and
Gads/SLP-76 recruitment, but not IL-2 production, without LAT. This is surprising
because LAT is generally considered, as is up held here, as an essential adapter protein



for T cell activation. However, this is not a "fair" experiment as the CAR has sequences
from TCR, and two co-stimulatory receptor- CD28 and 41BB. It would be important and
very straight-forward to test first and second generation CARs to determine if LAT
independence is a function of the CAR architecture itself, or the additional costimulatory
sequences. If it turns out that a first generation CAR with only TCR sequences can
trigger LAT independent clustering and SLP-76 recruitment then the comparison would
be fair and no additional experiment would be needed to make the point that the CAR
architecture is intrinsically LAT independent. If the CD28 and/or 41BB sequences are
needed for LAT independence then the fair comparison would be to co-crosslink TCR,
CD28 and 41BB (an inducible costimulator such that anti-CD27 might be substituted to
have a constitutively expressed receptor with this similar motifs) should be cross-linked
with the TCR to make this a fair comparison between the two architectures.

We agree with the reviewer that it is critical to make a “fair” comparison between TCR
and CAR by testing the 1* generation CAR, which only contains the TCR/CD3¢ domain.
Our new data showed that LAT is not required for microcluster and synapse formation
of the 1" generation of CAR, in both Jurkat and primary T cells (new Fig 4 and EV5).
This result is similar to our previously reported result from the 3rd generation CAR,
although the 1% generation CAR induced less IL-2 production and CD69 expression in
LAT null cells than the 3™ generation CAR did (new Fig 6). This suggests that the LAT-
independent signaling is intrinsic to the CAR architecture, as the reviewer suggested.
The co-signaling domains from CD28 and 4-1BB contribute to, but are not required for
bypassing LAT to transduce the CAR signaling.

The authors may want to cite work from Vignali and colleagues that even the TCR has
two signaling modules- the classical ZAP-70/LAT module that is responsible to IL-2 and
a Vav/Notch dependent module that controls proliferation. Its not clear to me that the
issue raised about distinct signaling by CARs is completely parallel to this, but its
interesting that Vignali also associated the classical TCR signaling pathway as
responsible for IL-2 with an alterive pathways that uses the same ITAMs to control
distinct functions. See Guy CS, Vignali KM, Temirov J, Bettini ML, Overacre AE,
Smeltzer M, Zhang H, Huppa JB, Tsai YH, Lobry C, Xie J, Dempsey PJ, Crawford HC,
Aifantis I, Davis MM, Vignali DA. Distinct TCR signaling pathways drive proliferation and
cytokine production in T cells. Nat Immunol. 2013;14(3):262-70.

We appreciate the reviewer's mentioning this paper from Vignali’'s group. It provides
insights into understanding LAT-independent signaling in CAR T cells. We cited this
paper and added a discussion about the mechanism of LAT-independent signaling.



| would be very interested to see a movie of the LAT deficient T cells interacting with the
anti-CD3 coated bilayers in Figure 2A. Since OKT3 has a high affinity for CD3 and is
coated on the surface at a density that should engage anti-CD3 I'm surprised there is no
clustering even simply based on mass action. The result looks almost like a dominant
negative effect of LAT deficiency on a high affinity extracellular interaction. It would be
interesting to see how this interface evolves or if there is anti-adhesive behavior that
emerges.

We now presented a movie showing the detailed process of LAT deficient GFP-CAR T
cells landing on the bilayers coated with OKT3 (new Movie EV5), in which the bright
field images delineate the locations of the cells, the OKT3 signal marks TCR, and the
GFP signal marks CAR proteins on the plasma membranes. No TCR clusters (as
indicated by OKT3) were formed during the landing process. We think the binding of
bilayer-presented OKT3 to TCR is not sufficient to trigger TCR microclusters. However,
TCR microclusters could form in LAT-deficient cells if OKT3 is presented by glass
surface. This point is raised by reviewer 2. We added a discussion on the difference
between bilayer and glass-presented OKT3 in inducing microcluster formation.

Reviewer #1 (Significance (Required)):

While it interesting that the CAR is LAT independent, its obvious that the signalling
networks are different as the CAR has two sets of motifs that are absent in the TCR, so
the experiments as presented are not that insightful about the specific nature of the
differences that lead to the different outcomes. At present its not a particularly well
controlled experiment as the third gen CAR is changing too many things in relation to
the TCR for the experiment to be interpreted. It would be easy to address this is a
revised manuscript. To publish as is the discussion would need to acknowledge these
limitations. The work is preliminary as science, but it might be useful to T cell
engineering field to have this information as a preliminary report, which might be an
argument for adding discussion of limitations, but going forward without more detailed
analysis of mechanism.

This is an excellent point and we have addressed it. See our response above on the
new data of the 1° generation CAR.

Reviewer #2 (Evidence, reproducibility and clarity):

Summary:



Provide a short summary of the findings and key conclusions (including methodology
and model system(s) where appropriate).

In this study, the authors have interrogated CAR signaling by imaging CD19-CAR
microclusters as well as T cell signaling molecules recruited to CAR microclusters. They
report differences spatial assembly between CAR and TCR microclusters that form on a
lipid bilayer containing ligand. They also report that LAT is not required for CAR
microcluster formation, recruitment of downstream signaling molecules or IL-2
production in Jurkat cells, while in primary T cells IL-2 production by CARs show more of
a LAT dependence. From these observations, they conclude that CAR T cells have a
rewired signaling pathway as compared to T cells that signal through the TCR.

Major comments:
- Are the key conclusions convincing?

The conclusions made by the authors about CAR microclusters are convincing. However,
the conclusion that there is a "rewired signaling network" different from TCR
microclusters needs to be more convincingly demonstrated in side-by-side comparisons
of TCR and CAR microclusters and synapses.

1. One of the key conclusions in this study is that CAR microclusters form in the absence
of LAT, but TCR microclusters require LAT (in JCam2.5 cells in Fig. 2 and primary T cells
in Fig. 4B). The requirement of LAT for formation of TCR microclusters is surprising,
given multiple reports (one of which the authors have cited) that TCR{ and ZAP70
clusters form normally in the absence of LAT (pZAP microclusters form normally in
JCam2.5 cells Barda-Saad Nature Immunology 2005 Figure 1; TCR( clusters form
normally in LAT CRISPR KO Jurkat cells Yi et al., Nature Communications, 2019 Figure 5).
The authors should carefully evaluate TCRC and ZAP70 clusters (that form upstream of
LAT) in their assays.

We thank the reviewer for raising this excellent point. LAT-independent TCR clusters
were reported in the two papers mentioned by the reviewer, which we think is
convincing. However, there is a key difference in the experimental settings between
these two papers and ours. We use supported lipid bilayer to present MOBILE TCR-
activating antibody to activate T cells, whereas these two papers used IMMOBILE TCR-
activating antibody attached to the cover glass. We reasoned that the mobile surface of
supported lipid bilayer more closely mimics the antigen-presenting cell surface where
antigens are mobile on the membrane. We added a new discussion about the difference
between supported lipid bilayer and cover glass-based activation.



We agree with the reviewer on the careful evaluation of TCR and ZAP70 clusters. We
had showed the data of TCR clusters as marked by TCR-interacting OKT3 (Fig 3A). We
performed new experiments on ZAP70 clusters (new Fig EV3). Our data suggest that,
similar to TCR clusters, ZAP70 clusters are not formed in LAT-deficient T cells, if
activated by OKT3, but are formed if activated by CD19.

2. The authors make major conclusions about LAT dependence and independence of
TCR and CAR microclusters respectively, by using JCam2.5 Jurkat cells and
CRISPR/Cas9 edited primary cells. Of relevance to this conclusion, differences in the
phosphorylation status of ZAP70 and SLP76 have been described between JCam2.5
cells lacking LAT (in which LAT was found to be deleted by gamma radiation) and J.LAT
cells (in which LAT was specifically deleted by CRISPR/Cas9 in Lo et al Nature
Immunology 2018). Of importance, pZAP and pSLP76 appeared fairly intact in J.LAT
cells, but absent in JCam2.5 cells (Lo et al., Nat Immunol. 2018, Supp Fig 2). Therefore,
the authors should evaluate TCRE, ZAP70, Gads and SLP76 in TCR and CAR
microclusters in J.LAT cells. This may partly explain the discrepancy in LAT requirement
for IL-2 production in JCam2.5 cells and primary cells with LAT CRISPRed out.

Jcam2.5 is a classical well-characterized LAT-deficient cell line that has been
continuously used in the T cell signaling field (Barda-Saad Nature Immunology 2005,
Rouquette-Jazdanian A, Mol. Cell, 2012; Balagopalan L, J Imm. 2013; Carpier J, J Exp
Med, 2018; Zucchetti A, Nat. Comm. 2019). We agreed with the concern that the
reviewer raised on the absence of pZAP70 and pSLP76 in JCam2.5 cells. As the
reviewer suggested, we obtained J.LAT, which is LAT null but has intact pZAP70 and
pSLP76. We introduced CAR into J.LAT and the wild-type control and performed the
clustering assay as we did for Jcam?2.5. Our results showed that, similar to Jcam2.5,
CAR forms robust microclusters in J.LAT cells (new Fig EV2). More importantly, we
presented data confirming the LAT-independent CAR clustering, SLP76
phosphorylation, and IL-2 production in human primary T cells (Fig 7). Therefore, the
data from three independent cell sources support our conclusion on LAT-independent
CAR signal transduction.

3. Since the authors are reporting differences between CAR synapses and TCR
synapses, the authors should show side by side comparison of CAR and TCR synapses
in Figure 1F.

We focused on characterizing CAR synapse in this manuscript and did not make any
conclusion on the difference between TCR and CAR synapse. We are cautious about
comparing CAR synapse to TCR synapse for technical reasons: it is critical to use
antigen-specific TCRs (e.g. mouse OTI as a common model) to study the TCR synapse
pattern so that the study will be physiologically relevant. However, we use human T cell
line and human primary T cells for the CAR study. The technical barrier to introduce an



antigen-specific TCR complex into these cells, and to activate these cells by purified
peptide-MHC complex, is very high. And the result is interesting, but beyond the scope
of the current work.

4. The authors should evaluate Gads microcluster formation in response to TCR
stimulation via OKT3 (in Figure 4A). Given that it has been reported that TCR(, Grb2
and c-Cbl are recruited to microclusters in Jurkat cells lacking LAT by CRISPR deletion
(Yi et al.,, Nature Communications, 2019), it is important to establish the differences
between TCR microclusters and CAR microclusters in side by side comparisons in their
assay system.

As the reviewer suggested, we evaluated Gads microcluster formation with TCR
stimulation and found that Gads did not form microclusters in LAT-deficient cells (new
Fig 5A). Because we only made conclusions on the Gads-SLP76 pathway, we think
investigating Grb2 and c-Cbl microcluster, though interesting, is beyond the scope of
this manuscript.

5. Similar to the comment about Gads above, the authors should evaluate pSLP76
microcluster formation in response to TCR stimulation via OKT3 in primary T cells
lacking LAT in Figure 4C, i.e. side by side comparisons of pSLP76 in TCR and CAR
synapses (with and without LAT) should be shown.

We totally agree and performed new experiment on pSLP76 in human primary T cells.
Our data suggested that, similar to Jurkat, pSLP76 microclusters remain intact in LAT
null primary cells (new Fig 7D and 7E).

- Should the authors qualify some of their claims as preliminary or speculative, or
remove them altogether?

1. The data shown in Figure 3C shows a reduction in conjugate formation from 80%
(WT) to 30% (LAT -). This is a severe reduction and does not support the authors' claim
in the corresponding Figure legend that "LAT is dispensable for cell conjugate formation
between Jurkat T cells expressing CAR and Raji B cells" and the Abstract that
"LAT.....is not required for....immunological synapse formation". Statistical analysis for
variance should be shown here.

We agree with the reviewer’s judgement. This cell conjugation analysis was performed
using Jcam2.5 cells. As pointed by the reviewer, Jcam2.5 has additional defects in
ZAP70 and SLP76 in addition to the lack of LAT. Therefore, we performed the same
analysis again using J.LAT cells, which was recommended by the reviewer. Our new
data showed that J.LAT cells form conjugates with Raji B cells in a similar rate as the
wild-type cells do, as evaluated by statistical analysis (new Fig 6A). Therefore, we think
these new data support the claim that LAT is dispensable for cell conjugate formation.



2. In a similar vein, based on data from Movie S5 (where in a single cell, CAR
microclusters translocate from cell periphery to center), and Figure 3C where (as
described above in point 1) conjugate formation appears to be severely reduced, the
authors conclude in the Results and Abstract that "LAT....is not required for actin
remodeling following CAR activation”. This conclusion is not supported by the data and
the authors should remove this claim. Alternatively, actin polymerization in CAR
expressing cells (that are LAT sufficient and deficient) can be easily evaluated using
phalloidin or F-Tractin.

As suggested by the reviewer, we evaluated actin polymerization in TCR or CAR
stimulated cells using a filamentous actin reporter F-tractin. Our data showed that LAT
is required for TCR-induced but not CAR-induced actin polymerization (new Fig 5C).
Therefore, our results support the claim that LAT is not required for actin remodeling
following CAR activation.

- Would additional experiments be essential to support the claims of the paper?
Request additional experiments only where necessary for the paper as it is, and do not
ask authors to open new lines of experimentation.

Yes. Please see major comments above.

- Are the suggested experiments realistic in terms of time and resources? It would help
if you could add an estimated cost and time investment for substantial experiments.
Yes. It should take 3 months to complete these experiments, since reagents and
experimental systems to do these experiments already exist.

- Are the data and the methods presented in such a way that they can be reproduced?
Yes. Methods are clearly explained.

We appreciate the reviewer’s recognition of the clarity of the methods part.

- Are the experiments adequately replicated and statistical analysis adequate?
There is no statistical analysis to evaluate differences between samples in Figures 3
and 4. These must be included.

We now added statistical analysis in Fig 5B and 6A (old figure 3 and 4).

Minor comments:

- Specific experimental issues that are easily addressable.



Please see Major Comments above. We believe that the recommended experiments
are not difficult to execute since reagents exist and experimental systems are already
set up.

- Are prior studies referenced appropriately?

Authors reference 13 and 14 for the following sentence in Results section 2: "Deletion or
mutation of LAT impairs formation of T cell microclusters". However, in Reference 14
Barda-Saad et al., actually show that pZAP clusters are intact in JCam2.5 cells lacking
LAT. Perhaps authors should clarify that LAT (and downstream signaling molecule)
microclusters are impaired when LAT is deleted or mutated.

As the reviewer suggested, we now clarified that clustering of LAT downstream binding
partners is impaired when citing reference (Barda-Saad et al).

- Are the text and figures clear and accurate?

Yes. But would be helpful if authors specify what "control” is in Fig. 3B and C. In Figure
3B it is lipid bilayers without CD19, while in 3C it is K562 cells that do not express CD19.

We now specified “control” in the figure.

- Do you have suggestions that would help the authors improve the presentation of their
data and conclusions?

Would be helpful if authors specify in every Figure or at least Figure legend the
experimental bilayer system/ligand used, since they use both OKT3 and CD19 as
ligands in the paper.

We now specified the ligand in the figure or legend.

Reviewer #2 (Significance):

- Describe the nature and significance of the advance (e.g. conceptual, technical,
clinical) for the field.

If CAR microclusters and synapses are appropriately compared in a side by side
comparison with TCR microclusters and synapses (as described in comments above),
this study will be a conceptual advance in the field of CAR signaling. CAR microclusters
have not been studied previously.

- Place the work in the context of the existing literature (provide references, where
appropriate).

Very little imaging has been done on CAR synapses and to our knowledge this is the
first live cell imaging study describing CAR microclusters.



We appreciate this reviewer's comment on our work as a conceptual advance in
understanding CAR signaling.

- State what audience might be interested in and influenced by the reported findings.
This study will have a broad audience. Both scientists that study basic T cell signaling
as well as clinicians that use CAR Ts will be interested in this study.

We appreciate this reviewer’s recognition of the broad audience of this manuscript.

- Define your field of expertise with a few keywords to help the authors contextualize
your point of view. Indicate if there are any parts of the paper that you do not have
sufficient expertise to evaluate.

T cell signaling and imaging of proximal T cell signaling responses.

Reviewer #3 (Evidence, reproducibility and clarity):

This manuscript by Dong and colleagues characterizes the molecular requirements and
consequences of engaging a third-generation chimeric antigen receptor (CAR) directed
to CD19. Utilizing a biological system of JCaM2.5, a Jurkat T cell mutant with
dramatically low levels of LAT, expressing a CAR directed to CD19 fused to the
cytoplasmic tails of CD28, 4-1BB and CD3( that is activated by CD19/ICAM1
reconstituted lipid bilayers, the authors demonstrate LAT is not required for microcluster
formation, immunologic synapse formation or recruitment of GADS and pSLP76 to the
plasma membrane. In contrast, LAT was required for anti-CD3 mediated microcluster
formation and pSLP76 recruitment to the plasma membrane. However, LAT does
appear to contribute to efficient synapse formation, PIP2 hydrolysis and IL-2 secretion
when CAR+ JCaM2.5 or primary T cells are presented with Raji B cells, respectively.
These data provide intriguing insights into the molecular requirements for third-
generation CAR-T cell functions.

The authors have developed quite a nice system to understand the molecular
contributions for CAR-T function. A few suggestions are provided here to further
enhance the accuracy and significance of the findings:

1. The authors can address whether the LAT-independent effects are due to the
attributes of third generation CAR-Ts with inclusion of CD28 and 4-1BB cytoplasmic
domains or whether these differences are intrinsic to all CAR-Ts (e.g., first and second
generation CARS).



This is an excellent point. We have included new data showing LAT-independent cluster
formation of the 1% generation CAR in both Jurkat and primary T cells (new Fig 4 and
EV5). Therefore, we favor the second possibility as pointed by the reviewer that LAT-
independent effects are intrinsic to CAR architecture.

2. Since a first-generation CAR-T forms non-conventional synapses (Davenport, et al.,
PNAS 2018), the authors should consider more detailed kinetic analysis to understand
the formation and dissolution of the constituents of the synapse with their third
generation CAR. This should include measurements of the duration of microcluster and
synapse formation as well as further analysis of c- and p-SMAC constituents (e.g., LFA-
1, TALIN, LCK and pSLP76) over time.

We agree with the reviewer on a more detailed characterization of the CAR synapse.
We measured the duration of the unstable CAR synapse and time from cell landing to
the start of retrograde flow (new Fig 2C). We also determined the localization of CD45,
a marker for d-SMAC (new Fig 2D). We found that the formation of dSMAC is also not
common in CAR T synapse, strengthening our conclusion that CAR forms non-typical
immunological synapse.

3. The authors utilize two different activation platforms. While using CD19/ICAM1
reconstituted bilayers, CAR+ JCaM2.5 or CAR+ primary T cells demonstrate no
differences compared to wildtype JCaM2.5 cells in the parameters studied. However,
when using Raji B cells, the CAR+ JCaM2.5 cells or CAR+ primary T cells demonstrate
a more intermediate phenotype with respect to cell conjugate formation (Figure 3C) and
IL-2 production (Figure 4D). The authors should analyze whether the differences
attributed to the different outcomes may be due to the stimulation mode. For example, is
c-SMAC assembly and GADS or pSLP76 recruitment to the plasma membrane still
LAT-independent when activated with Raji B cells?

As the reviewer suggested, we examined c-SMAC assembly in Raji B cells conjugated
with CAR T cells. We found that the majority of CAR do not form cSMAC (new Fig EV4),
which is consistent with the result from the bilayer activation system. Since both Gads
and SLP76 are cytosolic proteins, they keep largely in the cytosolic pool which obscures
their recruitment and clustering on the plasma membrane when imaged by confocal
microscopy at the cross-section of cell-cell synapse.

4. The authors should consider whether CAR expression level affects their observations.
For example, do lower levels of CAR expression make the system LAT-dependent?
Further, what is the level of the CAR relative to endogenous TCR expression on their
primary T cells.



We agree with the reviewer that it is informative to determine if LAT-independent
signaling is dose dependent. We tried to measure the CAR concentration relative to the
endogenous TCR/CD3(. By western blot using two different antibodies against CD3(,
we detected TCR/CD3( expression, but found no bands corresponding to CAR. We
believe this reflects a low expression of CAR in our system, which is confirmed by
FACS. The general low expression of CAR makes it challenging to sort an even lower
CAR-expressing population. Therefore, we sought alternative ways to determine the
dose-dependence; we titrated the CD19 concentrations on the bilayer. As shown in the
new Figure EV1, CAR formed microclusters similarly in the wild-type versus LAT-
deficient cells in a wide range of CD19 concentration. Therefore, we conclude that the
LAT-independent cluster formation is robust at low antigen density as well.

Minor comment;

1. Since JCaM2.5 has differences when compared to the parental Jurkat E6.1 T cell line,
the authors should utilize JCaM2.5 reconstituted with wildtype LAT as a comparator.
Agreeing with this reviewer, we recognized that Jcam2.5 was generated by
mutagenesis which may result in protein expression difference for genes besides Lat.
As suggested by reviewerl, we used J.LAT, a genuine LAT knockout cell line that is
generated by CRISPR-mediated gene targeting, to perform the clustering assay (new
Fig EV2). Our results showed that, similar to Jcam2.5, CAR but not the TCR formed
microclusters in J.LAT cells.

Reviewer #3 (Significance):

The mechanism(s) by which CAR-Ts function is of high significance from both scientific
and clinical viewpoints. From a scientific viewpoint, it provides important basic
mechanistic information of how T cells are being activated to kill tumor cells. By
understanding the molecular requirements, additional generations of CARs can be
designed to provide greater efficacy, overcome resistance and possibly less toxicity.

This is an evolving field and little is known to date. Hence, this study could represent an
insightful and important advance to the field.

Audience is to both basic immunologist and cancer biologists.

We appreciate this reviewer’'s comments on the high significance of our work to the field
of both basic immunology and clinical application.

My expertise is in T cell signaling, T cell biology and immunotherapy.



1st Revision - Editorial Decision 25th May 2020

Dear Xiaolel,

Thank you for submitting your revised manuscript to The EMBO Journal. Your study has now
been re-reviewed by three referees and their comments are provided below.

As you can see from the comments, the referees appreciate the introduced changes and support
publication here. Ref #2 and 3 has two additional requests based upon the newly added data. the
experiments should be technical feasible and not to time intensive. I think the addition of such
experiments would indeed complete the analysis - let me know if there are any unforeseen
problems with doing the experiments.

When you re-submit your revised manuscript will you please take care of the following issues as
well.

- Please make sure that the funding information is correctly listed for all authors (discrepancy
between the funding info listed for the Care-for-Rare Foundation between the online system and
the MS file). Should HHMI funding be added for Ron Vale?

- Fig 4 panels need to be called out. The same goes for EV figure panels.

- Each movie needs to be zipped with its legend and the legends should be removed from the
article.

- please double check that the figures have scale bars

- we also require a Data Availability Section - if there is no data deposited in external databases
please state: This study includes no data deposited in external repositories

- we include a synopsis of the paper (see http//embojembopress.org/). Please provide me with a
general summary statement and 3-5 bullet points that capture the key findings of the paper.

- we also need a summary figure for the synopsis. The size should be 550 wide by 400 high (pixels).

- Ihave asked our publisher to do their pre-publication checks on the paper. They will send me the
file within the next few days.

Let me know if we need to discuss anything further
With best wishes

Karin

Karin Dumstrei, PhD

Senior Editor
The EMBO Journal



Instructions for preparing your revised manuscript:

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

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

When assembling figures, please refer to our figure preparation guideline in order to ensure proper
formatting and readability in print as well as on screen:
http//bit ly/EMBO PressFigurePreparationGuideline

IMPORTANT : When you send the revision we will require

- a point-by-point response to the referees' comments, with a detailed description of the changes
made (as a word file).

- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https/iwww.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors
https//www.embopress.org/page/journal/14602075/authorguide#expandedview

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

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

The revision must be submitted online within 90 days; please click on the link below to submit the
revision online before 23rd Aug 2020.

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

Referee #1:

The authors have addressed by concerns by looking at 1st generate CARs and looking at down-
stream signaling in different cellular contexts. The paper is much more complete and they make a
clear case that LAT is optional for some kind of organised synapse formation, but more important
for cytokine production. I have not further concerns and endorse publication.



Referee #2:

In the revised version of the manuscript, the authors have addressed the major concerns we
previously brought up with new data and analyses. The inclusion of JLAT CRISPER KO cells as well
as inclusion of a 1st generation CAR strengthens the observation that a subset of signaling
microclusters form downstream of CAR engagement in a LAT independent manner. However,
downstream signaling such as CD69 expression and cytokine production is LAT dependent, which
brings up the following concern, which should be addressed before acceptance:

The authors need to show that the surface levels of CAR molecules on WT and lat-/- cells (both
Jurkats and PBMCs) are equivalent. Especially concerning is the new data shown in Figure 4C that
clustering of CD19 induced by both 1st and 3rd generation CARs is significantly higher in lat-/- cells.
This data is supported by Figure 3B showing higher CD19 clustering in lat-/- cells expressing 3rd
gen CARs. These observations bring to light the need to consider that higher CAR expression
levels on the lat-/- cells compensate for the lack of LAT. The surface levels of CARs can easily be
determined by FACS staining and should not be a technically challenging experiment.

Minor comments:

1. Figure 5C: the authors need to quantify actin polymerization in several cells and include the
statistical analysis of this quantification.

2.In the 2nd paragraph of the Discussion, the authors state that their data showing that CARs may
bypass LAT could explain the faster proximal signaling previously shown in CAR expressing cells
(Davenport et al.,2018). However, the Davenport paper reported faster signaling in CAR expressing
cells at the level of Lck (upstream of LAT). The authors should discuss this reference appropriately.

Referee #3:

This is an interesting study by Dong and colleagues to suggest a differential requirement of LAT in
TCR and CAR-T cell mediated functions. The results are intriguing and will be of interest to the
community. There is one experiment needed to fully support the authors' conclusions.

Major concern:

1. As the authors have elegantly translated their findings from Jurkat into primary human T cells in
figure 7 and since the primary function of CAR-Ts is to engage and kill CD19 tumor cells, the
authors should analyze killing of target cells by primary WT vs lat- CAR Ts cells to support the
biochemical and cellular analysis performed in Jurkat T cells.

Minor concerns:

1. Figure 3B.Is there any statistical difference between OKT3 vs CD19 in the WT conditions?

2. In their comparisons of 1st vs 3rd generation CARs (figure 4), the authors should show data that
the expression levels of these two generations are similar.

3. Page 7, Figure 5A- since the authors just discussed in figure 4 and page 6 1st vs 3rd generation
CARs, they should clarify that experiments in figure 5A were performed presumably with 3rd
generation CARs to avoid confusion.

4.Page 7,line 17: Wardenburg et al., Immunity 1998 was the first description of NCK-SLP76 and
actin assembly in T cells.



5. Figure 5A:Is the absolute GADS level in wt vs lat- cells statistically different? If so, this would
seem to indicate that there is a significantly higher level of CAR expressed in the Jlat- than in WT.
Figure 5A:Is the absolute GADS level in wt vs lat- cells statistically different? If so, this would seem
to indicate that there is a significantly higher level of CAR expressed in the Jlat- than in WT. If so,
how might this alter the authors' conclusions?

6. Figure 5C: There needs to be quantitation of F-actin to determine if there are any differences in
F-actin levels between WT vs lat-. In the single cell shown, it appears that there might be more
peripheral F-actin intensity in lat-. Together with the data shown in figure 5A, is it possible that
there is an enhanced GADs and F-actin in the absence of lat?

7.EV1.Is the [CD19] concentration in figure incorrect? The figure states 0.4 nM, but text reads 0.2
nM.



2nd Authors’' Response to Reviewers 3rd Jun 2020

Response to Referees: EMBO J-2020-104730R1

We thank all three reviewers for providing their second round of comments. Reviewer 1
is completely satisfied and endorses publication. Reviewer 2 requested data showing
the expression level of CAR, which we have included in the resubmission. Reviewer 3
asked if LAT is required for the killing activity of CAR T. We agree that this is an
interesting question but it is beyond the major conclusion of the paper: LAT is not
required for signaling cluster and synapse formation.

With the successful addressing to all other issues, we believe the manuscript is ready
for publication. Below we will provide point-to-point responses to each reviewer’s
comments.

Referee #1

The authors have addressed by concerns by looking at 1st generate CARs and looking at
down-stream signaling in different cellular contexts. The paper is much more complete
and they make a clear case that LAT is optional for some kind of organised synapse
formation, but more important for cytokine production. | have not further concerns and
endorse publication.

Thank you!

Referee #2

In the revised version of the manuscript, the authors have addressed the major concerns
we previously brought up with new data and analyses. The inclusion of JLAT CRISPER KO
cells as well as inclusion of a 1st generation CAR strengthens the observation that a
subset of signaling microclusters form downstream of CAR engagement in a LAT
independent manner. However, downstream signaling such as CD69 expression and
cytokine production is LAT dependent, which brings up the following concern, which
should be addressed before acceptance:

The authors need to show that the surface levels of CAR molecules on WT and lat-/-
cells (both Jurkats and PBMCs) are equivalent. Especially concerning is the new data
shown in Figure 4C that clustering of CD19 induced by both 1st and 3rd generation
CARs is significantly higher in lat-/- cells. This data is supported by Figure 3B showing
higher CD19 clustering in lat-/- cells expressing 3rd gen CARs. These observations bring



to light the need to consider that higher CAR expression levels on the lat-/- cells
compensate for the lack of LAT. The surface levels of CARs can easily be determined by
FACS staining and should not be a technically challenging experiment.

We agree with the reviewer that it is important to determine the expression level of CAR
in the WT and LAT null cells. The CAR T cells used in this study were sorted with a
similar CAR expression level when they were made by lentiviral transduction. However,
it is possible that the CAR expression level changed during the amplification of sorted
cells. Therefore, we determined the CAR expression level by FACS when the functional
assays were performed. Because we noticed that LAT null cells are larger than the WT
cells, we quantified the CAR expression level by normalizing the total fluorescence
intensity to cell size. We think this normalized expression represents the intracellular
concentration of LAT better than the total intensity. We found that the normalized
expressions between the wild-type and LAT null cells are similar (Appendix Figure S1).
Unfortunately, we have not found any commercially available antibodies recognizing the
extracellular part of CAR. There are homemade antibodies (Jena B, PL0oS one 2013)
but we were not able to obtain them at a reasonable time frame. This made it
challenging to determine the cell surface level of CAR. Meanwhile, we think determining
the total CAR expression level should address the reviewer's concern on the
compensation of CAR expression in LAT null cells.

Minor comments:

1. Figure 5C: the authors need to quantify actin polymerization in several cells and
include the statistical analysis of this quantification.

We now included the quantification and statistical analysis.

2. In the 2nd paragraph of the Discussion, the authors state that their data showing that
CARs may bypass LAT could explain the faster proximal signaling previously shown in
CAR expressing cells (Davenport et al., 2018). However, the Davenport paper reported
faster signaling in CAR expressing cells at the level of Lck (upstream of LAT). The authors
should discuss this reference appropriately.

We carefully reviewed the Lck data in the Davenport 2018 paper. Figure 1E showed a
lower Lck accumulation in the synapse after CAR activation than TCR. Figure 2A
showed a higher phosphorylated Lck in CAR-activated than TCR-activated cells. We did
not find any kinetic data showing Lck phosphorylation is faster, which should be best
revealed by t;, in CAR-activated than TCR-activated cells. We appreciate that the
reviewer pointed out that our original statement on “faster proximal signaling” is not so



appropriate. On the hand, Figure 4A in the Davenport paper showed that CAR triggers
faster lytic granule recruitment to the synapse than TCR. We now changed our
discussion to match what the data exactly demonstrated.

Referee #3

This is an interesting study by Dong and colleagues to suggest a differential
requirement of LAT in TCR and CAR-T cell mediated functions. The results are intriguing
and will be of interest to the community. There is one experiment needed to fully
support the authors' conclusions.

Major concern:

1. As the authors have elegantly translated their findings from Jurkat into primary
human T cells in figure 7 and since the primary function of CAR-Ts is to engage and
kill CD19 tumor cells, the authors should analyze killing of target cells by primary WT
vs lat- CAR Ts cells to support the biochemical and cellular analysis performed in
Jurkat T cells.

We agree with the reviewer that it will be interesting to compare the killing activity of WT
vs lat- CAR Ts. However, our major conclusion for this work is that LAT is not required
for signaling cluster and synapse formation. The result of the killing ability is relevant but
beyond the focus of the manuscript.

Minor concerns:

1. Figure 3B. Is there any statistical difference between OKT3 vs CD19 in the WT
conditions?

Yes, OKT3 is higher than CD19 in the WT condition (P<0.0001 by two-tailed unpaired t
test). However, we do not think this statistical analysis accurately reflects the clustering
difference between OKT3 and CD19 because these two different ligands have different
dye-labeling efficiencies.

2. In their comparisons of 1st vs 3rd generation CARs (figure 4), the authors should
show data that the expression levels of these two generations are similar.

We now show the data in Appendix Figure S1. Indeed, the CAR expression of the two
generations are similar.



3. Page 7, Figure 5A- since the authors just discussed in figure 4 and page 6 1st vs 3rd
generation CARs, they should clarify that experiments in figure 5A were performed
presumably with 3rd generation CARs to avoid confusion.

That is a good suggestion. We now clarified it's the 3™ generation CAR in the figure
legend.

4. Page 7, line 17: Wardenburg et al., Immunity 1998 was the first description of NCK-
SLP76 and actin assembly in T cells.

Thanks for suggesting this reference. It has been included.

5. Figure 5A: Is the absolute GADS level in wt vs lat- cells statistically different? If so,
this would seem to indicate that there is a significantly higher level of CAR expressed
in the J.lat- than in WT. Figure 5A: Is the absolute GADS level in wt vs lat- cells
statistically different? If so, this would seem to indicate that there is a significantly
higher level of CAR expressed in the J.lat- than in WT. If so, how might this alter the
authors' conclusions?

The reviewer raises an interesting point. The absolute GADS level recruited to

membrane is statistically higher in lat- than in WT cells (P<0.005 by two-tailed unpaired

t test). We determined the total CAR expression level in WT and lat- cells and found

they are comparable (Appendix Figure S1). We suspect that LAT could recruit additional

factors to the membrane that inhibits the recruitment of Gads but the exact mechanism
needs further investigation.

6. Figure 5C: There needs to be quantitation of F-actin to determine if there are any
differences in F-actin levels between WT vs lat-. In the single cell shown, it appears
that there might be more peripheral F-actin intensity in lat-. Together with the data
shown in figure 5A, is it possible that there is an enhanced GADs and F-actin in the
absence of lat?

We determined the F-actin level in both central and peripheral regions in the CAR T
synapse and there is no significant difference between WT vs lat- (new figure 5C).



7. EV1. Is the [CD19] concentration in figure incorrect? The figure states 0.4 nM, but
text reads 0.2 nM.

Thanks for catching this discrepancy. It was a typo in the figure legend. We have
corrected it.



2nd Revision - Editorial Decision 5th Jun 2020

Dear Xiaolei,

Thank you for submitting your revised manuscript to The EMBO Journal.  have now had a chance
to take a careful look at everything and all looks good.

lam therefore very pleased to accept the manuscript for publication here.
Congratulations on a nice manuscript

with best wishes

Karin

Karin Dumstrei, PhD

Senior Editor
The EMBO Journal

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

Your manuscript will be processed for publication in the journal by EMBO Press. Manuscripts in the
PDF and electronic editions of The EMBO Journal will be copy edited, and you will be provided with
page proofs prior to publication. Please note that supplementary information is not included in the
proofs.

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

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

** Click here to be directed to your login page: http//embojmsubmit.net
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

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.

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

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

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

2. Captions

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