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1st Editorial Decision                                                                                                                                                     3rd May 2018 

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now received 
feedback from two of the three reviewers who agreed to evaluate your manuscript. Given that we have not heard 
from referee 3 despite several chasers and that both referees 1 and 2 are overall positive, we prefer to make a 
decision now in order to avoid further delay in the process. Should we receive the report from referee 3 within 1 
to 2 weeks from now, we will send it to you. In that event, please note however that you will only be asked to 
address this referee's minor concerns (nothing further reaching).  
 
 
***** Reviewer's comments *****  
 
 
Referee #1 (Remarks for Author):  
 
This manuscript describes a strategy to generate human CD19-CAR T cells in vivo, and to thereby target CD19+ 
B cells. Two humanized mouse models are used: (1) engrafted with human PBMC + the Raji tumor cell line, and 
(2) engrafted with human HSC. FACS analysis and qPCR for vector genomes are used to evaluate CD19-CAR 
expression in human CD8+ cells in different tissues, and B cell depletion is examined by FACS staining for 
CD19+ cells. At the time of sacrifice, both PBMC and HSC mice showed lower levels of CD19+ cells in animals 
injected with CD8-targeted lentiviral vectors expressing the CD19 CAR (CD8-LVCD19CAR ) when compared 
to PBS control mice. Further analysis of cytokine profiles and histology suggested signs of cytokine release 
syndrome in CD8-LVCD19CAR injected mice.  
 
Overall, these findings are potentially interesting and relevant to the development of an in vivo gene therapy 
approach to generate CAR T cells. However, I have several concerns about the data which are described below:  
 
Major concerns  
 
1. For the PBMC and Raji tumor cell mouse model:  
(a) Convincing evidence of B cell depletion requires measurements of the B cell levels in the blood of individual 



mice before CD8-LVCD19CAR administration, not simply a comparison to control mice.  
(b) It is not clear whether Raji cells have contributed to B cell engraftment in this model. The overall B cell 
levels at the time of sacrifice are very low (average value <1% in all condition). In addition, B cell frequencies 
were similar in CD8-LVRFP injected mice whether Rajis were injected or not. This was also observed in the 
frequency of CD8-LVCD19-CAR injected mice group (Fig. 1F).  
(c) Please provide more detailed gating schemes for the FACS used in these mice, including CD45 percentages 
and the strategy used to assess human cell expansion and for downstream analysis  
(d) The vector copy number detected by DNA analysis does not appear to align with analysis by flow cytometry. 
Copy numbers seem similar to the frequency of CAR+ CD8+ T cells reported in panel E (assuming 1 copy per 
cell). However, the text indicates that genomic DNA was isolated from total tissue. While murine cells should be 
irrelevant assuming the control PCR is human-specific, the CD8+ fraction represents half or less of the CD3+ 
cells in all tissues and an unknown percentage of the total human cells. Thus, this VCN seems at least 2x as high 
as would be expected from the flow cytometry data. (Fig. 1C, 1D). Pease comment.  
(e) For detecting control transduced T cells, is it fair to compare RFP expression to a myc-tag antibody? Are 
these reporters equally sensitive and do both correlate well with VCN during, for example, in vitro transduction 
analysis such that this is a reasonable comparison?  
(f) Methods do not detail how PBMCs were activated prior to injection.  
(g) Figure 1D shows higher CD8+ cell frequency in CD8-LVCD19CAR injected mice than in CD8-LVREF 
injected mice, and the authors speculate that this is due to expansion of CD8+CD19CAR+ cells upon antigen 
stimulation by B cells. However, this higher expression was only observed in the peritoneum, and the reason for 
the differences between tissue is not discussed. Moreover, in Figure 1 E, the higher level of transgene expression 
in CD8-LVCD19CAR injected mice than in CD8-LVREF injected mice was explained as being due to CD8+ 
cell expansion. However, since the "expansion" was only observed in the peritoneum, it is unclear why the 
transgene level in spleen and blood also has this difference between CD8-LVCD19CAR and CD8-LVREF 
injected mice.  
(h) If the T cell expansion is indeed driven by CAR mediated stimulation, it would be interesting to know how 
diverse the T cell repertoire of the CAR+ cells is. Do they come from massive expansion of a single cell, or are 
they polyclonal? Could this have implications for the efficacy of these responses i.e. could the cells become 
more easily exhausted and nonfunctional if the starting population was not sufficiently robust?  
 
2. The efficacy of the CAR T cells is only evaluated against injected Raji cells into animals. It would be 
informative to see whether this therapy is able to protect animals or eliminate a tumor in a xenograft model.  
 
3. Questions about the CD34-NSG mouse experiments:  
(a) The vector copy number detected by DNA analysis does not appear to align with analysis by flow cytometry. 
The qPCR detected vector copy number was around 1 copies/human genome in bone marrow tissue enriched for 
CD8+ cells, while the FACS analysis in panel D showed only 5% of the cells expressing CAR (and its not clear 
this 5% is under human CD45+ gate or total lymphocyte gate, the information about the gating method is poorly 
provided).  
(b) The interpretation that the pathology observed in mice M16 and M19 was related to CRS seems a little 
premature. While this is a reasonable hypothesis, GvHD is not unheard of in CD34-NSG mice, particularly in 
animals with high levels of circulating human CD45+ cells in the blood, such as the up to 72% reported in the 
text. What were the humanization levels in these animals and how did they compare to levels in the PBS control 
group? The reported random assignment might have resulted in erroneous segregation of highly-humanized 
animals to one group, rather than using a rank-ordered system to ensure equivalent starting means among the 
groups.  
(c) Alternatively, the authors could better support their CRS hypothesis if they presented the initial humanization 
and lymphocyte subset data for the animals and could link CRS to B cell "burden." If M16 and M19 had the 
highest initial levels of B cells, that might suggest antigen burden was a risk factor for this pathology, as has 
been observed in clinical trials of CAR T cells.  
(d) CD34-NSG mice don't have germinal centers. The structures outlined as such in Fig. 3 do not resemble a 
germinal center, lacking the appropriate density of nuclei and B cells and with no indications of light/dark zones. 
While clusters slightly enriched for B cell density can be observed in this model, I am not aware of any literature 
suggesting that these possess the most critical hallmarks of germinal centers. Moreover, the fact that different 
stains were done on images that are not serial sections further challenges any interpretation of this data.  
(e) In Figures 2E-F, it appears that animals negative for CAR expression by flow and VCN (open symbols) were 
excluded from analyses of B cell depletion. This cherry-picking of the data is not justified, and it excludes a 
potentially interesting finding if B cell depletion was also observed in these animals.  
(f) Why is CAR expression so much dimmer in the CD34 model than the PBMC mice? There is a sentence in the 
text suggesting this is expected, but no reference is cited to support this interpretation. Is this a known 
characteristic of the SFFV promoter (which is suggested to be used by the reference but not indicated in this 
manuscript)?  



(g) The manuscript states that HSC-mice were used "to assess if CAR T cells could also be generated from T 
cells in steady-state....". However, IL-7 was used in order to activate CD8+ T cells in the HSC-mice prior to 
vector injection. Evidence/appropriate controls are needed to show that the IL-7 injections induce proliferation of 
T cells or increase transduction in vivo.  
 
Minor concerns  
• Typo on 6th line of the results and discussion: "asses"  
• Fig EV 2 looks like its missing some labels. Why are there 3 repeats of PBS/CAR/RFP? Are these the three 
tissues in order? If so, the data doesn't appear to align with Fig 1G as indicated.  
• Why do only some histology images have scalar bars? At least 1 should be provided per each tissue.  
• Figure 1B and 2A need more detail on the graph. Ex: what type of vector is injected and what are the does were 
being used. These were explained separately in the legend or method but it is hard for the reader to gather all the 
information.  
• For figure 1D-G, a represented FACS gating was presented. The tissue of the FACS gating should be labeled 
on the plot.  
 
 
Referee #2 (Comments on Novelty/Model System for Author):  
 
The paper by Pfeffer et al on in vivo generation of CD19 CAR-T cells is of major translational importance for 
medicine and for your journal. In some ways it is a breakthrough in the field of CAR-T. First was Zelig Eshhar's 
concept, but while he could technically make them, they were poorly activated in the absence of the appropriate 
signalling entities. Second was led by June et al adding signalling sequences to CAR which led to fully 
functional ex-vivo generated CD19 CAR-T, clinically effective.  
But at a cost of $500K per patient! While its not this journals reviewers role to consider the health economics, it 
is clear that CAR-T are not scalable to all due to problems of manufacture as well as cost. Bucholtz' group here 
report the first clear steps towards a much simpler scalable and hence cheaper approach generating CAR-T in 
vivo. This is succinctly and effectively reported. Not only is there efficacy but all the variations and side effects 
are also present in mice receiving vectors to make CART suggesting what they made is very similar to existing 
products generated exvivo. The work is well documented and they are very modest about the implications of 
their work. 
 

 
Additional correspondence – Author’s comment                                                                                                   11th May 2018 

We were pleased seeing that the two reviewers were both overall very positive about our manuscript. We have 
gone through the points raised by reviewer 1 and will be able to address almost all of them providing additional 
data and/or better explanation/discussion in the text. An exception is point #2 in which this reviewer asks for a 
xenograft tumor model. This is unfortunately not so easy to set up for the in vivo CAR delivery and will take 
some time to get this done. One reason is that we have to deal with a strong alloreactivity between the 
transplanted human PBMC and the tumor cells. In conventional CAR T cell experiments this is less of an issue 
since a high dose of CAR T cells is injected into the animals whereas in our setting CAR T cells develop only 
slowly within a large surplus of non-CAR PBMC. Given in addition that the CAR T cell field is moving fast we 
feel that this point goes beyond the scope of the current manuscript where we provide in a report format proof-
of-principle for the in vivo CAR T generation and describe CRS-like side-effects in the mice.  
I'd therefore be grateful if you could give us some indication how essential this point 2 by reviewer 1 will be 
seen upon revision of the manuscript.  

 
Additional correspondence - Referee #1’s comment                                                                                                   14th May 2018 

[The author] makes a reasonable point, and I would be OK to accept this argument. 
 
 

1st Revision - authors' response                                                                                                                                 18th June 2018 

 
***** Reviewer's comments *****  
  
Referee #1 (Remarks for Author):  



  
This manuscript describes a strategy to generate human CD19-CAR T cells in vivo, and to thereby target CD19+ 
B cells. Two humanized mouse models are used: (1) engrafted with human PBMC + the Raji tumor cell line, and 
(2) engrafted with human HSC. FACS analysis and qPCR for vector genomes are used to evaluate CD19-CAR 
expression in human CD8+ cells in different tissues, and B cell depletion is examined by FACS staining for 
CD19+ cells. At the time of sacrifice, both PBMC and HSC mice showed lower levels of CD19+ cells in animals 
injected with CD8-targeted lentiviral vectors expressing the CD19 CAR (CD8-LVCD19CAR ) when compared 
to PBS control mice. Further analysis of cytokine profiles and histology suggested signs of cytokine release 
syndrome in CD8-LVCD19CAR injected mice.  
Overall, these findings are potentially interesting and relevant to the development of an in vivo gene therapy 
approach to generate CAR T cells. However, I have several concerns about the data which are described below:  
  
Major concerns  
  
1. For the PBMC and Raji tumor cell mouse model:  
(a) Convincing evidence of B cell depletion requires measurements of the B cell levels in the blood of individual 
mice before CD8-LVCD19CAR administration, not simply a comparison to control mice.  
We now provide these data for the CD34-NSG model (Appendix Fig. S4B). There is no difference in the CD19 
levels between the vector injected group and the control group. Moreover, Fig. 2F shows the levels of CD19+ 
cells after treatment related to the levels before treatment. There is a statistically significant reduction of the B 
cell levels in the CAR+ group only. 
In the PBMC-transplanted mice such an analysis was not compatible with our experimental setting, since we 
administered PBMC into the peritoneal cavity and 24 hours later the vector particles. Since migration of PBMC 
from the peritoneal cavity to other organs can take 7-14 days (King et al, 2008, Clin. Immunol. 126:303-314) 
there were no B cells to be expected in blood at this early time point. Moreover, when we compile all data 
collected in this mouse model and compare the B cell levels in CAR- versus RFP/PBS-injected mice, the 
statistical probability for the B cell depletion being accidental is below 0.0001. Please see the figure below for 
your information.   
Moreover, we have now added a data set demonstrating that cells transduced with CD8-LV delivering the 
CD19-CAR also deplete B cells from human PBMC in vitro (Fig. EV1B).  
 

 
 
 
 
 
 
 
  

Summary of the data for CD19+ 
cell elimination in PBMC-
transplanted mice.  
(A) The transgene level of CD8+ 
cells from peritoneal cells is shown 
for mice treated with CD8-LV(CAR) 
(filled circle) and for mice treated 
with PBS or CD8-LV(RFP) (open 
circle) (B) human CD19 levels within 
human CD45+ cells harvested from 
the peritoneal cavity. Mean values ± 
SD is shown with n=15 (CAR group) 
and n=17 (control group). Statistical 
significance was determined by two-
tailed unpaired t-test, **** p<0.0001.  
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(b) It is not clear whether Raji cells have contributed to B cell engraftment in this model. The overall 
B cell levels at the time of sacrifice are very low (average value <1% in all condition). In addition, B 
cell frequencies were similar in CD8-LVRFP injected mice whether Rajis were injected or not. This 
was also observed in the frequency of CD8-LVCD19-CAR injected mice group (Fig. 1F).  
The CD19+ cells in blood and peritoneal cavity were mainly B lymphocytes whereas Raji cells had 
rather invaded into tissues, especially the peritoneum, by the time of harvest. This was confirmed by 
using CD45 expression levels to distinguish between B cells (higher expression) and Raji cells 
(lower expression) (Appendix Fig S3). We do now explicitly state this in the manuscript on page 6, 
1st paragraph.    
 
 
(c) Please provide more detailed gating schemes for the FACS used in these mice, including CD45 
percentages and the strategy used to assess human cell expansion and for downstream analysis  
The gating scheme is now provided in the Appendix Fig. S1A, the percentages of CD45+ and CD3+ 
cells in Appendix Fig. S1B-C. This analysis shows that there is no expansion of human cells in 
general. There is, however, a relative increase of the CAR+ T cells which we demonstrated by 
comparing to RFP gene delivery and by B cell depletion. We do now mention this on page 5. 
 
 
(d) The vector copy number detected by DNA analysis does not appear to align with analysis by 
flow cytometry. Copy numbers seem similar to the frequency of CAR+ CD8+ T cells reported in 
panel E (assuming 1 copy per cell). However, the text indicates that genomic DNA was isolated 
from total tissue. While murine cells should be irrelevant assuming the control PCR is human-
specific, the CD8+ fraction represents half or less of the CD3+ cells in all tissues and an unknown 
percentage of the total human cells. Thus, this VCN seems at least 2x as high as would be expected 
from the flow cytometry data. (Fig. 1C, 1D). Pease comment.  
To facilitate comparison between VCNs and FACS numbers we provided the percentages of CAR+ 
cells among human CD45+ cells in Fig. EV2. We realized that the bars were wrongly labelled for 
the CAR and RFP groups. Having now corrected this labelling error, we believe that the FACS and 
VCN data fit perfectly well (please compare Fig. EV2 and Fig 1C), at least in their relative 
numbers. Overall, the VCNs may still be a little higher than the expression levels determined by 
FACS which can be due to multiple integrations per cell or loss of gene expression in transduced 
cells. It is also well established that the correlation between the number of transduced cells and the 
VCN is linear only up to about 30% gene transfer. Beyond that, the VCNs increase much faster 
(Kustikova et al., 2003; Blood 102, 3934-3937; Fehse et al., 2004; Gene Therapy 11, 879-881).  
 
 
(e) For detecting control transduced T cells, is it fair to compare RFP expression to a myc-tag 
antibody? Are these reporters equally sensitive and do both correlate well with VCN during, for 
example, in vitro transduction analysis such that this is a reasonable comparison?  
We have for both detection systems a proper signal to noise ratio and are therefore convinced that 
we can clearly identify CAR+ as well as RFP+ cells by flow cytometry. This is supported by the 
data detecting transduced cells on the genomic level by determining VCNs. As explained above 
these correlate very well for the different groups assessed.  
 
 
(f) Methods do not detail how PBMCs were activated prior to injection 
PBMC were activated via CD3/CD28 prior to injection into NSG mice. The activation protocol was 
provided in the Methods section (see page 13, paragraph labelled “Cell Culture” in the revised 
manuscript).  
 
 
(g) Figure 1D shows higher CD8+ cell frequency in CD8-LVCD19CAR injected mice than in CD8-
LVREF injected mice, and the authors speculate that this is due to expansion of CD8+CD19CAR+ 
cells upon antigen stimulation by B cells. However, this higher expression was only observed in the 
peritoneum, and the reason for the differences between tissue is not discussed. Moreover, in Figure 
1 E, the higher level of transgene expression in CD8-LVCD19CAR injected mice than in CD8-
LVREF injected mice was explained as being due to CD8+ cell expansion. However, since the 
"expansion" was only observed in the peritoneum, it is unclear why the transgene level in spleen and 
blood also has this difference between CD8-LVCD19CAR and CD8-LVREF injected mice.  
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We agree that the enhanced CD8+ level was especially pronounced in the peritoneal cavity (we are 
now stating this in the manuscript on page 5), however a tendency for an increase is also detectable 
in spleen and blood. In any case, the CD8 expansion in the peritoneal cavity did not directly 
correlate with the CAR expression levels. The enrichment for CD8 cells is below 2-fold compared to 
the control groups, but the enrichment for CAR+ cells is at least 10-fold on the protein level (FACS) 
and 4-5-fold on the genomic level (VCN). We state in the manuscript that this must be due to a 
preferential expansion of the transduced cells, i.e. the CAR+ cells (not the CD8+ cells overall). 
Levels in spleen and blood require extravasation of CAR+ T cells from the peritoneal cavity. Our 
clonality analysis (see below) revealed that not all but only a fraction of CAR+ T cells migrated 
from the peritoneal cavity to blood and spleen. This is well in agreement with the CD8+ and CAR+ 
levels we detected in these compartments. We are now explaining this in the manuscript on page 6, 
2nd paragraph. 
 
 
(h) If the T cell expansion is indeed driven by CAR mediated stimulation, it would be interesting to 
know how diverse the T cell repertoire of the CAR+ cells is. Do they come from massive expansion 
of a single cell, or are they polyclonal? Could this have implications for the efficacy of these 
responses i.e. could the cells become more easily exhausted and nonfunctional if the starting 
population was not sufficiently robust?  
We now provide data on the clonality of the in vivo generated CAR T cells generated by PCR on 
genomic DNA specific for the integration site of the vector. The data show that we have a clear 
polyclonal situation in the peritoneum in the presence of B cells (Fig. EV3A). This is again in 
agreement with a preferential expansion of CAR+ cells. In absence of B cells and for RFP gene 
transfer the transduced cells are more oligoclonal, since distinct bands can be detected in the 
integration site PCR (LM-PCR). In spleen, we have a clear oligoclonal pattern suggesting that only 
distinct CAR T cell subpopulations were able to migrate from the peritoneum to spleen.  
As suggested, we have measured the activation/exhaustion markers PD1, LAG3 and TIM3 in spleen 
and peritoneal cavity cells from mice injected with CAR vector, RFP vector or PBS, respectively 
(Fig. EV3B). The data reveal a significantly increased level of exhaustion in a fraction of the CAR+ 
cells.  
We now describe this on page 6, 2nd paragraph. 
 
 
2. The efficacy of the CAR T cells is only evaluated against injected Raji cells into animals. It 
would be informative to see whether this therapy is able to protect animals or eliminate a tumor in a 
xenograft model. 
We agree that this is a logical next step to evaluate. It is, however, not so easy to set up for the in 
vivo CAR delivery and it will take some time to get this done. One reason is that we have to deal 
with a strong alloreactivity between the transplanted human PBMC and the tumor cells. In 
conventional CAR T cell experiments this is less of an issue since a high dose of CAR T cells is 
injected into the animals whereas in our setting CAR T cells develop only slowly within a large 
surplus of non-CAR PBMC. Given in addition that the CAR T cell field is moving fast we feel that 
this point goes beyond the scope of the current manuscript where we provide proof-of-principle for 
the in vivo CAR T generation and describe CRS-like side-effects in the mice. 
 
  
3. Questions about the CD34-NSG mouse experiments:  
 
(a) The vector copy number detected by DNA analysis does not appear to align with analysis by 
flow cytometry. The qPCR detected vector copy number was around 1 copies/human genome in 
bone marrow tissue enriched for CD8+ cells, while the FACS analysis in panel D showed only 5% 
of the cells expressing CAR (and its not clear this 5% is under human CD45+ gate or total 
lymphocyte gate, the information about the gating method is poorly provided).  
We now provide more details on the gating strategy (see Appendix Fig. S4). Human CD8+ cells 
were gated as % of on hCD3+ cells in the viable human CD45+ cells from bone marrow cells. The 
qPCR was mainly performed to distinguish between CAR+ and CAR- mice. We agree that although 
overall the FACS and VCN data fit well to each other, the VCNs suggest on average more CAR+ 
cells than determined by FACS. Multiple integrations in single cells as well as inactivation of the 
SFFV promoter used in our constructs, which has been previously observed (Stein et al., 2010; Nat 
Med 16, 198-204), are possible explanations. The IL-7 stimulation is only transient with cells 
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returning to a resting state a few days later (see below). Such resting or minimally activated T cells 
may not express the CAR in sufficiently high levels to be detected by flow cytometry, especially when 
carrying only a single integration. We now explain this on page 7, 1st paragraph. 
 
 
(b) The interpretation that the pathology observed in mice M16 and M19 was related to CRS seems 
a little premature. While this is a reasonable hypothesis, GvHD is not unheard of in CD34-NSG 
mice, particularly in animals with high levels of circulating human CD45+ cells in the blood, such 
as the up to 72% reported in the text. What were the humanization levels in these animals and how 
did they compare to levels in the PBS control group? The reported random assignment might have 
resulted in erroneous segregation of highly-humanized animals to one group, rather than using a 
rank-ordered system to ensure equivalent starting means among the groups.  
We now provide the humanization levels in both mouse groups including CD45+, CD19+, CD3+ 
and CD8+ cells. There is random allocation of mice to the two groups for all these parameters 
(Appendix Fig. S4).  
Moreover, we added histology on colon tissue and the liver periportal tracts, which are typically 
affected by GvHD. There were no signs of GvHD detectable (Fig. EV5). We now mention this on 
page 11, 2nd paragraph of the Discussion part. We also mention that very recently CRS was 
observed in CD34-transplanted mice treated with CAR T cells (Norelli et al., 2018; Nat Med 
advanced online publication) supporting our observation that this is indeed a possible complication 
developing in these mice (page 12, first paragraph). 
 
(c) Alternatively, the authors could better support their CRS hypothesis if they presented the initial 
humanization and lymphocyte subset data for the animals and could link CRS to B cell "burden." If 
M16 and M19 had the highest initial levels of B cells, that might suggest antigen burden was a risk 
factor for this pathology, as has been observed in clinical trials of CAR T cells.  
See response to b). There is no evidence for a correlation with these parameters.  
 
(d) CD34-NSG mice don't have germinal centers. The structures outlined as such in Fig. 3 do not 
resemble a germinal center, lacking the appropriate density of nuclei and B cells and with no 
indications of light/dark zones. While clusters slightly enriched for B cell density can be observed in 
this model, I am not aware of any literature suggesting that these possess the most critical hallmarks 
of germinal centers. Moreover, the fact that different stains were done on images that are not serial 
sections further challenges any interpretation of this data.  
We are grateful to this reviewer for pointing us to this mistake. We are now using the term B 
lymphocyte rich zones reminiscent of primordial germinal centers.  
 
(e) In Figures 2E-F, it appears that animals negative for CAR expression by flow and VCN (open 
symbols) were excluded from analyses of B cell depletion. This cherry-picking of the data is not 
justified, and it excludes a potentially interesting finding if B cell depletion was also observed in 
these animals.  
We have now added the data for these animals (see revised Fig. 2E+F). Notably, there is no 
detectable B cell depletion in these mice. B cell depletion is, however, significant for the CAR+ 
group, also when compared to these mice.  
 
 
(f) Why is CAR expression so much dimmer in the CD34 model than the PBMC mice? There is a 
sentence in the text suggesting this is expected, but no reference is cited to support this 
interpretation. Is this a known characteristic of the SFFV promoter (which is suggested to be used by 
the reference but not indicated in this manuscript)?  
In the CD34 model the CD8 T cells most likely returned to their resting state, since punctual IL-7 
stimulation does not last long (3-6 days) (Swainson et al., 2006; J. Immunology 176:6702-6708). In 
general, promoters are less active in resting cells than in activated T cells. This holds true also for 
the SFFV promotor in the context of T cells (see Fig. 5B in Frecha et al, 2008; Blood 112, 4843-
4852). This is in contrast to PBMC engrafted in NSG mice where especially the CD8 T cells are 
highly activated by the xenoreactivity. We now refer to this reference (page 7, 2nd paragraph).  
 
 
(g) The manuscript states that HSC-mice were used "to assess if CAR T cells could also be 
generated from T cells in steady-state....". However, IL-7 was used in order to activate CD8+ T cells 
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in the HSC-mice prior to vector injection. Evidence/appropriate controls are needed to show that the 
IL-7 injections induce proliferation of T cells or increase transduction in vivo.  
IL-7 does not induce proliferation of T cells but as a homeostatic cytokine it promotes cell viability 
and pushes them into the G1B phase of the cell cycle, which makes them more permissive for 
transduction, especially when administered only temporarily as we did. Our statement “IL-7 
promotes T cell expansion” rather refers to continuous use. It was therefore misleading and we 
have revised this part (page 7, 2nd paragraph). We agree that in absence of a group treated without 
prior IL-7 injection we cannot demonstrate that IL-7 is crucial in the in vivo approach. However, 
based on the broad evidence for IL-7 supporting the transduction with lentiviral vectors and also 
infection of resting T cells with HIV (e.g. Loisel-Meyer et al., 2012, PNAS 109(7):2549-54; 
Verhoeyen et al, 2003, Blood 101: 2167; Cavalieri et al., 2003, Blood 102:497-505) and the fact 
that the use of IL-7/IL-15 is currently becoming routine in the generation of CAR T cells (Xu et al., 
2014 Blood 123:3750-9), it is likely, but will have to be confirmed by future work. 
 
  
Minor concerns  
• Typo on 6th line of the results and discussion: "asses"  
The typographical error has been corrected. 
• Fig EV 2 looks like its missing some labels. Why are there 3 repeats of PBS/CAR/RFP? Are these 
the three tissues in order? If so, the data doesn't appear to align with Fig 1G as indicated.  
As mentioned above, this figure was labeled wrongly. The three diagrams reflect peritoneum, spleen 
and blood. We apologize for this mistake which has now been corrected by revising this figure. 
• Why do only some histology images have scalar bars? At least 1 should be provided per each 
tissue.  
Scale bars have been included as suggested. 
• Figure 1B and 2A need more detail on the graph. Ex: what type of vector is injected and what are 
the does were being used. These were explained separately in the legend or method but it is hard for 
the reader to gather all the information.  
We have added the requested information. 
• For figure 1D-G, a represented FACS gating was presented. The tissue of the FACS gating should 
be labeled on the plot.  
It is already stated in the legend that peritoneum is shown. The figure is already pretty busy and we 
feel that adding this information again directly in the figure would make the figure more difficult to 
understand. 
  
  
Referee #2 (Comments on Novelty/Model System for Author):  
  
The paper by Pfeffer et al on in vivo generation of CD19 CAR-T cells is of major translational 
importance for medicine and for your journal. In some ways it is a breakthrough in the field of 
CAR-T. First was Zelig Eshhar's concept, but while he could technically make them, they were 
poorly activated in the absence of the appropriate signalling entities. Second was led by June et al 
adding signalling sequences to CAR which led to fully functional ex-vivo generated CD19 CAR-T, 
clinically effective.  
But at a cost of $500K per patient! While its not this journals reviewers role to consider the health 
economics, it is clear that CAR-T are not scalable to all due to problems of manufacture as well as 
cost. Bucholtz' group here report the first clear steps towards a much simpler scalable and hence 
cheaper approach generating CAR-T in vivo. This is succinctly and effectively reported. Not only is 
there efficacy but all the variations and side effects are also present in mice receiving vectors to 
make CART suggesting what they made is very similar to existing products generated exvivo. The 
work is well documented and they are very modest about the implications of their work. 
This comment is well appreciated. 
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2nd Editorial Decision 6th August 2018 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine, and my 
apologies for the unusually long review process. We have now received the enclosed report from the 
referee that was asked to re-assess it. As you will see the reviewer is now supportive, and I am 
pleased to inform you that we will be able to accept your manuscript pending the following final 
amendments:  
 
 
***** Reviewer's comments *****  
 
Referee #1 (Remarks for Author):  
 
I appreciated the thorough response to my critique  
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� common	  tests,	  such	  as	  t-‐test	  (please	  specify	  whether	  paired	  vs.	  unpaired),	  simple	  χ2	  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.	  

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

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

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

3.	  Were	  any	  steps	  taken	  to	  minimize	  the	  effects	  of	  subjective	  bias	  when	  allocating	  animals/samples	  to	  treatment	  (e.g.	  
randomization	  procedure)?	  If	  yes,	  please	  describe.	  

For	  animal	  studies,	  include	  a	  statement	  about	  randomization	  even	  if	  no	  randomization	  was	  used.

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.

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

5.	  For	  every	  figure,	  are	  statistical	  tests	  justified	  as	  appropriate?
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a	  statement	  of	  how	  many	  times	  the	  experiment	  shown	  was	  independently	  replicated	  in	  the	  laboratory.

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.	  	  

definitions	  of	  statistical	  methods	  and	  measures:

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.).

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

a	  specification	  of	  the	  experimental	  system	  investigated	  (eg	  cell	  line,	  species	  name).

B-‐	  Statistics	  and	  general	  methods

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.

1.	  Data

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	  way.
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

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

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

2.	  Captions

The	  data	  shown	  in	  figures	  should	  satisfy	  the	  following	  conditions:

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.

YOU	  MUST	  COMPLETE	  ALL	  CELLS	  WITH	  A	  PINK	  BACKGROUND	  ê

This	  was	  an	  explorative	  study	  with	  unknown	  expectations	  about	  its	  outcome.	  	  Therefore,	  in	  sample	  
size	  calculations	  only	  estimations	  can	  be	  done	  to	  observe	  statistical	  differences.	  For	  a	  certain	  
sample	  size	  we	  estimated	  which	  differences	  can	  be	  statistically	  detected.	  To	  observe	  differences	  in	  
vector	  treated	  and	  PBS	  control	  mice,	  we	  set	  transduced	  cells	  as	  factor	  observed.	  By	  using	  single	  
factor	  variance	  analyses	  for	  	  sample	  sizes	  of	  n≥3	  	  (significance	  level	  =	  0.05,	  power	  =	  80	  %)	  	  
differences	  to	  the	  mean	  by	  1.84	  fold	  of	  the	  standard	  deviation	  can	  be	  observed	  as	  statistically	  
relevant.	  

see	  response	  to	  1a

A	  few	  NSG	  mice	  (<5),	  which	  had	  been	  engrafted	  with	  human	  PBMC,	  but	  did	  not	  show	  human	  
engraftment	  in	  various	  organs	  (blood,	  spleen)	  in	  the	  analysis	  (determined	  via	  flow	  cytometry	  
analysis	  using	  the	  human	  CD45	  antibody)	  were	  excluded.	  No	  CD34-‐transplanted	  mice	  were	  
excluded.

human	  CD34+	  engrafting	  mice	  were	  categorized	  into	  different	  groups	  based	  on	  their	  human	  
engraftment	  levels	  of	  CD45	  and	  CD3	  from	  peripheral	  blood	  FACS	  anaylsis,	  to	  equalize	  biological	  
variance	  in	  the	  starting	  population.

Referring	  to	  animal	  experiments	  with	  PBMC	  transplanted	  NSG	  mice,	  all	  animals	  were	  randomized	  
by	  chance.	  

Histological	  sections	  were	  blinded	  before	  evaluation	  by	  an	  expert	  pathologist.	  

Investigators	  were	  not	  blinded	  to	  group	  allocation.	  	  We	  had	  no	  defined	  expectations	  of	  the	  
outcome.	  Furthermore	  data	  were	  obtained	  by	  objective	  measurements	  (PCR,	  flow	  cytometry)	  and	  
therefore	  not	  error	  prone	  by	  person.

Yes	  statistical	  tests	  were	  chosen,	  depending	  on	  kind	  of	  comparision	  and	  single	  or	  multiple	  
comparisons.



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

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

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

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	  list	  at	  top	  right),	  1DegreeBio	  (see	  link	  list	  at	  top	  right).

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

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

8.	  Report	  species,	  strain,	  gender,	  age	  of	  animals	  and	  genetic	  modification	  status	  where	  applicable.	  Please	  detail	  housing	  
and	  husbandry	  conditions	  and	  the	  source	  of	  animals.

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

10.	  We	  recommend	  consulting	  the	  ARRIVE	  guidelines	  (see	  link	  list	  at	  top	  right)	  (PLoS	  Biol.	  8(6),	  e1000412,	  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.

11.	  Identify	  the	  committee(s)	  approving	  the	  study	  protocol.

12.	  Include	  a	  statement	  confirming	  that	  informed	  consent	  was	  obtained	  from	  all	  subjects	  and	  that	  the	  experiments	  
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.

14.	  Report	  any	  restrictions	  on	  the	  availability	  (and/or	  on	  the	  use)	  of	  human	  data	  or	  samples.

15.	  Report	  the	  clinical	  trial	  registration	  number	  (at	  ClinicalTrials.gov	  or	  equivalent),	  where	  applicable.

16.	  For	  phase	  II	  and	  III	  randomized	  controlled	  trials,	  please	  refer	  to	  the	  CONSORT	  flow	  diagram	  (see	  link	  list	  at	  top	  right)	  
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	  
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	  
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).
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).
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.

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.

F-‐	  Data	  Accessibility

C-‐	  Reagents

D-‐	  Animal	  Models

E-‐	  Human	  Subjects

G-‐	  Dual	  use	  research	  of	  concern

NA

Supplementary	  document	  is	  provided

Only	  data	  positive	  for	  normal	  distribution	  by	  Shapiro-‐Wilk	  test	  were	  assessed	  as	  being	  normal	  
distributed.

hCD45	  (clone:	  5B1,	  Miltenyi	  Biotec:	  130-‐092-‐880);	  hCD3	  (clone:	  BW264/56,	  Miltenyi	  Biotec:	  130-‐
094-‐965);	  hCD8	  (clone:	  BW135/80,	  Miltenyi	  Biotec:	  130-‐080-‐601);	  hCD19	  	  (clone:	  LT19,	  Miltenyi	  
Biotec:	  130-‐091-‐248);	  myc-‐tag	  (clone:	  9B11,	  Cell	  Signaling	  Technology:	  3739S)	  For	  labeling	  up	  to	  
5*106	  cells	  antibody	  dilution	  of	  1:100	  was	  used.

HEK-‐293T	  (ICLC	  HTL04001).	  Routinely	  	  tests	  for	  mycoplasma	  contamination	  was	  performed	  bi-‐
annually.	  HEK293T	  cells	  were	  tested	  negative.

NOD.Cg.PrkdcscidIL2rgtmWjl/SzJ	  (NSG)	  mice,	  purchased	  by	  Jackson	  laboratory

Animal	  experiments	  were	  performed	  in	  accordance	  with	  the	  regulations	  of	  the	  German	  animal	  
protection	  law	  and	  the	  respective	  European	  Union	  guidelines.	  And	  were	  approved	  by	  
Regierungspräsidium	  Darmstadt

NA

NA

NA

NA

NA

NA

NA

NA


