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1st Editorial Decision 20 September 2017 

Thank you for the submission of your manuscript "Efficacy of systemically delivered 
temozolomide-activated phage-targeted gene therapy in human glioblastoma." We have now heard 
back from the three Reviewers whom we asked to evaluate your manuscript.  
 
As you will see the reviewers find the study of interest, although they do express some concerns on 
your manuscript, which I would summarise as follows: 1) the conceptual advance of the study is not 
very high, while the synergistic effect reported is; one way to improve novelty would be to make the 
translational work even stronger by carefully assessing toxicity (referee 4) and answer to referee 2's 
clinical questions should the strategy move to the clinic; 2) improve conclusiveness by assessing 
overall survival of mice and testing primary human cells (referees 1 and 3).  
 
After our reviewer cross-commenting exercise, there was full agreement that the above concerns (in 
addition to the other items) would need to be addressed to strengthen the data.  
 
We would welcome the submission of a revised version within three months for further 
consideration and would like to encourage you to address all the criticisms raised as suggested to 
improve conclusiveness and clarity. Please note that EMBO Molecular Medicine strongly supports a 
single round of revision and that, as acceptance or rejection of the manuscript will depend on 
another round of review, your responses should be as complete as possible.  
 
EMBO Molecular Medicine has a "scooping protection" policy, whereby similar findings that are 
published by others during review or revision are not a criterion for rejection. Should you decide to 
submit a revised version, I do ask that you get in touch after three months if you have not completed 
it, to update us on the status.  
 
Please also contact us as soon as possible if similar work is published elsewhere. If other work is 
published we may not be able to extend the revision period beyond three months.  
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Please read below for important editorial formatting and consult our author's guidelines for proper 
formatting of your revised article for EMBO Molecular Medicine.  
 
I look forward to receiving your revised manuscript. 
 
 
***** Reviewer's comments *****  
 
Referee #1  
 
(Comments on Novelty/Model System for Author)  
Since glioblastoma is sustained by a subpopulation of glioblastoma stem cells, endowed with stem 
cell properties and resistant to chemo and radiotherapy, Authors should assess the efficacy of their 
proposed treatment on patient-derived glioblastoma stem cells, both in vitro and in vivo, as a 
complementary approach to the use of glioblastoma cell lines.  
 
(Remarks for Author)  
This paper proposes a combinational therapy against Glioblastoma, using temozolomide together 
with a targeted suicide gene therapy that does not require intracranial delivery. The new vector 
described is a hybrid AAV/phage targeted to glioblastoma cells with a dual targeting system: i) the 
RGD4C ligand on its capsid binds specifically to α βintegrin receptors, which are well expressed on 
glioblastoma stem cells and ii) the gene expression is under the control of Grp78 promoter, that is 
activated by the tumor microenviroment and boosted by Temozolomide treatment.  
 
The feasibility of this novel approach has been well evaluated demonstrating that the vector is able 
to target intracranial tumors after intravenous administration, and there are preliminary promising 
results about its efficacy in vivo.  
 
Still, the manuscript needs a revision:  
1) In the introduction, Authors write that they used a RGD4C/AAVP-Grp vector expressing HSVtk; 
it should be better to explain the mechanism of action underlying the efficacy of the combination of 
a HSVtk-expressing vector and the administration of Ganciclovir.  
 
2) According to a large amount of data present in literature, the HSVtk-dependent activation of 
Ganciglovir results in DNA synthesis impairment, thus leading to cell death. The nature itself of this 
mechanism of action makes it effective mainly against active-proliferating cells. Authors don't 
discuss the efficacy of this treatment against the GBM stem cell sub-population, a sub-set of slow-
cycling cells endowed with stem cell like properties and able to survive to the standard treatment 
and to sustain the relapse. This is a big issue, since patient death is often consequent to GBM 
relapse. For this reason, it's strongly recommended to repeat in vitro and in vivo assays using 
primary GBM stem cells instead of cell lines, after assessing that GBM stem cells express αVβ3 and 
αVβ5 integrins.  
 
3a) Although the in vivo data in terms of tumor volume reduction are promising, Authors should 
evaluate also the efficacy of the treatment on the overall survival of tumor-bearing mice.  
 
3b) Moreover, to better understand the mechanisms underlying the in vivo efficacy of the treatment, 
Authors should evaluate and quantify the presence of proliferation and apoptosis markers in the 
brain tumors, by mean of IHC analysis.  
 
4) According to Fig.2B, the Luciferase production upon TMZ treatment is delayed in SNB19 
compared to the other cell lines, suggesting a slower activation of Grp78 promoter. This is coherent 
with the Fig. 3, showing a weaker and slower TMZ-dependent activation of the UPR pathway (that 
regulates Grp78 activation) in SNB19 compared to U87 and LN229.  
 
Surprisingly, as shown in fig.4, SNB19 cells are the most responsive, in vitro, to the addition of 
TMZ, since only a modest efficacy of the combination of TMZ+GCV compared to GCV alone is 
shown for the other cell lines.  
 
Authors should try to discuss this apparent contradiction.  
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5) Authors should provide new images of the Western Blot shown in the Fig.2, because, especially 
for SNB19, GAPDH and Grp78 bands seem to have run in opposite directions.  
 
6) For clarity's sake:  
- vectors should be always indicated in the same way (sometimes they are indicated with HSVtk, 
sometimes HSVtk is omitted, for istance).  
- a figure describing the scheme of the used vector is recommended  
- in the Fig.6 legend and in the text, Authors explain that mice have been treated with GCV and/or 
TMZ. However, the treatment with GCV is not indicated in the Fig. 6.  
 
 
Referee #3  
 
(Comments on Novelty/Model System for Author)  
 
(Remarks for Author)  
1. The strategy of using the capsid of M13 phage to deliver a recombinant AAV genome is an 
interesting approach to treating glioblastoma, with the phage capsid expressing the RGD4C ligand 
that binds the avb3 integrin receptor, and an inducible promoter to deliver a suicide gene. The 
biggest challenge of moving this strategy to the clinic is delivery to the tumor cells and efficiency of 
inducing the promoter.  
 
2. Re the overall strategy, TMZ is a chemotherapeutic agent. What if it cannot be used (for example 
toxicity) at all times when the physician would like to turn on the phage delivered genome?  
 
3. The strategy is use the recombinant phage intravenously. What percentage of the delivered dose 
reaches the cns? What percentage reaches the gbm?  
 
4. The studies were carried out in immunodeficient rodents; what is the immunogenicity of the 
recombinant phage in wild type rodents?  
 
5. The 3 tumor lines used were screened for the avb3 integrin; what % of glioblastoma express this 
integrin to the same level? This is important regarding how useful the strategy will be in real life.  
 
6. How does the levels of TMZ scale to possible use in humans?  
 
7. The phage was observed in brain blood vessels and tumors; where else?  
 
8. Was the therapy absolutely specific for gbm? Was there any adverse effects in normal brain or 
systemic organs?  
 
9. Were any studies carried out with primary GBM?  
 
10. What was the mortality of the animals vs controls?  
 
 
Referee #4  
 
(Comments on Novelty/Model System for Author)  
a) The vast majority of the findings have been already described in previous publications.  
b) The Authors need to address the toxicity of the proposed treatment on a large panel of human 
primary cells a and cell lines.  
 
(Remarks for Author)  
In the manuscript from Przystal et al., entitled "Efficacy of systemically delivered temozolomide-
activated phage-targeted gene therapy in human glioblastoma", the Authors set-up a strategy to treat 
human glioblastoma multiforme (GBM) in a orthotopic xenograft model by combining hybrid 
AAV/M13-phage vector, as a tool to deliver and express toxic genes specifically to GMB cells, and 
temozolomide (TMZ) administration.  
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The system is based on a recombinant adeno-associated virus genome (rAAV) inserted within the 
M13 bacteriophage genome that can be thus incorporated in the M13 capsid. This vector, when 
injected systemically is able to pass the blood-brain barrier and transduce brain cells. The M13 
capsid used was engineered to display the CDCRGDCFC (RGD4C) ligand that binds specifically 
the heterodimer αvβ3 integrin cell surface receptor, which is overexpressed on human GBM. To 
further increase the specificity of expression of toxic genes in GMB cells the Authors adopted a 
tumor-activated and temozolomide (TMZ)-induced promoter of the glucose-regulated protein 78 
(Grp78) gene. The Authors TMZ increases endogenous Grp78 gene expression and boosts transgene 
expression from the new vector construct (RGD4C/AAVP-Grp78) and targets intracranial tumors in 
mice following intravenous administration. Finally the Authors show that TMZ amplified tumor cell 
killing in combination with RGD4C/AAVP-Grp78-HSVtk expressing the Herpes simplex virus 
type-I thymidine kinase (HSVtk) when combined with GCV in vitro. The Authors conclude that this 
combined treatment display a synergistic effect to suppress growth of orthotopic glioblastoma.  
 
Remarks  
 
The manuscript is well written and the claims are sustained by convincing data. The novelty of this 
manuscript is in the finding that the TMZ and RGD4C/AAVP-Grp78-HSVtk combined treatment 
display a synergistic effect to suppress growth of orthotopic glioblastoma, while the other findings 
have been already reported with more or less details in other journals.  
 
The main limitation of manuscript is that no data regarding the safety and specificity of the 
treatment is provided. Although the targeting appears to be very specific for the 3 different human 
GBM cell lines analyzed, while mouse cells are not transduced, the study does not address the 
impact of the treatment on other human cell types. Indeed, the RGD4C ligand was selected to bind 
specifically the heterodimer αvβ3 integrin in human cells which is expressed in a wide variety of 
cells and not only GMB. What is the effect of the treatment on other human cell types? This is an 
outstanding issue since this treatment could result in an extreme toxicity (potentially lethal) to the 
patients. The Authors should address this outstanding issue experimentally on a large panel of 
human primary cells and cell lines. 
 
 
Additional author correspondence 9 February 2018 

Many thanks for providing us with the opportunity to submit a revised manuscript. We are pleased 
that the reviewers found our study interesting. Their comments and advice have been helpful to 
improve the manuscript. I am writing to request your approval to provide us with an extension for 
the submission of our revised manuscript, beyond the initial three months.  
 
Brief, to date we have performed extensive work and generated some exciting and novel data. To 
comply with the reviewers, we have made the necessary efforts and established new collaborations 
in order to gather numerous primary GBM as well as GBM-derived stem cells to initiate the work, 
as we didn't have these cells in house or in our institution. We managed to receive all the cells in 
December 2017 after all the MTAs were processed. Then we had to screen the new cells for 
expression of the alpha-v integrin receptors of RGD4C/phage-Grp78 vector. Next, we carried out 
extensive work to confirm transduction of these cells by the RGD4C/phage-Grp78 and investigated 
the temozolomide (TMZ) activation of this vector in a list of primary and GBM-derived stem cells, 
by using increasing doses of TMZ. Importantly, primary human normal cells showed very low 
levels of expression of integrin receptors and insignificant transduction by the RGD4C/phage-
Grp78. We are currently combining RGD4C/phage-Grp78 with increasing concentrations of TMZ to 
rule out any TMZ-activation of the vector in these normal cells.  
 
Now we would like to wrap up our in vivo studies. Actually, before initiation of in vivo 
experiments, we labelled primary tumour cells with a luciferase expressing lentiviral vector so that 
we can image intracranial GBM with bioluminescent imaging of luciferase. It is well known that 
gene transfer to primary tumour cultures can be difficult and require time to optimise. Then, we 
screened primary cells in vivo to identify cells that can establish intracranial tumours. The growth of 
these cells in vitro, in particular the lentiviral-infected cells, is slower than that of commercial 
tumour cell lines, which takes us a lot longer to have enough cells to implant into mice. It could take 
up to a month from lentiviral vector infection of cells to growing the amount of cells for an in vivo 



EMBO Molecular Medicine - Peer Review Process File 

 
© European Molecular Biology Organization 5 

experiment. Altogether, these experiments have also required massive viral vector production, 
purification and sequencing to confirm the intact display of the RGD4C ligand on the pIII minor 
coat protein.  
 
We would be grateful for an extension to accomplish the in vivo work, our comprehensive in vitro 
investigation points out to a promising in vivo outcome. Additionally, most of my team were away 
during Christmas College closure.  
 
 
Additional author correspondence 6 April 2018 

I am writing in regards to the submission of our revised manuscript. We have successfully 
completed all in vitro and ex vivo studies. We have also performed in vivo experiments. Now we are 
analysing the in vivo data and also repeating some of the in vivo experiments in order to confirm our 
findings in tumor-bearing mice.  
 
Therefore, I am writing to request an additional two-month extension for the submission. 
 
 
1st Revision - authors' response 8 June 2018 

We are delighted to resubmit a revised manuscript to address the reviewers’ comments and further 
the findings of the study. In addition to revision of the text, we performed multiple additional 
experiments and included key information. We have addressed the reviewers’ comments point-by-
point in the text below. We have also highlighted the changes, in yellow, in the revised manuscript 
to make them clearly visible to the reviewers. 
 
Reviewer #1 
We thank reviewer#1 for a comprehensive review of our manuscript. We appreciate the comment: 
“The feasibility of this novel approach has been well evaluated demonstrating that the vector is able 
to target intracranial tumors after intravenous administration, and there are preliminary promising 
results about its efficacy in vivo”. 
 
We have addressed her/his specific comments as follows: 
 
1. In the introduction, Authors write that they used a RGD4C/AAVP-Grp vector expressing HSVtk; 
it should be better to explain the mechanism of action underlying the efficacy of the combination of 
a HSVtk-expressing vector and the administration of Ganciclovir. 
 
Response: 
We used the HSVtk mutant SR39 that has increased sensitivity to ganciclovir (GCV) when 
compared to wild-type HSVtk (Black et al, 2001). To comply with the reviewer, we have added an 
explanation of the mechanism of action of the HSVtk-expressing vector plus ganciclovir, and stated 
the use of the HSVtk mutant S39, in the introduction on pp. 4-5. 
 
Briefly, the HSVtk enzyme phosphorylates prodrug nucleoside analogues such as GCV, and converts 
them into nucleoside analogue monophosphates, which are subsequently converted into 
triphosphates. These triphosphate GCV compounds are then incorporated into the cellular genome, 
inhibit DNA polymerase and subsequently induce cell death by apoptosis (Hamel et al, 1996). It is 
important to note that the HSVtk/GCV approach also elicits a bystander effect, which means that 
cells containing the HSVtk kill neighbouring non-transduced cells through the gap junctional 
intercellular communications (GJIC) that allow the transfer of the converted cytotoxic drug and/or 
toxic metabolites between these cells as we have previously reported (Trepel et al, 2009). After a 
few days, this bystander effect results in increased cell killing by the RGD4C/AAVP-HSVtk vector. 
This “bystander effect” may potentially overcome the requirement for all malignant cells to be 
transduced in order to achieve meaningful tumor regression (Culver et al, Science 1992, Grignet-
Debrus et al, 2000). 
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2. According to a large amount of data present in literature, the HSVtk-dependent activation of 
Ganciglovir results in DNA synthesis impairment, thus leading to cell death. The nature itself of this 
mechanism of action makes it effective mainly against active-proliferating cells. Authors don't 
discuss the efficacy of this treatment against the GBM stem cell sub-population, a sub-set of slow-
cycling cells endowed with stem cell like properties and able to survive to the standard treatment 
and to sustain the relapse. This is a big issue, since patient death is often consequent to GBM 
relapse. For this reason, it's strongly recommended to repeat in vitro and in vivo assays using 
primary GBM stem cells instead of cell lines, after assessing that GBM stem cells express	αVβ3	and 
αVβ5	integrins.  
	
Response: 
We thank the reviewer for raising this important point. To address the reviewer’s suggestions, we 
performed several experiments on GBM stem cells (GSC) that we received from the collection of Dr 
Steven Pollard, expert in Neural Stem cells and Brain Cancer, from the Edinburgh Brain Cancer 
Center. We have performed experiments using two primary GSCs named G26 and G166 (Pollard 
2013). 
 
First, immunofluorescent staining using antibodies against the integrin subunits αv,	β3	and	β5	that 
form the two heterodimers αvβ3	and	αvβ5	showed expression of these three integrins by both G26 
and G166 primary stem cells. 
 
Second, treatment of G26 and G166 stem cells with RGD4C/AAVP-Luc carrying the luciferase 
(Luc) reporter gene showed efficient gene delivery to GBM stem cells. Moreover, no gene delivery 
was obtained with the control non-targeted/AAVP-Luc vector lacking the RGD4C ligand, proving 
that delivery to human GBM primary stem cells by RGD4C/AAVP is selective and mediated 
through binding of RGD4C ligand to the integrin receptors. 
 
Third, addition of temozolomide (TMZ) enhanced gene delivery by RGD4C/AAVP-Grp78-Luc in 
both GSC in a dose dependent manner without affecting the vector selectivity. These data prove the 
ability of TMZ to activate the RGD4C/AAVP-Grp78 vector in GBM stem cells. 
 
Finally, we evaluated cell killing of GSCs and found that these cells are resistant to TMZ, which is 
part of standard treatment, consistent with the reviewer’s point above. Importantly, treatment with 
the RGD4C/AAVP-HSVtk vector carrying the HSVtk gene induced substantial destruction of these 
stem cells in the presence of GCV, which was further and significantly pronounced in the presence 
of TMZ. These data are now included in the Results Section of the revised manuscript, on pp. 12-13 
and Fig 7.   
 
We did not complete our in vivo therapy on primary GSCs as these cells were not consistent in 
inducing tumors in immunodeficient mice, as well as in tumor initiation since mice started tumors at 
various times following cell implantation and after a longtime. Therefore, regrettably, a 
comprehensive in vivo evaluation using GBM stem cells will require more time and resources for 
future studies. Nonetheless, the present in vitro findings clearly show proof-of-efficacy of gene 
delivery to primary GSCs and their destruction by the vector, then establish a comprehensive in 
vitro foundation for the application of RGD4C/AAVP-Grp78 vector as a platform for gene delivery 
to GBM stem cells.  
 
To further strengthen our findings on primary cells, and as requested by another reviewer, we 
carried out in vivo evaluation on primary GBM tumor cells implanted intracranial in 
immunodeficient mice. First, we repeated the experiments above on human primary GBM cells from 
different sources; SEBTA-023 cells from The Portsmouth University and HSJD-GBM-001 from the 
collection of Dr Carcaboso, Hospital Sant Joan de Deu Barcelona, Spain. These primary GBM cells 
express the integrin subunits	αv,	β3	and β5.	The vector efficiently delivered the Luc reporter gene to 
the cells, in a targeted manner. 
 
Next, in vivo experiments were carried out using primary HSJD-GBM-001, and showed that 
intravenous administration of RGD4C/AAVP-Grp78-HSVtk in combination with GCV resulted in i) 
tumor growth inhibition, ii) increased survival of GBM-bearing mice, iii) decreased Ki67 cell 
proliferation marker, and iv) induction of apoptosis in primary GBM. Importantly these effects were 
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further enhanced when the vector was combined with TMZ. These data are shown in the results 
section of the revised manuscript on page 11, pp. 13-14 and Figs 6 & 8. 
 
3a. Although the in vivo data in terms of tumor volume reduction are promising, Authors should 
evaluate also the efficacy of the treatment on the overall survival of tumor-bearing mice.  
 
Response: 
We have performed new experiments to evaluate efficacy of treatment on survival of mice with 
either intracranial U87 tumors or intracranial primary GBM (HSJD-GBM-001). All the treatments-
RGD4C/AAVP-Grp78-HSVtk vector plus GCV, TMZ alone, or combination of RGD4C/AAVP-
Grp78-HSVtk/GCV with TMZ improved the survival of tumor-bearing mice for both U87 and 
primary GBM. Treatment with RGD4C/AAVP-Grp78-HSVtk vector plus GCV generated better 
survival benefit for both U87- and primary GBM-bearing mice when compared to treatment with the 
non-targeted/AAVP-Grp78-HSVtk vector plus GCV.  Importantly, tumor-bearing mice that received 
combination treatment of RGD4C/AAVP-Grp78-HSVtk/GCV with TMZ showed the highest 
survival benefit as compared to TMZ or RGD4C/AAVP-Grp78-HSVtk vector plus GCV. These 
results are now included in the revised manuscript on pages 10 and 13, and in Figs 4 & 8. 
 
3b. Moreover, to better understand the mechanisms underlying the in vivo efficacy of the treatment, 
Authors should evaluate and quantify the presence of proliferation and apoptosis markers in the 
brain tumors, by mean of IHC analysis.  
 
Response: 
We have complied with the reviewer and evaluated the effects of treatments on apoptosis and 
proliferation in both intracranial U87 and primary HSJD-GBM-001. While apoptosis was performed 
on U87 tumors recovered at the end of the experiment, this was done on the HSJD-GBM-001 
tumors recovered before the end of the experiment, at day 12 post treatment initiation, to avoid the 
apoptosis seen in the large U87 control tumors. We used an anti- caspase-3 antibody that also 
detects the cleaved caspase-3 and marks apoptotic cells because the HSVtk/GCV strategy is 
associated with apoptotic death of cells. We evaluated the effect on cell proliferation by staining for 
the proliferation marker protein Ki67. The combination treatment of TMZ with RGD4C/AAVP-
Grp78-HSVtk/GCV induced the highest level of apoptosis in both types of glioblastoma and 
generated the greatest reduction in cell proliferation compared to monotherapies of TMZ alone or 
RGD4C/AAVP-Grp78-HSVtk/GCV. These data are now included in the results section of the 
revised manuscript on pp. 10-11, pp. 13-14 and Figs 5 & 8. 
 
4. According to Fig.2B, the Luciferase production upon TMZ treatment is delayed in SNB19 
compared to the other cell lines, suggesting a slower activation of Grp78 promoter. This is coherent 
with the Fig. 3, showing a weaker and slower TMZ-dependent activation of the UPR pathway (that 
regulates Grp78 activation) in SNB19 compared to U87 and LN229.  
 
Surprisingly, as shown in fig.4, SNB19 cells are the most responsive, in vitro, to the addition of 
TMZ, since only a modest efficacy of the combination of TMZ+GCV compared to GCV alone is 
shown for the other cell lines.  
 
Authors should try to discuss this apparent contradiction.  
 
Response: 
First, the reviewer is totally right about the delayed activation of the Grp78 promoter by TMZ in 
SNB19 cells. In attempt to understand this late response to TMZ, we compared the endogenous 
promoter activity between the three LN229, U87 and SNB19 cell lines by evaluating expression of 
the endogenous Grp78 protein by Western blot. Interestingly, the SNB19 cells had the highest 
expression of Grp78. This could mean that it is possible that the SNB19 cells initially had higher 
basal promoter activity of Grp78, and hence these cells did not need an early activation of Grp78, 
but required more time to achieve induction by TMZ.  
 
As per the highest response of SNB19 cells in vitro to the addition of TMZ, first it is important to 
mention that in the absence of TMZ, these cells also show the most response of Grp78 promoter to 
addition of GCV. Therefore, it is possible that the highest response of SNB19 cells to TMZ plus 
GCV combination might, at least in part, be associated with the elevated response of Grp78 



EMBO Molecular Medicine - Peer Review Process File 

 
© European Molecular Biology Organization 8 

promoter, in these cells, to GCV treatment. Then the question arose was why these cells are more 
sensitive to RGD4C/AAVP-Grp78-HSVtk/GCV. This could be due to GCV-mediated activation of 
the Grp78 promoter as we previously reported that HSVtk/GCV therapy upregulates Grp78 and 
transgene expression via the conserved unfolded protein response (UPR) signalling cascade (Kia et 
al. 2012).  
 
On the other hand, cell death was measured at day 4 post GCV and TMZ treatments, which is 3 days 
after GRP78 induction by TMZ. Therefore, it is also possible that, at day 4, the bystander effect 
prompted by the HSVtk/GCV could take over, resulting in increased cell killing by the 
RGD4C/AAVP-HSVtk plus GCV. Thus, the cell killing data should be partially proportional to the 
levels of induction of Grp78 promoter. To confirm the bystander effect in the cells, we performed a 
Western blot for the main connexins involved in the bystander effect, in LN229, U87 and SNB19 
cells, and found that all these cell lines express connexin-26. Connexins are proteins composing the 
channels of the GJIC through which toxic phosphorylated ganciclovir and/or other toxic intracellular 
metabolites are exchanged between one cell and another.  
 
To recap, SNB19 cells could have higher sensitivity for Grp78 activation by HSVtk/GCV treatment, 
which was further enhanced by combination of GCV with TMZ.  
 
To clarify this, we have added a discussion in the revised manuscript on page 16 and also included 
the connexin data as supplementary information in Fig EV4. 
 
5. Authors should provide new images of the Western Blot shown in the Fig.2, because, especially 
for SNB19, GAPDH and Grp78 bands seem to have run in opposite directions.  
 
Response: 
We apologize to the reviewer for this. We have provided new images of the SNB19 Western Blots 
in the new Fig 1C of the revised manuscript. 
 
5) For clarity's sake:  
- vectors should be always indicated in the same way (sometimes they are indicated with HSVtk, 
sometimes HSVtk is omitted, for instance).  
 
Response: 
We have complied with the reviewer and indicated the vectors in a consistent manner. 
 
- a figure describing the scheme of the used vector is recommended 
 
Response: 
We have complied with the reviewer and added a description of the vector’s scheme in Fig EV1. 
 
- in the Fig.6 legend and in the text, authors explain that mice have been treated with GCV and/or 
TMZ. However, the treatment with GCV is not indicated in the Fig. 6.  
 
Response: 
We apologise that GCV was not also added into the Fig.6; we have now done this to make the 
legends clear in the new Figs 4-5, Fig 8 and Fig EV2 of the revised manuscript.  
 
 
Reviewer #3 
1. The strategy of using the capsid of M13 phage to deliver a recombinant AAV genome is an 
interesting approach to treating glioblastoma, with the phage capsid expressing the RGD4C ligand 
that binds the avb3 integrin receptor, and an inducible promoter to deliver a suicide gene. The 
biggest challenge of moving this strategy to the clinic is delivery to the tumor cells and efficiency of 
inducing the promoter.  
 
Response: 
We would like to thank the reviewer for a critical review of our manuscript, we appreciate the 
comment “The strategy of using the capsid of M13 phage to deliver a recombinant AAV genome is 
an interesting approach to treating glioblastoma…” 
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Delivery to the tumor cells and efficiency of inducing the Grp78 promoter are addressed with the 
next reviewer’s points. 
 
2. Re the overall strategy, TMZ is a chemotherapeutic agent. What if it cannot be used (for example 
toxicity) at all times when the physician would like to turn on the phage delivered genome?  
 
Response: 
We totally agree with the reviewer that TMZ cannot be given to patients at all times. Indeed, TMZ is 
discontinued in patients with Absolute Neutrophil Count < 500/mm³, platelets < 10,000/mm³ and 
Common Toxicity Criteria Grade 3 or 4 non-hematologic toxicity. Luckily the Grp78 promoter can 
be induced by various other therapeutic approaches e.g radiation therapy (Sun et al, 2017) and other 
chemotherapeutic drugs used for brain tumor treatment such as cisplatin (Mandic et al, 2003). 
Moreover, we recently found that a safe anti-cancer agent, curcumin from natural sources, has the 
potential to induce the Grp78 promoter from the RGD4C/AAVP-Grp78 vector, in human primary 
gliomas, consistent with previous studies reporting the ability of curcumin to induce the Grp78 gene 
in cancer cells through the UPR pathway (Kim et al, 2016).  
 
Curcumin, derived from the Curcuma longa plant, constitutes a commonly used Southeast Asian 
spice, turmeric. It is widely used across the region as a spice and for its medicinal anti-inflammatory 
properties as an ointment (Park et al, 2013). New studies have highlighted curcumin’s potential as 
an anti-cancer agent, due to its ability to induce tumour cell death with no systemic side effects. 
Furthermore, in vitro studies have shown that curcumin is able to prevent proliferation of cancer cell 
lines including glioblastoma multiforme (Klinger et al, 2016). Additionally, curcumin mediates 
pathways which promote apoptosis in cancer cells. Importantly, curcumin has been shown to cross 
the blood-brain barrier (Klinger et al, 2016); and in vitro studies using a glioblastoma cell line found 
curcumin treatment resulted in decreased cell proliferation, DNA fragmentation and apoptosis 
through a pathway involving caspase-3, 8 and 9 (Klinger et al, 2016; Huang et al, 2010).  
 
In this revised manuscript, we have not included our data with the curcumin effect on the 
RGD4C/AAVP-Grp78 but enclosed them below (Figure-1), in this rebuttal letter, for the reviewer’s 
information. However, we have added a brief discussion about this in the revised version of this 
manuscript on page 15. 
 

Figure 1- Paediatric human primary DIPG cells (diffuse intrinsic pontine glioma) were seeded in 
96-well plates until 70-80% confluent, then transduced with 1x106 TU of targeted RGD4C/AAVP-
Grp78-Luciferase or non-targeted/AAVP-Grp78-Luciferase control vector. At day 3 post-
transduction, concentrations of curcumin (0µM - 40µM) or carboplatin (0µM - 100µM) were added. 
At day 6 post-transduction, Luminescence was measured and normalised to untreated and non-

RGD4C/AAVP-Grp78 

Non-targeted/AAVP-Grp78 
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transduced control cells. Results are shown as mean ± SEM of triplicate wells. Luminescence (RLU) 
is a measure of Luciferase expression in cells. Triplicate repeats of the experiment were conducted. 
* p<0.05 and **p<0.01 are marked as statistically significant. 
 
3. The strategy is use the recombinant phage intravenously. What percentage of the delivered dose 
reaches the cns? What percentage reaches the gbm?  
 
Response: 
The ability of phage to cross the BBB and delivery to the brain was described as early as 1943 by 
Dubos et al. (Dubos et al, 1943) in an investigation to find a cure against meningitis. First, they 
performed pharmacokinetic studies in uninfected mice and showed immediate phage apparition in 
the bloodstream whereby levels dropped sharply within hours, and very few were ever seen in the 
brain. Importantly, in infected animals with a bacterial infection in the brains, brain levels of phage 
largely exceeded the blood levels (107-109 phage/g of brain tissue) by 8 hour which started to 
decrease only between 75 to 138 hr, following infection elimination. These findings provide 
evidence that phages cross the BBB, and that phage gets rapidly cleared from the brain in the 
absence of its bacterial host, likely by microglial cells as phage is well known to get cleared by the 
reticulo-endothelial system.  
 
Then, following introduction of the in vivo phage display technology, the M13 Phage (parent of the 
AAV/phage) was used to identify targets in the brain by in vivo screening, which comprised of the 
intravenous delivery of phage display peptide libraries of up to 1x109 different peptides. These in 
vivo screening studies allowed isolation of phage peptide clones that bind to target receptors within 
the brain (Li et al, 2012).  
 
In conclusion, it appears that the phage gets rapidly cleared from the brain unless a target is present, 
such as host bacteria or a mammalian receptor (i.e. integrin), which is consistent with the ability of 
in vivo screening with phage display ligand libraries to select for brain homing phage clones that 
bind to receptors in the brain. This explains why we detect insignificant levels phage in the healthy 
brains as they do not express the integrin receptors of the RGD4C/AAVP-Grp78, even at 18 hours 
post vector delivery at which time points the brain levels should be at their peak based on Dubos 
study 1943. Whereas, we always recovered high levels from brain tumors that express the integrin 
receptors. This is not specific to RGD4C, as our findings are consistent with other groups using 
other ligands. For instance, a previous elegant study clearly showed the phage ability to cross the 
BBB in intracranial human gliomas in mice following IV administration (Ho et al, 2004; Ho et al, 
2010). The authors used a glioma-binding bacteriophage based on the M13 phage, parent of AAVP, 
that was injected intravenously (IV) into mice with intracranial human glioma and allowed to 
circulate for 24 hours. Phage titration in tissues revealed specific phage homing to intracranial 
human gliomas upon IV delivery, but no detectable levels of phage were recovered from the healthy 
brains.  

 
To answer the reviewer, we provide detailed data of phage levels recovered from intracranial GBM 
and healthy brains following IV delivery, as follow: 
- From an average of 0.13 g of tumor tissue, we recover an average of ~0.2x106 functional and 

intact RGD4C/AAVP TU by bacterial infection, following intravenous administration of 5x1010 
functional TU per mouse. This does not take into account the non-recovered phage, non-
infectious and unable to infect bacteria, that has initiated processing by the cells, and which 
could still deliver the therapeutic AAV genome to the cells. 

- In the same experiments from an average of 0.13 g of the healthy brain tissue, we recover an 
average of ~19,000 functional and intact RGD4C/AAVP TU, following intravenous 
administration of 5x1010 TU per mouse.  

 
4. The studies were carried out in immunodeficient rodents; what is the immunogenicity of the 
recombinant phage in wild type rodents?  
 
Response: 
Phages are not completely ignored by the mammalian immune system, which will eventually 
sequester and clear them by the reticulo-endothelial system (Geier et al, Nature 1973). 
The M13 phage, parent of AAVP, was well reported for its immunogenicity in wild type rodents 
(Trepel et al, 2001). 
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We also showed that AAVP viral particles are immunogenic in our therapy studies in tumor-bearing 
mice vaccinated against the RGD4C/AAVP virus (Hajitou et al, 2006). Then, an independent study 
under the direction of the National Cancer Institute NCI USA, carried out by the Vets, confirmed the 
immunogenicity of RGD4C/AAVP-TNFα, carrying the cytokine Tumor Necrosis Factor Alpha 
(TNFα) in wild type pet dogs with natural tumors (Paoloni et al, 2009). In humans, the 
immunogenicity was confirmed by using the M13 phage (parent of the RGD4C/AAVP), in the 
clinical trial published in (Krag et al, 2006) and in which a phage library, based on M13 phage, was 
administered intravenously to cancer patients that generated an immune response against phage. 
It is noteworthy to mention some attractive features of the phage, yielded by the studies cited above, 
and that are related to the safety of repeated dosing of phage and its efficacy against cancer. Briefly, 
repeated administrations of RGD4C/AAVP-HSVtk plus GCV showed anti-tumor efficacy in 
immunocompetent mice despite the presence of IgGs against the phage capsid (Hajitou et al. Cell 
2006). Moreover, repeated injections of RGD4C/AAVP-HSVtk plus GCV remained surprisingly 
effective against tumors in phage-vaccinated immunocompetent mice despite very high titers of 
circulating anti-phage IgG (Hajitou et al, Cell 2006). Next, in the pet dog study performed under the 
direction of the NCI USA, we reported safety of single and repeated dosing of the RGD4C/AAVP-
TNFα in wild type pet dogs with natural tumors (Paoloni et al, 2009), with no maximally tolerated 
dose reached despite the presence of circulating IgGs against the phage. Remarkably, repeated 
weekly intravenous injections resulted in eradication of aggressive tumors in a few pet dogs 
(Paoloni et al, 2009). In the clinical trial by (Krag et al, 2006), no serious clinical side effects, 
including allergic reactions, were observed with serial up to three intravenous infusions, despite the 
presence of anti-phage IgGs. Importantly, phages were successfully recovered from tumors of every 
patient that underwent infusion, and phage recovery was increased with increasing doses. 
 
To add to this, in our initial studies published in Cell 2006, we showed that when tumors grew back 
after termination of therapy, repeated administrations of RGD4C/AAVP-HSVtk again inhibited 
tumor growth in wild type mice and improved survival of tumor-bearing mice. Phage-based 
particles are known to be immunogenic, but this feature can be modulated through targeting itself 
(Trepel et al, 2001).  
 
5. The 3 tumor lines used were screened for the avb3 integrin; what % of glioblastoma express this 
integrin to the same level? This is important regarding how useful the strategy will be in real life.  
 
Response: 
The αvβ3	 integrin is highly expressed in GBM. In view of the reviewer’s comment we have added 
the following statements: 
“Regarding the relevance of this work, 55% or 12% of glioblastoma tissues express αvβ3 when 
scored as ‘mild’ or ‘moderate to strong’, and expression is seen on both endothelial and glial cells; 
in contrast, αvβ3 expression is restricted in low grade astroglial-derived tumors, reactive astrogliosis, 
or on glia/neurons in normal adult cortex and cerebral white matter, and increases in relation to 
malignancy in gliomas (Gladson and Cheresh 2001; Schnell et al. 2008).   
 
6. How does the levels of TMZ scale to possible use in humans?  
 
Response: We have added the following statement to clarify this point: 
“We use TMZ administered daily by i.p. injection at 30mg/kg (~90mg/m2) in mice. This was 
intended to achieve approximately similar dose levels as humans (typically 75 mg/m2 p.o. or i.v. 
daily for 42 days concomitant with focal radiotherapy followed by a higher maintenance dose of 150 
- 200 mg/m2) “ 
 
7. The phage was observed in brain blood vessels and tumors; where else?  
 
Response: 
We previously investigated the localisation of the RGD4C/AAVP vector within the tumors 
following intravenous administration to tumor-bearing mice (Hajitou et al, 2006; Tandle et al, 2009) 
or to pet dogs with spontaneous natural tumors (Paoloni et al, 2009). In those studies, we either used 
antibodies against the phage capsid in immunostaining experiments to detect the localisation of the 
phage particles within the tumors or examined the localisation of AAVP-mediated gene expression, 
by using vectors carrying the GFP reporter. While the majority of the RGD4C/AAVP particles were 
localised within the tumor vasculature, we also detected vector particles in cells surrounding the 
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blood vessels. This could be explained by the fact that the tumor blood vessels are readily accessible 
to the vector through the systemic circulation, and this is consistent with the fact the in vivo phage 
display technology with M13 phage display peptide libraries in tumor-bearing mice has mostly 
identified vascular receptors in these preclinical models. There is also the tumor interstitial pressure 
and extracellular matrix that could hinder phage entry into the tumor stroma (Yata et al, 2015). On 
the other hand, the localisation of RGD4C/AAVP vector outside the tumor blood vessels could be 
facilitated by the leaky tumor vasculature allowing the phage to diffuse to transduce cells expressing 
the integrin receptors; or because phage could also target these cells by its ability to cross vessel 
barriers. We believe that these cells should be tumor cells, and this was strengthened by the ability 
of RGD4C/AAVP-GFP vector to express GFP in cells surrounding the blood vessels (Hajitou et al, 
2006). We also believe that phage can also be internalised by the immune system infiltrating the 
tumors. Indeed, a small percentage of activated leukocytes and macrophages can express low levels 
of αvβ3 integrin, and phage is known to be taken up the Antigen Presenting Cells (APC) which will 
process the phage, then the tumor exposure of phage will attract these APC that would infiltrate the 
tumors. However, our in vitro studies showed that the internalised phage was unable to generate 
gene expression in these immune cells. 
 
We agree with the reviewer that it is important to uncover the exact cell types that internalise the 
RGD4C/AAVP vector in addition to the tumor vasculature. However, we believe this is a separate 
and important project to investigate in the future, as it could enhance our understanding of the 
therapeutic mechanism of this vector and further improve its efficacy. 
  
8. Was the therapy absolutely specific for gbm? Was there any adverse effects in normal brain or 
systemic organs?  
 
Response: 
First, there is a large body of literature reporting the safety of RGD4C/AAVP in rodents and large 
animals, and of the M13 phage, parent of RGD4C/AAVP, in humans. Moreover, to date in all the 
pre-clinical models tested, biodistribution of gene delivery by the RGD4C/AAVP vector generated 
gene expression in tumors exclusively without any detectable gene expression in the healthy tissues. 
In tumor-bearing mice, in addition to non-targeted AAVP, additional controls such as scrambled 
AAVP or mutated RGE/AAVP did not generate any gene delivery to tumors proving the tumor 
selectivity of the RGD4C ligand (Hajitou et al, 2006). 
 
In tumor-bearing mice, as we previously reported (Hajitou et al, 2006), biodistribution using 
bioluminescent imaging of luciferase in living tumor-bearing mice with vectors carrying the Luc 
reporter gene, showed specific expression of the Luc reporter gene in tumours with no expression 
detected in the healthy tissues, these data were confirmed with GFP vectors. In the same work 
(Hajitou et al. 2006), we reported an elegant study using micro-PET imaging of HSVtk with the 
radiolabeled nucleoside analog [18F]FEAU (2′-[18F]-fluoro-2′-deoxy-1-β-D-arabino-furanosyl-5-
ethyl-uracil), radiolabelled substrate of the HSVtk enzyme and showed specific accumulation of 
[18F]FEAU in the tumors  of mice, and subsequently selective expression of the HSVtk, with no 
accumulation of the [18F]FEAU in the healthy tissues. Histopathological analyses of the systemic 
organs and brains removed from tumor-bearing mice treated by the same experimental protocol 
revealed no histopathologic abnormalities. Then in 2009, an independent group (Tandle et al. 
Cancer 2009) used the RGD4C/AAVP for targeted gene therapy with the cytokine, TNFα gene, and 
they reported specific expression of TNFα in the tumors following intravenous administration to 
tumor-bearing mice, with no TNFα detected in the healthy tissues. 
 
In larger animals, a study carried out under the direction of the National Cancer Institute of the USA 
elegantly demonstrates the safety and potential of this technology. Targeted RGD4C/AAVP was 
used to deliver TNFα to naturally occurring cancers diagnosed in dogs (Paoloni et al. PlosOne 
2009). In this study, intravenous infusion of the targeted RGD4C/AAVP-TNFα generated selective 
accumulation of the vector particles in the tumors, with no vector detected in the healthy tissues, and 
this tumor accumulation of the vector translated into selective expression of TNFα in the tumors, 
exclusively. Importantly, dose escalation and repeated RGD4C/AAVP vector dosing proved safe. 
Intravenous administration of RGD4C/AAVP-TNFα dose up to 1013 TU/dog was safe, and this dose 
is equivalent to the 5x1010 TU/mouse dose that we tested in our current study on mice with GBM. 
Since no maximal tolerated dose (MTD) was achieved, in dogs, it is possible that higher doses of 
RGD4C/AAVP-TNFα may also be safely administered. 
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In the clinical study published by (Krag et al. Cancer Res. 2006), M13 phage display libraries were 
injected to eight patients with stage IV cancer, including melanoma, breast and pancreatic cancers. 
The phage library, based on M13 phage (parent of the RGD4C/PAAV), was administered 
intravenously in order to identify tumor-targeted M13 phages. No serious clinical side effects, 
including allergic reactions, were observed with serial up to three intravenous M13 phage infusions, 
despite the presence of anti-phage IgGs. In that trial, patients received 1.6x108 to 1.0x1011 TU/kg, 
equivalent of an approximate range of ~1.0x1010 to 1x1013 TU per patient. These phage doses were 
able to successfully target the tumors following intravenous administration. 
 
In addition to the literature cited above, we further complied with the reviewer and performed 
additional experiments. First, we measured the animal weight during the course of therapy, in mice 
bearing either intracranial U87 or primary intracranial GBM. We found that animals did not show 
any weight loss related to treatment with the combination of RGD4C/AAVP and TMZ and any 
weight loss at the end of experiments was the consequence of the intracranial tumor burden. 
Moreover, histopathological analysis of the healthy tissues recovered after therapy, did not show any 
abnormalities. These new data are included in the revised manuscript on pages 11 & 14, and Fig 
EV2. 
 
Second, we performed a toxicity study in wild type mice administered with various doses of the 
RGD4C/AAVP-HSVtk, then systemic tissues were harvested and serum levels of the lactate 
dehydrogenase (LDH) were evaluated at day seven post vector administration. BALB/c mice were 
injected with increasing vector doses: 2.5x109 TU, 1x1010 TU and 5x1010 TU. These doses were 
based on previous studies in mice, pet dogs, and on the doses used in the clinical study published by 
Krag et al. 2006 as follow: 
 
Tumour-bearing Mice RGD4C/AAVP: 2x1012 TU/kg, equivalent of 5x1010 TU/mouse 
Pet Dogs RGD4C/AAVP: 5x1012 TU/Dog = 5x1011 TU/kg, equivalent of 1x1010 TU/mouse 
Cancer patients M13 max dose: 1x1011 TU/kg, is equivalent of 2.5x109 TU/mouse 
We did not find any histopathologic changes in the healthy tissues, the LDH levels in the sera were 
normal, and no animal weight loss was noticed. These new data are now included in the revised 
manuscript on page 11 and Fig EV3. 
  
Finally, we carried out in vitro treatments of various human normal cells, primary astrocytes, 
primary chondrocytes and primary fibroblasts from lung and skin. These cells showed low levels of 
expression of αv	and	β5	integrins, but no or barely detectable levels of β3. Importantly, this low 
integrin expression profile of normal cells, did not translate into detectable gene delivery by the 
RGD4C/AAVP vectors, alone or in the presence of TMZ. These data are now included in the 
revised version of this manuscript on pp. 11-12 and in Fig 6. 
 
9. Were any studies carried out with primary GBM?  
 
Response: 
To comply with the reviewer, we have indeed carried out in vivo evaluation on primary GBM tumor 
cells implanted intracranially in immunodeficient mice.  
 
First, we performed extensive work in vitro to screen primary GBM for their response to the 
RGD4C/AAVP before any in vivo investigation, as we abide by applying the principles of the 3Rs 
(Replacement, Reduction and Refinement). We used human primary GBM cells from different 
sources,  
-023 cells from Portsmouth University and HSJD-GBM-001 from the Hospital Sant Joan de Deu 
Barcelona, Spain. Our findings show that all these human primary GBM cells express the integrin 
subunits αv,	β3	and	β5 that are required for the formation of the heterodimer receptors αvβ3	and αvβ5. 
Then we showed that the RGD4C/AAVP vector efficiently delivered the Luc reporter gene to the all 
these primary cells, in a targeted manner. These data are reported in the revised manuscript on page 
11 and in Fig 6. 
 
We also included in this in vitro investigation two primary GBM stem cells (GSC), G26 and G166, 
from the collection of Dr Steven Pollard, expert in Neural Stem cells and Brain Cancer, from the 
Edinburgh Brain Cancer. We found that these GSC have high levels of αv,	β3	and	β5 integrin 
expression, which translates into efficient and targeted gene delivery by the RGD4C/AAVP. 
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Moreover, gene delivery was enhanced by TMZ and subsequently the combination of 
RGD4C/AAVP-Grp78-HSVTtk/GCV with TMZ induced the highest killing of these primary GBM 
stem cells. These data are included in the revised manuscript on pp. 12-13 and in Fig 7. 
 
Next, in vivo experiments were carried out using intracranial primary GBM HSJD-GBM-001 
established in nude mice, and showed that combination of RGD4C/AAVP-Grp78-HSVtk/GCV with 
TMZ resulted in the greatest i) tumor growth inhibition, ii) survival benefit of GBM-bearing mice, 
iii) reduction of Ki67 cell proliferation marker and iv) induction of apoptosis in primary GBM, iii), 
as compared to monotherapies of vector or TMZ alone. These findings are now included in the 
revised manuscript on pp. 13-14 and in Fig 8. 
 
10. What was the mortality of the animals vs controls? 
 
Response: 
We would like to thank the reviewer for this point that was also raised by the other reviewers. 
Briefly, to comply with the reviewer, we performed additional experiments to evaluate the efficacy 
of treatments on the survival of tumor-bearing mice with either intracranial U87 GBM or 
intracranial primary GBM (HSJD-GBM-001). All the treatments tested: RGD4C/AAVP-Grp78-
HSVtk vector/GCV alone, TMZ alone and combination of RGD4C/AAVP-Grp78-HSVtk/GCV plus 
TMZ improved the survival of both tumor-bearing mice with either U87 or primary GBM.  
- Treatment with RGD4C/AAVP-Grp78-HSVtk/GCV exhibited better survival for both U87- and 

GBM-bearing mice when compared to treatment with the non-targeted AAVP/Grp78/GCV 
vector control.   

- Importantly combination treatment with RGD4C/AAVP-Grp78-HSVtk/GCV and TMZ resulted 
in the highest survival benefit as compared to TMZ or RGD4C/AAVP-Grp78-HSVtk/GCV 
alone.  

- Nicely, the overall trend of animal mortality was consistent between U87 and primary GBM and 
mortality was not biased against controls. So, we are specifically addressing the reviewer’s 
comment. 

These results are now included in the revised manuscript on pages 10 & 13 and Figs 4 & 8. 
 
 
Referee #4 
We would like to thank the reviewer for the critical review of our manuscript, we appreciate the 
comment “The manuscript is well written and the claims are sustained by convincing data”.  
 
We address her/his specific comments as follows: 
 
• The main limitation of manuscript is that no data regarding the safety and specificity of the 
treatment is provided.  
 
Response: 
As also raised by another reviewer, we and independent groups have previously published a large 
body of data showing specificity and safety of the RGD4C/AAVP carrying various genes in rodents 
and pet dogs with natural tumors. A safety study using tumor-targeted M13 phages, parent of 
RGD4C/AAVP, was also completed in cancer patients. Moreover, to date in all the pre-clinical 
models tested, biodistribution of gene delivery by the RGD4C/AAVP vector generated gene 
expression in tumors exclusively without any detectable gene expression in the healthy tissues. In 
tumor-bearing mice, in additional to non-targeted AAVP, additional controls such as scrambled 
AAVP or mutated RGE/AAVP did not generate any gene delivery to tumors proving the tumor 
selectivity of the RGD4C ligand. 
 
Briefly, regarding specificity studies in tumor-bearing mice, as we previously reported (Hajitou et 
al. 2006), biodistribution using bioluminescent imaging of luciferase in living tumor-bearing mice 
with vectors carrying the Luc reporter gene, showed specific expression of the Luc reporter in 
tumors with no expression detected in the healthy tissues, these data were confirmed with GFP 
vectors. In the same report (Hajitou et al. 2006), we reported an elegant study using micro-PET 
imaging of HSVtk with [18F]FEAU (2′-[18F]-fluoro-2′-deoxy-1-β-D-arabino-furanosyl-5-ethyl-
uracil), radiolabelled substrate of the HSVtk enzyme and showed specific accumulation of 
[18F]FEAU in the tumors  of mice and subsequently selective expression of the HSVtk, with no 
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accumulation of the [18F]FEAU in the healthy tissues. Histopathological analyses of the normal 
tissues removed from tumor-bearing mice treated by the same experimental protocol revealed no 
histopathologic abnormalities. Tandle et al, 2009, used the RGD4C/AAVP for targeted gene therapy 
with the cytokine, TNFα gene, and they reported specific expression of TNFα in the tumours 
following intravenous administration to tumor-bearing mice, with no TNFα detected in the healthy 
tissues. 
 
A safety study using RGD4C/AAVP-TNFα was carried out in larger animals, under the direction of 
the National Cancer Institute of the USA elegantly demonstrated the safety and potential of this 
technology. Targeted RGD4C/AAVP was used to deliver TNFα to naturally occurring cancers 
diagnosed in dogs (Paoloni et al. PlosOne 2009). In this study, intravenous infusion of the targeted 
RGD4C/AAVP-TNFα generated selective accumulation of the vector particles in the tumours, with 
no vector detected in the healthy tissues, and this tumour accumulation of the vector translated in 
selective expression of TNFα in the tumours, exclusively. Dose escalation used 4x1011, 8x1011, 
1x1012, 5x1012 and 1x1013 vector TU/animal. The only significant adverse event observed occurred 
in one dog during the intravenous infusion of RGD4C/AAVP-TNFα in the highest dose cohort 
(1x1013 TU), where a single dose-limiting toxicity (DLT) was noted (Grade 3 hypersensitivity 
reaction); this event (nausea, tachycardia, and hypotension) was transient and resolved with minimal 
supportive care. Three additional dogs were entered into this dose cohort with no further toxicity 
observed. No maximally tolerated dose (MTD) was reached since the highest dose failed to result in 
any dose limiting toxicities. There were no clinically significant neurological, cardiac, respiratory, 
gastrointestinal, renal, or hematologic toxicities related to the treatment of the dogs entered in this 
phase of the study. Moreover, there were no delays in wound healing (surgical incision) detected, or 
febrile episodes associated with single-doses of RGD4C/AAVP-TNFα. These data suggest that 
RGD4C/AAVP-TNFα was safe following intravenous administration of a single dose of 
RGD4C/AAVP-TNFα to 1013 TU this dose is equivalent to the 5x1010 TU dose that we tested in our 
study in mice with GBM. Since no MTD was achieved, it is possible that higher doses of 
RGD4C/AAVP-TNFα may also be safely administered. It is noteworthy to mention that the 
cytokine TNFα has strong anti-tumor activity against various cancer types, but its clinical 
applicability has been hindered by it severe systemic toxicity. Targeted delivery by the 
RGD4C/AAVP has demonstrated potential to resolve the toxicity issue of TNFα.  
 
In the clinical trial published by (Krag et al. Cancer Res. 2006), phage display libraries were injected 
to eight patients with stage IV cancer, including breast, melanoma and pancreas. The phage library, 
based on M13 phage (parent of the RGD4C/PAAV), was administered intravenously in order to 
identify tumor-targeted M13 phages. No serious clinical side effects, including allergic reactions, 
were observed with serial up to three intravenous infusions, despite the presence of anti-phage IgGs. 
In that trial, patients received 1.6x108 to 1.0x1011 TU/kg, equivalent of an approximate range of 
~1.0x1010 to 1x1013 TU per patient. These phage doses were able to successfully target the tumors 
following intravenous administration. Immediate side effects during infusion were observed in only 
one patient during the second infusion. The side effect was grade 1 to 2 pain in the upper mid-back 
after 75% of the phage had been infused. The infusion was immediately stopped, and the pain fully 
subsided after 1 to 3 minutes. No other side effects attributable to the infusion were observed.  
 
Moreover, to comply with the reviewer, we performed additional experiments as a toxicity study in 
immuncompetent wild-type mice administered with various doses of the RGD4C/AAVP-HSVtk, 
then systemic tissues were harvested and serum levels of the lactate dehydrogenase (LDH) were 
evaluated. BALB/c mice were injected with increasing doses: 2.5x109 TU, 1x1010 TU and 5x1010 

TU. These doses were based on previous studies in mice, pet dogs, and on the doses used in the 
clinical study published by Krag et al. 2006 as follow: 
 
Tumor-bearing Mice RGD4C/AAVP: = 2x1012 TU/kg, equivalent of 5x1010 TU/mouse 
Pet Dogs RGD4C/AAVP: 5x1012 TU/Dog = 5x1011 TU/kg, equivalent of 1x1010 TU/mouse 
Cancer patients M13 max dose: 1x1011 TU/kg, is equivalent of 2.5x109 TU/mouse 
 
We did not observe any damage or abnormalities in the healthy tissues, the LDH measurements 
showed normal levels, and no animal weight loss was noticed. These new data are included in the 
revised manuscript on page 11 and Fig EV3. 
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• Although the targeting appears to be very specific for the 3 different human GBM cell lines 
analyzed, while mouse cells are not transduced, the study does not address the impact of the 
treatment on other human cell types. Indeed, the RGD4C ligand was selected to bind specifically the 
heterodimer αvβ3 integrin in human cells which is expressed in a wide variety of cells and not only 
GMB. What is the effect of the treatment on other human cell types? This is an outstanding issue 
since this treatment could result in an extreme toxicity (potentially lethal) to the patients. The 
Authors should address this outstanding issue experimentally on a large panel of human primary 
cells and cell lines. 
 
Response: 
The RGD4C ligand binds mainly to 	αvβ3 but also to a lesser level to the αvβ3 heterodimer.  
Various integrin heterodimers can be found in wide variety of human cells; however, both αvβ3 and 
αvβ5 are highly restricted and typically overexpressed on cancer cells and tumor vasculature (Arap et 
al, 1998; Hemminki et al, 2001). Additionally, tumor metastasis, rheumatoid arthritis and 
osteoporosis are also on the list of pathologies in which αvβ3 plays a key role (Kumar 2003).  
 
In Human biopsies, the αvβ3 integrin is widely expressed on blood vessels of human tumor biopsy 
samples but not on vessels of biopsies from normal tissues; the distribution of αvβ3 in human is 
highly restricted, with expression on activated endothelium, activated vascular smooth muscle and 
tumors. Besides this, the αvβ3 has been shown to have relatively limited cellular distribution in 
humans quiescent tissues; apart from its expression at high levels in the inflamed synovial tissues of 
rheumatoid arthritis patients (Koch 2000, Pap et al, 2000), αvβ3	is absent or minimally, or barely 
detectable on endothelial cells (Van De Wiele et al, 2002 ), some B-cells, platelets, monocytes, 
intestinal cells, and smooth muscle cells, as well as a small percentage of activated leukocytes, 
macrophages, and osteoclasts.  
 
Integrin αvβ5 is often found in the same pathological contexts as αvβ3, but can also be found in 
fibroblasts (Gamble et al, 2010). 
 
Therefore, to comply with the reviewer we sought to carry out an in vitro investigation comprising 
diverse human primary cells with various integrin expression patterns, from no integrin expression 
to the low expression reported above, in order to seek whether the minimal expression on normal 
primary cells is enough to generate successful gene delivery by the RGD4C/AAVP. First, because 
αvβ5 is also found expressed on normal fibroblasts, we examined two types of human normal 
primary fibroblasts from skin and lung. We found that these cells do not or barely express the b3 
integrin but have low levels of expression of αv	and	β5 subunits, compared to primary GBM. 
Importantly however, this low integrin expression profile did not translate in any detectable gene 
delivery by the RGD4C/AAVP vector, alone or even in the presence of TMZ. Moreover, to further 
comply with the reviewer, we included additional normal human primary cells, astrocytes and 
chondrocytes. While the astrocytes showed some integrin expression of αv and β5, with low 
expression of β3, this integrin profile did not permit gene delivery when cells were treated with the 
RGD4C/AAVP alone or in combination with TMZ. Immunostaining of the chondrocytes did not 
show any expression of these integrins, and no subsequent gene delivery was detected after addition 
of the RGD4C/AAVP. 
  
To recap, our data show no expression or minimal expression of these integrins in some human 
normal cells, which does not permit any gene expression by the RGD4C/AAVP vector. The integrin 
expression in GBM is substantially higher than that in human normal cells. Targeting depends on 
differences in the levels of expression of the target receptors. Moreover, it is important to mention 
that RGD4C/AAVP-Grp78 should allow dual GBM targeting, by RGD4C ligand (entry) and Grp78 
promoter (transcriptional targeting) which should result in increased tumor selectivity and safety of 
this gene therapy treatment. Thus, even if this minimal integrin expression on normal cells allows 
phage internalisation through binding of the RGD4C to integrins, the promoter Grp78 will ensure 
selectivity, in particular that TMZ did not induce any gene expression by RGD4C/AAVP in these 
normal cells. It is correct that non-cancerous human immortalized cell lines, e.g. Human Embryonic 
Kidney HEK293 cells, could have higher expression of these integrins; however, unlike normal 
primary cells, these cell lines exhibit a certain degree of transformation because of their 
immortalized phenotype.  
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Finally, any clinical trial will commence with a phase-1 trail for a safety study of the treatment. 
Phage has a historic safety profile in human, over many years to treat infectious diseases (Asavarut 
and Hajitou 2014). We would stress that each element such as intravenous M13 phage 
administration, RGD peptides and Grp78 promoter have been established as safe. 
 
All these data on normal primary cells are now included in the revised version of this manuscript on 
pp. 11-12 and in Fig 6. 
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2nd Editorial Decision 13 August 2018 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have 
now received the enclosed reports from the referees that were asked to re-assess it. As you will see, 
while referee 4 is now satisfied, referees 1 and 3 are not yet and both insist on revisions that they 
asked before but were not performed.  
 
I am afraid that we agree with referees 1 and 3 and would encourage you to perform the requested 
revisions for publication as EMBO Molecular Medicine focuses on translational relevance. I am 
happy to extend the usual 2-weeks revision time to allow for extra work to be done.  
 
Should you decide not to perform these and rather prefer to seek publication elsewhere, please do let 
us know as soon as possible.  
 
I look forward to reading a new revised version of your manuscript as soon as possible. 
 
 
***** Reviewer's comments *****  
 
Referee #1 (Remarks for Author):  
 
The authors have satisfied the majority of concerns raised during the revision.  
Although, one major point has not been fully addressed: they didn't perform in vivo experiments 
using human GBM CSCs. They obtained GBM CSCs from Pollard laboratory whose expertise in 
CSCs characterization is well known in the field.  
It is unlikely that these cells "were not consistent in inducing tumors in immune-deficient mice". 
Although GBM is a tumor with high heterogeneity among patients, generally GBM CSCs are highly 
tumorigenic in a short period after orthotopic cell implantation.  
The authors should better address this point also to take in account GBM CSC resistance to TMZ in 
vivo.  
 
Minor points:  
Fig1C: They should provide not cropped images of Western Blots.  
 
 
Referee #3 (Remarks for Author):  
 
The following comments to the authors relate only to the investigator's response to this reviewer 
(#3), with the following point-by-point same numbering as in the original review:  
 
1. Adequate response.  
 
2. The issue of the use of TMZ is important. The investigators provide alternatives, but for reasons 
that are unclear, refuse to put the alternative data into the manuscript and only have inserted a brief 
discussion about this issue in the revised manuscript (p15). The Curcumin data, at least at 40 uM, 
adds significantly to dealing with this issue, and the methods, results and figure should be included 
in the revised manuscript  
 
3. The issue of how much phage crosses the blood-brain barrier and reaches the tumor is critical. 
The investigators provide some data to rebut the review concern, but have not added it to the revised 
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manuscript. The revised manuscript should include the methods, results and graphs with the data, 
including statistical analysis etc.  
 
4. Immunogenicity is a critical issue for all gene therapy approaches, and had been a major concern 
(and cause of death) in human in vivo gene therapy studies. Despite the many arguments provided 
by the investigators, they choose to use immunodeficient rodents in their studies. While this allows 
for focus on the therapy without confounding effects of the immune system, it ignores the very real 
possibility of the immune system limiting efficacy and the immune system inducing toxicity. To 
make this study valuable, studies should be carried out in immunocompetent animals.  
 
5. The statement of data helps, but should be enhanced regarding the implications of the data 
relating to how much and where is the integrins expressed? If normal endothelial and glial cells 
express the integrin, is this a problem for off-target toxicity? It is not necessary to do additional 
experiments, but the statements regarding what % glioblastoma and what normal cells express the 
integrins should be enlarged to discuss the implications for both efficacy and toxicity.  
 
6. Adequate response.  
 
7. The investigators agree that the data is important, but do not add the data to the paper. Off target, 
other organ data is critical in regard to the feasibility of moving this therapy to humans.  
 
8. The added data is useful regarding potential toxicity.  
 
9. The added data is useful regarding primary tumors.  
 
10. The added data is useful regarding mortality.  
 
 
Referee #4 (Remarks for Author):  
 
the Authors answered satisfactorily to the concerns raised by this reviewer 
 
 
2nd Revision - authors' response 20 December 2018 

We are pleased to submit a second revised manuscript to address the additional reviewers’ concerns.  
We agree with the importance of the experiments requested by the reviewers and we are happy with 
the new findings, which should definitely strengthen this manuscript. We have addressed the 
reviewers’ comments point-by-point in the text below. We have also highlighted the changes, in 
yellow, in the revised manuscript to make them clearly visible to the reviewers. 
 
Referee #1  
  
1. The authors have satisfied the majority of concerns raised during the revision.  
Although, one major point has not been fully addressed: they didn't perform in vivo experiments 
using human GBM CSCs. They obtained GBM CSCs from Pollard laboratory whose expertise in 
CSCs characterization is well known in the field.  
It is unlikely that these cells "were not consistent in inducing tumors in immune-deficient mice". 
Although GBM is a tumor with high heterogeneity among patients, generally GBM CSCs are highly 
tumorigenic in a short period after orthotopic cell implantation.  
The authors should better address this point also to take in account GBM CSC resistance to TMZ in 
vivo.  
  
Response:  
We thank the reviewer for the comment “The authors have satisfied the majority of concerns raised 
during the revision”, and agree that in vivo efficacy on GBM CSCs is important to address. 
Therefore, we have carried out various experiments.  
 
First and as mentioned by the reviewer, GBM is a highly heterogeneous tumor that contains GBM 
stem cell sub-population. In our first revision we used the HSJD-GBM-001 from the collection of 
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Dr Carcaboso to assess in vivo efficacy on primary GBM that we cultured in vitro in serum-free 
medium to grow spheroids before implantation into the brain of mice. Consequently, we tested the 
HSJD-GBM-001 spheres for the presence of CSCs by using antibodies against Sox-2, Nestin and 
CD133 stem cell markers and compared side-by-side with the G26 primary GBM cells received 
from Dr Pollard.  The data showed that HSJD-GBM-001 spheroids express high levels of these stem 
cell markers (65.7% Sox-2+ cells, 62.7% of Nestin+ cells and 93.6% CD133+ cells) proving that 
these GBM spheres contain high percentage of stem cells. Whereas the G26 cells had 13.4% Sox-2+ 
cells, 45.7% Nestin+ cells and 67% CD133+ cells. Moreover, immunohistochemistry of intracranial 
HSJD-GBM-001 tumors for stem cell markers showed high levels of CSCs. Next, analyses of CSC 
in intracranial HSJD-GBM-001 recovered after therapy showed clear reduction of CD133+ CSC 
cells following treatment with the vector RGD4C/AAVP-Grp78-HSVtk + GCV, compared to TMZ 
treatment. Then, remarkably, combination treatment with vector and TMZ resulted in suppression of 
the CD133+ cells. These data are now included in the new version of the manuscript in Fig 6A and 
Fig 8D, and on pp.11-14 of the Results Section. We have also amended the discussion on page 18. 
Moreover, we have included additional data showing RGD4C/AAVP-Grp78HSVtk vector homing to 
HSJD-GBM-001 tumors but not to healthy tissues, in Fig EV3D and page 14. 
 
We would like to mention that these findings are consistent with the therapy data on Fig 8 showing 
that TMZ alone was not able to eradicate the tumors and that combining with HSVtk/GCV achieved 
better effect, which also could be explained by the efficacy of CSC transduction reported in Fig 6. 
 
2. Minor points:  
Fig1C: They should provide not cropped images of Western Blots.  
  
Response: we have complied with the reviewer request and replaced the cropped images of Western 
Blots in Fig 1C.  
 
 
Referee #3   
  
2. The issue of the use of TMZ is important. The investigators provide alternatives, but for reasons 
that are unclear, refuse to put the alternative data into the manuscript and only have inserted a brief 
discussion about this issue in the revised manuscript (p15). The Curcumin data, at least at 40 uM, 
adds significantly to dealing with this issue, and the methods, results and figure should be included 
in the revised manuscript  
 
 Response: 
We have complied with the reviewer and included this data in the manuscript, in the Results Section 
on page 7, in the Method section on page 20 and in Fig EV2. We also added a statement in the 
Discussion on pages 16 & 17. 
 
3. The issue of how much phage crosses the blood-brain barrier and reaches the tumor is critical. 
The investigators provide some data to rebut the review concern, but have not added it to the 
revised manuscript. The revised manuscript should include the methods, results and graphs with the 
data, including statistical analysis etc.  
 
Response: 
We have complied with the reviewer and added the data in the Results Section of the manuscript on 
page 9 and in Fig 3D. We have also revised the methods for the vector homing to tumors on page 22 
to provide more information, and amended the discussion on page 18. 
 
4. Immunogenicity is a critical issue for all gene therapy approaches, and had been a major concern 
(and cause of death) in human in vivo gene therapy studies. Despite the many arguments provided 
by the investigators, they choose to use immunodeficient rodents in their studies. While this allows 
for focus on the therapy without confounding effects of the immune system, it ignores the very real 
possibility of the immune system limiting efficacy and the immune system inducing toxicity. To make 
this study valuable, studies should be carried out in immunocompetent animals.  
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Response: 
We would like to apologise that we did not clearly get this point in the initial revision. We thank the 
reviewer for clarifying this important point that has further strengthened this study. We have now 
complied with the reviewer and performed experiments in immunocompetent C57Black/6J mice 
with established intracranial GL261 GBM model. We chose this isogenic tumor model because it is 
the most recognized murine GBM that has been extensively used for preclinical testing of 
therapeutic approaches for GBM. We first confirmed that the GL261 cells express the integrin 
receptors, required for transduction by the RGD4C/AAVP vector. Then our in vivo studies clearly 
established the anti-tumor effects of the RGD4C/AAVP-Grp78-HSVtk plus GCV against the 
intracranial GL261 GBM; interestingly, combination of vector with TMZ resulted in complete 
suppression of tumor growth. In this study, vector administrations were repeated three times, safely 
and efficiently, consistent with our previous findings in immunocompetent animals and in 
vaccinated mice. Phage-based particles are known to be immunogenic, but this feature can be 
modulated through targeting itself (Trepel et al, 2001). 
 
All these data are now included in the revised manuscript in Fig 9, as well as in the Results Section 
on pages 14 & 15, in the Discussion on page 19, and in the Method Section.  
 
5. The statement of data helps, but should be enhanced regarding the implications of the data 
relating to how much and where is the integrins expressed? If normal endothelial and glial cells 
express the integrin, is this a problem for off-target toxicity? It is not necessary to do additional 
experiments, but the statements regarding what % glioblastoma and what normal cells express the 
integrins should be enlarged to discuss the implications for both efficacy and toxicity.  
 
Response: 
We apologise to the reviewer for this confusion. In the previous rebuttal letter, we meant expression 
of this integrin in the activated endothelial cells that form the angiogenic blood vessels in tumors; 
we also used glial cells to mean the glial-derived tumor cells. In other words we meant angiogenic 
endothelial and glial tumor cells present in the tumor tissue. Consequently, we have modified the 
statement that we included in the discussion, on page 16 as follows: 
“Previous studies reported that αvβ3 integrin can be expressed in up to 55% of human glioblastoma, 
depending on the tumor grade (Schittenhelm et al., 2013; Schnell et al. 2008). The αvβ3 expression 
was significantly higher in human GBMs than in low-grade gliomas and was seen on both activated 
endothelial cells and glial tumor cells existing within glioblastomas (Schittenhelm et al., 2013; 
Schnell et al. 2008). In contrast, expression of αvβ3 is barely detectable on normal human endothelial 
cells (Gamble et al, 2010; Kumar 2003; Koch 2000; Pap et al, 2000; Van De Wiele et al, 2002), and 
is also not expressed on glia or neurons in normal adult cortex and cerebral white matter (Gladson 
and Cheresh 2001). 
 
Previously, we and independent groups reported that the low level of expression of αvβ3 integrin in 
normal endothelial cells did not lead to phage localisation in the blood vessels of normal tissues in 
mice as well as in large animals e.g. pet dogs (Hajitou et al. Cell 2006; Tandle et al. Cancer 2009; 
Paoloni et al. PlosOne 2009). We also reported absence of gene delivery (GFP, Luc and HSVtk 
expression) by the RGD4C/AAVP in normal blood vessels and healthy tissues including the brain 
(Hajitou et al. 2006, Tandle et al. 2009, Paoloni et al. 2009). 
	
To further comply with the reviewer and as also requested by another reviewer, we tested the vector 
in normal human glial cells (primary astrocytes). The RGD4C ligand binds mainly to avb3, but	also	
to a lesser level to the	αvβ5	heterodimer. We found that normal human astrocytes have very low 
levels of αv and β5 integrins with barely detectable expression of β3, compared to primary GBM. 
Importantly however, this low integrin expression profile did not lead to gene delivery by the 
RGD4C/AAVP-Grp78 vector. Moreover, addition of TMZ did not induce any gene expression from 
RGD4C/AAVP-Grp78 in these normal glial cells. It is noteworthy to mention that RGD4C/AAVP-
Grp78 vector has the advantage to allow dual GBM targeting, by RGD4C ligand (entry) and Grp78 
promoter (transcriptional targeting) which should result in increased tumor selectivity and safety of 
this gene therapy treatment. Thus, even if this minimal integrin expression on normal cells allows 
vector entry into cells through binding of the RGD4C to integrins, the tumor specific Grp78 
promoter which is not active in normal cells/tissues won’t allow gene delivery into these normal 
cells.  
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These data on glial cells are shown in the revised manuscript in Fig 7 and in page 12 of the Results 
Section. We also added a statement in the Discussion Section on page 16. 
 
7. The investigators agree that the data is important, but do not add the data to the paper. Off 
target, other organ data is critical in regard to the feasibility of moving this therapy to humans.  
 
Response: 
In the original manuscript, we reported that no vector was detected in the healthy brain in Fig 3B 
that shows accumulation of the RGD/AAVP-Grp78-HSVtk vector in the tumor tissue but not in the 
adjacent normal brain. Now, we have further complied with the reviewer and carried out 
immunostaining experiments on sections from vital healthy tissues (liver, kidney, heart and lung) 
recovered from mice following intravenous administration of vector. We used an antibody against 
the capsid of RGD4C/AAVP-Grp78-HSVtk vector. Microscopic analyses of tissue sections didn’t 
show any presence of the RGD4C/AAVP-Grp78-HSVtk vector in all the normal tissues tested; 
whereas, tumors were positive for the presence of vector in mice receiving RGD4C/AAVP-Grp78-
HSVtk alone or combination of RGD4C/AAVP-Grp78-HSVtk with TMZ. These findings are 
consistent with previous studies from our group and reports from independent groups. These data 
are now included in the revised version of the manuscript in the Results Section on page 14, in Fig 
EV3D. We also added a statement in the Discussion Section on page 18.  
 
 
3rd Editorial Decision 22 January 2019 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have 
now received the enclosed reports from the referees that were asked to re-assess it. As you will see 
the reviewers are now supportive and I am pleased to inform you that we will be able to accept your 
manuscript pending minor editorial amendments. 
 
 
***** Reviewer's comments *****  
 
Referee #1 (Remarks for Author):  
 
The Authors answered satisfactorily to the concerns raised during the second revision, providing the 
required experimental data about the in vivo efficacy of the proposed therapy in a orthotropic model 
of GBM xenotransplant using primary GBM tumor initiating cells. For this reason, I suggest that 
this manuscript is now suitable for publication.  
 
 
Referee #3 (Remarks for Author):  
 
None 
 
3rd Revision - authors' response 1 February 2019 

(The authors made the requested editorial changes.) 
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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

Our	in	vitro	experiments	were	designed	to	ensure	5%	significance	level	and	a	minimum	of	80%	
power.	An	80%	power	may	be	sufficient	to	catch	large	effects	and	fewer	samples	are	needed.	
Therefore,	the	in	vitro	experiments	were	performed	in	triplicate	and	repeated,	at	least	twice,	
increasing	the	total	number	of	samples	to	n=6,	which	is	sufficient	for	a	statistical	power	above	
80%.	

We	describe	the	design	of	randomized	animal	experiments	to	test	our	vector	in	combination	with	
temozolomide	for	the	treatment	of	mice	with	induced	GBM	and	follow	the	tumour	size	
progression.	We	need	a	certain	number	of	animals	to	detect	statistically	significant	differences	
between	the	group	means	at	the	5%	significance	level	with	a	statistical	power	of	at	least	~80%.	An	
80%	power	may	be	sufficient	to	catch	large	effects	while	fewer	animals	are	needed,	as	we	abide	by	
applying	the	principles	of	the	3Rs	(Replacement,	Reduction	and	Refinement).	This	number	should	
be	5	animals	per	group.	However,	the	experiments	are	replicated,	which	increases	the	total	
number	of	animals	and	subsequently	the	statistical	power	above	90%.	We	also	took	into	account	
that	animals	might	be	killed	before	the	end	point,	a	fact	which	slightly	reduces	the	power	by	~5%.	

No	animals	were	excluded	from	analysis.

We	applied	a	randomized	experimental	design.

Following	tumor	detection	in	mice	by	bioluminescent	imaging	of	luciferase,	tumor-bearing	mice	
were	randomly	assigned	to	experimental	groups.

The	cages	of	mice	were	labelled	with	numerical	numbers,	each	corresponding	to	a	treatment	
regimen.	Imaging	of	tumor-bearing	mice	was	done,	cage	by	cage,	blindingly	and	by	fixing	the	same	
parameters	for	all	the	cages.	The	cage	numbers	and	subsequent	identification	of	the	experimental	
groups	were	only	revealed	after	acquisition	of	the	results.	Histopathological	analysis	was	
performed	by	an	independent	collaborator,	and	blindly,	as	the	samples	were	labelled	with	
numbers	that	were	only	revealed	after	data	analyses.

Blinding	was	applied	throughout	the	animal	studies.
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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

Yes	we	confirm	compliance.	This	study	was	funded	by	the	MRC.

G-	Dual	use	research	of	concern

NA

NA

Antibodies:	Grp78	(Santa	Cruz,	sc-1051),	ATF6	(Imgenex,	IMG-273),	phospho-eIF2alpha	(Cell	
signalling,	9721),	GAPDH	(Santa	Cruz,	sc-32233),	connexin-26	(Invitrogen,	13-8100),	integrin	
alphaV	(Chemicon,	AB1930),	integrin	beta3	(Abcam,	ab34409),	integrin	beta5	(Cell	Signalling,	
3629),	Ki67	(Abcam,	ab833),	capsase-3	(Cell	Signaling,	9662),	anti-bacteriophage	(Sigma,	B7786),	
CD31	(Abcam,	ab28364),	AlexaFluor	488	goat	anti-rabbit	IgG	(Life	Technologies,	A11008),		
AlexaFluor	594	donkey	anti-rat	IgG	(Life	Technologies,	A21209),	Goat	anti-mouse	IgG-HRP	
conjugated	(Jackson	Immuno	Research,	115-035-003),		Goat	anti-Rabbit	IgG-HRP	conjugated	(Cell	
signalling,	7074s).

The	cells	used	in	this	study	were	either	purchased	from	the	ATCC,	and	were	authenticated,	or	from	
collaborators	who	authenticated	them	(An	et	al	2014,	Neuro	Oncol.	2014	Jan;	16(2):	265–273).	
Upon	reception	of	our	cell	lines,	they	are	placed	in	a	tissue	culture	incubator	used	specifically	for	
new	cell	lines	waiting	to	be	cleared	for	mycoplasma	contamination.	Then	we	generate	a	
substantial	number	of	freezing	vials	so	that	the	cells	are	thawed	when	needed	for	experiments,	
then	thrown	away	in	order	to	keep	the	cells	at	lower	passages	closer	to	the	initial	one	at	their		
reception.	Our	cells	in	tissue	culture	undergo	regular	mycoplasma	tests	on	a	monthly-basis.

Mice	nude	female	and	immunocompetent	C57BL/6J	or	Balb/c	female	mice,	adult	5	to	7	weeks,	
were	purchased	from	Charles	River,	United	Kingdom.	Athymic	mice	are	more	prone	to	infection	by	
opportunistic	pathogens.	These	animals	are	housed	behind	appropriate	barrier	housing	(for	
example	isolators	or	IVCs),	irradiated	diet	and	bedding	may	also	be	provided	to	reduce	the	risk	of	
infection.

Experiments	involving	living	mice	were	carried	out	according	to	the	Institutional	and	Home	Office	
Guidelines.	The	in	vivo	studies	on	nude	mice	were	carried	out	under	a	granted	Home	Office-issued	
project	license.	The	project	license	was	previously	reviewed	and	approved	by	the	Animal	Welfare	
and	Ethical	Review	Body	(AWERB	committee)	at	Imperial	College	London,	before	its	final	approval	
by	the	Home	Office.
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