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1st Editorial Decision 22 December 2015

Thank you for the submission of your manuscript to EMBO Molecular Medicine and apologies for
the delay in reaching a decision on your manuscript.

In this case we experienced unusual difficulties in securing three willing and appropriate reviewers.
As a further delay cannot be justified I have decided to proceed based on the two available
consistent evaluations.

Although the reviewers have slightly diverging views on your manuscript, they appear to find your
work interesting. They do however, have a few concerns of a fundamental nature. I will not dwell
into much detail, as their comments are comprehensive. I will just highlight a few main points.

Reviewer 1, as you will see, has three main concerns. Firstly, s/he would also like to see sensory
tests performed to increase the potential translational relevance of your findings (which is the point
here), given the important pain component peripheral nerve trauma. The Reviewer also feels that
some degree of mechanistic analysis on the mode of action of 4-AP must be performed. Finally, s/he
notes the unsuited statistical treatment of the data and lack of experimental details.

Reviewer 2 would like more details and discussion on drug delivery and would like you to explore
the effect on immune cells. Similarly to Reviewer 1, this Reviewer would also like to see more
detail on how the drug acts.

We discussed these evaluations and agreed that these points are well taken and perfectly exemplify

the type of information we would like to see in a translationally oriented manuscript. To address
these points would significantly enhance the impact and translational relevance of your study.
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Reviewer 1 also mentions the need to improve statistical analysis and reporting on animal
experimentation. These issues are very close to our hearts at EMBO Press and indeed we ask all
authors to take direct action on these aspects upon revision with a mandatory checklist (see further
below).

In conclusion, while publication of the paper cannot be published at this stage, we would consider a
substantially revised submission, with the understanding that the Reviewers' concerns must be
addressed with additional experimental data where appropriate and that acceptance of the
manuscript will entail a second round of review.

Please note that it is EMBO Molecular Medicine policy to allow a single round of revision only and
that, therefore, acceptance or rejection of the manuscript will depend on the completeness of your
responses included in the next, final version of the manuscript.

As you might know, 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. However, I do ask you to get in touch with us after three months if you have not
completed your revision, to update us on the status. Please also contact us as soon as possible if
similar work is published elsewhere.

Please note that EMBO Molecular Medicine now requires a complete author checklist
(http://embomolmed.embopress.org/authorguide#editorial3) to be submitted with all revised
manuscripts. Provision of the author checklist is mandatory at revision stage; The checklist is
designed to enhance and standardize reporting of key information in research papers and to support
reanalysis and repetition of experiments by the community. The list covers key information for
figure panels and captions and focuses on statistics, the reporting of reagents, animal models and
human subject-derived data, as well as guidance to optimise data accessibility.

I also suggest that you carefully adhere to our guidelines for publication in your next version,
including presentation of statistical analyses and our new requirements for supplemental data (see
also below) to speed up the pre-acceptance process in case of favourable outcome.

I look forward to seeing a revised form of your manuscript as soon as possible.

*FxEE Reviewer's comments *#% 4%
Referee #1 (Comments on Novelty/Model System):

Technical Quality:Behavioral tests evaluating motor function and statistics are not adequate.
Novelty: I am surprised no one has tried 4-AP in PNS injury before. Just because they haven't does
not make it novel.

Medical impact: The medical impact has the potential to be significant but the lone motor test gives
me pause.

Model System: No concerns

Referee #1 (Remarks):

Peripheral nerve trauma is an important clinical problem. The effectiveness of current clinical
therapies is dependent in part upon the proper determination as to the completeness of the injury and
timely therapeutic intervention. Incomplete lesions will spontaneously recover to some degree and
those are likely to be the target of successful therapies. Identifying a lesion as incomplete within the
best therapeutic window can also be challenging. One of the most effective therapies being
investigated in the laboratory is electrical stimulation which has been shown to promote axonal
regeneration and facilitate myelin repair. Based upon this these authors investigated the therapeutic
potential of 4-AP, a potassium channel blocker that is current used clinically, as an effective therapy
for traumatic peripheral nerve injury. While the studies are clinically important and for the most part
well designed there are concerns that must be addresses.

Concerns:
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1. While the test for motor function is supported by solid nerve conduction data the behavioral
results are not very satisfying. Deficits demonstrating motor impairments would be strengthened if
sensory tests were also included. This is important because chronic neuropathic pain is also a serious
clinical problem associated with peripheral nerve trauma. This is especially true if 4-AP is going to
be used clinically.

2. Statistical tests: ANOVA should have been used instead of a two tailed T-test. Further, unless I
missed it, there isn't a discussion on animal numbers or groups.

3. While some may view that understanding mechanism of action may not be important for
repurposing a drug that is already approved for clinical use I disagree. If we understand how a drug
works then it may be possible to develop a more effective therapy or use a more effective
repurposed compound. Therefore, some attempt at investigating mechanism of action is appropriate.

Referee #2 (Comments on Novelty/Model System):
This is an excellent study which reveals a novel eminently translatable drug for PNS repair.
Referee #2 (Remarks):

In this manuscript the authors study the effect of 4-amminopyridine (4-AP) a potassium channel
blocker as a novel therapeutic in PNS injury. Using behavioral/functional outcome measures they
saw an enhanced speed of recovery from a crush as well as improvement in gait which was
improved if application was given locally. Specifically 4-AP was more beneficial if presented
locally using PLGA films. Importantly it was seen that there was an increase in myelination. This is
an interesting and exciting report as the drug has already been shown to be safe in CNS injury but its
use in PNS injury has been less studied and therefore could be a potential novel therapeutic
approach and easy to translate to the clinic.

Specific points

1) I would be tempted to put more data in the paper and put Fig 1 and 2 together, and perhaps
include more supplementary data particularly on the approach to deliver the drug on films. Could
this delivery approach translate to the clinic?

2) Was any immunocytochemistry made on the Schwann cells in the nerve? Is it known if the drug
affects them? Are there more Schwann cells? is there less Schwann cell death? What does the drug
do to the cells in vitro? Could some experiment be added to address these points? Although this
reviewer is not asking for a specific mechanism of actions some understanding i) how the films
integrate in the tissue and ii) and how the other neural/immune cells look around the site may
enhance this paper.

3) Was they any effect on macrophages? How does the immune respond to delivery options?

1st Revision - authors' response 25 August 2016

Thank you very much for sending us the constructive reviews on our novel discoveries regarding the
ability of 4-aminopyridine to promote durable recovery and remyelination following traumatic
peripheral nerve injury.

We are grateful to the reviewers for their support for the clinical potential of our discoveries and are
delighted that both reviewers recognized the potential of our findings to move rapidly to clinical
analysis. This is the focus of the work, and we are delighted the reviewers were responsive to the
possibility that this work eventually could provide benefit to individuals for whom we do not
currently have effective therapies.

Reviewer 1 stated the studies were “clinically important and for the most part well designed and that
the medical impact has the potential to be significant.”

Reviewer 2 stated that “This is an interesting and exciting report as the drug has already been
shown to be safe in CNS injury but its use in PNS injury has been less studied and therefore could

be a potential novel therapeutic approach and easy to translate to the clinic.”

We are delighted to confirm that enthusiasm for the potential clinical relevance of our discoveries is
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shared by the United States Food and Drug Administration (FDA) who have recently approved our
clinical trial on the use of 4AP as an experimental treatment for iatrogenic traumatic nerve injury
caused during radial prostatectomy. This trial is discussed as appropriate in our response to the
reviewers.

Response to reviewer requests

The reviewers made some very useful suggestions and we hope they will agree that our attempts to
address their concerns have further strengthened our studies. We apologize for the delayed response
to their constructive comments. Due to staff turnover, we had to train a new team to carry out
experiments relevant to the concerns of the reviewers. As it turned out, this was a useful endeavor
not just in further confirming the robustness of our discoveries but in also revealing that the
description of how to calculate the sciatic function index (SFI, a standard outcomes measure
employed in this field) contained an ambiguity that can lead to a failure to score critical changes in
motor function. We have amplified the description of the details of SFI analysis in order to remove
this ambiguity. In addition, we wanted to be able to include confirmation that a clinical trial has
been approved by the FDA, based on a subset of the observations provided in our manuscript.

As EMBO Molecular Medicine publishes (online) the questions of the reviewers and responses of
the authors, this enables us to consider the reviewers’ concerns in a way that is not possible within
the space constraints of the manuscript itself. The comments of the reviewers were very thoughtful
and constructive, and we have tried to be equally constructive in our response. We originally hoped
to do this by referring the reviewers and readers to reviews on 4AP that discussed the many
challenges and paradoxes relevant to understanding this agent, and were disappointed that we were
unable to find reviews that brought together all the components we think are needed to address the
questions raised in a detailed manner. We therefore decided to err in favor of a detailed response,
in the hope of facilitating discussion of topics that we hope will be relevant to the increased interest
in 4-AP we think is likely to follow the publication of this manuscript.

We hope the detailed response provided will be useful to the reviewers and editors, and also to the
broader readership of EMBO Molecular Medicine. We address the reviewer questions in an order
that we hope will be most effective in providing information helpful in considering their questions.

Clinical relevance of the studies

As improving the lives of people suffering from injury is our primary goal, we will first address
questions with clear relevance to the transition to clinical studies and then consider concerns that are
scientifically interesting but, as we discuss, do not appear likely to impact on clinical trial design or
even on eventual (hopefully) regulatory approval.

Reviewer 1 stated “While the test for motor function is supported by solid nerve conduction data the
behavioral results are not very satisfying. Deficits demonstrating motor impairments would be
strengthened if sensory tests were also included. This is important because chronic neuropathic pain
is also a serious clinical problem associated with peripheral nerve trauma. This is especially true if
4-AP is going to be used clinically.”

We agree completely that this is an important issue, and conducted appropriate experiments to
address this question. We carried out von Frey analyses (to examine response to mechanical
stimuli) and Hargreaves analyses (to examine response to acute thermal stimulation). As now
shown in Figure 1, and accompanying text, we found that 4AP administration did not increase
response to either of these standard measures of neuropathic pain syndromes. Indeed, mice treated
with 4AP showed a significantly more rapid return to baseline in the case of thermal hyperalgesia
and a trend towards more rapid improvement in respect to mechanical allodynia. Moreover, there
were no changes in response to either type of stimulus in the uninjured limb.

We are grateful to the reviewer for asking for these important, and clinically relevant, analyses to be
added.

Reviewer 1 also stated “While some may view that understanding mechanism of action may not be
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important for repurposing a drug that is already approved for clinical use I disagree. If we
understand how a drug works then it may be possible to develop a more effective therapy or use a
more effective repurposed compound. Therefore, some attempt at investigating mechanism of action
is appropriate.”

An interest in developing a better understanding of how 4AP might be exerting its benefits was also
indicated in the comments of Referee 2.

We are of course also interested in better understanding how 4AP provides its benefits, but it is also
important to consider how much mechanistic understanding is required to initiate clinical studies
and/or to obtain drug approval, particularly when working with a drug that has been well studied.
For scientists focused on mechanism-oriented studies at the cellular and molecular level (including
co-corresponding author MN), analysis of 4AP provides a very interesting education about the
distances that may exist between the mechanistic analyses we pursue in the laboratory and the type
of knowledge needed to provide critical benefit to patients. As this is not a new drug, but an
existing drug for which we discovered new uses in addressing currently untreatable injuries, there is
a great deal of prior information related to trying to understand its mechanism(s) of action.

Enhanced impulse conduction or enhanced synaptic efficacy (historical view)

Comparison of early laboratory studies on 4AP with subsequent clinical studies reveals the central
paradox woven through studies on this agent.

Initial laboratory experiments, and many more recent experiments, were conducted using millimolar
concentrations of 4AP more than three orders of magnitude greater than clinically relevant
concentrations (which earlier were indicated to be in the range of 1-3 micromolar ([1] and references
therein, and more recently were found to be 0.243 +/- 0.113 micromolar in humans receiving the
therapeutic dose of 10 mg, twice daily, used in treating walking disability in patients with multiple
sclerosis [2]). This paradox is relevant to attempts to understand how 4AP provides its benefits.

The ability of 4AP to enhance neurotransmitter release when applied at supra-clinical doses was
recognized early in the course of laboratory studies in the late 1970s (e.g., [3-6]). Such findings led
to clinical studies, also initiated in the late 1970s, on Lambert-Eaton myasthenic syndrome [7],
which demonstrated a transient enhancement of evoked muscle action potentials with single dose
application. Similar results were observed in studies on myasthenia gravis [8] with observations of
increased neuromuscular transmission.

The first observations that 4AP enabled impulse conduction in demyelinated axons were made in the
early 1980s [9-11], again using millimolar concentrations of this compound. Benefits observed in
patients with multiple sclerosis and spinal cord injury — with levels of 4AP administration associated
with low or sub-micromolar serum concentrations - bolstered the belief that one of the effects of
4AP treatment is to enable conduction in demyelinated axons (e.g., [11-16]).

These two actions of 4AP, enabling conduction in demyelinated axons and enhancing synaptic
efficacy, have dominated thinking about the mechanisms by which this compound works, and have
been the basis for initiating multiple clinical trials in a variety of chronic conditions (e.g., [7, 8, 11,
14, 15, 17-46]). The fact that 4AP provides clear benefits in a significant proportion of patients with
multiple sclerosis (e.g., [32, 39, 41, 43, 47, 48]), and that evidence of benefit often can be observed
promptly after initiation of treatment, is considered to be a strong argument that enhancement of
conduction in demyelinated axons is an important effect of 4AP treatment [48]. At the same time,
the efficacy of 4AP (and the closely related 3,4-diaminopyidine (DAP)) in Lambert-Eaton
myasthenic syndrome (e.g., [7, 8, 17, 49-51]) indicates that enhancement of synaptic function is also
an important benefit of such agents (as these syndromes are caused by autoimmune reactions against
acetylcholine receptors or other nerve terminal proteins rather than damage to myelin).

Enhanced impulse conduction or enhanced synaptic efficacy (our studies)?

The data presented in our manuscript suggest that the more relevant activity of 4AP in explaining
our results is the ability to enable nerve activity in demyelinated axons. Crush injuries are a
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standard model of peripheral nerve injuries with a demyelinating component, and have been used
previously to study means of promoting remyelination (e.g., [52-58]). Consistent with previous
studies using this as a model to study repair of myelin damage, we found a marked fall in levels of
the myelin protein Py in nerves examined 7 days post-injury (Figure 4E).

The likely role of enhanced nerve conduction as being critical in our studies is particularly indicated
by the similarity of results obtained with systemic administration, localized ultra-low dose
administration and localized high dose administration. In particular, the ability of standard systemic
delivery and local application of 4AP in PLGA beads to promote recovery with concentrations of
4AP that are far less than those achieved in patients are difficult to explain by any other means. We
observed a release rate of 25.8 ng//mg/day and mice received 5 mg of particles in their implants (i.e.
129 ng/day). If the daily delivery from the 5 mg of microparticles was treated as a single dose, it
would only be ~1.3% of the systemic dose of 10 micrograms/day we administered via
intraperitoneal administration (which already is much lower than the equivalent human dosage on
the basis of body surface area calculations). As the 4AP is released from PLGA particles
continuously, however, the total dose delivered per mouse at any moment in time would be still
lower and there is no indication in any previous experiments that such concentrations would have
any systemic effect. Within the small volume surrounding the PLGA particles, the drug
concentration would of course be much higher than this and, as a result of the effects seen, it seems
clear the local drug concentration was in a pharmacologically relevant range. But diffusion away
from this site would lead to a rapid fall and extremely low systemic levels. As the reported half-life
of 4AP in rodents is two hours [59], serum concentrations would not rise appreciably.

Could conduction have the benefits of promoting enhanced and durable recovery and promoting
remyelination? Little is known about this in the context of injury, but axonal activity plays an
important role in promoting myelination in the central nervous system during development [60, 61],
and may also be an important regulator of Schwann cell development [62, 63]. In addition, as noted
in the manuscript, electrical stimulation also has been reported to promote remyelination in
experimental peripheral nerve injuries (e.g., [64]).

What of the possibility that the other best-documented activity of 4AP, the ability to enhance
synaptic efficacy, is relevant to our results? Based on the comparable efficacy of the localized low-
dose formulations of 4AP to systemic administration, this seems improbable. It seems unlikely that
the locally applied low-dose 4AP is having any systemic effects, even on nearby synapses (as the
site of implantation is 15-25 mm away from the point where muscle joins with nerve). Thus, it does
not seem likely that the benefits seen from 4AP exposure, in respect to promoting durable recovery
and remyelination, are due to enhanced synaptic efficacy.

As there is little reason to believe that enhanced synaptic function would contribute to promoting
durable improvement in motor recovery, electrophysiological function and promotion of
remyelination, the most likely situation in which enhanced synaptic efficacy might contribute to
improved motor function is shortly after drug administration (as in the studies in the last section of
our paper (see Figure 5), focused on the question of whether analysis of the short-term response to
4AP could be used to distinguish nerves with axons traversing the lesion site from those with
complete transections). In this setting, 4AP causes a rapid functional recovery that is transient in its
nature and theoretically could be due to enhanced synaptic efficacy.

To test the possible contribution of enhanced synaptic efficacy to transient improvements in motor
function seen after drug administration, we treated mice with neostigmine, an inhibitor of
acetylcholinesterase. Neostigmine has been studied for as long as 4AP, has been both compared and
combined with 4AP (e.g.,[65-69]), and is well-documented to enhance motor function in myasthenic
syndromes in which 4AP and its diamino-derivative 3,4-diaminopyridine (DAP) also have been
studied (e.g., [8, 21, 26, 70-73]). Neostigmine, 4AP and DAP all can lead to increased levels of
acetylcholine at the neuromuscular junction (which is why both agents, and DAP, have been thought
to be relevant to the treatment of myasthenic syndromes (e.g., [7, 8, 17, 49-51]). Unlike 4AP,
however, neostigmine works by preventing the breakdown of acetylcholine and in this way causes
increased activation of cholinergic postsynaptic receptors. Neostigmine has no known effects on
axonal impulse conduction.

When we treated mice with neostigmine at a dose of 0.7 mg/kg, the pediatric dose for reversing
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nerve blockade (as extrapolated from [74]) on Days 1 or 2 after injury, we found no improvement in
sciatic function index, in contrast with the clear beneficial effects of 4AP even on Day 1 after injury
(see Figure 5C of our paper). The lack of effect of neostigmine further suggests that enabling
impulse conduction in demyelinated axons is more likely to be of relevance even for this particular

outcome.

Molecular analysis of 4AP’s mechanism: a challenging problem

More challenging than identifying biological activities of 4AP has been analysis of the mechanism
of action of 4AP at the molecular level, and previous studies thus far have not yielded insights of
clear clinical relevance. The ability of 4AP to block potassium channels has been known since the
mid-1970s (e.g., [75, 76]). As currently understood, 4AP, and DAP, are relatively nonselective
blockers of members of the Kv family of voltage-gated potassium channels. 4AP has been more
extensively studied, and has the lowest IC50 values for Kv1.5, Kv 3.1 and Kv 3.3 [36, 77]. As
determined in heterologous expression systems, however, even here the ICs, values are far above
clinically relevant concentrations. Moreover, many studies in the laboratory use still higher
concentrations of 4AP, as noted earlier.

One way to ask, however, whether some form of K+ channel-related activity is important in
promoting durable recovery is to ask whether other K+ channel blockers have overlapping activities
with 4AP. The two agents that have been studied in most detail in this regard are DAP and

tetratethylammonium (TEA)
(with the caveat that many
studies on DAP and TEA suffer
from the same problem as 4AP
in utilizing concentrations that
exceed clinically relevant
concentrations). TEA has been
examined in comparison with
4AP since the late 1970s [78],
and the two compounds have
been compared in multiple
situations (as in, e.g., [9, 10, 79-
90]). Although they have
overlapping activities and
targets [80, 83, 89, 90], and both
4AP and TEA can promote
conduction and/or prolong
action potentials in
demyelinated and pre-
myelinated axons [9, 10, 81],
they do not have identical
targets and actions [84-88].
DAP also is a known K+
channel blocker [91, 92].

In response to the interests of the
reviewers in inclusion of
additional attempts to try and
understand the mechanism(s) by
which 4AP provides its benefits,
we also examined the effects of
DAP and TEA on promoting
durable recovery from sciatic

(peccccceccccaccccaccccaaccaaan:

-+ 34DAP
-504 -+ TEA

-~ 4AP

& Saline
100+

Sciatic Function Index (SFI)

Days Post-Injury (DPI)

Figure 1. 3,4-diaminopyridine (34DAP) and
tetraethylammonium (TEA) provide small, but in some cases
significant, improvements in SFI following peripheral nerve
crush injury. 3,4-diaminopyridine and TEA were administered
daily at dosages provided in the accompanying text. * = 4-
AP vs. saline, p <0.0001 for D1, 2, 5 and 8; TEA vs. saline,
p<0.0001 for D3, 5 and 8; 34DAP vs. saline, p<0.0001 for D3,
p=0.0303 for D5 (2-way ANOVA with Dunnett multiple
comparison test). N=3 for all groups on D1 and D14, N=3 for
4AP and 10 for all other groups D3, 5 and 8.

nerve crush injury. The experimental paradigm used was identical to that employed with 4AP.

DAP was applied at the same dose as 4AP, while TEA was applied at the higher dose of 5Smg/kg
(based on [74], this being a dose high enough to cause cardiovascular effects in dogs (which have an
almost identical LDs, as mice), thus pushing dosage levels to acceptable limits). This is only
modestly above the dose of TEA (2mg/kg) reported to provide benefit in a 6-hydroxydopamine
model of Parkinson’s disease [79], and thus is within the concentration in mice known to be
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biologically active.

As shown in the accompanying Figure 1, DAP and TEA both promoted some durable recovery from
crush injury, although they were less effective than 4AP, in agreement with previous comparative
studies (e.g., [82, 90]. At 3 and 5 days post-injury, both DAP and TEA exposure were associated
with small but significant improvements in SFI. These improvements were observed at a time point
when all drug levels will have fallen below physiologically effective levels, and thus represent
durable changes. A small but significant improvement over saline controls was also seen with TEA
on Day 8, which again was smaller than that obtained with 4AP treatment. As these agents all share
the ability to promote impulse conduction in demyelinated axons (e.g., [9, 10, 93-95]), which
according to the literature is caused by their ability to block K+ channels, these observations further
support the hypothesis that 4AP is acting through this canonical mechanism (at the cellular level)
and most likely is acting through K+ channels at the molecular level.

Is there reason to invoke other mechanisms, and how would they be studied?

Reviewer 2 also asked: “What does the drug do to the cells in vitro? Could some experiment be
added to address these points? Although this reviewer is not asking for a specific mechanism of
actions some understanding i) how the films integrate in the tissue and ii) and how the other
neural/immune cells look around the site may enhance this paper.”

Reviewer 2 also asked several questions about Schwann cells: “Was any immunocytochemistry
made on the Schwann cells in the nerve? Is it known if the drug affects them? Are there more
Schwann cells? is there less Schwann cell death?”

The attempt of the reviewer to try and suggest possible means of obtaining insights that may shed
additional light on the effects of 4AP is appreciated, but we respectfully suggest, for multiple
reasons, that such experiments seem unlikely to yield helpful insights.

Perhaps the most frustrating aspect of studying 4AP for those interested in molecular mechanisms is
that in vitro studies also suffer from the problem of being unable to study clinically relevant
exposure levels. In respect to Schwann cells, others have reported effects of 4AP (such as inhibiting
proliferation) when it is applied at hundreds of micromolar to millimolar concentrations [96-99].
What these findings mean in the context of the micromolar (or even submicromolar) concentrations
that are relevant in vivo is unknown.

While it theoretically would be possible to study effects of 4AP on, for example, Schwann cell
myelination of motor neurons or dorsal root ganglion neurons in vitro, any outcomes of such studies
would at best be correlative. Based on the difficulty in equating in vitro and ex vivo results with in
vivo outcomes thus far, it seems most likely, moreover, that such studies would require significant
expenditures of personnel and funds without providing any information relevant to clinical analyses.
Therefore, we hope the reviewer will agree that it is better to defer such studies while we complete
analyses of 4AP in other injury paradigms in order to better define general principles that need to be
studied. We hope that our present paper also will motivate others to join in studies of this problem in
novel ways, which is to be encouraged. But the main focus needs to be on completing and
publishing the studies that will motivate others to pursue research on the potential therapeutic
properties of 4AP in the context of acute traumatic injury, for which enhancement of functional
recovery is of the greatest importance.

In respect to effects of 4AP administration on Schwann cells in vivo, the immunocytochemistry that
we showed is Py expression, which was critical in determining whether 4AP was preventing the
initial loss of myelin. Myelin damage in sciatic nerve crush injury is well established and the marked
decreases in P levels observed in injured sciatic nerves at 7 days post injury in both treated and
untreated mice suggests that if there is preservation at this level in the immediate aftermath of
injury, it is likely to be difficult to detect. Such preservation might be sufficient to provide early
enhancement of motor recovery, but it is difficult to see how such studies would provide insights
that are other than correlative (as elimination of myelinating Schwann cells would by itself disrupt
impulse conduction).
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Other components of the Schwann cell response, although a subject of our interest, are at least
equally challenging to study and also equally unlikely to provide clinically relevant insights. For
example, analyzing cell death is challenging due to the rapid clearance of dead cells, so one has to
analyze multiple time points in order to interpret the data. Moreover, even if were possible to detect
a difference in cell death it would be very difficult to relate this to the restoration of function.

Thus, even if small and early differences in Schwann cell function were observed in the nerves of
mice treated with 4AP, determining whether such changes were relevant to the improved motor
recovery, electrophysiological recovery or remyelination would be extremely challenging.
Moreover, whether or not such changes were observable would have little impact on the transition
of 4AP to clinical analysis.

Perhaps the central challenge in studying preservation or/and enhanced recovery of motor function,
however, is that there is a great deal of redundancy built into the nervous system, such that
restoration/preservation of function in a small proportion of axons may be sufficient to provide
significant motor function (which is the primary functional endpoint one wants to achieve to
improve the quality of life for injured individuals). The existence of this redundancy of function
seems the most likely explanation as to why behavioral recovery is seen before recovery in nerve
conduction velocity, as recovery of a small fraction of neurons may be sufficient to improve
behavior but would not be seen in analyzing the broader population of neurons that is collectively
studied when analyzing nerve conduction velocity. Once such redundancy is acknowledged, this
introduces the challenge that interpreting a failure to find statistically significant changes at the
cellular level is not straightforward as behavioral improvements may be disproportionate to what is
seen at the tissue level. Moreover, there is the question of how one takes such analyses further.
Would a 10% increase in levels of Py, or a 10% increase in the number of axons with myelin profiles
be meaningful in respect to the functional improvements we saw? And how would one know? (In
this respect, it is important to note that we did see an ~30% increase in the number of myelinated
axons in our TEM studies performed at Day 21, and presented this data in the manuscript. We
prefer, however, only to offer this as a benefit achieved but not attempt to interpret this in the
context of functional recovery).

In regards to how the films integrate into the tissue, isn’t the most salient finding that systemic
administration and local administration (at two widely different dosages) caused the same basic
outcomes? Integration of the films into tissue, and effects of films, would certainly warrant further
examination if the effects were qualitatively different than occurred with systemic administration, or
if the local administration caused adverse effects on recovery. But effects on motor recovery and
electrophysiological recovery were essentially indistinguishable between systemic and local
administration.

Reviewer 2 also asked “Was there any effect on macrophages? How does the immune respond to
delivery options?”

Consideration of this question relates to the question of Reviewer 2 about how other neural/immune
cells look around the site.

We understand the curiosity of the reviewer and share the desire to obtain as much information as
possible (in a resource-appropriate manner). But asking about how the immune system responds to
other delivery options is a rather open-ended question, and it’s not clear (as discussed below) what
such analyses could tell us that would alter the transition to clinical trials of a drug that has been
previously studied in pre-clinically and clinically relevant situations as extensively as 4AP (albeit
only in situations of chronic injury). This is particularly the case as although there have been
multiple studies on the effects of 4AP on lymphocytes and natural killer cells, all such studies have
used 4AP concentrations in the range of 130 micromolar to several millimolar (e.g., [100-109]).
Thus, these studies pose the same problems as in vitro studies on Schwann cells. Moreover, there is
no rationale of which we are aware that would justify invoking involvement of such cells in
explaining our results, in contrast with enabling nerve conduction in demyelinated axons.

We do note that there are two interesting reasons to be curious about macrophages. First,

macrophage function appears to be modulated in part by K+ channels, and it has been reported that
4AP exposure can modify the function of macrophages and microglia. However, in one of these
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studies [110] the concentration of drug utilized was not provided, and in the others the 4AP
concentrations were in the millimolar range typical of in vitro studies [111-113]. A second potential
reason to be intrigued about macrophage function is that some reports indicate that PLGA particles
can be taken up by macrophages (e.g., [114-117]). However, we found identical results with
systemic administration, with PLGA microparticles embedded in PEG (which would be expected to
decrease macrophage uptake of particles [117]) and in PLGA films. Thus, it is also unlikely that
interaction of the PLGA delivery vehicles with macrophages is relevant to the outcomes obtained.

We have thus far not found any effect of 4AP treatment on macrophage (or microglia) numbers or
morphology, including in other injuries in which we are studying 4AP. We do not think it
appropriate to discuss this work in detail as of yet, as our studies on macrophages/microglia are
limited and are being conducted in multiple tissues. Until we have examined other parameters of
function of these cells it seems most judicious to be open to the possibility that we have not yet
identified the correct changes on which to focus. That said, the outcomes of our studies thus far
make it seem unlikely that effects on macrophages are a primary component of 4AP’s effects.

Reviewer 2 also wrote “I would be tempted to put more data in the paper and put Fig 1 and 2
together, and perhaps include more supplementary data particularly on the approach to deliver the
drug on films. Could this delivery approach translate to the clinic?”

We have now included data on 4AP and the fact that its administration did not enhance neuropathic
pain responses (and seemed instead to decrease them), along with data on neostigmine, and provide
studies on DAP and TEA in this response. We also have added information to the supplementary
information on biodegradation and local retention of the slow-release particles in vivo. We prefer to
keep Figure 1 and 2 separate due to their utilization of systemic versus local delivery, respectively.

The question of whether the direct application of slow release 4AP at the site of injury might be
translatable to the clinic is one of great interest to us and we thank the reviewer for asking for our
thoughts on this. PLGA polymers are approved for clinical use (e.g., [118, 119]) and the ability of
an ultra-low dose administration of 4AP to promote repair is particularly attractive for further
development. Moreover, the ability to deliver 4AP in a manner that might enable local dose
escalation while decreasing the risk of seizurogenic side effects is an attractive possibility for further
development.

We are continuing to develop this approach to understand situations in which it can best be applied,
which most likely will require a focus on lesions in which the site of injury can be precisely
identified. One theoretical possibility would be a further stage of the clinical trial that the FDA has
recently approved, which will examine recovery of urinary continence and erectile function after
radical prostatectomy. These outcomes are routinely caused by the nerve injuries that occur in this
operation, and the location of the injuries is well defined. While the first trial will be conducted
using systemic delivery of 4AP, success in this effort would provide an excellent injury for the
eventual testing of local delivery approaches.

Other comments of the reviewers
Reviewer 1 also made the following comments:

Novelty: I am surprised no one has tried 4-AP in PNS injury before. Just because they haven't does
not make it novel.

We also were surprised. Nonetheless, it appears that no one seems previously to have investigated
whether 4AP is of therapeutic utility in the context of acute treatment of traumatic injury in any
tissue or even to use 4AP as a diagnostic to distinguish between incomplete and complete nerve
injuries (despite the early studies on established demyelinated lesions in peripheral nerve that were
important in identifying 4AP’s ability to enable conduction in demyelinated axons (e.g., [9-11]) .

On the question of novelty, surely it is fair to say that if an agent has been studied for as long as
4AP, in so many different circumstances (and Pubmed lists over 6000 papers in response to the
search term “4-aminopyridine”), and we have come up with experiments qualitatively different from
the many other studies carried out, then by definition the work is novel (in the sense of being
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unusual or different). This is particularly the case as we are not studying the utility of 4AP in a
chronic condition that has not yet been studied, but instead have discovered a utility not previously
probed. While there are multiple chronic conditions still unexplored for which 4AP might be useful,
success in such endeavors will not open up a qualitatively new area of activity. In contrast, our
discovery that appropriate early use of 4AP may enable this substance to be used as a regenerative
agent is likely to open up new avenues of investigation.

Considering the agreed importance of the goals we have addressed, if someone had previously
thought of this possibility, surely they would have tried the experiments. All we can offer as a
speculative explanation for the prior lack of investigations of this nature is that it has been
embedded in the thinking about 4AP that this agent is useful in certain chronic injuries and perhaps
that is the only way in which people previously have thought about its use. Publication of this
paper seems likely to have a rapid effect in altering such thinking.

Medical impact: The medical impact has the potential to be significant but the lone motor test gives
me pause.

We agree entirely and have added tests on sensory function as correctly requested by the reviewer.

2. Statistical tests: ANOVA should have been used instead of a two tailed T-test. Further, unless [
missed it, there isn't a discussion on animal numbers or groups.

In brief, these oversights have been fixed. No changes in p values resulted from these changes. In
cases in which only two groups were compared, two-tailed tests also were conducted for each time
point comparison between control and treated groups. In addition, in accord with the polices of
EMM, we have included much more detailed statistical information in each figure legend.

In greater detail, our statistical colleagues do view the question of which statistical analyses to use a
bit differently. The point of view provided to us was that the ANOVA test compares multiple
(greater than two) groups of data for inter and intra-group variation. The t-test compares two groups
for statistical significance in the difference between the means. In each of these tests, a particular
pre-test analysis of the variation within the entire data-set must be undertaken to ensure that the data
are normally distributed and if so, these two tests (ANOVA for multiple group comparisons greater
than 2 and t-tests for two groups) are appropriate. If not, then non-parametric versions of these tests
are selected. We undertook this analysis to ensure that our readings or measurements in each
experiment were indeed normally distributed.

The view of our statistical colleagues is that ANOVA is appropriate when we were comparing
results from three groups. An example would be comparison of the results in functional recovery
between locally deliverable forms of PLGA-4AP to control. This analysis did reveal the differences
between groups was greater than the differences within groups. The ANOVA analysis also typically
includes pairwise comparisons between each of the constituent groups (PLGA-4AP beads, PLGA-
4AP films, and untreated controls). This is so that the sources of the inter-group variability which
contributed to the significance in ANOVA results can be found. This pairwise comparison (using t-
tests) is always necessary so that the source of ANOVA significance can be attributed to the
biologically relevant comparison. For example, if we would have found significance in the
ANOVA but that significance not carry through to the pairwise (t-test comparison) between each
treated (PLGA-4AP) and control group, then the ANOVA would lead us incorrectly to assume that
the difference was attributable to treatment instead of perhaps a large difference between the type of
treatment and not between treatments and control. It is for this reason that we reported the pairwise
comparison data as it precisely shows that each local treatment method is significantly different
from control. As this is the most clinically relevant parameter, our ANOVA result is less important
in practice, because of the biological implications than the individual pairwise

comparisons. However, it should be noted that this is the only place where we had three groups to
compare and the rest of the experiments and all of the data presented in this work involves the
comparison of two groups of data which are normally distributed.

In any case, as stated, indications of statistical significance were unchanged in comparing the two
different approaches to statistical analyses. We do thank the reviewer for asking us to more

© EMBO

11



EMBO Molecular Medicine Peer Review Process File - EMM-2015-06035

thoroughly consider our statistical analyses, with outcomes that seem to emphasize that the changes
we observe are both functionally meaningful and statistically significant.

3. While some may view that understanding mechanism of action may not be important for
repurposing a drug that is already approved for clinical use I disagree. If we understand how a
drug works then it may be possible to develop a more effective therapy or use a more effective
repurposed compound. Therefore, some attempt at investigating mechanism of action is
appropriate.

As noted in the beginning of this response, the FDA found our data to be sufficiently convincing to
approve our first clinical trial. Although this approval would seem to render this particular concern
moot, we think instead that the reviewer’s comments raise extremely interesting questions related to
our general understanding of how drugs provide benefits and to the opportunities offered by drug
repurposing. While these are questions that deserve a dedicated review (at a minimum), we would
like to offer some preliminary thoughts on this important topic.

As summarized in this response, there remains a great deal to understand about 4AP’s mechanism(s)
of action. Despite over 30 years of analysis of 4AP in both laboratory and clinical settings, there
remains considerable uncertainty about how this substance causes its effects when applied at
clinically relevant levels (for review, see, for example, [48]). Could it be that there are other K+
channels, as yet to be discovered, which are the real targets of 4AP at the concentrations that are
clinically relevant? How can we determine which cells are relevant to the effects of 4AP if in vitro
studies require drug concentrations 2-3 orders of magnitude greater than are relevant in vivo? How
can we dissect mechanisms in vivo if 4AP binds to multiple K+ channels and yields effects that
make it unlikely that traditional tools of mouse genetics can be used to help understand cellular
targets or mechanisms of action? Might it be that channel properties in injury sites in vivo differ in
ways yet unknown from those in circumstances studied thus far? Might it be that the interaction of
4AP with K+ channels is different in the open and closed states, such that it becomes trapped in the
channel when the channel closes, thus effectively causing levels of 4AP to increase (as suggested
more than two decades ago in studies on lymphocytes [104])?

Such questions as those above are all scientifically appropriate, but the weight given to them needs
to be balanced against the fact that progress towards understanding the precise mechanisms
underlying 4AP’s benefits has been slower than identifying important clinical conditions in which
this compound (or DAP) provide unambiguous benefits. As we have discussed, the concentrations
of 4AP originally used to reveal increases in synaptic efficacy or to enable conduction in
demyelinated axons were three orders of magnitude greater than the concentrations that appear to
cause the same effects in patients with myasthenic syndromes or multiple sclerosis, respectively.

At the same time that there is a discrepancy between concentrations of 4AP used in early laboratory
studies and clinically relevant concentrations, there is no denying that the insights gained from
studies using millimolar concentrations of 4AP or DAP in a variety of experimental settings
correctly predicted the utility of this agent in enabling functional improvement in syndromes in
which neurological function is impaired due to myelin damage or due to autoimmune attack against
important synaptic proteins. Studies on multiple sclerosis and myasthenic syndromes were initiated
due to the findings made on concentrations of these drugs that far exceed clinically relevant
concentrations, yet these studies in experimental systems correctly predicted the outcomes of
treatment. What is the evidence, then, that obtaining a better understanding at the level that
motivates basic research is going to improve our ability to deploy 4AP therapeutically?

4AP is clinically approved for the treatment of multiple sclerosis and DAP is clinically approved for
the treatment of Lambert-Eaton myasthenic syndrome and these drugs provide benefit for patients
for whom suitable alternatives do not exist. For many people, the use of these drugs is the
difference between living life as an invalid or with the level of function that we wish for all
individuals. The types of data we currently seek as basic scientists were not needed to achieve these
milestones. To the contrary, had there been insistence on fulfilling such requirements, clinical
experiments leading to these therapies would have been very difficult to justify. Nor did we require
this level of information to arrive at the testable hypotheses motivating our present studies.

What is going to be the critical path by which a decision is made on whether experimental data on a
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particular drug merits going forward to clinical evaluation? Clearly, one should not test substances
on patients in the absence of adequate knowledge and safety information. But when a new use has
been discovered for an existing drug, which has been well studied for its safety, and where clinically
relevant benefits are unequivocally demonstrated in an experimental model widely accepted as
clinically relevant, isn’t there a case to be made for helping such research to move forward?

Studying the history of analysis of 4AP and DAP is a humbling experience for those of us who are
focused on the types of cellular and molecular analyses that dominate the mainstream of biomedical
research. While such research has yielded many important insights, it is clear that there are also
cases in which an insistence upon such knowledge as a “gatekeeper” for moving forward is not in
the patients’ best interests. If a drug is safe (and 4AP, used at doses higher than those we find to
promote recovery from injury, has been unequivocally safe in individuals with, e.g., multiple
sclerosis), then perhaps we need to learn how to think about the problem of drug deployment in a
different way than underlies our research on basic scientific discoveries. It seems that in order to
have the greatest chance of delivering therapies that are so sorely required, we need to better
understand both types of contribution to our knowledge and to promote them both so that greater
interest from both directions will converge to most effectively enhance our understanding.

As judged by the FDA, the data in this manuscript on 4AP on promoting recovery from peripheral
nerve damage is sufficient to warrant clinical studies, but obtaining clinical information in sufficient
numbers is going to be a slow process. Publication of the present studies, in contrast, will promote
interest in the previously unrecognized potency of 4AP as a small molecule able to promote tissue
repair. Such interest will motivate others to join in the effort to better understand, and learn still
new ways, of applying this potential therapy.
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Reporting Checklist For Life Sciences Articles (Rev. July 2015)

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

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful 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
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

2. Captions

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

=> a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements
an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

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

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

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

definitions of statistical methods and measures:

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

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

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

definition of ‘center values’ as median or average;

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

>
>
>
>
>
>
>

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

Please ensure that the answers to the following questions are reported in the manuscript itself. We encourage you to include a
specific subsection in the methods section for statistics, reagents, animal models and human subjects.

In the pink boxes below, provide the page number(s) of the manuscript draft or figure legend(s) where the
information can be located. Every question should be answered. If the question is not relevant to your research,

please write NA (non applicable).

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm

http://ClinicalTrials.gov
http://www.consort-statement.org

http://www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tun
http://datadryad.org

http://figshare.com

http://www.ncbi.nim.nih.gov/gap

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

http://biomodels.net/

http://biomodels.net/miriam/

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov/

B- Statistics and general methods

Please fill out these boxes

if you cannot see all your text once you press re

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

In each experiment, we based our power calculations on the expected difference between groups.
 This expected difference was derived either from preliminary pilot work using identical conditions

or expected results from similar, well documented experiments performed in our laboratory. With
this expected difference, we selected a target power of 80% and a p-value of <.05 to choose n.

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

In each experiment, we undertook the above method to determine the appropriate animal sample
size. We then conducted the experiment and then repeated it using the same hands to confirm
the results. There were no experiments performed where no statistical methods were used.

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

Our exclusion criteria adhered to the current guidelines of rigor and reproducibility adopted by our|
funding organization (The National Institutes of health). These guidelines were established during

our current funding cycle, however we have always adhered to those same principles. We exclude
only animals that died before analysis, but no such animals were encountered in this manuscript.

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

Authors (experimenters and data analyzers) were blind during analysis of all contained
lexperiments. Because of the group nature of these experiments, the experimenters were not
blind to treatment on the day of surgical intervention (they cannot be made blind for this).
However they were treatment blind by analysis as animals were coded after surgery.

For animal studies, include a about r ion even if no r was used.

Animals were pseudo-randomized to treatment groups for all experiments. A fixed number of
animals were budgeted and used and then they were selected at random from a shrinking pool for
grouping. No unblinding occurred after surgical intervention.

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

Animals were all identical species and strain, and no steps were taken to alter allocation of animals
to one group or another. Subjective bias would have required discernible differneces between
animals preoperatively. No such differences exist because animals are identical in every way in
lour experiments and are of identical age.

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

All experiments were blind after surgical intervention. No experimenter could tell the treatment
groups thereafter except by decoding at the end of analysis. This is the closest we could get to
double blinding as the surgical interventions were indeed different. No analyzer of data was privy
to the identity of any animal and all analysis was performed by two blinded analyzers.

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

(Our resuts were reviewed by a qualified contracted university statistician. Where appropriate, all
tests were parametric (where data was determined to be normally distributed).

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

As noted in question 5, all data in our current manuscript was normally distrubuted and therefore
necessitated the use of standard parametric tests for statistical significance. No experiment
required sample size augmentation post-hoc. The statistician outlined these tests and all
experimenters are aware of the requirements as outlined by the statistician.

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

Every experiment has a variation estimate as summarized by the standard error of the mean as per|
the recommmendations of our statistician consultant.

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

 The variation between groups is far greater than within any given group. No treatment group was
found to have variation within it that could confound our results.

C- Reagents



D- Anima

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).

 The anti-PO antibody used in these studies was purchased from Aves Labs, Inc. The product name
is P-Zero Myelin Protein (Pz0) and the catalog number is PZ0.

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

No cell lines were used in this experiment.

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

| Models

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

All experiments were conducted on ten-week old female C57BI6 mice purchased from Charles
River Laboratories Mice were housed in the University of Rochester Medical Center Vivarium, and
were supplied with standard mouse chow and water ad libitum.

9. For experiments involving live vertebrates, include a of e with ethical

[committee(s) approving the experiments.

and identify the

Our experiments all complied with the University Committee on Animal Resources (UCAR) at The
University of Rochester Medical Center. Our approvals are available through the UCAR office and
available for inspection through that office. Our funding organizations require preapproval for all
experiments.

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

We confirm compliance with the ARRIVE checklist.

E- Human Subjects

F- Data A

G- Dual u:

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

le. Proteomics and molecular interactions

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

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. N/A
14. Report any restrictions on the availability (and/or on the use) of human data or samples. N/A
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. N/A
16. For phase Il and |1l randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |N/A
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under

‘Reporting Guidelines’. Please confirm you have submitted this list.

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

18. Provide codes for data. See author under ‘Data Deposition’. N/A

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

We are able and willing to provide our data sets as supplementary material as suggested in
question 19. No current repository exists for the data presented of which we are aware.

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

N/A

21. As far as possible, primary and referenced data should be formally cited in a Data Availability section. Please state
\whether you have included this section.

Examples:

Primary Data

\Wetmore KM, Deutschbauer AM, Price MN, Arkin AP (2012). Comparison of gene expression and mutant fitness in
Shewanella oneidensis MR-1. Gene Expression Omnibus GSE39462

Referenced Data

Huang J, Brown AF, Lei M (2012). Crystal structure of the TRBD domain of TERT and the CR4/5 of TR. Protein Data Bank
4026

[AP-MS analysis of human histone deacetylase interactions in CEM-T cells (2013). PRIDE PXD000208

\We are compliant with this.

22. 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

ited in a public repository or included in y information.

N/A

se research of concern

23. 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.




