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1st Editorial Decision 21 June

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now
heard back from the three referees whom we asked to evaluate your manuscript.

You will see from the comments pasted below that all three referees are supportive of publication
and only have minor (and overlapping) comments that should nevertheless be addressed in the
revised version of the paper.

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.
Please note that EMBO Molecular Medicine strongly supports a single round of revision and that, as
acceptance or rejection of the manuscript may 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.

Please read below for important editorial formatting and consult our author's guidelines for proper
formatting of your revised article for EMBO Molecular Medicine.
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wEkxEE Reviewer's comments *#* 4%
Referee #1 (Comments on Novelty/Model System for Author):

Although CNP520 appears to be effective at lowering Abeta and safe in animal models and early
phase human clinical trials, it would be helpful to understand mechanisms and toxicity of BACE-1
depletion in post-development, adult mice, such as an inducible conditional BACE-1 KO mouse
line. It is unclear if these animals exist. This is certainly not a necessity for this publication but just a
suggestion for the future, if available.

Referee #1 (Remarks for Author):

This paper contains many experimental results in vitro, in vivo in animal models and in vivo in
human clinical trials. Therefore, it may be too large for a Short Report.

Neumann and colleagues (from Novartis) report the structure, selectivity, PD/PK, distribution,
efficacy and safety of their BACE-1 inhibitor, CNP520, in preclinical models (in vitro and in vivo)
and safety and target engagement in humans. CNP520 is being developed by Novartis for the
prevention of AD, as they believe that lowering Ap production at the earliest stage of AD
pathogenesis, prior to downstream (subsequent) changes in neuroinflammation and
neurodegeneration, is likely to be most effective. The authors state the need for good brain
penetration, strong selectivity of BACE-1 over BACE-2, and avoidance of any metabolites that
might result in mutagenic or toxigenic events. Here, the authors report CNP520's structure, and
show that brain delivery is achieved without much efflux. CNP520 is 3-fold more selective for
BACE-1 than BACE-2 and 20-fold more selective for BACE-1 than cathepsins. The drug appears to
be safe and non-addictive and did not cause changes in hair color in beagles or rats. Metabolism
studies indicated the aniline metabolites, associated with genotoxicity, were not generated. No
changes were observed in retina, and CNP520 did not induce cerebral microhemohhages (evaluated
by MRI imaging) in aged APP23 mice with CAA. Robust and long-lasting lowering of AP protein
was achieved in beagles, rats, APP23 mice and humans (CSF). There was no difference in the
response of APOE4 carriers to CNP520 compared to other APOE genotype carriers.

Overall, this is a very nicely constructed paper containing a tremendous amount of well-organized,
strong data to support the move forward to clinical trials using CNP520 for the prevention of AD, as
is now underway in the GENERATION trial.

Comments:

1. P10: "CNP520 is highly BACE-1-specific, with the exception of BACE-2". Elsewhere, the data
show that CNP520 is 3-fold more selective for BACE-1 than BACE-2. Is this enough? The
functional and safety studies do not seem to indicate major problems. What, in particular, will be
done to monitor for BACE-2 inhibition in the human clinical trials?

2. P8: Non-specific binding of CNP520 to plasma proteins - which one(s)?

3. Eighteen month-old APP23 mice, bearing CAA, were treated daily with CNP52- (55 mg/kg) for 3
months. MRI showed no increase in cerebral microhemorrhage (CMH). Were the brains examined
pathologically for CMH? If so, what were the results? If not, why? MRI is not the most sensitive
measure of CMH, especially in a terminal study. Iron staining (e.g., hemosiderin) would allow
localization of CMH in specific brain regions and would help determine if CMH was elevated in
blood vessels containing CAA.

4. Was CAA reduced by CNP520 treatment in aged APP23 mice?

5. CNP520 was tested in beagle dogs. How old were these animals? Did they have plaque deposition
at the start of the study? Did they have any CAA? (Page 13: how many doses?) Was this a terminal
study? If not, would these dogs be expected to have plaque deposition at the age tested (for PK/PD)?
6. Is beagle BACE-1 homologous to human BACE-1?

7. P9: Dose-limiting non-specific CNS effects (including impaired mobility and tremor) occurred in
dogs at > 30 mg/kg/day and in rats at > 500 mg/kg/day. The dose limit in dogs seems relatively low.
Did the dogs recover? Is this an acceptable risk? Have any humans shown such side effects in the
clinical trials to date?
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8. Do APP23 mice have CAA at 12-14 mo of age (the start of treatment in one study)? Did CNP520
reduce (or increase) CAA in this study? Was CNP520 treatment associated with any increase in
CMH?

9. It is interesting that there was a differential effect of CNP520 on microglia and astrocytes in the
APP23 mice orally treated (in food) from ~13 mo to ~19 mo of age. Insoluble AP, plaques and
sAPPp levels were reduced while sAPPa was increased, confirming a lowering of amyloidogenic
processing of APP. There was a reduction of plaque-associated microglia (Iba-1, which is a
microglia and macrophage marker), but no change in microglia distant from plaques. However,
astrocytes both near and away from plaques were reduced. Does CNP520 have any direct effects on
astrocytes (or microglia)? A further discussion of this interesting difference is warranted.

10. P16: One subject on 86 mg CNP520 dropped out of the study due to "an AE of global amnesia
(moderate), possibly due to transient ischemic attacks, according to a neurologist's examination".
Was this AD deemed drug-related? Did this person, or any other subject experience any problems
with mobility or other CNS effects?

11. In Figure 8F, it appears possible that in plaque-bearing individuals (with a low CSF AB42/40
ratio), there might be a possible effect of APOE4 genotype. Why were only 2 APOE4 carriers
included in the 3 highest dose groups?

12. P22-23: Many of the phenotypes in BACE-1 KO mice are considered developmental. Do
BACE-1 inducible conditional KO mice exist? If so, is BACE-1 KO post-development associated
with any of these deleterious phenotypes (e.g. myelin and retinal changes)? [These animals may or
may not exist but would be useful here.]

13. The authors should be sure to update their discussion regarding BACE-1 inhibition based upon
any recent clinical trial announcements.

14. P28: "Methods employed in PK/PD studies in dogs and rats are described in Neumann
(Neumann et al, 2015b)." Remove the first "Neumann"?

15. Lastly, have the authors detected any gender-specific effects of CNP520 in any of their 5 human
clinical trials thus far? Is there any reason to believe that the drug's efficacy or side effects might be
different in men and women?

Referee #2 (Comments on Novelty/Model System for Author):
Rats mice dogs humans used in this study are relevant. No ethical concerns.
Referee #2 (Remarks for Author):

Here, the authors report for the first time the structural, pharmacokinetic, pharmacodynamic, and
toxicity data for CNP520, a novel BACELI inhibitor for Alzheimer's disease (AD). In this very
comprehensive study, they show that CNP520 has favorable selectivity and safety characteristics
that make this drug particularly attractive for the prevention of AD prevention, which would require
an exquisitely safe therapeutic agent. One of the most compelling and unique characteristics of
CNP520 is that it is ~3-fold more selective for BACE1 over BACE2, and that its concentrations in
the skin and other tissues are low compared to the BACE2 IC50. Together, these features of
CNP520 result in absence of the hypopigmentation associated with other BACET1 inhibitors now in
clinical trials, which are equipotent at inhibiting BACE1 and BACE2. Other desirable features of
CNP520 are that the drug has equivalent effects in ApoE4 carriers and non-carriers, and that it does
not cause micro-hemorrhages like anti-Abeta antibody treatment. CNP520 treatment in APP
transgenic mice resulted in dramatic reduction of amyloid pathology and gliosis, and in humans
increased the Abeta42:Abeta40 ratio in individuals with amyloid accumulation, suggesting that the
drug had slowed amyloid deposition. CNP520 also does not inhibit cathepsin D like some other
BACEI inhibitors, and in line with this observation the drug did not cause retinal pathology or other
cathepsin D-related side effects.

As mentioned above, CNP520 is unique among the current BACE1 inhibitors, particularly for its
selectivity for BACE1 over BACE2 and safety profile, making it a compelling candidate drug for
long-term use for the prevention of AD in presymptomatic individuals. In fact, CNP520 is currently
in a unique AD prevention trial in ApoE4 carriers (the Generation study). Thus, CNP520 is among
the first BACE! inhibitors to test a new prevention paradigm for AD. The authors should be
congratulated on a very comprehensive and informative study that makes a significant contribution
to the AD therapeutic field. The results are rigorous and robust, and the manuscript well written.

© European Molecular Biology Organization



EMBO Molecular Medicine - Peer Review Process File

I have only a few minor questions, the answers to which I suggest the authors may consider, because
they may be informative for the reader and add depth and more nuance to the Discussion. Foremost,
it would be highly informative to put CNP520 into a more extensive context with the other BACE1
inhibitors in clinical trials. Some questions that come to mind are the following. How do the
structure and drug properties of CNP520 compare to those of the other major inhibitors? Perhaps a
comparative table or diagram would be useful. From what has been published for the major
inhibitors, how do their adverse events (AEs) compare to those of CNP520? For CNP520 and the
other inhibitors, are the AEs likely to be on-target or off-target? If off-target, could the differences in
structures between the compounds be responsible for the off-target AEs? Comparison of CNP520 to
verubecestat may be most informative in regard to these questions, as more data has been published
on the latter than the other inhibitors. In particular, the authors should comment on these questions
in relation to the recently published Egan et al (2018) New England J. of Medicine 378;18:1691
article on the EPOCH verubecestat trial results. Also, it would be informative for the authors to
comment on the recently announced failure of JNJ-54861911 due to liver toxicity.

Referee #3 (Remarks for Author):

In this manuscript, the authors reported the pharmacological characterization of BACE1 inhibitor
CNP520 and the results of clinical trials. CNP520 effectively reduced the CNS Abeta levels in
animal models including APP transgenic mouse. CNP520 treatment also decreased the Abeta
reduction in the CSF of healthy elderly without apparent adverse effect. These data support that
CNP520 is a candidate drug for prevention trials. An impressive array of methodologies and models
are utilized in this study and seemed to be executed properly. I would recommend authors to include
following points and discuss appropriately in the discussion section.

1. Recent results of clinical trials of BACE]1 inhibitors

Authors should include the reports regarding the trial of verubecestat (Egan et al., NEJM 2018) and
lanabecestat (Alzforum or related website), and discuss about efficacy and the effect on model
animals (reduction in CSF Abeta and Abeta deposition). Especially, result of verubecestat suggested
that, in contrast to amyloid plaques in the brains of rodent AD model (as shown in this manuscript
and the other compounds), decreased production of monomer Abeta did not lead to effective
remodeling/clearance of senile amyloid developed in human brain. Please provide possible different
characters at molecular level between rodents and humans and discuss this issue in appropriate
manner.

2. Effect of CNP520 on hair pigmentation

Results clearly suggested that the skin concentration of the compound significantly contributed the
complete absence of hair depigmentation. If available, authors should show the data of PMEL17
processing in the skin of CNP520-treated mouse. Also, please provide the concentration of CNP520
in other model (i.e., dogs) as well as humans to strengthen the idea that distribution of CNP520 is a
crucial factor.

1st Revision - authors' response 20 July

Reviewer 1

1. P10: "CNP520 is highly BACE-1-specific, with the exception of BACE-2". Elsewhere, the data
show that CNP520 is 3-fold more selective for BACE-1 than BACE-2. Is this enough? The
functional and safety studies do not seem to indicate major problems. What, in particular, will be
done to monitor for BACE-2 inhibition in the human clinical trials?

Answer : Our data suggest that the lack of BACE-2 specific side effects results from the
combination of higher IC50 and an altered tissue distribution as described on p 11/12. This
conclusion is based on a mouse study only, but is supported by the absence of visible
hypopigmentation in dogs. In the Discussion section on p 23, a sentence has been inserted
describing the regular skin examinations implemented in the Generation Program.

2. P8: Non-specific binding of CNP520 to plasma proteins - which one(s)?
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Answer: The term “plasma protein” here refers to the native mix of proteins (albumins, globulins,
glycoproteins, lipoproteins) that is found in the plasma of the corresponding species. Plasma
preparations from the corresponding species are being used to determine total plasma protein
binding, without making efforts to differentiate the binding to the individual proteins. A new
sentence was inserted in Methods (p 29) to describe this better.

3. Eighteen month-old APP23 mice, bearing CAA, were treated daily with CNP52- (55 mg/kg) for 3
months. MRI showed no increase in cerebral microhemorrhage (CMH). Were the brains examined
pathologically for CMH? If so, what were the results? If not, why? MRI is not the most sensitive
measure of CMH, especially in a terminal study. Iron staining (e.g., hemosiderin) would allow
localization of CMH in specific brain regions and would help determine if CMH was elevated in
blood vessels containing CAA.

Answer: Indeed, mouse brains have been examined histo-pathologically to investigate effects of
CNP520 treatment on cerebral microhemorrhages. The text on page 12 has been updated, and results
of the histological examination are now shown in EV Figure 1B in a tabular format including a table
legend. The histological data support the notion that CNP520 treatment does not increase the
frequency of CMH.

4. Was CAA reduced by CNP520 treatment in aged APP23 mice?

Answer: Investigation on the effect of CNP520 treatment on CAA in APP23 mice has been recently
performed, and first data indicate reduction of vascular AP similar to the effect on plaques. Given
the already very long current manuscript, we are afraid that there is not enough space available to
describe and discuss the data in appropriate detail, and plan to publish these results separately after
more extensive analysis.

5.CNP520 was tested in beagle dogs. How old were these animals? Did they have plaque deposition
at the start of the study? Did they have any CAA? (Page 13: how many doses?) Was this a terminal
study? If not, would these dogs be expected to have plaque deposition at the age tested (for
PK/PD)?

Answer: This was a standard PK/PD study and the dogs were not considered a disease model. The
intention was solely to measure the CNP520 exposure and the effects on soluble CSF and plasma
AP after a single oral dose of CNP520 to establish a PK/PD relationship to predict the dose for
toxicology studies and the human active doses. The beagle dogs used in the study were young
animals (3 months of age). At this age neither plaque deposition nor CAA is expected to be present
in these animals, but this was not investigated. It is known from the literature that old dogs brains
(older than 10 years) often show amyloid-p deposition in parenchyma and vasculature (Schmidt, F,
et al, J. Neuropathol. Exp. Neurol. 2015 Sep; 74(9): 912-23, Nesi¢ et al, Vet Q 2017, Dec, 37, 1-7).
The study was not terminal, brains or other organs were not investigated. Wording on p 13 has been
updated to reflect age of the dogs and the single dosing regimen.

6. Is beagle BACE-1 homologous to human BACE-1?

Answer: Canine BACE-1 has 82.4% sequence identity to human BACE-1 (Swissprot database,
entries P56917 for human BACE-1 and F1P9QO for canine BACE-1), with 413 from 427 residues
being identical. Wording on p 13 has been updated, and an additional reference was added
describing the efficacy of BACE inhibition on dog CSF Ap.

7. P9: Dose-limiting non-specific CNS effects (including impaired mobility and tremor) occurred in
dogs at > 30 mg/kg/day and in rats at > 500 mg/kg/day. The dose limit in dogs seems relatively low.
Did the dogs recover? Is this an acceptable risk? Have any humans shown such side effects in the
clinical trials to date?

Answer: To translate the No Adverse Effect Level in the dog at 30 mg/kg/d to the human situation,
we compared the compound exposure at this dose in the dog with the compound exposure at the
highest dose used in the 3-months human study (85 mg/d) (p 24, Discussion section). The calculated
safety margin of 11-fold is generally acceptable and in fact comfortable. The doses that will be used
in the Phase III clinical trials will be lower than 85 mg/d (15 and 50 mg/d, manuscript in
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preparation) and safety margins will be larger. Signs observed in dogs disappeared during the
recovery period. Signs similar to the ones observed in dogs have not been seen in humans so far (see
p 16 on the safety/tolerability in humans).

8. Do APP23 mice have CAA at 12-14 mo of age (the start of treatment in one study)? Did CNP520
reduce (or increase) CAA in this study? Was CNP520 treatment associated with any increase in
CMH?

Answer: We performed a separate study of effects of chronic CNP520 treatment on CAA pathology
in APP23 mice. We hope that the editor and reviewers agree with our plan to publish the results of
this study in a separate communication.

9. It is interesting that there was a differential effect of CNP520 on microglia and astrocytes in the
APP23 mice orally treated (in food) from ~13 mo to ~19 mo of age. Insoluble AP, plaques and
SAPPp levels were reduced while sAPPo. was increased, confirming a lowering of amyloidogenic
processing of APP. There was a reduction of plaque-associated microglia (Iba-1, which is a
microglia and macrophage marker), but no change in microglia distant from plaques. However,
astrocytes both near and away from plaques were reduced. Does CNP520 have any direct effects on
astrocytes (or microglia)? A further discussion of this interesting difference is warranted.

Answer: A formal investigation of CNP520 effects on microglia or astrocytes (in culture, or in wild-
type animals) has not been performed. To better understand why CNP520 treatment had no effect on
non-plaque-associated Ibal positive microglia, we analyzed the correlation between normalized
plaque area and Ibal positive area, and added four new correlation graphs to EV Fig. 2. The graph
EV Fig. 2D shows that there is a wide-spread activation of non-plaque-associated microglia, largely
independent from plaque load, possibly suggesting some uncoupling of Ibal positivity from
deposited AP in the mice at this advanced stage of amyloidosis. In total numbers, the non-plaque-
associated microglia encompasses the majority of microglia, while the plaque-associated (and
treatment-responsive microglia) are a relatively small number. Therefore we do not observe a
significant treatment response when analyzing total microglia. GFAP staining however, for yet
unknown reasons, shows a correlation with plaque area for both plaque-associated and non-plaque-
associated astrocytes, and a consistent treatment effect. It will be analyzed whether or not CAA of
the small capillaries is linked to the astrocyte activation in the plaque-free areas (ongoing). The text
on p 15 was expanded to better point to the different glia cell sub-populations.

10. P16: One subject on 86 mg CNP520 dropped out of the study due to "an AE of global amnesia
(moderate), possibly due to transient ischemic attacks, according to a neurologist's examination".
Was this AD deemed drug-related? Did this person, or any other subject experience any problems
with mobility or other CNS effects?

Answer: The effect was possibly drug-related, but no other neurological symptoms have been
observed. Wording on p 16 was extended to describe this better.

11. In Figure 8F, it appears possible that in plaque-bearing individuals (with a low CSF Af42/40
ratio), there might be a possible effect of APOE4 genotype. Why were only 2 APOE4 carriers
included in the 3 highest dose groups?

Answer: The 3 month treatment study was a dose-finding study in the “normal” elderly population,
subjects were not enriched for presence of the APOE4 allele, and consequently, we found the
expected frequency of APOE4 carriers (33/108, 30.5%). APOE4 genotype was not considered when
randomizing participants to the dose groups and distribution was completely by chance. An
additional sentence was added on p 20 to clarify this.

12. P22-23: Many of the phenotypes in BACE-1 KO mice are considered developmental. Do BACE-
1 inducible conditional KO mice exist? If so, is BACE-1 KO post-development associated with any
of these deleterious phenotypes (e.g. myelin and retinal changes)? [These animals may or may not
exist but would be useful here.]

Answer: The group of Bob Vassar at Northwestern University, Chicago, IL is working on the
characterization of tamoxifen-inducible conditional BACE-1 knockout mice. Preliminary results
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have been presented at conferences, showing that the myelin and retina phenotypes observed in
“full” genetic knock out mice are absent in the conditional knockout. This seems to support our
interpretation of the developmental origin of the knockout phenotypes. However, these results are
not yet published, and can therefore not be referenced here.

13. The authors should be sure to update their discussion regarding BACE-1 inhibition based upon
any recent clinical trial announcements.

Answer: The recent announcements regarding verubecestat and lanabecestat (stopped at interim
analysis for futility in trials of prodromal/early AD) and atabecestat (stopped due to liver enzyme
elevation) have been added to the text. However, with only the company announcements, but no
data in our hands, a serious discussion and comparison to CNP520 (in particular about the safety and
tolerability profile) is not possible and was not done. Furthermore, the recently published paper on
the verubecestat trial in mild-to moderate AD (Egan et al, 2018) has been added and is discussed
when comparing the therapeutic vs preventive treatment approaches on p 22.

14. P28: "Methods employed in PK/PD studies in dogs and rats are described in Neumann
(Neumann et al, 2015b)." Remove the first "Neumann"?

Answer: “Neumann” has been removed, sentence on p 29 now reads: ...in rats and dogs as
described (Neumann et al, 2015).

15. Lastly, have the authors detected any gender-specific effects of CNP520 in any of their 5 human
clinical trials thus far? Is there any reason to believe that the drug's efficacy or side effects might be
different in men and women?

Answer: There were no apparent gender effects observed in these rather small clinical studies.
Information is limited as of today; we need to await the outcome of the regular safety monitoring
performed at the Generation studies. Preclinical toxicology studies also do not show gender
differences, beyond of what is known to be related to the different metabolic activity of female vs
male animals.

Reviewer 2

I have only a few minor questions, the answers to which I suggest the authors may consider, because
they may be informative for the reader and add depth and more nuance to the Discussion. Foremost,
it would be highly informative to put CNP520 into a more extensive context with the other BACE1
inhibitors in clinical trials. Some questions that come to mind are the following. How do the
structure and drug properties of CNP520 compare to those of the other major inhibitors? Perhaps a
comparative table or diagram would be useful. From what has been published for the major
inhibitors, how do their adverse events (AEs) compare to those of CNP520? For CNP520 and the
other inhibitors, are the AEs likely to be on-target or off-target? If off-target, could the differences
in structures between the compounds be responsible for the off-target AEs? Comparison of CNP520
to verubecestat may be most informative in regard to these questions, as more data has been
published on the latter than the other inhibitors. In particular, the authors should comment on these
questions in relation to the recently published Egan et al (2018) New England J. of Medicine
378,18:1691 article on the EPOCH verubecestat trial results. Also, it would be informative for the
authors to comment on the recently announced failure of JNJ-54861911 due to liver toxicity.

Answer: We do fully understand the reviewer’s wish for a more extensive comparison of CNP520
with other clinical compounds. We are, however, also dependent on the information published in
peer-reviewed journals. In particular for the aspects of adverse events in longer clinical trials, there
is some information available for verubecestat, and very little for atabecestat and lanabecestat (not
more than the company announcement). The new data on verubecestat in mild-to moderate AD from
Egan et al., 2018 have been incorporated in the manuscript (p 4 & 22), and have now been discussed
in the context of disease state vs treatment chances for BACE-1 inhibitors. We have also now
mentioned the tolerability data from Egan et al (p 25), but in the absence of more information,
further discussion would be purely speculative. With longer term tolerability data from CNP520
and/or comparable data from verubecestat in prodromal AD and lanabecestat in early AD in the
future, we will be hopefully in a better position to dissect the profile for the various compounds into
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BACE-1 inhibitor class effects (possibly on-target side effects), effects related to exposure,
metabolism, and selectivity differences.

Reviewer 3

1. Recent results of clinical trials of BACE1 inhibitors

Authors should include the reports regarding the trial of verubecestat (Egan et al., NEJM 2018) and
lanabecestat (Alzforum or related website), and discuss about efficacy and the effect on model
animals (reduction in CSF Abeta and Abeta deposition). Especially, result of verubecestat suggested
that, in contrast to amyloid plaques in the brains of rodent AD model (as shown in this manuscript
and the other compounds), decreased production of monomer Abeta did not lead to effective
remodeling/clearance of senile amyloid developed in human brain. Please provide possible different
characters at molecular level between rodents and humans and discuss this issue in appropriate
manner.

Answer: We have extended the discussion on p 22 with the new verubecestat data. We interpret
these data as a strong hint that at least in the symptomatic disease stages with an Ap PET signal
close to plateau, blocking of the generation of new AP does not halt the clinical course of the
disease. Data from APP transgenic mice currently do not support the assumption that treatment with
a BACE inhibitor does lead to clearance of pre-existing senile plaques, at least not within few
months’ observation period possible in mouse models. The reduction described is always a
reduction relative to non-treated control mice but not a reduction compared to baseline. The
discussion on p 26 has been extended to make clear that the animal and the human results are not in
contradiction (significant net plaque removal not observed in both cases).

2. Effect of CNP520 on hair pigmentation

Results clearly suggested that the skin concentration of the compound significantly contributed the
complete absence of hair depigmentation. If available, authors should show the data of PMEL17
processing in the skin of CNP520-treated mouse. Also, please provide the concentration of CNP520
in other model (i.e., dogs) as well as humans to strengthen the idea that distribution of CNP520 is a
crucial factor.

Answer: Data on PMEL 17 processing in the mouse skin are not available. No skin tissue has been
sampled from dogs or humans, and CNP520 concentrations in these species are not known. This
information has been added to the discussion on p 23. Since we did not observe any
hypopigmentation in 39 week dog studies, even at the highest dose, we concluded that there is a
good safety window, and further investigations are neither required nor justified. Regarding the
mechanism, the mouse data provide the only direct evidence supporting our hypothesis about the
skin distribution of CNP520 being an important factor to explain the absence of hypopigmentation.
However if we use CNP520 free plasma concentration in dogs and humans as a surrogate, the data
on EV Fig 3 show that for most of the doses these concentrations are below the IC50 for the
inhibition of BACE2, which points into the same direction. Nevertheless, routine dermatological
assessments have been included in the study protocol for the ongoing Phase III studies, and this
information has been added to the manuscript (p 23).

2nd Editorial Decision 21 August

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed report from the referee who was asked to re-assess it. As you will see this
reviewer is now supportive and I am happy to inform you that we will be able to accept your
manuscript pending minor editorial amendments.

wEkxEE Reviewer's comments *#%#%
Referee #2 (Comments on Novelty/Model System for Author):

The authors have done an excellent job revision the manuscript. It is now appropriate for
publication.
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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.
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Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

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

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

B- Statistics and general methods

http://1degreebio.org
http://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.nlm.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/

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

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

Sample size was determined from published data on the variability of CSF levels of Abeta and the
SAPP forms. A pre-specified effect size was not used.

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

Sample size estimation for mouse and rat studies was done from historical knowledge on variation
of the respective model. Before the study with CNP520 has been performed, more than 100
compounds wer investigated in the rat PK/PD model, and 4 other compounds were investigated
before in chronic studies in APP transgenic mice. The variability of the APP23 mouse strain has
been extensively studies and is described in several publications.

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

For clinical studies, all subjects having recieved at least one dose of of study drug were included in
the analysis of safety data. All subjects having recieved at least one dose of study drug and with no
major protocol deviations with relevant impact on the analysis of PD evaluation were inclued in
the analysis of PD data.

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.

Clinical studies were double-blind, randomized studies. Randomization numbers were generated
to ensure that treatment assignment was unbiased and concealed from subjects and investigator
staff. A randomization list was produced by Novartis Drug Supply Management using a validated
system that automated the random assignment of treatment arms to randomization numbers in
the specified ratio. The randomization scheme for subjects was reviewed and aproved by a
member of the Novartis IS Randomization Group.

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

[Animals were pseudo-randomly allocated to the study groups.

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.

All biochemical analysis of clincal samples was done blinded. Unblinding was done when analysis
was fully completed, and only by the study statistician.

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

With the exception of the hair discoloration study, there was no blinding in the acute and chronic
animal studies. In the hair discoloration study, the the observer for hair color chages was blinded
and did not know the allocation of the mice into treatment or control groups.

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

Appropriate statistical tests were used for significance testing in each figure.

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

Normality of data distribution was assessed with D'Agostino & Pearson normality test built in in
GraphPad Prism and dependent on the outcome, parametric or non-parametric tests were used to
analyze the data.

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

Variation was assessed within each group of data.




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

Only groups with similar variance have been compared.

C- Reagents

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

Activated astrocytes were detected using a commercial rabbit anti-GFAP (20334, Dako Schweiz
GmbH, Baar, Switzerland, dilution 1:2000 in antibody diluent). Microglia cells were detected using
a rabbit anti-Ibal antibody (019-19741, Wako Chemicals GmbH, Neuss, Germany, dilution 1:200 in
antibody diluent).

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

CHO cell lines have been described before, reference is included

D- Animal

* 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
and husbandry conditions and the source of animals.

Female and male APP23 transgenic mice (B6.D2-Tg (Thy1App) 23/1Sdz, available from Jackson
Laboratory Stock No: 030504) were used. APP23 mice express human APP751 with Swedish
mutations, under the control of the murine Thy-1 promotor (Sturchler-Pierrat & Staufenbiel,
2000). Male and female transgenic homozygous APOE4-TR (B6.129P2-Apoetm3 (APOE*4)Mae N8,
Taconic, Model 001549, 3-5 months old) were ordered from Taconic. BACE-1 (B6,129T2-
TgH(Bacel)1Goe) and BACE-2 (B6,129P2-TgH(Bace2)1Leu)

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

Experiments were carried out in accordance with the guidelines of the Swiss Federal and Cantonal
veterinary offices for care and use of laboratory animals or the Canadian Council on Animal Care
(Ottawa, Canada). Studies described in this report were approved by the Swiss Cantonal
Veterinary Authority of Basel City, Switzerland and performed according to animal license
numbers BS-2063, BS-2077 and BS-1094.

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.

Studies were done in compliance with Swiss Federal regulations on animal research, regulations of
the Canton Basel Stadt and the ARRIVE guidelines.

E- Human Subjects

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

NRES Committee South Central Berkshire, Bristol, UK, State Office of Health and Social Affairs
Berlin, Germany, The commissie voor Medische Ethiek Institutional Review Board Antwerp,
Medisch Ethische Toetsings Commisie, Assen, the Nederlands, Quorum Review IRB Seattle, WA,
USA

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.

All the studies were conducted in accordance with ICH Good Clinical Practice guidelines, the
Department of Health and Human Services Belmont Report and the Declaration of Helsinki and
were approved by the appropriate institutional review committees and regulatory agencies
(EUDRACT number: 2013-005576-18). Written informed consent was obtained from each
participant before any study procedures.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

not applicable

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

no restrictions

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

EUDRACT number: 2013-005576-18

16. For phase Il and Il 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.

not applicable

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.

not applicable

F- Data Accessibility

G- Dual u:

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

Applies for crystallographic data. Information on PDB Code is given in Appendix Fig S1 and will be
uploaded as soon as the manuscript is finally accepted.

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).

not applicable, since this is already a manuscript that includes reviewers comments

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).

Informed consent obtained from stydy participants does not cover the deposition of APOE4
[genotype information in a public repository.

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.

not applicable

se research of concern

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

not applicable




