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1st Editorial Decision 23rd Sep 2020

Thank you again for the submission of your manuscript to EMBO Molecular Medicine. We have now
received feedback from two of the three referees whom we asked to evaluate your manuscript.
Unfortunately, after a series of reminders we did not manage to obtain a report from Referee #2. In
the interest of time, | prefer to make a decision now rather than further delaying the process. As you
will see from the reports below, the referees acknowledge the interest and novelty of the study.
However, they also raise a series of concerns about your work, which should be convincingly
addressed in a major revision of the present manuscript.

Without repeating all the points raised in the reviews below, some of the most substantial issues
are the following:

- Referee #1 is concerned about the FDR threshold used in the study and the small overlap in the
differentially expressed protein results between the two cohorts, which need to be carefully
addressed.

- Referee #1 pointed out several shortcomings of the patient cohorts. The potential limitations in
this regard need to be discussed.

- Referee #3's comment on Fig 3B needs to be clarified/addressed. In particular, during our pre-
decision cross-commenting process, Referee #1 added: "The two blue colors used for "bone
development™ and “endoplasmic reticulum lumen" in Fig 3A are quite similar on my computer screen,
so it was difficult for me to confirm major point 1 by reviewer 3." In any case, we would encourage
you to improve the clarity of Fig 3A, for instance, by using more visually-distinguishable colors.

All'other issues raised by the referees need to be satisfactorily addressed as well. We would
welcome the submission of a revised version within three months for further consideration. Please
note that EMBO Molecular Medicine strongly supports a single round of revision and that, as
acceptance or rejection of the manuscript will depend on another round of review, your responses
should be as complete as possible.



**Fkk Reviewer's comments *****
Referee #1 (Comments on Novelty/Model System for Author):

The model system is fine, but the number and quality of patient samples and cohort selection is
suboptimal- for example, subjects are not properly age matched.

Referee #1 (Remarks for Author):

The manuscript by Winter and colleagues describes the analysis by mass spectrometry of urine
samples to find biomarkers for the early diagnosis of Parkinson's disease. They used label-free,
data-dependent acquisition (DIA) LC-MS/MS to characterize over 2000 proteins in 100 microliters
of urine from 235 individuals in two independent cohorts of 120 and 115 subjects. Each MS run took
45 minutes, demonstrating deep urine proteome coverage using an efficient workflow. Each cohort
included samples from four groups: (1) healthy controls (HC, LRRK2-/PD-); (2) non-manifesting
carriers (NMC) harboring the LRRK2 G2019S mutation (LRRK2+/PD-); (3) idiopathic PD patients
(iPD, LRRK2-/PD+); and (4) manifesting PD patients with LRRK2 G2019S (LRRK2 PD, LRRK2+/PD
+). In the second cohort, with 115 samples from the Michael J. Fox Foundation for Parkinson's
Research-funded LRRK2 Cohort Consortium, the mean age of non-diseased group was 54 years
while the mean age of PD patients was 67 years, which could be problematic. The proteomic
analyses were well done and robust, and although patient group size and composition were not
adequate to serve in a defensible clinical trial, the manuscript demonstrates proof of principle of a
potential clinically useful assay for classification of clinical PD status. The study also suggests that
sample collection and handling prior to analysis may be critical, which would make establishing
these assays in the clinic potentially difficult. The confirmation of the idea that potentially
diagnostic CNS proteins can be found in urine is interesting.

Specific comments:

1. In both cohorts, the mean age of asymptomatic G2019S LRRK2 carriers was different from
symptomatic LRRK2 carriers by 14-16 years. This age difference would make it impossible to
distinguish between non-PD age-related differences and PD-related differences between
symptomatic and non-symptomatic LRRK2 carriers. This seems to be a moot point however, since



few proteins changed based on PD (and therefore age) status in the LRRK2 carrier groups.

2. Several samples from each group were removed due to quality control issues, this might be
difficult to replicate when testing individual samples in a clinical setting.

3.361 proteins different between PD and non-PD (HC and NMC), 298 in Columbia cohort and 73 in
LCC, implying extremely low overlap (10 proteins). This is quite troubling, and in fact demonstrates a
failure of the validation cohort to verify the findings made in the discovery cohort. How can less
stringent sample collection and poor age matching explain this? This implies PD status a minor
driver of variation, with dire implications for eventual clinical assay development. However, the
machine learning analyses demonstrate some potential utility of the assays.

4.361 changing out of 2,000 quantified proteins is a very high percentage. Why use 5% FDR? 100
proteins would be randomly different at this FDR. Why would one expect 361/2000 urine proteins to
be PD-related? How would one explain the biology behind that finding?

5.0n page 14, paragraph 1 states 237 proteins changed based on LRRK2 status, while paragraph
2 states that 227 proteins changed. Please fix or explain the discrepancy.

6. Again, the overlap (33 common out of 237 total changed proteins based on LRRK2 status)
seems to be quite small, suggesting that a smaller FDR than 5% should be used. Another indication
is that 237/about 2000 proteins in the entire urine proteome are changed based on a single
mutation- | cannot conceive of a rational biological explanation for this, especially considering the
huge number of allelic variations in other proteins that must exist between the test subjects.

7.Page 17,did the TNR and FURIN levels also correlate with age? | would expect that age would
also correlate negatively with cognitive performance.

8.0n page 36, the "Andy West" reference is missing.

Referee #3 (Remarks for Author):

“Urinary proteome profiling for stratifying patients with familial Parkinson's disease" by Winter et al.
is a novel and significant study. This study takes a powerful quantitative MS-based proteomics
approach to investigate use of urine samples for molecular profiling of Parkinson's disease (PD) in
two clinical cohorts. The authors have identified proteomic signatures that are associated with
previously known PD mutation (LRRK2) and report potential novel urine biomarkers for PD diagnosis
which could serve as a less invasive and more powerful tool compared with the existing diagnostic
techniques. Additionally, the authors apply a machine learning method and show that the features
selected based on the proteomic profiles of PD patients can predict PD and PD-associated
mutation status of the patients. The findings are important and interesting, and the study is well
done with appropriate controls. The study would certainly be of interest to the readership of EMBO
Mol Med. However, to improve the manuscript there are several major and minor points that need to
be addressed before publication:

Major points:
1) Fig. 3B, the color scale for "enrichment score" appears reversed. From the scatter plot in Fig. 3A, it
would appear that "bone development™ and "growth factor activity" are decreased in PD+ patients.



However, the "enrichment score” for these GO terms is purple or >0 and thus enriched in PD+
patients. In fact, in the discussion, the authors mention: "Most other proteins associated with the
GO-term 'bone development' were downregulated in PD patients, in line with recent findings that
PD patients frequently suffer from osteoporosis and osteopenia”. T his would again imply that the
color scale has been accidentally reversed in Fig. 3A.

2) It is interesting that the GO term "Extracellular exosome" is upregulated in Fig. 3 (at least, | think
it's upregulated, see note above about flipped color scale for enrichment score). Can the authors
make any conclusion about whether exosomes are upregulated in PD urine? Or based on the
protein identities, can the authors make any conclusion about the source of these exosomes (e.g.,
brain-derived, neuron-derived)?

3) In Fig. 5, the authors have calculated p-values for Pearson correlations. Have the authors applied
any FDR correction to these reported p-values? If so, can the authors indicate on Fig. 6 which
proteins are significant below some FDR threshold? Are these correlation coefficients available in a
Supp. Table? I could not find them.

4) On Fig. 5, authors discuss TNR and FURIN, two proteins that have the most negative correlation
with the MoCA score in PD+ and LRRK2+ patients. Where do TNR and FURIN lie in the proteomics
analysis of PD? Are they significantly up/downregulated in the PD+ or LRRK2+ patients?

Minor points:

1) Add color scale for heatmap of Fig. 2C

2) Fig. 6: the labels are extremely small and difficult to read.

3) The numbers on the axes in Fig. 3A & Fig. 4F are difficult to read because the numbers are
smooshed together.

4) Page 17:"UPDRS-Ill scores, which ranged from 0 to 38 in the Columbia cohort (on a scale from 0
assigned for normal to 56 for severely affected motor function)" is the range 0 to 38 or 0 to 567
There are several typos:

Page 18:In two places, "Figure 5C" should change to "Figure 5B".

Page 18:"This protein also exhibited one the highest fold-change in abundance when comparing
urine of PD patients with non-diseased individuals (Figure 3B)" should change to "This protein also
exhibited one of the highest fold-changes in abundance when comparing urine of PD patients with
non-diseased individuals (Figure 3A)"

Page 24:"Going forward, it would be important to examine the relationship between PD
profession..." should likely be "Going forward, it would be important to examine the relationship
between PD progression”.

Page 25: This sentence is repeated twice: "This suggests that the genetic mutation of LRRK2 not
only manifests in the central nervous systems but also dysregulates multiple pathways in distal
organs such as the bladder and kidney, where LRRK2 is actually highly expressed [75]."



1st Authors' Response to Reviewers 22nd Oct 2020

Point-by-point response to reviewer’s comments for the manuscript ‘Urinary proteome
profiling for stratifying patients with familial Parkinson’s disease’ by Virreira Winter, Karayel
etal.

Reviewer #1:

The manuscript by Winter and colleagues describes the analysis by mass spectrometry of urine
samples to find biomarkers for the early diagnosis of Parkinson's disease. They used label-free, data-
dependent acquisition (DIA) LC-MS/MS to characterize over 2000 proteins in 100 microliters of
urine from 235 individuals in two independent cohorts of 120 and 115 subjects. Each MS run took 45
minutes, demonstrating deep urine proteome coverage using an efficient workflow. Each cohort
included samples from four groups: (1) healthy controls (HC, LRRK2-/PD-); (2) non-manifesting
carriers (NMC) harboring the LRRK2 G2019S mutation (LRRK2+/PD-); (3) idiopathic PD patients
(iPD, LRRK2-/PD+); and (4) manifesting PD patients with LRRK2 G2019S (LRRK2 PD,
LRRK2+/PD+). In the second cohort, with 115 samples from the Michael J. Fox Foundation for
Parkinson's Research-funded LRRK2 Cohort Consortium, the mean age of non-diseased group was 54
years while the mean age of PD patients was 67 years, which could be problematic. The proteomic
analyses were well done and robust, and although patient group size and composition were not
adequate to serve in a defensible clinical trial, the manuscript demonstrates proof of principle of a
potential clinically useful assay for classification of clinical PD status. The study also suggests that
sample collection and handling prior to analysis may be critical, which would make establishing these
assays in the clinic potentially difficult. The confirmation of the idea that potentially diagnostic CNS
proteins can be found in urine is interesting.

We thank the reviewer for the positive evaluation of our manuscript and the acknowledgement of the
interest of our proof-of-concept study and our findings. We are pleased to provide a detailed point-by-
point response to all comments below.

Specific comments:

1. In both cohorts, the mean age of asymptomatic G2019S LRRK2 carriers was different from
symptomatic LRRK2 carriers by 14-16 years. This age difference would make it impossible to
distinguish between non-PD age-related differences and PD-related differences between symptomatic
and non-symptomatic LRRK2 carriers. This seems to be a moot point however, since few proteins
changed based on PD (and therefore age) status in the LRRK2 carrier groups.

By design of the studies, carriers of a pathogenic LRRK2 mutation without PD are typically younger
than those carriers who developed the disease. Due to the low frequency of LRRK2 carriers in the
general population and the increased risk of carriers to develop PD, it is challenging to include high
numbers of asymptomatic LRRK2 carriers. To avoid that the age difference affects the identification
of disease-related changes in pathogenic LRRK2 carriers, we performed an ANCOVA analysis with
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age as one confounder variable (‘bioinformatics data analysis’ in the Methods). \We have now
included a sentence in the discussion referring to this limitation of our cohorts.

2. Several samples from each group were removed due to quality control issues, this might be difficult
to replicate when testing individual samples in a clinical setting.

We thank the reviewer for this comment and confirm that some samples were excluded from the
analysis. Stringent quality control is important to detect sample- or study-related biases and to avoid
the reporting of false biomarkers that result from quality issues (please see our references Geyer et al.
2017 and Geyer et al. 2019). The scope of the present study was not to present a final workflow and
biomarkers that can directly be applied in the clinic but rather a proof-of-concept that MS-based
proteomics of urine is a valuable strategy for biomarker discovery in PD. Furthermore, it improves
our understanding of PD biology and highlights pathways may be worth to be further investigated.
We have now included a sentence in the discussion to discuss the need for the development of a
clinical assay in the future. Building up on our data and further validation studies, specific targeted
assays should be developed for clinical use.

3. 361 proteins different between PD and non-PD (HC and NMC), 298 in Columbia cohort and 73 in
LCC, implying extremely low overlap (10 proteins). This is quite troubling, and in fact demonstrates a
failure of the validation cohort to verify the findings made in the discovery cohort. How can less
stringent sample collection and poor age matching explain this? This implies PD status a minor driver
of variation, with dire implications for eventual clinical assay development. However, the machine
learning analyses demonstrate some potential utility of the assays.

We thank the reviewer for highlighting the utility of our assays. We agree that the overlap is relatively
small and attribute this mainly to sample heterogeneity and demographic and ethnic differences
between cohorts, a common challenge in the field. Furthermore, the diagnosis of PD is mainly based
on symptoms and not on biochemical tests, which could also introduce heterogeneity between the PD
patients in the two cohorts and thus explain some variability in the biomarkers. Although the overlap
between the two cohorts is just 10 proteins using a stringent FDR-controlled cut-off, the Pearson
correlation of all 361 proteins between the two cohorts is 0.65, indicating that the majority of proteins
are in fact well correlated and regulated in a similar fashion (especially in view of the above
mentioned challenges). We have now added a sentence to the discussion of the revised manuscript to
better explain the relatively small overlap between the two cohorts.

4. 361 changing out of 2,000 quantified proteins is a very high percentage. Why use 5% FDR? 100
proteins would be randomly different at this FDR. Why would one expect 361/2000 urine proteins to
be PD-related? How would one explain the biology behind that finding?

We thank the reviewer for raising this issue. An FDR of 5% is frequently used in the bioinformatic
analysis of proteomics results (as opposed to 1% FDR for peptide and protein identification) and we
had fixed these statistical cut-offs before performing the analyses. Another reason not to use an FDR
less than 5% is that the inter-individual variability of protein levels in urine is rather large (see
Supplementary Figure 2). Based on the reviewer’s question, we now repeated the ANCOVA analysis
with an FDR of 1%, which resulted in 156 significantly changed PD-related proteins, which is still 5-
10% of the proteome. An FDR of 5% implies that that up to 18 proteins (5% of the 361 significantly
regulated proteins) are potentially false-positive hits (rather than 100 seemingly but not actually
changing proteins of the total of 2000).



We agree that the number of PD-regulated proteins is rather large but can only speculate at this point
about the underlying biology. The fact that up to 85% of PD patients have urinary tract dysfunction
(see Yeo et al. Int Urol Nephrol, 2012) could well explain the observed proteome changes.

5. On page 14, paragraph 1 states 237 proteins changed based on LRRK2 status, while paragraph 2
states that 227 proteins changed. Please fix or explain the discrepancy.

We thank the reviewer for spotting this mistake. The ANCOVA analysis revealed 237 significantly
changed proteins based on LRRK2 status as also shown in Figure 4A. We have fixed this typo in the
revised manuscript.

6. Again, the overlap (33 common out of 237 total changed proteins based on LRRK2 status) seems to
be quite small, suggesting that a smaller FDR than 5% should be used. Another indication is that
237/about 2000 proteins in the entire urine proteome are changed based on a single mutation- | cannot
conceive of a rational biological explanation for this, especially considering the huge number of
allelic variations in other proteins that must exist between the test subjects.

This question relates to the one just above — please see explanation of the 5% cut-off. When we
repeated the ANCOVA analysis with an FDR of 1%, we obtained 111 LRRK2-regulated proteins with
an overlap of 20 between the two cohorts, strongly supporting that the mutation causes large changes
in the proteome.

In our view, the observation that a single point mutation like the LRRK2 G2019S mutation analyzed in
the present study result in significant abundance changes for a large number of proteins is not
necessarily unexpected or unusual. In support of this, a recent study (Connor-Robson et al. 2019)
using an integrated transcriptomics and proteomics approach found that more than 2,000 proteins
and 2,000 genes were differentially expressed in iPSCs-derived dopaminergic cultures harboring the
LRRK2 G2019S mutation compared to wild type LRRK2 cultures. Apparently, the significant
dysregulation of membrane trafficking, exosome biology and lysosomal function caused by the
pathogenic LRRK2 mutation in turn causes large changes in the proteome.

7. Page 17, did the TNR and FURIN levels also correlate with age? | would expect that age would
also correlate negatively with cognitive performance.

TNR and FURIN levels are actually not correlated with the age at sample collection. The Pearson
correlations are 0.19 (TNR) and 0.16 (FURIN) among all PD+ individuals and 0.20 (TNR) and 0.24
(FURIN) among all LRRK2+/PD+ individuals. We have now included this information also in the
revised results section. However, as the reviewer expected, there is a weak negative correlation of age
with cognitive performance. The Pearson correlation of age at sample collection vs. MoCA total
score is -0.41 in PD+ individuals (see figure below) and -0.54 in LRRK2+/PD+ individuals.

8. On page 36, the "Andy West" reference is missing.

We thank the reviewer for pointing out the missing reference and the revised version now includes a
citation from the laboratory of Andy West there. We now also included other citations from the same
laboratory in the main text.

Reviewer #3:



Urinary proteome profiling for stratifying patients with familial Parkinson's disease" by Winter et al.
is a novel and significant study. This study takes a powerful quantitative MS-based proteomics
approach to investigate use of urine samples for molecular profiling of Parkinson's disease (PD) in
two clinical cohorts. The authors have identified proteomic signatures that are associated with
previously known PD mutation (LRRK2) and report potential novel urine biomarkers for PD
diagnosis which could serve as a less invasive and more powerful tool compared with the existing
diagnostic techniques. Additionally, the authors apply a machine learning method and show that the
features selected based on the proteomic profiles of PD patients can predict PD and PD-associated
mutation status of the patients. The findings are important and interesting, and the study is well done
with appropriate controls. The study would certainly be of interest to the readership of EMBO Mol
Med. However, to improve the manuscript there are several major and minor points that need to be
addressed before publication:

We thank the reviewer for the positive and supportive evaluation of our work - acknowledging the
potential of MS-based urinary proteomics for biomarker discovery and patient stratification. We also
thank the reviewer for the useful comments and are pleased to provide the point-by-point response to
each comment below.

1. Fig. 3B, the color scale for "enrichment score™ appears reversed. From the scatter plot in Fig. 3A, it
would appear that "bone development” and "growth factor activity" are decreased in PD+ patients.
However, the "enrichment score" for these GO terms is purple or >0 and thus enriched in PD+
patients. In fact, in the discussion, the authors mention: "Most other proteins associated with the GO-
term 'bone development' were downregulated in PD patients, in line with recent findings that PD
patients frequently suffer from osteoporosis and osteopenia”. This would again imply that the color
scale has been accidentally reversed in Fig. 3A.

We thank the reviewer for highlighting the unclear explanation of the GO-term enrichment analysis.
We rephrased the paragraph in order to avoid any confusion.

Fig. 3A shows the direction of changes for all PD-regulated proteins, i.e. all proteins that have
significantly different levels in urine of PD patients compared non PD individuals. The GO-term
enrichment analysis determines if any GO-terms associated with these 361 PD-regulated proteins are
significantly enriched or de-enriched compared to the total urinary proteome of about 2,000 proteins.
The Fisher exact test does not take the direction of change into account. Indeed, while the GO-terms
‘bone development’ and ‘growth factor activity’ are enriched in PD-regulated proteins, many
proteins associated with these terms are decreased in PD patients.

2. It is interesting that the GO term "Extracellular exosome" is upregulated in Fig. 3 (at least, | think
it's upregulated, see note above about flipped color scale for enrichment score). Can the authors make
any conclusion about whether exosomes are upregulated in PD urine? Or based on the protein
identities, can the authors make any conclusion about the source of these exosomes (e.g., brain-
derived, neuron-derived)?

As stated above, the enrichment analysis does not allow to draw any conclusions about the direction
of regulation. Our data do not indicate that exosomes are up- or downregulated in the urine of PD
patients. The fact that the GO-term ‘extracellular exosome’ is actually de-enriched among the 361 PD
regulated proteins indicates that they are actually not associated with urinary exosomes. However, a



more detailed investigation of exosome synthesis and secretion may be useful in future studies. We
have now included a sentence in the results section referring to this point.

3. In Fig. 5, the authors have calculated p-values for Pearson correlations. Have the authors applied
any FDR correction to these reported p-values? If so, can the authors indicate on Fig. 6 which proteins
are significant below some FDR threshold? Are these correlation coefficients available in a Supp.
Table? | could not find them.

We thank the reviewer for this comment. The p-values shown in Figure 5 are before correction for
multiple testing. However, we have now highlighted all proteins that were significantly correlated
when we used a 5% FDR cutoff using the Benjamini-Hochberg correction. The correlation scores
including p- and g-values can be found in a newly added Supplementary Table 6.

4. On Fig. 5, authors discuss TNR and FURIN, two proteins that have the most negative correlation
with the MoCA score in PD+ and LRRK2+ patients. Where do TNR and FURIN lie in the proteomics
analysis of PD? Are they significantly up/downregulated in the PD+ or LRRK2+ patients?

We thank the reviewer for this comment. Neither TNR nor FURIN were significantly regulated in the
urine of PD patients (TNR g-value: 0.31/0.65 in Columbia/LCC; FURIN g-value: 0.08/0.66 in
Columbia/LCC) or pathogenic LRRK2 carriers (TNR g-value: 0.90/0.93 in Columbia/LCC; FURIN g-
value: 0.10/0.83 in Columbia/LCC). We have now included a sentence in our discussion to clarify this
observation.

Minor:

1. Add color scale for heatmap of Fig. 2C

We thank the reviewer for noticing the missing color scale, which we now included in the revised
Figure 2.

2. Fig. 6: the labels are extremely small and difficult to read.

We have now increased the font sizes in Figure 6.

3. The numbers on the axes in Fig. 3A & Fig. 4F are difficult to read because the numbers are
smooshed together.

We have now clearly separated the numbers from each other in Figure 3A and 4F.

4. Page 17: "UPDRS-I1II scores, which ranged from 0 to 38 in the Columbia cohort (on a scale from 0
assigned for normal to 56 for severely affected motor function)" is the range 0 to 38 or 0 to 56?

We thank the reviewer for highlighting the unclear phrasing in our manuscript. We have rephrased
the paragraph and updated the numbers for the range in order to clarify the UPDRS-III scoring in the
revised version.

5. Page 18: In two places, "Figure 5C" should change to "Figure 5B".

We have corrected the figure callouts for Figure 5B and 5C in the revised manuscript.



6. Page 18: "This protein also exhibited one the highest fold-change in abundance when comparing
urine of PD patients with non-diseased individuals (Figure 3B)" should change to "This protein also
exhibited one of the highest fold-changes in abundance when comparing urine of PD patients with
non-diseased individuals (Figure 3A)"

We have changed the sentence in the revised manuscript.

7. Page 24: "Going forward, it would be important to examine the relationship between PD
profession...” should likely be "Going forward, it would be important to examine the relationship
between PD progression”.

We have corrected the sentence in the revised manuscript.

8. Page 25: This sentence is repeated twice: "This suggests that the genetic mutation of LRRK2 not
only manifests in the central nervous systems but also dysregulates multiple pathways in distal organs

such as the bladder and kidney, where LRRK2 is actually highly expressed [75].

We have deleted the misplaced sentence in the revised manuscript.



1st Revision - Editorial Decision 17th Nov 2020

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed report from two referees who were asked to re-assess it. As you will see
the referees are now overall supportive and | am pleased to inform you that we will be able to
accept your manuscript pending the following amendment s: 1.Both referees still raise a couple of
concerns regarding the statistics and data analysis, which need to be addressed and clarified.

*eekk Reviewer's comment s ¥
Referee #1 (Comments on Novelty/Model System for Author):

The technical quality of the mass spectrometry analysis is high but the composition of the study
cohorts has limitations which are mentioned in the text. The paper is useful as a demonstration of
potential utility of studying urinary proteins by mass spectrometry, but is not adequate to serve as
an actual clinical study. Human patients are used rather than a model system.

Referee #1 (Remarks for Author):

The authors have made some changes in response to critiques and manuscript has been
improved as a result. However, it would be helpful to include a few sentences to the text in case
some readers have the same questions as this reviewer. Specifically:

1. In response to Specific Comment 4, please mention that up to 85% of PD patients have urinary
tract dysfunction and cite the Yeo reference in the section where the result that 361/2000 urine
proteins changed in PD patients. Other readers may wonder why the number of changed proteins is
so high (a more worrying explanation would be poor experimental execution and/or data analysis).

2.In response to Specific Comment 6, a Pearson correlation should be calculated and reported for
the two LRRK2 cohorts because overlap (33/237 at 5% FDR) of changed proteins between the
cohorts is so low- this is a similar problem as with the PD cohorts mentioned in Comment 4 and
should be addressed in a similar manner. Again, a sentence explaining why the LRRK2 mutation
could cause so many protein changes should be added to the text along with the Connor-Robson
reference.

Referee #3 (Remarks for Author):
The authors have sufficiently addressed my initial concerns.

I still find it quite confusing that the Fisher's Exact Test in Fig. 3 "does not take the direction of
change into account." The presence of the log2 Enrichment Score (in my mind) implies a
directionality of enrichment. However, if the authors could add a sentence or two (perhaps in the
figure legend) being a bit more explicit that the enrichment score refers to PD-regulated proteins
v. hon-PD-regulat ed proteins and therefore the enrichment score does not reflect which proteins
are up/down in PD, that would be helpful.



2nd Authors' Response to Reviewers 30th Nov 2020

Point-by-point answers to ‘Urinary proteome profiling for stratifying patients
with familial Parkinson’s disease’ by Virreira Winter and Karayel et al.

Reviewer's comments
Referee #1 (Comments on Novelty/Model System for Author):

The technical quality of the mass spectrometry analysis is high but the composition of the study
cohorts has limitations which are mentioned in the text. The paper is useful as a demonstration of
potential utility of studying urinary proteins by mass spectrometry, but is not adequate to serve as an
actual clinical study. Human patients are used rather than a model system.

We thank the reviewer for these kind words and thank for the useful comments that helped us to
strengthen our manuscript.

Referee #1 (Remarks for Author):

The authors have made some changes in response to critiques and manuscript has been improved as
a result. However, it would be helpful to include a few sentences to the text in case some readers
have the same questions as this reviewer. Specifically:

1. In response to Specific Comment 4, please mention that up to 85% of PD patients have urinary
tract dysfunction and cite the Yeo reference in the section where the result that 361/2000 urine
proteins changed in PD patients. Other readers may wonder why the number of changed proteins is
so high (a more worrying explanation would be poor experimental execution and/or data analysis).

In response to the reviewer’s comment, we have now included a sentence in the section stating that
the majority of PD patients show urinary tract dysfunction and refer to the previous study of Yeo et
al.

13

The relatively large number of regulated
proteins is in agreement with previous reports that the majority of PD patients suffers from urinary
tract dysfunction (Yeo, Singh et al., 2012).



2. In response to Specific Comment 6, a Pearson correlation should be calculated and reported for
the two LRRK2 cohorts because overlap (33/237 at 5% FDR) of changed proteins between the
cohorts is so low- this is a similar problem as with the PD cohorts mentioned in Comment 4 and
should be addressed in a similar manner. Again, a sentence explaining why the LRRK2 mutation
could cause so many protein changes should be added to the text along with the Connor-Robson
reference.

In response to the reviewer’s comment, we have now included sentences in the results section to
report the Pearson correlation between the two studies. We also now included the Connor-Robson
reference in the discussion, to better explain why the LRRK2 mutation may cause the observed
proteome changes.

13

Pearson correlation: 0.34, The
lower correlation between the studies compared to the PD-associated proteins could be explained
by the different distribution of PD+ and PD- individuals in the two cohorts, which is only corrected
for in the applied ANCOVA analysis but not in this Pearson correlation analysis.

2

2

These major
proteome changes are in agreement with a previous study that observed more than 2,000 proteins to
be affected by pathogenic LRRK2 (Connor-Robson, Booth et al., 2019).

Referee #3 (Remarks for Author):
The authors have sufficiently addressed my initial concerns.

I still find it quite confusing that the Fisher's Exact Test in Fig. 3 "does not take the direction of
change into account.” The presence of the log2 Enrichment Score (in my mind) implies a
directionality of enrichment. However, if the authors could add a sentence or two (perhaps in the
figure legend) being a bit more explicit that the enrichment score refers to PD-regulated proteins v.
non-PD-regulated proteins and therefore the enrichment score does not reflect which proteins are
up/down in PD, that would be helpful.

We thank the reviewer for helping us to improve our manuscript and appreciate that the initial
concerns were sufficiently addressed. In response to the reviewer’s comment, we have now included
a sentence in the figure legend of Figure 3 to clarify that the enrichment score doesn 't indicate any
direction of the regulation.



“Importantly, the enrichment score of the Fisher exact test does not indicate if the proteins were up-
or downregulated in PD patients but rather that the regulated proteins — independent of the
directionality — compared to the total urinary proteome are associated with the enriched term.*

Accepted 10th Dec 2020

We are pleased to inform you that your manuscript is accepted for publication and is now being
sent to our publisher to be included in the next available issue of EMBO Molecular Medicine.
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

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

A- Figures

1. Data

The data shown in figures should satisfy the following conditions:

>

>
>
>
>

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.

figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.

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

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

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

2. Captions

Each figure caption should contain the following information, for each panel where they are relevant:
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a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements

an explicit mention of the biological and chemical entity(ies) that are being measured.

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

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

a description of the sample collection allowing the reader to understand whether the samples represent technical or
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.

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
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Please fill these boxes

(Do not worry if you cannot see all your text once you press retur!

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

Two independent patient cohorts were used in the present study. The selection of the cohorts and
size was based on availability and no power calculation has been performed. (Page 24)

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

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

Samples, which didn't meet the quality criteria described in the manuscript were removed from
further analysis. Quality exclusion was mainly based on contamination with erythrocytes, cellular
debris and very low protein identification. (Page 8-9 and 25)

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. NA
randomization procedure)? If yes, please describe.
For animal studies, include a statement about randomization even if no randomization was used. NA

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.

Blinding of investigators during data acquisition

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

NA

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

Yes, more details can be found in the materials and methods and figure legends.

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

Yes, all data for protein abundances can be found in Dataset EV2. Perseus was used to assess the
assumptions.

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

Variation within the groups is not provided, but all data required can be found in Dataset EV2.




C- Reagents

D- Animal Models

Is the variance similar between the groups that are being statistically compared? Yes
6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |NA
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,

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

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

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

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

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

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure [NA

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.

E- Human Subjects

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

Ethical Review Board of the Max Planck Society and local institutional review boarsd of the study
centers. (Page 24)

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.

In this study, urine samples from two independent cross- sectional cohorts were analyzed. Both
studies were approved by local institutional review boards, and each participant signed an
informed consent. The experiments conformed to the principles set out in the WMA Declaration of
Helsinki and the Department of Health and Human Services Belmont Report. . (Page 24)

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) [NA
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 [NA

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

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

The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium
via the PRIDE partner repository with the dataset identifier PXD020722. (Page 28)

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

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

NA

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.

G- Dual use 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.

NA
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