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1st Editorial Decision 21st Feb 2020

21st Feb 2020

Dear Prof. Kadener,

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 that the three referees find the study to be an interesting and valuable resource.
However, they recommend further efforts on figure presentation, provision of statistical values,
tests description, and modification of the main text (legends have to be expanded, clarifications
and explanations are needed, refocus of the main findings, development of some of the results,
tone down of causality claims, provide genesets, a new title...). In terms of experimental work,
neuronal loss should be analysed (highlighted by 2 referees), circSLC8A1 and miR-128 ratio
evaluated, oxidative stress effect on global transcription looked at. In terms of analysis, the cell
type data should be deconvoluted and miR-128 targets analysed globally.

We would therefore welcome the submission of a revised version within three months for further
consideration and would like to encourage you to address all the criticisms raised as suggested to
improve conclusiveness and clarity. Please note that EMBO Molecular Medicine strongly supports a
single round of revision and that, as acceptance or rejection of the manuscript will depend on
another round of review, your responses should be as complete as possible.

EMBO Molecular Medicine has a "scooping protection” policy, whereby similar findings that are
published by others during review or revision are not a criterion for rejection. Should you decide to
submit a revised version, | 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.

I look forward to receiving your revised manuscript.
Yours sincerely,

Celine Carret

Celine Carret, PhD

Senior Editor
EMBO Molecular Medicine



Figures are not edited by the production team. All lettering should be the same size and style; figure
panels should be indicated by capital letters (A, B, C etc). Gridlines are not allowed except for log
plots. Figures should be numbered in the order of their appearance in the text with Arabic numerals.
Each Figure must have a separate legend and a caption is needed for each panel.

*Additional important information regarding figures and illustrations can be found at
http//bit ly/EMBO PressFigurePreparationGuideline

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

The manuscript 'A CircRNAs Resource indicates an AGO2-related regulatory role for circSLC8A1L in
the Parkinsonian brain' represents a thorough attempt to identify circRNAs that are functionally
related to the pathophysiology of Parkinson's disease. Notably, the authors make use of a high-
quality collection of postmortem human brain samples, namely the one of the Netherlands Brain
Bank in order to draw disease-relevant conclusions for the human PD brain. CircRNAs are emerging
as a ncRNA species with a wide array of regulatory roles in the healthy and diseased CNS.
Nevertheless, the understanding of their cross-interactions with the degenerating brain is currently
limited, and studies like the one reported here can provide a valuable resource of information that
could be then used for independent validation. However, the manuscript in its current form, lacks
several pivotal elements of appropriate analysis and interpretation, as discussed below.

Major remarks:

- One of my greatest concerns is the fact that the authors try to interpret data derived from bulk
tissue RNAseq, without acknowledging the limitations of such an approach and the confounding
variables that it may introduce into the analysis of the data. Ideally, cell type deconvolution tools
should be used to address any issues of this sort.

- Related to the previous point, how can the authors know whether the lower circRNA levels in PD
SN are not caused by neuronal loss? Instead, the authors attribute this observation to a particular
PD-specific regulatory mechanism. This should be addressed.

- Alu editing index does not significantly differ between CTR and PD SN. This suggests that RNA
editing is not mechanistically relevant to PD pathology. The authors should discuss. How could then
the differential expression of circSLC8AL in PD SN (compared to CTR) be explained?

- No causal relationship between circSLC8A1 and miR-128 can be supported by the current data.
The authors should either tone down the pertinent passage or address this issue by assessing the
levels of miR-128 in vitro following transfection of circSLC8AL.

- The statistical tools used for each experiment should be clearly indicated. What type of statistics
was used in Figure 4D?

Other remarks:

- The authors should provide the genesets used for pathway analysis.

- The levels of all microRNAs indicated in Figure 6E should be assessed.

- It is not entirely clear how only samples with RIN values above 6.5 were used for library preparation
(as indicated in the text), while in the pertinent Sup. Tablel, 42 samples do not fulfill those criteria.

- The direction of pathway enrichment (repressed/induced) should be indicated for all GO term
enrichment analyses.

- The terms 'upregulation’ and ‘downregulation’ should be used with caution taken that any
apparent gene level changes may be driven by differences in cell numbers in the bulk analysis.



- The authors should provide average values (and corresponding statistics) for the within region
variability of their CTR vs PD cohorts (analyzing differences of gender, age, Braak stage, Amyloid
stage, PMI).

- PMIvalues should be provided for all samples.

- Fold change, p-value and corrected p-value for all identified circRNAs should be included.

- There are several typos.

Referee #2 (Remarks for Author):

Hanan and colleagues performed RNA-seq to identify changes in circular RNA expression in the
brains from controls and donors with Parkinson's disease. Overall trends are described, including
suggestions about circRNA biogenesis via changes in Alu editing levels. The authors then focus on
circSLC8A1 which is upregulated in the PD SN. A model is proposed in which circSLC8AL1 binds miR-
128 and functions as a sponge. The manuscript is dense but generally clear and I suggest a few
additional analyses.

Major point:

(1) My main concern is about stoichiometry. What is the relative ratio of circSLC8A1 to miR-128 in
cells? They should be at similar levels in order for the circRNA to function as a sponge. A related
point that the authors should address: what is the relative amount of linear vs circular RNA
generated from the SLC8A1 gene?

(2) Fig 6G/H: The authors show 3 miR-128 targets that increase in PD brains, but these are cherry
picked mRNA targets. What percentage of miR-128 targets increase in PD brains? If the authors'
model is correct, most direct miR-128 targets should show increased expressed levels.

Minor points:

(1) Last sentence of abstract is over-sold. The current manuscript does not provide experiments
that suggest a preventive value for modulation of circSLC8AL. If the authors want to make such a
claim, they need to show changes in cell survival etc when circSLC8A1 expression is experimentally
modulated.

(2) P.2: "However, it remained unclear what are the consequences of this binding (Piwecka et al)" is
an odd phrase because the CDR1as mouse model described in the cited paper does suggest a
mechanism.

(3) P.3: The authors may also wish to mention that the presence of multiple Alu elements in introns
can allow alternative circularization events.

(4) Supplementary Fig 2G should have error bars to show the variation in expression levels across
samples.

(5) Page 7: When describing the circRNA profiling, it would be helpful to more clearly clarify the
criteria used. What is a circRNA expressed at "very low levels"? How many sequencing reads must
be observed for a circRNA to be annotated? Do the circRNAs need to be detected by both
algorithms? What was the degree of overlap in circRNA predictions between algorithms? Some of



these points are addressed in the methods but they would be helpful to also have in the main text.
(6) The callouts for Supplementary Fig 3B and 3C are reversed on page 7.

(7) Fig 2A: 1find the model to be confusing as drawn. Back-splicing does not lead to a hairpin
shaped transcript. The hairpin shaped transcript occurs first and then back-splicing occurs.

(8) Fig 3C: The authors should comment on why they think editing levels decrease in the SN and
why reduced levels of circRNAs are observed. One would have expected increased circRNA levels
asis seenin the MTG and AMG.

(9) Page 9:"Surprisingly, we did not observe positive correlation in any of the other two assayed
tissues" - Please show these data.

(10) Figure 4A could be more informative, e.g. what exon(s) are included in the circRNA? Is it flanked
by Alu repeats? A related question: is editing observed at the SLC8A1 locus?

(11) Figure 4D: Please provide statistics for mMRNA between CT and PD. What is the measured p-
value?

(12) Figure 4E: Please provide statistics.

(13) Page 13: When referring to the published Ago2-CLIP data, please make clear that one cannot
distinguish binding to linear vs circRNA unless the CLIP reads span the backsplicing junction.

Referee #3 (Remarks for Author):

The report of Hanan et al. entitled CircRNAs Resource indicates an AGO2-related regulatory role
for circSLC8AL1 in the Parkinsonian brain describes for the first time a catalog of CircRNAs (together
with mRNAs and microRNAS) present in three brain regions derived from Parkinson disease
patients and healthy controls and points towards circSLC8A1 as an Ago2-associated circRNA,
regulated by oxidative stress, and abundant in Parkinson Disease (PD)-derived substantia nigra
that influences mir-128 activity.

Major findings/novelty of the manuscript:

This is the first large and systematic study linking circRNAs to PD. For doing so the authors applied
a tour de force approach and sequence 3 brain regions in dozens of control and PD individuals.
They find that circRNAs globally change in the brain of PD individuals (in all the 3 regions studied
but with opposite results between the SN and the other 2 regions). This is a key and relevant
finding and surprisingly it is not highlighted enough in the manuscript (not even in the abstract).
Moreover, the authors establish a link between circRNAs and PD by finding global changes of
circular transcripts in different brain regions. They describe a differentially expressed set of
circRNAs in the substantia nigra (SN) of PD individuals. Additional relevant findings are i- the
pronounced brain region-specificity of gene expression patterns, ii- and the age-dependent circRNA
accumulation in the human brain.

Finally, authors focus on one highly expressed CircRNA in PD material and perform an initial
molecular characterization.



This is certainly a timely and relevant resource paper. It is based on a dataset generated directly
from a large and well-curated set of human brain material derived from PD patients and healthy
controls. Additionally, the massive sequencing on which the Kadener’'s lab has an extended
experience and the different ways to present and analyze the data add additional value to the
work. Having said that, there are numerous points which, though they do not put under question
the main findings of the manuscript might certainly contribute, at least in the eyes of this reviewer,
to a more clear presentation and interpretation of the data.

Main Comments

1. The writing is in many passages too convoluted and difficult to follow. The text will greatly benefit
from conceptual and language simplification. In addition, the authors tend to overstate their
findings, which is not necessary and sometimes deviates the attention of the reader. For example:
There is no clear indication that circSLC8A1 has a causative role on PD so, it is not necessary in the
abstract to indicate that the results "advocate a preventive value for its modulation”.

2. Another issue of relevance is related to the main and running titles of the manuscript. The main
title suggests a causal ("regulatory") role of AGO2-related regulation of circSLC8A1 in PD and the
running title states advocates for a "modulatory" effects of circSLC8AL1 via AgoZ2. This is mainly a
resource paper and these titles sound close to overstatements since a causal role of the circular
form of SLC8A1 is actually not proven in the manuscript. Taking this into account I would suggest a
title that more strictly described the main findings of the study.

3. The authors should better describe why they selected MTG and AMG as additional brain areas.
Actually, both brain structures are involved in the control and implementation of stress-related
programs and anxiety-like behaviors what makes them also particularly interesting per se, but also
in the context of PD since anxiety if also an often associated symptom in PD patients. Along this
line, and considering that the present study is intended to be a resource article, the authors should
invest more efforts to describe in more detail the catalogue of mMRNA and circRNAs identified not
only in the SN but also in MTG and AMG brain regions both in PD and control samples. For instance,
which are the circRNAs present in the amygdala of healthy and PD individuals? I don't find this kind
of data clearly described in the paper, neither in figures nor in tables and | have the feeling the
paper would greatly benefit from precisely described and list the candidates from these brain areas.

4 a) Regarding the presentation of the sequencing data: almost all data in the paper seems to be
focused on up-regulated candidates but downregulation is equally relevant and should also be
clearly described both in text and figures. The term differentially expressed (DE) genes is not
accurate enough. For instance, the data presented in supplementary table 3 might be organized
dividing up-regulated and down-regulated and not merely by FDR. Moreover, the co-regulation data
presented in Fig 1H-Jis constructed from up-regulated genes? what about the existence of down-
regulated modules?

b) And regarding the co-regulated modules, I don't find which are the genes that constitute the
modules. If lam right, the authors should describe them in a supplementary figure; at least the most
significantly different modules.

c) In the particular case of circRNAs, it would be interesting if the authors could add a major level of
detail to the presented data, for instance, the distribution of sizes, whether the circRNAs are
intronic vs exonic, which types of regions they contain (5' UTR, ORF, 3' UTR), number of exons or
exact junctions, etc.



5.In page 7 the authors described that "as much as 26% of the detected circRNAs but only 2% of
the mRNAs were unique to the SN (Figure 2E, grey), whereas 19% of the identified circRNAs but
82% of the mRNAs were shared between all tissues (Figure 2E, green)."

This is very important finding. It should be underlined and the authors should elaborate more about
it in the discussion.

6.In page 7 second paragraph the authors state that "..the SN expressed higher total numbers of
circRNAs compared to the MTG and the AMG (normalized to library total reads, Figure 3A,"

This is very interesting finding that raise the question as to whether the SN also express higher
levels of MRNAS transcripts too. Consequently, how about the comparison of the expression levels
of their linear counterparts? Do they inversely correlate?

7.In Fig2C, the data described includes both healthy controls and PD? Again, the authors should
rather show the data about differentially expressed RNA species in each separate brain regions
comparing healthy and PD patients.

8. The data presented suggest that the circSLC8A1 somehow regulates miR128 but it is not clear
how (and it is likely beyond the scope of this study), so the authors should limit to state with
caution how the circRNA might modulate the miRNA.

9. As circSLC8A1 seems to be upregulated in PD and by oxidative stress, it would be interesting to
know whether oxidative stress globally induces transcription from the locus or induces
circularization of the exons. This could be easily done in cell culture by gPCR from intronic
sequences upon exposure to PQ. Moreover, the authors should look for inverted repeats or
potential RBP binding sites. Any finding (even if no sequences are found) would be informative.

Minor points

A. If the submission format allows it, in case a putative new version of the manuscript should be
reevaluated, Iwould thank the authors the addition of the following features to the submitted
document:

Page numbers

Line numbers

Accommodate figures and their corresponding legends together

B. The legends are often so concise that basic information to properly understand the figures is
missing.

C.In page 7 last sentence authors write: "This suggested a particular regulation and maybe
importance of circRNAs in the PD SN*

This reviewer wonders whether the differences could be at least partially due to neuronal loss. The
authors should mention and discuss this possibility.

D. In page 9 one can find the following sentence "We conclude that RNA editing and RNA
circularization are anti-correlated in PD and control brains." am confused with this statement
because this anticorrelation seems to be lost in the SN because the editing does not change in
that area. Please clarify.

E. In page 9 second paragraph the authors claim the following regarding the age-dependent



accumulation of circRNAs "Surprisingly, we did not observe positive correlation in any of the other
two assayed tissues, but this could be due to the limited age range of the assayed samples".
Idon't find it described in figures. Is this a "not shown" data? In my view, it should be shown.

F.In page 9 the third paragraph starts as follow: "We then look for differentially expressed (DE)
circRNAs in the brain tissues from PD and healthy individuals. We indeed identified 24 DE circRNAs
(corrected p value < 0.05) between control and PD tissues (Figure 3H)."

Is this a pooled data emanating from all brain regions together or just from SN? Please clarify and in
case the first case, please explain why.

G. In Fig 3H what are the red dots? Significant DE candidates? This is a relevant figure. it might be
important to clarify this and provide a clear-cut table with those significant (and specially relevant)
circRNAs. In addition the short names of those genes might also be written in the figure, perhaps
making the figure a bit larger.

H. In page 13 at the end of first paragraph the following sentence "However, the levels of this
circRNA remained unchanged in control and PD fibroblast samples (Schulze, Sommer et al., 2018)
(Supplementary Figure 6C). T his might indicate that under normal growth conditions, the regulation
over circularization and therefore the balance between circSLC8A1/SLC8A1 expression does not
change, even in the case of genetic PD background.”

These results are confusing to me. I would recommend reformulating the sentence.

l. Inmediately after, one can reads "The latter result suggests that changes in circSL8A1
expression in the PD brains might be related to other aspects of PD like oxidative stress." am not
clear which "other aspects" the authors really mean since the previous sentence is referring to
differentiation process of fibroblast as starting material, which are not strict "aspects of PD". The
sentence is unclear to me. Perhaps the authors mean that the changes in circSLC8A1 might be
secondary to cellular insults or challenges reported to occur in dopaminergic neurons such as
oxidative stress. If so, this should be formulated in a more clear way.

J.In the Fig 41 only the blots are shown. A quantification of the blots would be desirable.

K. In data described in supplementary figure 6C is somehow difficult to follow since the legend
provides almost no details. Which kind of sample each column represents? Is this graph showing
previously published data mixed with original data form the paper? Unclear to me, but if so, that
should be clearly described and stated. On the other hand, the title of Supplementary Fig 6
mentions the use of ES cells, not iPS Cells, which kind of cells have been actually employed in this
figure?

L. Many citations are wrongly described. Multiple times only the start (but not the end) page is
written (e.g. Gal-Mark et al, Grunner et al, Holdt et al., Langfelder et al, Min et al., etc), In many other
cases no pages are described at all (e.g. Agarwall et al or Piwecka et al.). On the other hand there
are no spaces between citations what makes difficult the rapid finding of the citations. Please
correct these mistakes.

M. In page 7 the mention of figure 3B and 3c seem to be interchanged.
N. Some graphs with Cartesian axes have major ticks but most of others graphs do not have. The

ticks help the reader to more precisely evaluate the graphs;|would recommend to add them in the
graphs.



O.In Fig 4D there are two asterisks above the standard deviation bars although an asterisk is
already shown underlining the significant differences above an ad-hoc horizontal bar.

P. The differences in the immunocytochemistry of Fig 5D are not easy to see, perhaps the authors
can slightly enlarge the figures and adjust the pictures to improve visibility.

Q.In page 14, second paragraph, after the sentence "Three of these sites have been identified as
Ago2-bound in the human CLIP experiments" it would be adequate to add the corresponding
citation.

R. In the first sentence of second paragraph in page 17 (Discussion), the sentence ends with a
reference "73" which is evidently a mistake, since citations in EMM do not have that format. The
same occurs in the first sentence of the last paragraph of the same page that refers to a "Piwecka
paper".

S. Fig 1F-G, what the arrows (up in F down in G) means? Nothing is described in the corresponding
legend.



1st Authors' Response to Reviewers 8th May 2020

Answer to Reviewers:

Referee #1 (Remarks for Author):

The manuscript ‘A CircRNAs Resource indicates an AGO2-related regulatory role for
circSLC8AL in the Parkinsonian brain' represents a thorough attempt to identify circRNAs
that are functionally related to the pathophysiology of Parkinson's disease. Notably, the
authors make use of a high-quality collection of postmortem human brain samples, namely
the one of the Netherlands Brain Bank in order to draw disease-relevant conclusions for the
human PD brain. CircRNAs are emerging as a ncRNA species with a wide array of
regulatory roles in the healthy and diseased CNS. Nevertheless, the understanding of their
cross-interactions with the degenerating brain is currently limited, and studies like the one
reported here can provide a valuable resource of information that could be then used for
independent validation.

Thank you for your positive evaluation of our research topic and work.

However, the manuscript in its current form, lacks several pivotal elements of appropriate
analysis and interpretation, as discussed below.

Major remarks:

- One of my greatest concerns is the fact that the authors try to interpret data derived from
bulk tissue RNA-seq, without acknowledging the limitations of such an approach and the
confounding variables that it may introduce into the analysis of the data. Ideally, cell type
deconvolution tools should be used to address any issues of this sort.

We thank the reviewer for bringing this up. We included cell deconvolution in the
original manuscript (Figure 1F and 1G), but the details were not clear enough.
Following this comment, we added a clearer explanation in the methods section and in
the results.

- Related to the previous point, how can the authors know whether the lower circRNA levels
in PD SN are not caused by neuronal loss? Instead, the authors attribute this observation to a
particular PD-specific regulatory mechanism. This should be addressed.

As a matter of fact, we do attribute much of the observed changes to the disease-
induced neuronal cell loss, especially at the substantia nigra where such loss has been
recognized for a while now. Some of those changes could be direct (i.e. loss of expression
of a given RNA) and some indirect. Indeed, our findings indicate that many different
cell types, not only neurons have been affected by the disease, as one would expect
following a massive loss of neurons in a specific brain region; hence the mentioning of
PD-specific regulatory mechanism. In any case, following the comment raised by the
reviewer, we revised the text to highlight the fact that such changes may be secondary to
the neuronal cell loss.

- Alu editing index does not significantly differ between CTR and PD SN. This suggests that
RNA editing is not mechanistically relevant to PD pathology. The authors should discuss.
How could then the differential expression of circSLC8AL in PD SN (compared to CTR) be
explained?



We thank the review for bringing this up as it was not clear in the original MS. We
agree that Alu editing does not significantly differ between CTR and PD SN. In
response to this reviewer’s comments, we repeated our editing analysis, which
essentially confirmed that observation; and we revised the section of the text discussing
that point to explain this outcome more clearly. This being said, we do not attribute the
emergence of circSLC8A1 to modified editing, but rather to altered splicing events; as it
is now clearly stated in the revised text.

- No causal relationship between circSLC8A1 and miR-128 can be supported by the current
data. The authors should either tone down the pertinent passage or address this issue by
assessing the levels of miR-128 in vitro following transfection of circSLC8AL.

Comment accepted. To address this point, we performed knockdown cell culture
experiments of circSLC8A1 followed by RNA-seq analysis. Interestingly, we found that
knock down of circSLC8AL resulted in modified expression of certain miR-128 targets
(see Supplementary figure 7 in the new version of the manuscript). In any case we have
tuned down the statements all along the manuscript.

- The statistical tools used for each experiment should be clearly indicated. What type of
statistics was used in Figure 4D?

Thank you for this comment. The statistical tools are now specified for each experiment
in the figure legend, including Figure 4D.

Other remarks:

- The authors should provide the gene sets used for pathway analysis.
Provided as requested, added as a separate Supp data file.

- The levels of all microRNAs indicated in Figure 6E should be assessed.
As stated in the revised manuscript, the levels of these miRNAs were looked at in
various web-available datasets, the details of which are noted.

- It is not entirely clear how only samples with RIN values above 6.5 were used for library
preparation (as indicated in the text), while in the pertinent Sup. Tablel, 42 samples do not
fulfill those criteria.

We thank the reviewer for bringing this up as it was clearly confusing in the MS. We
only performed RNA-seq on the samples with RIN values above 6.5, as our analysis
indicated that these RIN values ensure independence of the RNA-seq outcome on the
RNA quality (see Barbash et al., Neurobiol. of Disease 2017). However, the remaining
samples have been used for qPCR validation tests, as is now clearly noted in the revised
Methods.

- The direction of pathway enrichment (repressed/induced) should be indicated for all GO
term enrichment analyses.

Done and presented (Supp data files for detailed genes used for GO terms and detailed
GO analysis results). Thanks!

- The terms 'upregulation’ and ‘downregulation’ should be used with caution taken that any



apparent gene level changes may be driven by differences in cell numbers in the bulk
analysis.
Thanks, noted as requested.

- The authors should provide average values (and corresponding statistics) for the within
region variability of their CTR vs PD cohorts (analyzing differences of gender, age, Braak
stage, Amyloid stage, PMI).

Done and presented in Supplementary table 1.

- PMI values should be provided for all samples.
Done and presented in Supplementary data files.

- Fold change, p-value and corrected p-value for all identified circRNAs should be included.
Done and presented (please see new Supplementary Data file).

- There are several typos.
Sorry about that; typos corrected.



Referee #2 (Remarks for Author):

Hanan and colleagues performed RNA-seq to identify changes in circular RNA expression in
the brains from controls and donors with Parkinson's disease. Overall trends are described,
including suggestions about circRNA biogenesis via changes in Alu editing levels. The
authors then focus on circSLC8AL which is upregulated in the PD SN. A model is proposed
in which circSLC8A1 binds miR-128 and functions as a sponge. The manuscript is dense but
generally clear and | suggest a few additional analyses.

Thank you for this positive assessment of our work.

Major point:

(1) My main concern is about stoichiometry. What is the relative ratio of circSLC8A1 to
miR-128 in cells? They should be at similar levels in order for the circRNA to function as a
sponge. A related point that the authors should address: what is the relative amount of linear
vs circular RNA generated from the SLC8A1 gene?

This is indeed an important point. As we stated in the MS, the effects of circSLC8AL on
mMiRNA function might be more complicated that simple degradation. We have tuned-
down some of the statements and discussed this at more depth. We agree this is an
important point but believe the exact mechanism of regulation goes beyond the scope of
the present manuscript. We have included a few sentences stating this in the new
version of the manuscript. We thank the reviewer for bringing this up.

(2) Fig 6G/H: The authors show 3 miR-128 targets that increase in PD brains, but these are
cherry picked mRNA targets. What percentage of miR-128 targets increase in PD brains? If
the authors' model is correct, most direct miR-128 targets should show increased expressed
levels.

We indeed get the point raised by the reviewer. As stated above, we don’t know how
mMiR-128 activity is altered but our results suggest that perturbation of circSLC8C leads
to miss-regulation of miR-128 targets. While it is true that we validated the miss
regulation of a few miR128 targets, we also found that miRNA-128 targets were
enriched far more than expected by chance among the DE expressed genes in the PD
brains (Fisher exact test statistic p= 0.0036, Figure 61). In addition, we have now
performed and analyzed an RNA-seq profiling experiment of cells in which circSLC8AL
is knocked down. We indeed observed that 24 out of the 110 up regulated genes were
predicted miR-128 targets, also more than expected by chance (Fisher exact test,
p=0.0433) as is now shown in the revised manuscript. So, while our evidence is not
100% conclusive and does not address the exact mechanism of action, it suggests a path
for further exploration. We have now stated this more clearly in the discussion.

Minor points:

(1) Last sentence of abstract is over-sold. The current manuscript does not provide



experiments that suggest a preventive value for modulation of circSLC8AL. If the authors
want to make such a claim, they need to show changes in cell survival etc when circSLC8A1
expression is experimentally modulated.

Comment accepted; we have toned down that statement.

(2) P.2: "However, it remained unclear what are the consequences of this binding (Piwecka et
al)" is an odd phrase because the CDR1as mouse model described in the cited paper does
suggest a mechanism.

True, text modified to reflect that.

(3) P.3: The authors may also wish to mention that the presence of multiple Alu elements in
introns can allow alternative circularization events.
Done as requested.

(4) Supplementary Fig 2G should have error bars to show the variation in expression levels
across samples.
Done and presented. Thanks for noticing.

(5) Page 7: When describing the circRNA profiling, it would be helpful to more clearly
clarify the criteria used. What is a circRNA expressed at "very low levels"? How many
sequencing reads must be observed for a circRNA to be annotated? Do the circRNAS need to
be detected by both algorithms? What was the degree of overlap in circRNA predictions
between algorithms? Some of these points are addressed in the methods but they would be
helpful to also have in the main text.

We thank the reviewer for bringing this up. We have now included more details in the
text, methods and figure legends.

(6) The callouts for Supplementary Fig 3B and 3C are reversed on page 7.
Sorry about that, we corrected it.

(7) Fig 2A: 1 find the model to be confusing as drawn. Back-splicing does not lead to a
hairpin shaped transcript. The hairpin shaped transcript occurs first and then back-splicing
occurs.

Thanks for this comment, we have modified the drawn model accordingly.

(8) Fig 3C: The authors should comment on why they think editing levels decrease in the SN
and why reduced levels of circRNAs are observed. One would have expected increased
circRNA levels as is seen in the MTG and AMG.

Thanks for this comment; we believe that the reduced levels of circRNAs as well as
editing changes in the SN might reflect loss of neurons in this brain region, but don’t
have a conclusive explanation. In any case we have added this possibility in the revised
text.

(9) Page 9: "Surprisingly, we did not observe positive correlation in any of the other two
assayed tissues" - Please show these data.
Done and presented.

(10) Figure 4A could be more informative, e.g. what exon(s) are included in the circRNA? Is
it flanked by Alu repeats? A related question: is editing observed at the SLC8A1 locus?



We thank the reviewer for bringing this up as we agree it was confusing in the initial
version of the manuscript. To address the first point, we have added a little more detail
to the figure legend. Indeed, circSLC8AL is formed by only the 2™ exon of the gene.
Regarding the second point, there are no intronic inverted repeats in the proximity of
the circularizable exon (at least 5000 bases up or downstream). We have added this
information to the new version of the manuscript. Last but not least, we did not found
any ALU element in the circRNA (and neither in the 1000 and 5000 bp windows
surrounding it, and even the wider 10000 window contains only a single element). In an
effort to solve this difficulty, we used the RNA editing tool on the full regions (not just
the Alu elements). Unfortunately, the results were so noisy that we could not tell
whether the signal is real or not. Therefore, we did not add Alu-editing results
specifically for circSLC8AL in this part of the manuscript.

(11) Figure 4D: Please provide statistics for mMRNA between CT and PD. What is the
measured p-value?

We performed the statistical test and found no significant differences. We have added
the statistics and p-value to the Supp table 3.

(12) Figure 4E: Please provide statistics.
Done and presented.

(13) Page 13: When referring to the published Ago2-CLIP data, please make clear that one
cannot distinguish binding to linear vs circRNA unless the CLIP reads span the back-splicing
junction.

Thanks for this comment. We agree on the importance of making this clear. Indeed, we
detected the back-splicing junction itself as AGO-2 may bind one of the recognition
sites. We have modified the text to make this clear (see Supp table 4 for the sequence
found in Ago2-CLIP).



Referee #3 (Remarks for Author):

The report of Hanan et al. entitled CircRNAs Resource indicates an AGO2-related regulatory
role for circSLC8AL1 in the Parkinsonian brain describes for the first time a catalog of
CircRNAs (together with mRNAs and microRNAS) present in three brain regions derived
from Parkinson disease patients and healthy controls and points towards circSLC8AL as an
Ago2-associated circRNA, regulated by oxidative stress, and abundant in Parkinson Disease
(PD)-derived substantia nigra that influences mir-128 activity.

Thanks for this succinct summary of our work.

Major findings/novelty of the manuscript:

This is the first large and systematic study linking circRNAs to PD. For doing so the authors
applied a tour de force approach and sequence 3 brain regions in dozens of control and PD
individuals. They find that circRNAs globally change in the brain of PD individuals (in all
the 3 regions studied but with opposite results between the SN and the other 2 regions). This
is a key and relevant finding and surprisingly it is not highlighted enough in the manuscript
(not even in the abstract).

Thanks for this valuable comment, we were apparently too shy about our work and
have now highlighted its novelty and importance in the revised abstract.

Moreover, the authors establish a link between circRNAs and PD by finding global changes
of circular transcripts in different brain regions. They describe a differentially expressed set
of circRNAs in the substantia nigra (SN) of PD individuals. Additional relevant findings are
i- the pronounced brain region-specificity of gene expression patterns, ii- and the age-
dependent circRNA accumulation in the human brain. Finally, authors focus on one highly
expressed CircRNA in PD material and perform an initial molecular characterization.

This is certainly a timely and relevant resource paper. It is based on a dataset generated
directly from a large and well-curated set of human brain material derived from PD patients
and healthy controls. Additionally, the massive sequencing on which the Kadener’s lab has
an extended experience and the different ways to present and analyze the data add additional
value to the work. Having said that, there are numerous points which, though they do not put
under guestion the main findings of the manuscript might certainly contribute, at least in the
eyes of this reviewer, to a more clear presentation and interpretation of the data.
Comment appreciated; we have now made a focused effort to present our data and
interpret its implications more clearly.

Main Comments

1. The writing is in many passages too convoluted and difficult to follow. The text will
greatly benefit from conceptual and language simplification. In addition, the authors tend to
overstate their findings, which is not necessary and sometimes deviates the attention of the
reader. For example: There is no clear indication that circSLC8A1 has a causative role on PD
S0, it is not necessary in the abstract to indicate that the results "advocate a preventive value
for its modulation™.



We thank the reviewer for the valuable advice. We have now edited and simplified the
language in the manuscript.

2. Another issue of relevance is related to the main and running titles of the manuscript. The
main title suggests a causal ("regulatory™) role of AGO2-related regulation of circSLC8A1 in
PD and the running title states advocates for a "modulatory” effects of circSLC8A1 via Ago2.
This is mainly a resource paper and these titles sound close to overstatements since a causal
role of the circular form of SLC8AL1 is actually not proven in the manuscript. Taking this into
account | would suggest a title that more strictly described the main findings of the study.
Thanks; we have revised the tittle as recommended.

3. The authors should better describe why they selected MTG and AMG as additional brain
areas. Actually, both brain structures are involved in the control and implementation of
stress-related programs and anxiety-like behaviors what makes them also particularly
interesting per se, but also in the context of PD since anxiety if also an often associated
symptom in PD patients. Along this line, and considering that the present study is intended to
be a resource article, the authors should invest more efforts to describe in more detail the
catalogue of mRNA and circRNAs identified not only in the SN but also in MTG and AMG
brain regions both in PD and control samples. For instance, which are the circRNAs present
in the amygdala of healthy and PD individuals? I don't find this kind of data clearly described
in the paper, neither in figures nor in tables and | have the feeling the paper would greatly
benefit from precisely described and list the candidates from these brain areas.

We agree, and performed text revision as recommended while respecting the journal’s
space limitations, tables with Supplementary information added for MTG and
Amygdala.

4.a) Regarding the presentation of the sequencing data: almost all data in the paper seems to
be focused on up-regulated candidates but downregulation is equally relevant and should also
be clearly described both in text and figures. The term differentially expressed (DE) genes is
not accurate enough. For instance, the data presented in supplementary table 3 might be
organized dividing up-regulated and down-regulated and not merely by FDR. Moreover, the
co-regulation data presented in Fig 1H-J is constructed from up-regulated genes? what about
the existence of down-regulated modules?

Comment accepted and data presented more clearly, with an emphasis on up-and
down-regulated transcripts. The correlation analysis (WGCNA) includes sets of genes
that share the same pattern of expression, so it includes both upregulated and down-
regulated genes.

b) And regarding the co-regulated modules, I don't find which are the genes that constitute
the modules. If I am right, the authors should describe them in a supplementary figure; at
least the most significantly different modules.

Comment accepted, and the requested supplementary data added to the revised
manuscript (list of all genes in each module, WGCNA module genes).

¢) In the particular case of circRNAs, it would be interesting if the authors could add a major
level of detail to the presented data, for instance, the distribution of sizes, whether the
circRNAs are intronic vs exonic, which types of regions they contain (5° UTR, ORF, 3'
UTR), number of exons or exact junctions, etc.

Thank you for this comment. The requested analysis of circRNA is added to the paper
as Supplementary file circ coordinates analysis. We understand that is a good idea to



present a deeper analysis of the found circRNAs. However, we feel that several papers
have deeply characterized human brain circRNAs, so we found it a little redundant and
feel that will make the paper more unfocused.

5. In page 7 the authors described that "as much as 26% of the detected circRNAs but only
2% of the mMRNAs were unique to the SN (Figure 2E, grey), whereas 19% of the identified
circRNAs but 82% of the mRNAs were shared between all tissues (Figure 2E, green).”
This is very important finding. It should be underlined and the authors should elaborate more
about it in the discussion.
Done as recommended.

6. In page 7 second paragraph the authors state that "...the SN expressed higher total numbers
of circRNAs compared to the MTG and the AMG (normalized to library total reads, Figure
3A," This is very interesting finding that raise the question as to whether the SN also express
higher levels of mRNAs transcripts too. Consequently, how about the comparison of the
expression levels of their linear counterparts? Do they inversely correlate?

The comparison shows no correlation between circRNA and mRNA counterparts,
similar to other papers describing circRNA expression changes and no correlation to
the host gene mRNAs. When comparing mRNA expression of SN and other issues we
could not detect overall elevated in gene expression. It is important to remember the
limitations of the method we used since we are comparing on average the same number
of reads from each sample so elevation in RNA content in the SN would be very difficult
to measure.

7. In Fig2C, the data described includes both healthy controls and PD? Again, the authors
should rather show the data about differentially expressed RNA species in each separate brain
regions comparing healthy and PD patients.

Figure 2B shows the differences between control and PD samples, we wished to show
the more prominent tissue specificity in 2C, enhanced by the heatmap in 2D.

8. The data presented suggest that the circSLC8A1 somehow regulates miR128 but it is not
clear how (and it is likely beyond the scope of this study), so the authors should limit to state
with caution how the circRNA might modulate the miRNA.

Thank you for this comment. To address this point, we have now characterized the gene
expression changes upon knock down of circSLC8AL in cells in culture. Indeed, we
observed a significant change in the mRNA levels of a subset of miR-128 targets, as is
now shown in the revised manuscript. In addition, we saw that miR-128 targets are
enriched among statistically-significantly upregulated genes (FDR<0.05) in the PD SN.
In any case we followed the advice of the reviewer and have toned down the miR-
128/circSLC8 link along the manuscript.

9. As circSLC8A1 seems to be upregulated in PD and by oxidative stress, it would be
interesting to know whether oxidative stress globally induces transcription from the locus or
induces circularization of the exons. This could be easily done in cell culture by qPCR from
intronic sequences upon exposure to PQ. Moreover, the authors should look for inverted
repeats or potential RBP binding sites. Any finding (even if no sequences are found) would
be informative.
As suggested by the reviewer we looked for inverted repeats 5Kb up and downstream
the circularizable exon and could not find any. We have added this information to the



new version of the manuscript. Regarding the proposed experiment, it is indeed a good
idea, but we believe it is beyond the scope of the present manuscript.
Minor points

A. If the submission format allows it, in case a putative new version of the manuscript should
be reevaluated, | would thank the authors the addition of the following features to the
submitted document:

Page numbers

Line numbers

Accommodate figures and their corresponding legends together

We did our very best and appreciate the added value to our manuscript thanks to your
meticulous comments and suggested changes. The figure legend separation was a
request from the instructions of the journal.

B. The legends are often so concise that basic information to properly understand the figures
is missing.
Legends were revised and expanded in the revised manuscript.

C. In page 7 last sentence authors write: "This suggested a particular regulation and maybe
importance of circRNAs in the PD SN*

This reviewer wonders whether the differences could be at least partially due to neuronal
loss. The authors should mention and discuss this possibility.

That is what we cautiously refer to in the discussion of the revised manuscript.

D. In page 9 one can find the following sentence "We conclude that RNA editing and RNA
circularization are anti-correlated in PD and control brains.” I am confused with this
statement because this anticorrelation seems to be lost in the SN because the editing does not
change in that area. Please clarify.

We clarified the corresponding figures and text accordingly in the revised manuscript.
Briefly, we show for individual samples that there is anti-correlation between circRNA
expression and editing levels (Fig 3D). Indeed, we saw this trend when we looked at
circRNA expression averages both in each tissue and in CT/PD comparison, and when
we averaged the editing levels in the same manner. An exception was the SN PD, where
we could not see the expected elevation. We suspect that this is due to neuronal loss
since neurons are the main contributors to editing events in the brain. We hope that
now this is clear and thank the reviewer for bringing this up.

E. In page 9 second paragraph the authors claim the following regarding the age-dependent
accumulation of circRNAs "Surprisingly, we did not observe positive correlation in any of
the other two assayed tissues, but this could be due to the limited age range of the assayed
samples”.

I don't find it described in figures. Is this a "not shown™ data? In my view, it should be
shown.

We agree with the reviewer; it is now shown in the revised manuscript in
Supplementary information.

F. In page 9 the third paragraph starts as follow: "We then look for differentially expressed
(DE) circRNAs in the brain tissues from PD and healthy individuals. We indeed identified 24
DE circRNAs (corrected p value < 0.05) between control and PD tissues (Figure 3H)."



Is this a pooled data emanating from all brain regions together or just from SN? Please clarify
and in case the first case, please explain why.

Thanks; this refers to the pooled data from all regions, as is now stated in the revised
manuscript.

G. In Fig 3H what are the red dots? Significant DE candidates? This is a relevant figure. It
might be important to clarify this and provide a clear-cut table with those significant (and
especially relevant) circRNAs. In addition, the short names of those genes might also be
written in the figure, perhaps making the figure a bit larger.

Yes, the red dots are statistically significant DE circRNAs, which is added to the figure
legend now. Comment appreciated and revision performed: table of these circRNAs
added to Supp information.

H. In page 13 at the end of first paragraph the following sentence "However, the levels of this
circRNA remained unchanged in control and PD fibroblast samples (Schulze, Sommer et al.,
2018) (Supplementary Figure 6C). This might indicate that under normal growth conditions,
the regulation over circularization and therefore the balance between circSLC8A1/SLC8A1
expression does not change, even in the case of genetic PD background."
Comment appreciated and unclear sentence revised as recommended.

I. Immediately after, one can reads "The latter result suggests that changes in circSLC8AL1
expression in the PD brains might be related to other aspects of PD like oxidative stress.” |
am not clear which "other aspects” the authors really mean since the previous sentence is
referring to differentiation process of fibroblast as starting material, which are not strict
"aspects of PD". The sentence is unclear to me. Perhaps the authors mean that the changes in
circSLC8A1 might be secondary to cellular insults or challenges reported to occur in
dopaminergic neurons such as oxidative stress. If so, this should be formulated in a more
clear way.

Correct- this is precisely what we thought, and sentence revised as suggested.

J. In the Fig 41 only the blots are shown. A quantification of the blots would be desirable.
Quantification added as suggested

K. In data described in supplementary figure 6C is somehow difficult to follow since the
legend provides almost no details. Which kind of sample each column represents? Is this
graph showing previously published data mixed with original data form the paper? Unclear to
me, but if so, that should be clearly described and stated. On the other hand, the title of
Supplementary Fig 6 mentions the use of ES cells, not iPS Cells, which kind of cells have
been actually employed in this figure?

Thank you for the comment. Supplementary Fig 6B includes original data and presents
experiments where we used ES cells (H9) and differentiated them to explore the
expression of circSLC8AL and SLC8A1 mRNA during embryonic differentiation. Sup.
Fig 6C is a published dataset of mMRNA expression by Schulze, Sommer et al., 2018
(hence we couldn’t measure circSLC8A1 expression).

L. Many citations are wrongly described. Multiple times only the start (but not the end) page
is written (e.g. Gal-Mark et al, Grunner et al, Holdt et al., Langfelder et al, Min et al., etc), In
many other cases no pages are described at all (e.g. Agarwall et al or Piwecka et al.,). On the
other hand there are no spaces between citations what makes difficult the rapid finding of the
citations. Please correct these mistakes.



Our apologies; references corrected as suggested, except for those issues which followed
the journal’s instructions (e.g. spacing between citations).

M. In page 7 the mention of figure 3B and 3c seem to be interchanged.
True, many thanks for noticing. Corrected.

N. Some graphs with Cartesian axes have major ticks but most of others graphs do not have.
The ticks help the reader to more precisely evaluate the graphs; | would recommend to add
them in the graphs.

Comment accepted and revision performed as suggested.

O. In Fig 4D there are two asterisks above the standard deviation bars although an asterisk is
already shown underlining the significant differences above an ad-hoc horizontal bar.
Thanks for noticing, these two asterisks are actually outliers in the corresponding
boxplots.

P. The differences in the immunocytochemistry of Fig 5D are not easy to see, perhaps the
authors can slightly enlarge the figures and adjust the pictures to improve visibility.
Done as recommended

Q. In page 14, second paragraph, after the sentence "Three of these sites have been identified
as Ago2-bound in the human CLIP experiments” it would be adequate to add the
corresponding citation.

Indeed, added as suggested

R. In the first sentence of second paragraph in page 17 (Discussion), the sentence ends with a
reference "73" which is evidently a mistake, since citations in EMM do not have that format.
The same occurs in the first sentence of the last paragraph of the same page that refers to a
"Piwecka paper".

Our apologies, revised

S. Fig 1F-G, what the arrows (up in F down in G) means? Nothing is described in the
corresponding legend.

Up/down arrows indicate gene groups that were up/down regulated and separated in
the analysis. Legend revised to improve clarity, thanks again for devoting so much
attention to our work.



2nd Revision - Editorial Decision 28th May 2020

28th May 2020

Dear Prof. Kadener,

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it. As you will
see the reviewers are now globally supportive and | am pleased to inform you that we will be able to

accept your manuscript pending the following final amendments:

1) Please address the minor text changes commented by referees 1 and 2 and add the requested
data, including performing the stoichiometry experiment (ref.2).

Please provide a point-by-point letter INCLUDING my comments as well as the reviewer's reports
and your detailed responses to their comments (as Word file).

2) Address all editorial requirements.
Please submit your revised manuscript within two weeks.
| look forward to reading a new revised version of your manuscript as soon as possible.

Yours sincerely,

Celine Carret

Celine Carret, PhD

Senior Editor

EMBO Molecular Medicine

*** Instructions to submit your revised manuscript ***

To submit your manuscript, please follow this link:

Link Not Accessible



**x¥** Reviewer's comments *****

Referee #1 (Remarks for Author):

The authors addressed the majority of my remarks on the previous version. However, some
additional adjustments are necessary before the manuscript could be considered for publication at
EMM. lunderstand this is a complex dataset and the authors have put extra effort to functionally
validate their findings. Nevertheless, the authors' claims are still at times exaggerated and do not
reflect accurate interpretation of their data. Correlative evidence should be explicitly stated as
such when applicable.

More specifically:

1. The following is a highly speculative statement. It should either be eliminated or drastically
modified.

‘Therefore, dopaminergic neurons may be under elevated risk of neurodegeneration, and the
balance between circularization and canonical splicing may change their survival ability under
diverse insults, especially if excessive oxidation tilts this balance towards circRNA production.
While possible, this mechanism might be restricted to a small subset of cells, as we don't see
significant changes on SLC8A1 mRNA!

2. Similar adjustments should be made in the last sentence of the following passage:

'However, the SN of PD patients showed lower circRNA numbers than in the SN of healthy controls
(T-test p =0.02, Figure 3A), which could be attributed to and be secondary to the neuronal cell loss
in the SN of PD patients and/or to altered splicing events in this brain region. This suggested a
particular regulation and possibly importance of circRNAs in the PD SN

3. Regarding the in vitro knockdown experiment:

- The authors should provide all the genesets of differentially expressed transcripts

- The same for DE genes that are miR-128 predicted targets (both in the upregulated and
downregulated subsets)

- Which miRNA prediction algorithm was used for defining miR-128 targets?

- How many miR-128 predicted targets are included in the downregulated genes?
Pending on these additional remarks, the authors should adapt their conclusions.

Finally, the authors should include page number references to their text when addressing their
responses to reviewers' comments.



Referee #2 (Remarks for Author):

The authors have largely addressed my concerns. | suggest one additional analysis to measure
circRNA vs microRNA stoichiometry. The other comments are all clarifications to the writing.

(1) Supp Fig 7: The authors should determine the stoichiometry of miR-128 vs circSLC8A1. The
other data in the figure look very promising, but the stoichiometry measurement is critical for the
author's overall model about sponging. In lines 584-586, they write this is an issue for the future, but
it will be very easy to do in the 293 cells.

Other comments:

(1) Manuscript title: 1 feel the authors have tried to include too much information in too few words.

(2) Line 291.: Cite figure rather than stating "Supplementary material"

(3) Figure 4D: In the main text, the authors refer to the left and right panels for circRNA and mRNA
respectively but this is not how the data are displayed.

(4) Figure 4G: This panel suggests that circRNA levels are decreasing and that this is responsible
for the lack of correlation between mRNA and circRNA levels. The prior panels showed that the
circRNA level is increased so the authors should explain how both results are true.

(5) Line 355: These results could also be from oxidation preventing circRNA degradation.

(6) Supp Figure 6E: Please label Ago2 band.

(7) Line 394: Clarify to say there are 11 Ago2 binding sites, not CLIP binding sites.

Referee #3 (Comments on Novelty/Model System for Author):

Allthese issues have already been commented in the original submission review and they remained
unchanged for this reviewed version.

Referee #3 (Remarks for Author):
lam happy with all the modifications the authors introduced in the manuscript, which in my view has

improved significantly. They have addressed almost all the issues I raised and I think the manuscript
is ready to be published in EMBO Mol. Med.



2nd Authors' Response to Reviewers 23rd Jun 2020

The authors performed the requested editorial changes.

**xE% Reviewer's comments ****

Referee #1 (Remarks for Author):

The authors addressed the majority of my remarks on the previous version. However, some
additional adjustments are necessary before the manuscript could be considered for publication
at EMM. | understand this is a complex dataset and the authors have put extra effort to
functionally validate their findings. Nevertheless, the authors' claims are still at times
exaggerated and do not reflect accurate interpretation of their data. Correlative evidence should
be explicitly stated as such when applicable.

More specifically:

1. The following is a highly speculative statement. It should either be eliminated or drastically
modified.

"Therefore, dopaminergic neurons may be under elevated risk of neurodegeneration, and the
balance between circularization and canonical splicing may change their survival ability under
diverse insults, especially if excessive oxidation tilts this balance towards circRNA production.
While possible, this mechanism might be restricted to a small subset of cells, as we don't see
significant changes on SLC8A1 mRNA.'

We have modified this statement in page 12 line 537. Thanks.

2. Similar adjustments should be made in the last sentence of the following passage:
'However, the SN of PD patients showed lower circRNA numbers than in the SN of healthy
controls (T-test p =0.02, Figure 3A), which could be attributed to and be secondary to the
neuronal cell loss in the SN of PD patients and/or to altered splicing events in this brain region.
This suggested a particular regulation and possibly importance of circRNAs in the PD SN'

We have eliminated this last sentence in page 6 line 249. Thanks.

3. Regarding the in vitro knockdown experiment:
- The authors should provide all the gene sets of differentially expressed transcripts

Added as Dataset EV 9, page 10 line 447.

- The same for DE genes that are miR-128 predicted targets (both in the upregulated and
downregulated subsets)

Added as Dataset EV 10, page 10 line 453.

- Which miRNA prediction algorithm was used for defining miR-128 targets?

Diana prediction tool was used for target prediction, (http://diana.imis.athena-
innovation.gr/DianaTools/index.php), added to materials and methods, page 17 line 755.


http://diana.imis.athena-innovation.gr/DianaTools/index.php
http://diana.imis.athena-innovation.gr/DianaTools/index.php

- How many miR-128 predicted targets are included in the downregulated genes?
Pending on these additional remarks, the authors should adapt their conclusions.

Thank you for your comments, out of DE genes in the knock-down experiment of
circSLC8AL, we detected 10 miR-128 targets that were reduced (out of 99 down-regulated
genes). Calculating the same statistical test as for the upregulated genes (The Fisher
exact test, as calculated in page 10, line 428 in the manuscript) gave us the p-value is
0.7523. Therefore, we are satisfied with the current conclusions in the text.

Finally, the authors should include page number references to their text when addressing their
responses to reviewers' comments.

Done, thank you for this suggestion.



Referee #2 (Remarks for Author):

The authors have largely addressed my concerns. | suggest one additional analysis to measure
circRNA vs microRNA stoichiometry. The other comments are all clarifications to the writing.

(1) Supp Fig 7: The authors should determine the stoichiometry of miR-128 vs circSLC8AL. The
other data in the figure look very promising, but the stoichiometry measurement is critical for the
author's overall model about sponging. In lines 584-586, they write this is an issue for the future,
but it will be very easy to do in the 293 cells.

Thank you for your suggested experiment. We performed this stoichiometry
measurement and calculated that for the qPCR cycles we detected for circSLC8AL and
mMiR-128 in SN and in SH-SY cells we found the following measurements: 6.6aM for
circSLC8AL1 and 34.21aM for miR-128, with 7 binding sites for miR-128 in circSLC8AL,
resulting in 0.73 as the miRNA/circRNA sites ratio). We believe that this ratio in
expression could result in sponging effect for miR-128 by circSLC8A1, with full
calculations in Dataset EV8, page 9 line 415.

Other comments:

(1) Manuscript title: | feel the authors have tried to include too much information in too few
words.

We have changed the tittle of the manuscript

(2) Line 291: Cite figure rather than stating "Supplementary material”

Thanks, changed to Appendix sup. Figure 2.

(3) Figure 4D: In the main text, the authors refer to the left and right panels for circRNA and
MRNA respectively but this is not how the data are displayed.

Thanks, these references were corrected to the color of the bar (purple or grey), page 7
lines 317-318.

(4) Figure 4G: This panel suggests that circRNA levels are decreasing and that this is
responsible for the lack of correlation between mMRNA and circRNA levels. The prior panels
showed that the circRNA level is increased so the authors should explain how both results are
true.

Thanks for bringing this up, indeed the axis are different, and this contributes to the
confusion. Indeed, these are the data used for the Figure above (QPCR) and does indeed
show increased levels of the circRNA. We have now added a sentence to the figure
legends for avoiding this confusion. See change in page 27, line 1181.

(5) Line 355: These results could also be from oxidation preventing circRNA degradation.



This comment was added to the manuscript as an alternative explanation, page 8 line
353.

(6) Supp Figure 6E: Please label Ago2 band.

Thanks! Added to the figure and figure legend. This figure is now Appendix S3 figure

(7) Line 394: Clarify to say there are 11 Ago2 binding sites, not CLIP binding sites.

Corrected, Thank you for the clarification, see correction in page 9 line 384.

Referee #3 (Comments on Novelty/Model System for Author):

All these issues have already been commented in the original submission review and they
remained unchanged for this reviewed version.

Referee #3 (Remarks for Author):

I am happy with all the modifications the authors introduced in the manuscript, which in my view
has improved significantly. They have addressed almost all the issues | raised and | think the
manuscript is ready to be published in EMBO Mol. Med.

Thank you!



3rd Revision - Editorial Decision 25th Jun 2020

25th Jun 2020
Dear Prof. Kadener,

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.

Please read below for additional IMPORTANT information regarding your article, its publication
and the production process.

Congratulations on your interesting work,
Celine

Celine Carret, PhD

Senior Editor

EMBO Molecular Medicine

Follow us on Twitter @EmboMolMed
Sign up for eTOCs at embopress.org/alert sfeeds
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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.
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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:

improving-bioscience-research-repor

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

http:
http:

‘'www.consort-statement.or.

‘'www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting:

reporting-recommendations-for-tum¢

http://datadryad.org
http://figshare.com
http:

‘www.ncbi.nlm.nih.gov/ga

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 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?

Postmortem brain tissues from PD and matched control donors were applied for and obtained
from The Netherlands Brain Bank (NBB), we were limited by the number of brains that was
available and the RNA quality of the purified RNA (>RIN 6.5)

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

NA

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

RNA libraries: RNA samples with RIN <6.5 were used for sequencing. Sequencing samples were
analyzed if number of circRNA reads were > 5000. RNA quality was pre-established.

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

Preparation of RNA libraries was performed with samples unmarked as PD or Control.

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 [NA

(e.g. blinding of the investigator)? If yes please describe.

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

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

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

RNA sequencing data was checked for variance and normalized by the use of EdgeR and DEseq2
packages in R.

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

RNA sequencing data was checked for variance and normalized by the use of EdgeR and DEseq2
packagesin R.




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

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |anti-NCX1 antibody (Abcam - ab2869) Goat anti-Mouse Cy3-conjugated secondary antibody
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., (Jackson immunoresearch115-166-072)
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 SHSY cell line purchesed from ATCC in 2017 (CRL2266), HEK293 cellsr eceived psg 2 from the
mycoplasma contamination. Meshorer lab that purchased it from ATCC 2014 (CRL-1573). Mycoplasma contamination checked
routinly in the lab.

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

D- Animal Models

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. The study was approved by the Netherlands Brain Bank committee

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments Informed consent was obtained from all subjects or their care takers to ensure that the experiment

conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human conformed to the principles set out in the WMA Declaration of Helsinki and the Department of

Services Belmont Report. Health and Human Services Belmont Report. At the Hebrew University, my performing of his study
had been approved by the Committee for Studies Involving human-originated materials and
tissues.

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. All samples retrieved were used for RNA sequencing and/or gPCR for validation.

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 RNA-sequencing datasets deposited in the GEO bank (GSE133101) [NCBI tracking system
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, #20092637].
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the NA
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|Clinical data of patients added in Supplemenary information.
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided ina |NA
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 NA
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.
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