
EMBO Molecular Medicine   Peer Review Process File - EMM-2017-08202 
 

 
© EMBO 1 

 
 
 
 
A proteomic network approach across the ALS-FTD disease 
spectrum resolves clinical phenotypes and genetic 
vulnerability in human brain 
 
Mfon E. Umoh, Eric B. Dammer, Jingting Dai, Duc M. Duong, James J. Lah, Allan I. Levey, Marla 
Gearing, Jonathan D. Glass and Nicholas T. Seyfried 
 
Corresponding authors:  Nicholas T. Seyfried Jonathan D. Glass, Emory University School of 
Medicine 
 
 
 
 
 
Review timeline: Submission date: 29 June 2017 
 Editorial Decision: 12 July 2017 
 Revision received: 06 September 2017 
 Editorial Decision: 20 September 2017 
 Revision received: 13 October 2017 
 Accepted: 20 October 2017 
 
 
 
 
Transaction Report: 
 
(Note: With the exception of the correction of typographical or spelling errors that could be a source of ambiguity, 
letters and reports are not edited. The original formatting of letters and referee reports may not be reflected in this 
compilation.) 
 
 
 
Editor:  Céline Carret 
 
 
 

1st Editorial Decision 12 July 2017 

 
Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have 
now heard back from the two referees whom we asked to evaluate your manuscript, as 
their comments are consistent and overlapping, we felt that we didn’t need a third one.  
 
You will see from the comments below that the referees are enthusiastic about the study 
and have suggestions and recommendations to further improve conclusiveness and clarity 
as well as increase general interest, which is important for our journal. Of relevance, we 
would like to encourage you to provide independent validation of the data in a few patients 
at least as suggested by referee 1 to strengthen the conclusions.  
 
I look forward to receiving your revised manuscript. 
 
***** Reviewer's comments *****  
 
Referee #2 (Remarks):  
 
Umoh et al., performed the global proteomic network analysis across ALS-FTD diseased 
spectrum based on LS/MS analysis using postmortem frontal lobe brain tissue followed by 
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weighted correlation network analysis (WGCNA). First, multidimensional scaling (MDS) 
revealed that clinical phenotypes associate with innate proteomic signatures, as samples 
segregated into clusters representing clinical groups. Second, co-expression analysis 
revealed that modules associated with RNA binding proteins, synaptic transmission, and 
inflammation had strong correlation with TDP-43 pathology and cognitive dysfunction. 
Finally, the authors showed the relationship between the presence of C9 mutations in ALS 
and neuroinflammation. Proteomic investigation using many postmortem brain tissues is 
appreciable and the quality of data analysis is high. However, several issues need to be 
resolved before publication for EMM.  
 
Major issues  
1. It is desirable if proteomic modules would be validated in an independent cohort which 
has been done in their previous work on AD (Seyfried et al., 2016). Otherwise, some of 
expression results should be validated in other cases which have not been included in 
LS/MS screening experiments. If the authors can add cases with FTLD-tau or FTLD-FUS 
to validation, the manuscript may have more impact to recruit interests of readers.  
2. There is a significant difference of age between control and ALS cases. The authors 
need to describe it and explain whether it affects protein expressions.  
3. The clinical data of cases is not sufficient. For instances, race should be specified in 
Table1. If possible, Mini-Mental State examination (MMSE) and/or Frontal Assessment 
Battery (FAB) in the cases used should be shown.  
4. The authors need to explain how they chose 3 representative cases for each group in 
WB of Fig. 5B. It would be better to show WB with more cases or as a different cohort. 
Similarly, immunohistochemistry of Fig. 5C should be demonstrated with multiple cases.  
5. It is quite confusing that there are apparent differences of GFAP and MSN between C9 
negative and positive in WB of Fig. 6D and E, although there were few proteins 
differentially expressed (less than 2-fold) in the frontal cortex of C9Pos ALS cases 
compared to C9Neg ALS cases in LC/MS analysis. The data of Fig. 6D and E is 
unconvincing so that the authors can omit them from the manuscript if they are not able to 
confirm the results with more cases.  
6. It would be significantly of intrigue if the authors compare the profiles of FTD with those 
of AD especially in regard to inflammation. The authors have reported that many 
inflammatory modules were distinct in symptomatic AD cases in the previous reports 
(Seyfried et al., 2016).  
 
Minor issues  
1. Six ALS and one control cases have been overlapped in the second cohort of their 
previous study (Seyfried et al., 2016). It is necessary to describe it in the manuscript.  
2. In Fig 5B and C, the order of proteins, MSN, TPP1 (IBA1), HEPACAM, and GFAP 
should be the same as in the manuscript.  
3. The immunoblots of IBA1 and HEPACAM should be added to Fig. 6D if the authors still 
leave the results in the manuscript. The WB images in Fig. 6D should be cropped properly 
and the signals in WB should be quantified.  
4. The IBA1 staining should be added to Fig. 6E.  
 
 
 
Referee #3 (Remarks):  
 
Mfon Umoh and colleagues employed mass spectrometry to investigate the protein 
signatures of FTD, ALS, and ALS/FTD prefrontal cortex compared to controls. As one 
would expect, they found the most significant changes for FTD vs Ctrl, and fewer changes 
for ALS vs Ctrl, as the FTD patients had more severe neurodegeneration in the prefrontal 
cortex. ALS/FTD cases seemed to be midway between ALS and FTD, supporting the 
theory that these diseases are on a clinical spectrum. They primarily analyzed the data 
using WGCNA, which groups proteins into modules based on co-correlation of protein 
abundance across samples. Reassuringly, these modules were associated with typical 
sources of biological coexpression, such as gene ontology and brain cell type.  
 
Much of the significant findings appear to be due to changes in cellular composition 
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changes in disease vs controls due to neuron death and gliosis, a problem inherent in 
whole-tissue analysis. However, grouping by modules allowed the authors to identify which 
modules were strongly associated with a specific cell type, and therefore likely correlated to 
changes in the relative abundance of that cell type or changes in the expression profile of 
that cell type. As one would expect modules enriched in neuronal proteins were decreased 
in FTD relative to control, and those enriched in glial proteins were increased. The authors 
also found a small increase inflammatory modules in C9ORF72 expansion cases vs 
sporadic ALS cases.  
 
The authors also provide informative correlations of the modules with TDP-43 pathology, 
total TDP-43 levels, and cognitive dysfunction. Some of the modules also showed an 
enrichment of TDP-43 interacting proteins, including some ALS-associated proteins in 
particular modules. It is particularly intriguing that the modules enriched with both TDP43-
interacting proteins and glial proteins were increased in FTD compared to Ctrl, yet the 
module enriched with TDP43-interacting proteins and neuronal proteins were decreased. 
This finding may provide mechanistic insight into differential roles of TDP-43 interactors.  
 
This paper provides a very interesting and in depth analysis of different molecular modules 
involved in disease and is an excellent resource for other researchers. I highly recommend 
this paper for publication, and have a few minor suggestions:  
 
- Figure 2 might be improved by adding prominent gene ontology information for each 
module.  
- The authors do some comparisons of these data to similar data collected from other 
neurodegenerative disorders. They mention many of the modules are the same and the 
enrichment of TDP-43 interacting protein is unique to FTD and ALS. However, I think it 
would be interesting to expand on these finding more and show which particular protein 
levels are different in ALS vs other neurodegenerative disorders. This could provide 
valuable mechanistic insight into disease by focusing on molecular changes that are not 
just broadly present during neurodegeneration.  
- Since many ALS patients develop cognitive dysfunction, especially later in disease, the 
ALS patient prefrontal cortex may be quite similar to early-stage FTD prefrontal cortex. This 
could allow investigators to differentiate early stage cellular disruptions that are perhaps 
causative of neuron death from later stage effects of cellular death. A more in depth 
analysis of protein changes seen all disease cases, but not in controls could be interesting. 
 
 
1st Revision - authors' response 06 September 2017 

Referee #2  
 
Comment 1: 
 
It is desirable if proteomic modules would be validated in an independent cohort which has 
been done in their previous work on AD (Seyfried et al., 2016). Otherwise, some of 
expression results should be validated in other cases which have not been included in 
LC/MS screening experiments. If the authors can add cases with FTLD-tau or FTLD-FUS 
to validation, the manuscript may have more impact to recruit interests of readers.  
 
Author Response:  
 
The suggestion by the reviewer of adding cases with FTLD-tau and FTLD-FUS is certainly 
of interest.  Indeed, a project investigating the differences between FTLD TDP, FTLD-Tau, 
and FTLD-FUS is currently underway in our laboratory as part of the Accelerated Medicine 
Partnership-Alzheimer’s Disease (www.nia.nih.gov/research/amp-ad). We have recently 
completed LC-MS/MS analysis of more than 500 individual brain samples representing 
patient cases of various neurodegenerative diseases that will be released as part of this 
consortium in the near future.   The focus of the current paper, however, is ALS, and the 
FTLD seen in conjunction with ALS is exclusively TDP-43 related.  FTLD-Tau and FUS are 
not associated with ALS. Though differences in the FTLD pathologies is of interest, it is 
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beyond the scope of this current paper.  As shown in Supplemental Figure 3, we do 
validate that all proteomic modules are persevered across human post-mortem tissues.  
This is evidenced by a significant positive Fisher two-tailed overlap result for each of the 
ALS-FTD modules to at least one of the previously published (Seyfried, Dammer, et al 
2017) Emory cohort modules in panel B of Supplemental Figure 3. 

 
Comment 2:  
 
There is a significant difference of age between control and ALS cases. The authors need 
to describe it and explain whether it affects protein expressions.  

 
Author Response:  

 
The proteomic data presented has been regressed on age, sex and post-mortem intervals 
(PMI) to control for influences of these co-variates on the protein expression (see Methods 
and Supplemental Figure 1). Notably, following regression, principal component analysis 
(PCA) demonstrated that age, PMI and gender had no influence on the protein expression 
data. This was highlighted in the “Outlier removal and regression section” under the “Data 
analysis and pre-processing” header in the methods. To make this more evident to the 
reader, we now mention that we regress for co-variates directly in the results section to 
better highlight this key point. It should be noted that similar regression schema have been 
used in large-scale genome network analysis 1 and our recent proteome network analysis 
in Alzheimer’s Disease (AD) tissues 2 and are highly recommended when using human 
clinical analysis to ensure that differential expression or co-expression findings are not 
confounded 3.   

 
Comment 3:  
 
The clinical data of cases is not sufficient. For instances, race should be specified in Table 
1. If possible, Mini-Mental State examination (MMSE) and/or Frontal Assessment Battery 
(FAB) in the cases used should be shown.  

 
Author Response:  
 
For the patients diagnosed clinically with FTD only, the diagnosis was made by 
experienced, board certified cognitive neurologists (Drs. Allan Levey and James Lah, both 
co-authors on this manuscript) based on detailed clinical assessments with longitudinal 
follow-up using all available clinical, neuropsychological, imaging, and other biomarker 
data.  All FTD patients also had FTLD-TDP43 on pathological examination.  The clinical 
diagnosis of FTD in patients with ALS was again made by an experienced, board-certified 
neurologist (Jonathan Glass; co-corresponding author) based on the published clinical 
criteria 4.  

 
Comment 4:  
 
The authors need to explain how they chose 3 representative cases for each group in WB 
of Fig. 5B. It would be better to show WB with more cases or as a different cohort. 
Similarly, immunohistochemistry of Fig. 5C should be demonstrated with multiple cases.  

 
Author Response:  
 
We agree with the reviewer that the 3 representative cases in Western blots (WB) and 
immunohistochemistry (IHC) do not adequately represent the quantitative result we wish to 
show.  To address this, we added box plots of label-free quantification (LFQ) protein 
expression values for GFAP, TPP1, HEPACAM, and Moesin (MSN). These data include all 
cases in each clinical group, and show the relative increase in these proteins along the 
ALS-FTD disease spectrum. Moreover, we increased the number of cases analyzed by 
Western blot (from 12 to 30 total cases), with quantification and statistical analysis by 
ANOVA with Dunnett’s post-hoc test (Supplemental Figure 4). As expected we see 
comparable results between the proteomic and WB findings (Figure 5 and supplemental 
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Figure 4). We provide this as a new Supplemental Figure 4 and have reported these 
findings in the results section on page 23. The presentation of IHC images was not meant 
to show quantitative changes, and we have corrected that misrepresentation.  
Quantification of protein expression by WB provides a relatively unbiased analysis within 
the prefrontal cortex, whereas IHC can show localization of proteins in various cell types 
and regions of tissues. We added additional IHC images of cases with ALS and ALS/FTD 
for qualitative comparison of protein patterning and cellular localization in both grey and 
white matter of frontal cortex and have added this as a new Supplemental Figure 5. 
Although qualitative, the relative increase in tissue immunoreactivity seen for GFAP, 
HEPACAM, MSN and TPP1 in the ALS/FTD case by IHC likely reflects changes in the 
abundance of astrocytes and microglia measured by mass spectrometry and confirmed by 
WB. 
 
Comment 4:  
 
It is quite confusing that there are apparent differences of GFAP and MSN between C9 
negative and positive in WB of Fig. 6D and E, although there were few proteins 
differentially expressed (less than 2-fold) in the frontal cortex of C9Pos ALS cases 
compared to C9Neg ALS cases in LC/MS analysis. The data of Fig. 6D and E is 
unconvincing so that the authors can omit them from the manuscript if they are not able to 
confirm the results with more cases.  

 
Author Response:  
 
We agree and have removed the western blots and IHC (6D and 6E) from the main 
manuscript. 
 
Comment 5:  
 
It would be significantly of intrigue if the authors compare the profiles of FTD with those of 
AD especially in regard to inflammation. The authors have reported that many inflammatory 
modules were distinct in symptomatic AD cases in the previous reports (Seyfried et al., 
2016).  
 
Author Response:  
 
We thank the author for this comment and more adequately address this topic on page 26 
in the Discussion: 
 

“The protein co-expression network generated in this study was consistent with 
those previously reported in AD 2, which revealed biologically relevant modules linked to 
specific cells types and organelles (e.g. mitochondria). Although the genetic and 
pathological drivers in the ALS-FTD spectrum are distinct from AD, we observed a 
consistent downregulation of modules associated with neurons and synapses and 
upregulation of glial (microglial and astroglial) modules with increased TDP-43 pathology 
and cognitive dysfunction in brain. This suggests signatures reflecting relative changes in 
cellular phenotypes and or abundance are shared across neurodegenerative diseases 5. 
However, one clear distinction between the AD network and our current ALS-FTD network 
was the definition of the M2 module, that was enriched with both RNA-binding proteins and 
microglial markers. This contrasts with AD networks in which the microglial and RNA 
binding proteins segregated to distinct modules 2. M2 showed a strong correlation with 
clinical and pathological traits of cases on the ALS/FTD spectrum, co-expressed with 
protein products of genes with causative links to ALS (hnRNPs, matrin 3, profilin 1, and 
TDP-43), and had a significant enrichment for TDP-43 PPIs. The strong enrichment of 
TDP-43 interactors and other causal genes for ALS within this module further supports its 
strong association with the ALS/FTD spectrum and implicates other novel members of this 
module as having critical roles in TDP-43 biology that potentially influence TDP-43 
aggregation or other pathological processes (i.e. microglial-directed neuroinflammation) 
inherent to ALS and FTD etiology.” 
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Minor issues of Reviewer 2: 
 
Minor issue #1.  
 
Six ALS and one control case have been overlapped in the second cohort of their previous 
study (Seyfried et al., 20[17]). It is necessary to describe it in the manuscript.  
 
Author Response:  

 
We now acknowledge this overlap and include the information in the Methods and in 
Supplemental Table 1.  

 
Minor issue #2.  
 
In Fig 5B and C, the order of proteins, MSN, TPP1 (IBA1), HEPACAM, and GFAP should 
be the same as in the manuscript.  
 
Author Response:  
 
The original WBs have been replaced by box plots of proteomic data and WBs with an 
additional number of cases (n=30 cases) are shown in new Supplemental Figure 4. 

 
Minor issue #3.  
 
The immunoblots of IBA1 and HEPACAM should be added to Fig. 6D if the authors still 
leave the results in the manuscript. The WB images in Fig. 6D should be cropped properly 
and the signals in WB should be quantified.  

 
Author Response:  
 
As suggested by the reviewer, Figures 6D and 6E have been removed from the main 
manuscript. 

 
 
 
Referee #3: 
 
Comment 1: 
 
Figure 2 might be improved by adding prominent gene ontology information for each 
module.  

 
Author Response:  
 
We thank the reviewer for this suggestion and the top Gene Ontology (GO) terms have 
been added to an updated Figure 2. 

 
Comment 2: 
 
The authors do some comparisons of these data to similar data collected from other 
neurodegenerative disorders. They mention many of the modules are the same and the 
enrichment of TDP-43 interacting protein is unique to FTD and ALS. However, I think it 
would be interesting to expand on these finding more and show which particular protein 
levels are different in ALS vs other neurodegenerative disorders. This could provide 
valuable mechanistic insight into disease by focusing on molecular changes that are not 
just broadly present during neurodegeneration.  
 
Author Response:  
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We find very few proteomic differences (by differential expression) that are specific to ALS 
in this analysis of the dorsal lateral pre-frontal cortex (DLPC), which is to be expected in 
patients who do not have dementia. Thus, there is no clear expressed phenotype that 
would be expected to manifest in the molecular network related to cellular changes.  Had 
we analyzed the spinal cords or the motor cortex in the ALS cases, then we would expect 
to see many changes compared to controls (and to FTD). In total, there are 5 proteins that 
are unique to ALS in the differential expression compared to FTD and FTD/ALS. These 
include 2 isoforms of CamK2G, FASN, PRKAcB, and albumin, (Supplemental Table 2) and 
they do not represent any specific biological pathway.   
 
Comment 3: 
 
Since many ALS patients develop cognitive dysfunction, especially later in disease, the 
ALS patient prefrontal cortex may be quite similar to early-stage FTD prefrontal cortex. This 
could allow investigators to differentiate early stage cellular disruptions that are perhaps 
causative of neuron death from later stage effects of cellular death. A more in depth 
analysis of protein changes seen all disease cases, but not in controls could be interesting. 
 
Author Response: 
 
Though the suggestion that cognitive dysfunction occurs late in ALS disease seems 
reasonable, our clinical experience does not support that conclusion.  Indeed, many (if not 
most) patients with ALS and FTD present with cognitive symptoms early in their ALS 
disease or even before motor symptoms are recognized, and patients without dementia live 
longer than those with dementia.6 In fact, the majority of people with ALS never develop 
overt cognitive dysfunction, and we have no reason to believe that the ALS cases included 
in our analysis would have developed dementia if they had lived longer. That said, one 
module (M15), enriched for blood microparticles and circulating immunoglobulin 
complexes, showed increased protein expression in all disease groups (ALS, ALS/FTD and 
FTD) compared to controls, consistent with a common mechanism of blood brain barrier 
(BBB) breakdown in neurodegenerative diseases (Figure 2 and Page 17 of the results). 
This could support the notion that BBB breakdown is one of the early signs of 
neurodegeneration.  
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2nd Editorial Decision 20 September 2017 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We 
have now received the enclosed report from the referee who was asked to re-assess it. As 
you will see the reviewer is now supportive and I am pleased to inform you that we will be 
able to accept your manuscript pending editorial amendments:  
 
1) Please carefully address the comments of the referee and provide a letter INCLUDING 
the reviewer's reports and your detailed responses to their comments (as Word file).  
 
 
***** Reviewer's comments *****   
 
Referee #2 (Remarks for Author):  
 
The manuscript has been improved by answering the requested questions. The reviewer 
still asks a couple of requests.  
 
1. Insufficient validation  
In Comment 1, I requested that the secondary cohort was necessary to validate the results 
as the same group has shown in their previous work (Seyfried et al., 2016). Unfortunately, 
Supplementary Fig.3 just validated the proteomic modules themselves, but did not do the 
differential changes. Did the authors justify the methodological differences between the 
previous and present studies?  
 
2. Insufficient clinical information  
The authors have been using "FTD" instead of "FTLD" in the manuscript, thus it is 
necessary to provide the precise clinical information since FTD is a clinical term. The 
neurologists should routinely assess Mini-Mental State examination (MMSE) and/or Frontal 
Assessment Battery (FAB) in the ALS/FTLD or FTD-suspected cases. Please include them 
as well as race background of cases. Besides, it was confusing that the authors replied that 
all FTD patients also had FTLD-TDP43 on pathological examinations; however, 3 cases of 
FTD had "0" score of pTDPrating in Table1.  
 
 
2nd Revision - authors' response 13 October 2017 

 
Referee #2  Critique #1  
 In Comment 1, I requested that the secondary cohort was necessary to validate the results 
as the same group has shown in their previous work (Seyfried et al., 2016). Unfortunately, 
Supplementary Fig.3 just validated the proteomic modules themselves, but did not do the 
differential changes. Did the authors justify the methodological differences between the 
previous and present studies? 
 
Author Response  
 
We acknowledge that we did not further validate these proteomic modules or changes 
across the ALS-FTD spectrum observed in a second cohort of tissues as we did in the Cell 
Systems paper (Seyfried et al 2017). However, proteomics analysis from a second 
independent cohort of ALS and FTLD-TDP cases are forthcoming from the accelerating 
medicine partnership (AMP) Alzheimer’s Disease (AD) consortium and we are eager to 
compare and integrate these proteomic findings with the current Emory cohort. 
Nevertheless, the analysis of over 50 human tissues across the ALS-FTD 
clinicopathological spectrum provides an impressive initial view of protein co-expression 
and strong module preservation when compared against our previously generated human 
brain networks (Seyfried et al 2017). The consistency between these separate networks 
provides further confidence in the module-trait relationships generated in this present 
study. Of note, all tissues samples were homogenized and processed identically to our 
previous study (Seyfried et al 2017). The only methodological difference was the mass 
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spectrometry pipeline, in which samples in the present study were analyzed on an Orbitrap 
Fusion mass spectrometer, whereas samples in the previous study were analyzed on an 
QE-plus Orbitrap mass spectrometer. The label free quantification (LFQ) and database 
search software (MaxQuant) was identical across studies as was the 
normalization/regression approaches used to control for confounding variables of age, 
gender and PMI. Since the networks were well preserved, we are confident that the choice 
in the mass spectrometer used was not a factor in the differential or co-expression 
analysis. 
 
Referee #2  Critique #2  
The authors have been using "FTD" instead of "FTLD" in the manuscript, thus it is 
necessary to provide the precise clinical information since FTD is a clinical term. The 
neurologists should routinely assess Mini-Mental State examination (MMSE) and/or Frontal 
Assessment Battery (FAB) in the ALS/FTLD or FTD-suspected cases. Please include them 
as well as race background of cases. Besides, it was confusing that the authors replied that 
all FTD patients also had FTLD-TDP43 on pathological examinations; however, 3 cases of 
FTD had "0" score of pTDPrating in Table1.  
 
Author Response  
 
We thank the reviewer for bringing this to our attention and have looked at the autopsy 
reports for all of the “zero” cases.  Each of these cases were done prior to the discovery of 
TDP-43 as a component of ubiquitin positive inclusions.  Each was re-examined with 
pTDP-43 IHC and found to have extensive TDP pathology.  All were clinically diagnosed 
with FTD.  The TDP score of zero likely is due to the fact that the frontal-cortical section 
examined, which is an 8 µm thick piece of tissue, did not show the presence of inclusions.  
Many other sections of the brain did show inclusions, supporting the diagnosis of FTLD-
TDP.  Notably, the homogenized tissue used for proteomics reflects a significantly larger 
sample pool of tissue. 
 
In response to the concern for the lack of clinical data in the diagnosis of FTD, we note that 
many of our cases were collected in the era when routine screening for FTD was not done 
in the clinic. (We now screen all patients in the ALS clinic for FTD, and diagnosis of FTD in 
the cognitive clinic is done by detailed neuropsychological testing and clinical consensus).  
The clinical diagnosis of FTD was made according the clinical criteria described by 
McKhann, et al in 2001 (Archives of Neurology).  All examiners are board certified 
neurologists and specialists in their fields.  In the patients with FTD without ALS, cases 
were chosen that had TDP-43 pathology and thus were FTLD-TDP.  For patients with ALS 
and FTD, only the clinical criteria were used since the FTD associated with ALS is always 
FTLD-TDP.  Nonetheless, all ALS/FTD patients had TDP-43 pathology in the brain.	
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� 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.	
  

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

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?

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.	
  

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

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.

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

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

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

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

Is	
  the	
  variance	
  similar	
  between	
  the	
  groups	
  that	
  are	
  being	
  statistically	
  compared?
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a	
  statement	
  of	
  how	
  many	
  times	
  the	
  experiment	
  shown	
  was	
  independently	
  replicated	
  in	
  the	
  laboratory.

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

	
  

In	
  the	
  pink	
  boxes	
  below,	
  please	
  ensure	
  that	
  the	
  answers	
  to	
  the	
  following	
  questions	
  are	
  reported	
  in	
  the	
  manuscript	
  itself.	
  
Every	
  question	
  should	
  be	
  answered.	
  If	
  the	
  question	
  is	
  not	
  relevant	
  to	
  your	
  research,	
  please	
  write	
  NA	
  (non	
  applicable).	
  	
  
We	
  encourage	
  you	
  to	
  include	
  a	
  specific	
  subsection	
  in	
  the	
  methods	
  section	
  for	
  statistics,	
  reagents,	
  animal	
  models	
  and	
  human	
  
subjects.	
  	
  

definitions	
  of	
  statistical	
  methods	
  and	
  measures:

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

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

a	
  specification	
  of	
  the	
  experimental	
  system	
  investigated	
  (eg	
  cell	
  line,	
  species	
  name).

B-­‐	
  Statistics	
  and	
  general	
  methods

the	
  assay(s)	
  and	
  method(s)	
  used	
  to	
  carry	
  out	
  the	
  reported	
  observations	
  and	
  measurements	
  
an	
  explicit	
  mention	
  of	
  the	
  biological	
  and	
  chemical	
  entity(ies)	
  that	
  are	
  being	
  measured.
an	
  explicit	
  mention	
  of	
  the	
  biological	
  and	
  chemical	
  entity(ies)	
  that	
  are	
  altered/varied/perturbed	
  in	
  a	
  controlled	
  manner.

1.	
  Data

the	
  data	
  were	
  obtained	
  and	
  processed	
  according	
  to	
  the	
  field’s	
  best	
  practice	
  and	
  are	
  presented	
  to	
  reflect	
  the	
  results	
  of	
  the	
  
experiments	
  in	
  an	
  accurate	
  and	
  unbiased	
  manner.
figure	
  panels	
  include	
  only	
  data	
  points,	
  measurements	
  or	
  observations	
  that	
  can	
  be	
  compared	
  to	
  each	
  other	
  in	
  a	
  scientifically	
  
meaningful	
  way.
graphs	
  include	
  clearly	
  labeled	
  error	
  bars	
  for	
  independent	
  experiments	
  and	
  sample	
  sizes.	
  Unless	
  justified,	
  error	
  bars	
  should	
  
not	
  be	
  shown	
  for	
  technical	
  replicates.
if	
  n<	
  5,	
  the	
  individual	
  data	
  points	
  from	
  each	
  experiment	
  should	
  be	
  plotted	
  and	
  any	
  statistical	
  test	
  employed	
  should	
  be	
  
justified

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

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

2.	
  Captions

The	
  data	
  shown	
  in	
  figures	
  should	
  satisfy	
  the	
  following	
  conditions:

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

YOU	
  MUST	
  COMPLETE	
  ALL	
  CELLS	
  WITH	
  A	
  PINK	
  BACKGROUND	
  ê

Sample	
  size	
  was	
  choosen	
  based	
  on	
  previous	
  work	
  done	
  using	
  proteomic	
  analysis	
  on	
  human	
  
neurodegenerative	
  disease	
  samples	
  (Seyfried	
  et	
  al	
  ,2017).	
  Additionally,	
  sample	
  size	
  was	
  selected	
  
based	
  on	
  reccomendations	
  for	
  the	
  WGCNA	
  package	
  creaated	
  by	
  Peter	
  Langfelder	
  and	
  Steve	
  
Horvath,	
  which	
  state	
  that	
  correlations	
  of	
  less	
  than	
  15	
  samples	
  are	
  too	
  noisy	
  for	
  the	
  network	
  to	
  be	
  
biologically	
  meaningful,	
  and	
  reccomend	
  atleast	
  20	
  samples	
  
(https://labs.genetics.ucla.edu/horvath/CoexpressionNetwork/Rpackages/WGCNA/faq.html).	
  

N/A

Initial	
  inclusion	
  criteria	
  for	
  autopsy	
  cases	
  used	
  in	
  this	
  work	
  focused	
  on	
  clinical	
  diagnosis	
  of	
  
respective	
  neurodgenerative	
  conditions,	
  and	
  for	
  the	
  FTD	
  group	
  was	
  2-­‐fold	
  in	
  that	
  they	
  also	
  needed	
  
pathological	
  TDP-­‐43.	
  Further	
  exclusion	
  criteria	
  was	
  based	
  on	
  network	
  parameters	
  for	
  outlier	
  
removal.
N/A

N/A

N/A

N/A

Yes

N/A

Yes,	
  Box	
  plots	
  with	
  error	
  bars	
  beyond	
  the	
  25th	
  and	
  75th	
  percentiles	
  are	
  presented	
  for	
  all	
  4	
  groups	
  
of	
  samples	
  (control,	
  ALS,	
  ALS/FTD,	
  and	
  FTD).	
  

Yes,	
  for	
  t-­‐test	
  with	
  equal	
  variance	
  assumption	
  the	
  variances	
  were	
  not	
  significantly	
  different	
  by	
  F-­‐
statistic	
  (p=0.23).



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

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

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

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

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

10.	
  We	
  recommend	
  consulting	
  the	
  ARRIVE	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  (PLoS	
  Biol.	
  8(6),	
  e1000412,	
  2010)	
  to	
  ensure	
  
that	
  other	
  relevant	
  aspects	
  of	
  animal	
  studies	
  are	
  adequately	
  reported.	
  See	
  author	
  guidelines,	
  under	
  ‘Reporting	
  
Guidelines’.	
  See	
  also:	
  NIH	
  (see	
  link	
  list	
  at	
  top	
  right)	
  and	
  MRC	
  (see	
  link	
  list	
  at	
  top	
  right)	
  recommendations.	
  	
  Please	
  confirm	
  
compliance.

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

12.	
  Include	
  a	
  statement	
  confirming	
  that	
  informed	
  consent	
  was	
  obtained	
  from	
  all	
  subjects	
  and	
  that	
  the	
  experiments	
  
conformed	
  to	
  the	
  principles	
  set	
  out	
  in	
  the	
  WMA	
  Declaration	
  of	
  Helsinki	
  and	
  the	
  Department	
  of	
  Health	
  and	
  Human	
  
Services	
  Belmont	
  Report.

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

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

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

16.	
  For	
  phase	
  II	
  and	
  III	
  randomized	
  controlled	
  trials,	
  please	
  refer	
  to	
  the	
  CONSORT	
  flow	
  diagram	
  (see	
  link	
  list	
  at	
  top	
  right)	
  
and	
  submit	
  the	
  CONSORT	
  checklist	
  (see	
  link	
  list	
  at	
  top	
  right)	
  with	
  your	
  submission.	
  See	
  author	
  guidelines,	
  under	
  
‘Reporting	
  Guidelines’.	
  Please	
  confirm	
  you	
  have	
  submitted	
  this	
  list.

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

18:	
  Provide	
  a	
  “Data	
  Availability”	
  section	
  at	
  the	
  end	
  of	
  the	
  Materials	
  &	
  Methods,	
  listing	
  the	
  accession	
  codes	
  for	
  data	
  
generated	
  in	
  this	
  study	
  and	
  deposited	
  in	
  a	
  public	
  database	
  (e.g.	
  RNA-­‐Seq	
  data:	
  Gene	
  Expression	
  Omnibus	
  GSE39462,	
  
Proteomics	
  data:	
  PRIDE	
  PXD000208	
  etc.)	
  Please	
  refer	
  to	
  our	
  author	
  guidelines	
  for	
  ‘Data	
  Deposition’.

Data	
  deposition	
  in	
  a	
  public	
  repository	
  is	
  mandatory	
  for:	
  
a.	
  Protein,	
  DNA	
  and	
  RNA	
  sequences	
  
b.	
  Macromolecular	
  structures	
  
c.	
  Crystallographic	
  data	
  for	
  small	
  molecules	
  
d.	
  Functional	
  genomics	
  data	
  
e.	
  Proteomics	
  and	
  molecular	
  interactions
19.	
  Deposition	
  is	
  strongly	
  recommended	
  for	
  any	
  datasets	
  that	
  are	
  central	
  and	
  integral	
  to	
  the	
  study;	
  please	
  consider	
  the	
  
journal’s	
  data	
  policy.	
  If	
  no	
  structured	
  public	
  repository	
  exists	
  for	
  a	
  given	
  data	
  type,	
  we	
  encourage	
  the	
  provision	
  of	
  
datasets	
  in	
  the	
  manuscript	
  as	
  a	
  Supplementary	
  Document	
  (see	
  author	
  guidelines	
  under	
  ‘Expanded	
  View’	
  or	
  in	
  
unstructured	
  repositories	
  such	
  as	
  Dryad	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  Figshare	
  (see	
  link	
  list	
  at	
  top	
  right).
20.	
  Access	
  to	
  human	
  clinical	
  and	
  genomic	
  datasets	
  should	
  be	
  provided	
  with	
  as	
  few	
  restrictions	
  as	
  possible	
  while	
  
respecting	
  ethical	
  obligations	
  to	
  the	
  patients	
  and	
  relevant	
  medical	
  and	
  legal	
  issues.	
  If	
  practically	
  possible	
  and	
  compatible	
  
with	
  the	
  individual	
  consent	
  agreement	
  used	
  in	
  the	
  study,	
  such	
  data	
  should	
  be	
  deposited	
  in	
  one	
  of	
  the	
  major	
  public	
  access-­‐
controlled	
  repositories	
  such	
  as	
  dbGAP	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  EGA	
  (see	
  link	
  list	
  at	
  top	
  right).
21.	
  Computational	
  models	
  that	
  are	
  central	
  and	
  integral	
  to	
  a	
  study	
  should	
  be	
  shared	
  without	
  restrictions	
  and	
  provided	
  in	
  a	
  
machine-­‐readable	
  form.	
  	
  The	
  relevant	
  accession	
  numbers	
  or	
  links	
  should	
  be	
  provided.	
  When	
  possible,	
  standardized	
  
format	
  (SBML,	
  CellML)	
  should	
  be	
  used	
  instead	
  of	
  scripts	
  (e.g.	
  MATLAB).	
  Authors	
  are	
  strongly	
  encouraged	
  to	
  follow	
  the	
  
MIRIAM	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  and	
  deposit	
  their	
  model	
  in	
  a	
  public	
  database	
  such	
  as	
  Biomodels	
  (see	
  link	
  list	
  
at	
  top	
  right)	
  or	
  JWS	
  Online	
  (see	
  link	
  list	
  at	
  top	
  right).	
  If	
  computer	
  source	
  code	
  is	
  provided	
  with	
  the	
  paper,	
  it	
  should	
  be	
  
deposited	
  in	
  a	
  public	
  repository	
  or	
  included	
  in	
  supplementary	
  information.

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

F-­‐	
  Data	
  Accessibility

C-­‐	
  Reagents

D-­‐	
  Animal	
  Models

E-­‐	
  Human	
  Subjects

N/A

G-­‐	
  Dual	
  use	
  research	
  of	
  concern

All	
  RAW	
  data,	
  MaxQuant	
  output,	
  and	
  analysis	
  code	
  used	
  in	
  this	
  publication	
  is	
  available	
  from	
  
Synapse	
  (www.synapse.org)	
  via	
  accession	
  syn10142580

TDP-­‐43	
  (Proteintech,	
  10782-­‐2-­‐AP),	
  tripeptidyl	
  peptidase	
  1	
  (TPP1)	
  (Sigma	
  Aldrich,	
  WH0001300M1),	
  
glial	
  fibrillary	
  acidic	
  protein	
  (GFAP)	
  (Millipore,	
  MAB360),	
  C9orf72	
  (Abcam,	
  ab183892),	
  
moesin(MSN)	
  (Abcam,	
  ab50007),	
  hepatic	
  and	
  glial	
  cell	
  adhesion	
  molecule	
  (HEPACAM)	
  (Abcam,	
  
ab130769),	
  glyceraldehyde	
  3-­‐phosphate	
  dehydrogenase	
  (GAPDH)	
  (EMD	
  Millipore,	
  AB2302),	
  alpha-­‐
tubulin	
  (Protein	
  Tech,	
  11224-­‐1-­‐AP),phosphorylated	
  TDP-­‐43	
  (pTDP-­‐43)	
  (Cosmo	
  Bio	
  409/410,	
  TIP-­‐
PTD-­‐P02),	
  TPP1(Sigma	
  Aldrich,	
  WH0001300M1),	
  and	
  ionized	
  calcium	
  binding	
  adaptor	
  molecule	
  
1(Iba-­‐1)(Wako,	
  019-­‐19741).	
  
N/A

N/A

N/A

Human	
  postmortem	
  tissues	
  were	
  acquired	
  under	
  proper	
  Institutional	
  Review	
  Board	
  (IRB)	
  
protocols.

Human	
  postmortem	
  tissues	
  were	
  acquired	
  with	
  proper	
  consent	
  from	
  family	
  members.

N/A

No

N/A

N/A

N/A

N/A


