
Reviewers' Comments: 

 

Reviewer #1: 

Remarks to the Author: 

Zylka et al generated a Top1 conditional knockout mouse in which they deleted Top1 in the 

cerebral cortex and hippocampus. The authors report specific vulnerability of the lower cortical 

neurons to Top1 loss which is associated with increased DNA damage, apoptosis, cell loss and 

juvenile mortality approx. 2 weeks after birth. The authors go on and show that cell death is at 

least in part mediated by PARP1 hyperactivation and NAD depletion since supplementation with an 

NAD precursor partially restored cell loss and improved life span. Overall, the manuscript is well-

written and reports an exciting biology of Top1 in the cortex that will attract broad readership. It 

triggers many interesting questions, some of which need to be addressed before publication, as 

outlined below: 

 

1. It is not clear from the outset why the authors decided to focus on excitatory neurons and not 

inhibitory GABAergic neurons. Do the latter neurons express shorter genes that are less likely to 

be dependent on Top1? What about cerebellar neurons? 

2. The elevated micoglia activation and astrogliosis suggest a widespread disruption of protein 

homeostasis. Is there evidence for protein aggregation or defective autophagy (e.g. p62 

aggregation which is a marker of many neurodegenerative disorders associated with aberrant Top1 

activity)? 

3. The authors only rely on gH2AX foci measurements as evidence of DNA damage, yet they don’t 

show focus formation but rather a pan-nuclear staining. This data need strengthening with other 

DNA damage makers such as 53BP1 and more direct readouts such as comet assays in cultured 

neurons. 

4. It is not clear how Top1 deletion in the cortex specifically impact lower cortical neurons. The 

authors provide interesting explanations that can readily be tested and will improve the 

manuscript. For example, comparing the expression of the long genes that are differentially 

expressed in L5 neurons in cTop1 and WT models. 

5. Do lower cortical neurons accumulate more R-loops /DNA damage or is the threshold of DNA 

damage in these neurons lower than upper cortical neurons? Is gene length the only determining 

factor for the increased demand on Top1? 

6. The aberrant accumulation of Top1-DNA breaks has been shown to associate with multiple 

ataxias and C9-ALS. Which is more toxic, not having Top1 or the aberrant accumulation of Top1-cc 

during transcription? Addressing this question experimentally is perhaps beyond the scope of this 

study but the reader will benefit from highlighting these important differences in the discussion. 

7. NR supplement improved life span by 5 days and partially rescued neuronal death whereas 

deletion of one copy of p53 increased L5 cortical thickness without detectable effect on life span or 

neuron death. Is cell death in Top1 deficient neurons p53 independent? Will the combined effects 

of p53 partial deletion and NR supplementation not provide further improvement to life span? …or 

is life span not dependent on cortical neuronal survival? 

 

 

 

Reviewer #2: 

Remarks to the Author: 

The authors generate mice in which topoisomerase 1 is selectively deleted from neurons in the 

hippocampus and cerebral cortex. They show that the TOP1 deficient neurons exhibit progressive 

accumulation of DNA damage followed by PARP activation, cell degeneration and eventual death of 

the mice. Treatment of the mice with nicotinomide riboside and suppression of p53 ameliorated 

the neuronal degeneration and extended lifespan. 

 

The findings are novel and of broad interest to the fields of neuroscience, DNA damage and cell 

death. The data appear solid and comprehensive. The manuscript is written well. I have no 

concerns. 



 

 

 

Reviewer #3: 

Remarks to the Author: 

This study investigates the role of topoisomerase 1 (TOP1) in the development and maintenance of 

postmitotic neurons. To this end, the authors generated a conditional mouse line by crossing the 

Nex-Cre mice, which target recombination in excitatory neurons from E11.5, with TOP1-floxed 

mice. Their results showed that Nex-Cre;TOP1-fl/fl mice (cKO) exhibited a severe arrest in 

postnatal brain growth after postnatal day 7 (P7), accompanied by motor coordination phenotypes. 

At the cellular level, loss of TOP1 led to the developmental arrest of excitatory neurons in layers 5-

6 from P2 to P7. In addition, excitatory neurons in all layers underwent progressive degeneration 

of from P7 to P12, characterized by elevated DNA damage, PAR activation, mitochondrial 

abnormalities, reduced NAD+ levels, astrogliosis and microgliosis. Interestingly, NAD+ 

supplementation using nicotinamide riboside (NR) partially rescued the cKO phenotypes, so as 

deleting the p53 gene. 

 

Overall, this is an interesting paper that reports a very robust neurodevelopmental and 

neurodegenerative phenotypes in cKO mice that lack TOP1 in excitatory neurons. The identification 

of the impaired DNA damage repair pathway in TOP1 cKO is quite intriguing, albeit not entirely 

unexpected, given the essential role of TOP1 in DNA conformation and transcription. In addition, 

the characterizations of the excitatory neuron phenotypes in TOP1 cKO are quite thorough. Despite 

these merits, however, there are a few significant issues that need to be addressed. 

 

1. The evidence supporting PAR activation in cKO mouse brain is very weak. The results in Figure 

6a show a very faint smear of the signal for PAR protein in cKO brain. These results need to be 

repeated, validated and quantified to provide more convincing evidence. In addition, it will be 

important to demonstrate that PAR downstream targets are also activated in cKO brain. 

 

2. Similar to point #1, the results of copy number variations (CNV) in cKO mouse brain are quite 

variable. Of the three cKO mice, only cKO #4902 show convincing CNVs in chromosome 6 (and 

maybe in chromosomes 8, 10 or 12). Given these marked variabilities, the contribution of CNV 

remains unclear. 

 

3. The results from rescue experiments, using NR treatment and p53 deletion, appear to be very 

modest. For instance, although NR treatment seems to drastically reduce cleaved caspase 3+ and 

TUNEL+ cells in the cortex of cKO mice, the improvement of neuronal density (in Figure 6f) is very 

modest, though the images of NR-treated cKO brain seem to show a significant increase in 

neurons in L2-4, L5, and L6. It will be important to adapt a different quantification approach to 

characterize this phenotype. 

 

4. Finally, the rescue results from p53 deleted cKO mice are quite puzzling (Figure 7c-d). The 

marked improvement in motor phenotypes is present in the absence of more drastic cellular 

rescue. It will be important to provide evidence regarding the DNA damage phenotype, including 

cleaved caspase 3 and TUNEL, in cKO;p53-/- mice. 



























Reviewers' Comments: 

 

Reviewer #1: 

Remarks to the Author: 

I applaud the authors for their efforts, I have no further comments. 

 

 

 

Reviewer #3: 

Remarks to the Author: 

The revised manuscript has fully addressed my comments/suggestions. I have no further 

concerns. 
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Dear Reviewers, 
 
We are glad that our efforts addressed all the Reviewers’ comments. We thank the 
Reviewers for their time and constructive comments. 
 
Sincerely, 

 

Mark J. Zylka, Ph.D. 

W.R. Kenan, Jr. Distinguished Professor 

Director, UNC Neuroscience Center 
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