
Reviewer #1 (Remarks to the Author)  
 
The authors examine genome-wide profiles of 5-methylcytosine and 5- hydroxymethylcytosine in 
glioblastoma. They show that 5-hydroxymethylcytosine is depleted in glioblastoma compared with 
prefrontal cortex tissue. They correlate genomic localization of 5-hydroxymethylcytosine in 
glioblastoma with gene function, including binding sites of transcription factors that drive cellular 
proliferation. Low 5-hydroxymethylcytosine patterns were correlated with poorer overall survival.  
1. The validity of using the pre published data on prefrontal cortex as 'normal control' needs to be 
addressed. Epigenetic phenomena are cell type specific, and prefrontal cortex likely represents 
multiple cell types combined, and may not be representative of normal cell 5hmC as a 
comparison.  
2. The correlation of 5hmC to the list of 'genes important in GBM' is not well justified. The 
functional significance of what 5hmC is doing related to gene expression is not clearly shown. 
5hmC has been associated with gene expression and silencing events.  
3. There is correlative data, but a lack of any functional data to suggest role/effect of 5hmC at 
GBM super enhancers. Experimental evidence in this regard would solidify this connection.  
4. The survival correlation is quite visually impressive, but I am concerned whether there is 
overfitting and that there is a lack of validation, which is always a concern when a model is fitted 
to patient outcome in a small sample set. It is concerning that one of the methods used did not 
show a survival correlation whereas another one did. It is also unclear whether the findings related 
to survival are unique to the 3876 probes used. Patients whose tumors were in the low 
methylation group (with the worse outcome) were also much older than in the high methylation 
group. Since older age is the most important and reproducible factor related to poorer prognosis in 
GBM, this raises the question as to whether methylation status is a surrogate for patient age. 
Validation of these data, for example in an independent set of samples, would be most helpful to 
bolster this survival association.  
5. Given the fundamental importance of IDH mutation on the glioma epigenome (as the authors 
have noted), the lack of IDH-mutated samples stands out as striking and as a gap in this study. 
What is the difference, if any between hydroxymethylation patterns in IDH-mutated versus -wild 
type glioma?  
6. It is unclear why EGFR amplification is singled out by the authors as a relevant marker for 
comparative purposes, relative to other known markers/aberrations (TP53, PTEN, TERT promoter, 
CDKN2A, etc).  
 
Reviewer #2 (Remarks to the Author)  
 
The manuscript entitled "5-Hydroxymethylcytosine localizes to glioblastoma-specific enhancer 
elements that stratifies patient survival" investigated abnormalities of 5hmC in glioblastoma 
primary tumors by examining the localization pattern of 5hmC as well as potential association with 
gene regulation and clinical outcomes. This study revealed possible novel functional relevance of 
5hmC to glioblastoma etiology and survival rate using data mining as a major tool. However, the 
study is rather observational and lacking in depth of analysis as many conclusions are established 
at association level while the overall mechanistic support is weak. The manuscript started with 
comparison between glioblastoma and normal cortex tissue, but never performed any comparative 
analysis in the following results. It mainly focused within glioblastoma samples, which yielded the 
potential interesting point of the tumor-specific pattern of 5hmC. The analysis results observed in 
this study centered at glioblastoma tissue may therefore hold true for normal tissue as well. Some 
suggestions/questions/issues to be addressed are as follows:  
1. Figure 1 is not revealing any part of the results and therefore should be a supplemental figure.  
2. The method for measuring global level of 5hmC was not stated in the method. Statistical 
difference of 5hmC between prefrontal cortex and GBM should be evaluated.  
3. Although authors hypothesized that tumor levels of 5hmC may be reflective of TET enzymatic 
activity, this was not eventually tested in the manuscript, and several studies have already shown 
that 5hmC and TET levels do not correlate.  
4. In figure 2D, how the quantiles were decided was not clearly described in the results nor the 



figure legends. Statistical assessment across island strata should be shown for both 5mC and 
5hmC.  
5. The sentence "5hmC...shown to localize to DNA damage in tumor cells...." In the result section 
"Elevated levels of 5hmC localize to key glioblastoma genes" need to be clarified.  
6. In figure 3A, what genomic feature are 5hmC localized to in those most frequently mutated 
genes? The impact of this observation should be discussed in the discussion section with reference 
support. Was figure 3B plotted with all probes or just the selected highest CpGs? Figure 3A and 3B 
doesn't go along in the same result section as they are hitting different points.  
7. Figure 3C was not clearly explained in the results.  
8. Since the enhancer/super-enhancer mapping was not performed with any patients' samples 
used in this study, at least a few loci should be confirmed by ChIP-qPCR as cell lines could differ 
greatly from tissue samples. The authors also need to clarify the cell type origin of enhancer 
indexed by the 450K annotation. 
9. There should be a statistical assessment for the association between 5hmC and gene expression 
in figure 5.  
10. Supplemental figure 6A: TCGA G-CIMP should be shown alongside the patient samples 
investigated in this study for the purpose of comparison and excluding true G-CIMP+ sample.  
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Response to reviewer’s comments on the manuscript: “5-
Hydroxymethylcytosine localizes to glioblastoma-specific enhancer 
elements that stratifies patient survival” (ORCID ID: 0000-0002-3385-0322) 
 
Reviewer #1 (Remarks to the Author): 
 
The authors examine genome-wide profiles of 5-methylcytosine and 5- 
hydroxymethylcytosine in glioblastoma. They show that 5-hydroxymethylcytosine 
is depleted in glioblastoma compared with prefrontal cortex tissue. They correlate 
genomic localization of 5-hydroxymethylcytosine in glioblastoma with gene 
function, including binding sites of transcription factors that drive cellular 
proliferation. Low 5-hydroxymethylcytosine patterns were correlated with poorer 
overall survival.  
 
1. The validity of using the pre published data on prefrontal cortex as 'normal 
control' needs to be addressed. Epigenetic phenomena are cell type specific, and 
prefrontal cortex likely represents multiple cell types combined, and may not be 
representative of normal cell 5hmC as a comparison.  
RESPONSE: The reviewer raises an excellent point. The primary objective of the 
discussed analysis was to evaluate the consistency of our novel 5hmC 
measurement with previous studies that have demonstrated lower levels of 
5hmC, via immunohistochemistry measurements, in glioma versus normal brain 
1,2. Our decision to use prefrontal cortex as a comparative normal brain control 
was informed and is substantiated by previous studies that have used this 
referent normal tissue for the identification of differentially methylated regions in 
glioblastoma 3,4. Nevertheless, we agree with the reviewer that the prefrontal 
cortex likely represents a mixture of both neuronal and glial cells for which 
distinct DNA methylation patterns have been observed 5. We now explicitly 
acknowledge that mixed cellular composition of prefrontal cortex is a potential 
limitation for this comparison with text on p. 4.  
 
2. The correlation of 5hmC to the list of 'genes important in GBM' is not well 
justified. The functional significance of what 5hmC is doing related to gene 
expression is not clearly shown. 5hmC has been associated with gene 
expression and silencing events.  
RESPONSE: The statement regarding ‘genes important in GBM’ was more 
ambiguous than originally intended and has been moved from the Results to 
Discussion section with the revisions seen below (p. 9):  
 
“Recent reports have also revealed that 5hmC may have roles beyond 
transcriptional regulation. For example, 5hmC has previously been shown to 
localize to DNA damage in experimental conditions and its role as an epigenetic 
marker of DNA damage has been shown to promote genome stability 6. Here, we 
found that several of the most frequently mutated genes in glioblastoma 
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including: EGFR, PTEN, NF1, PIK3R1, RB1, PDGFRA, and QKI 7 possessed 
high 5hmC levels across intronic regions and further loss of 5hmC in tumors may 
reflect a loss of genome integrity.” 
 
In response to this reviewer’s second concern, we have revised the presentation 
of our analyses comparing 5hmC levels with gene expression. Consistent 
evidence between studies in non-tumor tissue 8-10, and our data indicate that 
increased 5hmC is correlated with higher gene expression levels. More 
specifically, in our data high 5hmC CpGs tracked to genes actively transcribed in 
glioblastoma (i.e. Supplementary Table 5), and increasing 5hmC was generally 
positively correlated with gene expression in glioblastomas (i.e. Figure 4A). 
These results for 5hmC are in contrast with well-established negative correlations 
between gene expression and 5mC (Figure 4B). Of course, there will invariably 
be exceptions to the generalized observation that 5hmC is associated with 
increased expression and determination of causality at distinct gene regions 
requires additional investigation. Our findings extend prior observations of 
elevated 5hmC associated with increased expression in non-tumor tissues to 
tumor tissue 8,11, and provide nucleotide-resolution data that will allow 
comparison of 5hmC levels with gene expression among other tumor types in 
future work. To this end, we have added further discussion to the interpretation 
our gene expression results on p. 10. 
 
3. There is correlative data, but a lack of any functional data to suggest role/effect 
of 5hmC at GBM super enhancers. Experimental evidence in this regard would 
solidify this connection. 
RESPONSE: This is a valid concern. We agree that additional experiments 
designed with stimuli and high-resolution technologies are needed to understand 
the underlying mechanisms of 5hmC function at super-enhancers. Indeed, some 
early studies of aberrant super enhancer DNA methylation in cancer have sought 
to elucidate functional consequences by measuring expression of super-
enhancer associated genes 12. However, while we share the reviewer’s interest in 
elucidating the functional consequences of 5mC and 5hmC at enhancer 
elements, we believe such experiments are beyond the aims of this manuscript. 
Nonetheless, we have conducted additional analyses to confirm that 5hmC CpGs 
localize to enhancer elements in experiments derived from primary human 
tumors 13. Specifically, genomic regions of high 5hmC were significantly enriched 
at enhancer elements from primary glioblastomas investigated in Suva et al 13 
(MGH27 tumor OR = 1.6, P = 1.4E-28; MGH28 OR = 3.0, P = 1.9E-211; and 
MGH30 OR = 3.1, P = 3.2E-211) suggesting that enrichment of enhancer 
elements in vitro are also present in human tumors. Overall, we believe that the 
observed enrichment of 5hmC to enhancers in glioblastoma cell lines and 
primary tumors are discoveries that provide a foundation for future in-depth 
functional characterization.  
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4. The survival correlation is quite visually impressive, but I am concerned 
whether there is overfitting and that there is a lack of validation, which is always a 
concern when a model is fitted to patient outcome in a small sample set. It is 
concerning that one of the methods used did not show a survival correlation 
whereas another one did. It is also unclear whether the findings related to 
survival are unique to the 3876 probes used. Patients whose tumors were in the 
low methylation group (with the worse outcome) were also much older than in the 
high methylation group. Since older age is the most important and reproducible 
factor related to poorer prognosis in GBM, this raises the question as to whether 
methylation status is a surrogate for patient age. Validation of these data, for 
example in an independent set of samples, would be most helpful to bolster this 
survival association.  
RESPONSE: The reviewer’s concerns are understandable and we have clarified 
our rationale for using two separate approaches to test the relation of 5hmC 
levels with survival below and in the manuscript. First, we sought to compare 
survival of subjects using an overall summary measure of 5hmC as other groups 
in prior work have measured summary 5hmC levels with different approaches 
(e.g. IHC, LC-MS). One of these prior investigations in glioblastoma had 
observed that lower total 5hmC content measured by immunohistochemistry was 
related with poorer survival in univariate analysis and multivariable models 
adjusted for age and sex (n = 52 adult glioblastomas) 14. In our study, we did not 
observe a significant association between survival and the measure of total 
5hmC. Next, to take advantage of our CpG-specific data without employing 
feature-by-feature statistical inference tests that could introduce type I error, we 
used a clustering approach to define classes of samples based on CpG-specific 
5hmC levels for CpGs with the highest levels of 5hmC. It should be noted that 
this classification-based approach is not expected to perform similarly to the 
“total 5hmC” method because the clustering approach borrows statistical strength 
across multiple context-dependent CpG associations while the “total 5hmC” 
measure assesses a single unidirectional association test. Still, the clustering 
approach does have a drawback of being dependent on the number of loci used 
in the clustering as the reviewer has suggested. To this end, we also performed 
separate clustering analyses of the 1000, 2000, 3000, and 4000 highest 5hmC 
probes and observed complete stability of cluster membership (i.e., samples 
remained in either low or high 5hmC clusters regardless of probe number 
selected). Finally, the reviewer has expressed concerned over whether 5-
hydroxymethylation status is a surrogate for subject age as older age is 
recognized to be associated with poorer prognoses. In the original manuscript, to 
investigate the relation of 5hmC clusters with survival we plotted the Kaplan-
Meier strata for 5hmC clusters and used both a Log-rank test and fit a Cox 
proportional hazards model adjusted for age and sex. The Cox model 
demonstrated that patients in the 5hmC cluster with low 5hmC levels (relative to 
the other cluster) had significantly reduced survival independent of age and 
patient sex (HR = 3.3, 95% CI 1.3 - 8.2, P = 0.03). Taken together, these 
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exploratory survival analyses revealed a robust association within our cohort and 
future studies will be needed to confirm the existence of these patterns beyond 
the present study.  
 
5. Given the fundamental importance of IDH mutation on the glioma epigenome 
(as the authors have noted), the lack of IDH-mutated samples stands out as 
striking and as a gap in this study. What is the difference, if any between 
hydroxymethylation patterns in IDH-mutated versus -wild type glioma? 
RESPONSE: It is true that IDH mutation is fundamentally important in glioma. 
However, primary glioblastoma is a high-grade glioma where only ~5-10% of 
tumors have an IDH mutation, whereas ~80% of low-grade gliomas 
(astrocytomas, oligodendrogliomas, and others), have an IDH mutation 15,16. 
Studies of 5hmC and 5mC patterns in low-grade gliomas comparing IDH-mutant 
and wild type tumors should be a priority for future studies.  
 
6. It is unclear why EGFR amplification is singled out by the authors as a relevant 
marker for comparative purposes, relative to other known markers/aberrations 
(TP53, PTEN, TERT promoter, CDKN2A, etc). 
RESPONSE: It is possible to use high-dimensional DNA methylation arrays to 
profile copy number alterations 17 and, accordingly, we chose to assess EGFR 
status for its known role in glioblastoma pathobiology. In particular, EGFR 
amplification status was included as a relevant comparative marker because it is 
one of the most common oncogenic events in glioblastoma 18,19, and has been 
shown to repress the TET enzymes 20. We acknowledge that a copy number 
alteration analysis need not be limited to EGFR amplification alone. We have 
added other common copy number alterations in glioblastomas 21 and added 
Supplemental Figure 7: CDKN2A loss, gain of chromosome 7, and deletion of 
chromosome 10. Notably, we did not observe enrichment for any of the above 
copy number alterations with 5hmC cluster membership. Future work will be 
needed to evaluate the potential relation of 5hmC patterns with the status of 
other recurrently mutated genes in glioblastoma (i.e., PTEN, TP53, and TERT 
promoter).  
 
 
Reviewer #2 (Remarks to the Author): 
 
The manuscript entitled "5-Hydroxymethylcytosine localizes to glioblastoma-
specific enhancer elements that stratifies patient survival" investigated 
abnormalities of 5hmC in glioblastoma primary tumors by examining the 
localization pattern of 5hmC as well as potential association with gene regulation 
and clinical outcomes. This study revealed possible novel functional relevance of 
5hmC to glioblastoma etiology and survival rate using data mining as a major 
tool. However, the study is rather observational and lacking in depth of analysis 
as many conclusions are established at association level while the overall 
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mechanistic support is weak. The manuscript started with comparison between 
glioblastoma and normal cortex tissue, but never performed any comparative 
analysis in the following results. It mainly focused within glioblastoma samples, 
which yielded the potential interesting point of the tumor-specific pattern of 
5hmC. The analysis results observed in this study centered at 
glioblastoma tissue may therefore hold true for normal tissue as well. Some 
suggestions/questions/issues to be addressed are as follows:  
 
1. Figure 1 is not revealing any part of the results and therefore should be a 
supplemental figure. 
RESPONSE: As requested, Figure 1 is now Supplemental Figure 1.  
 
2. The method for measuring global level of 5hmC was not stated in the method. 
Statistical difference of 5hmC between prefrontal cortex and GBM should be 
evaluated. 
RESPONSE: We regret this omission and now include additional text in the 
Methods (p. 13) and Results sections (p. 4) describing the construction and 
application of global 5hmC. Briefly, the global level of 5hmC for each sample was 
determined by summing the 5hmC beta-values for all CpGs within in each 
sample and dividing by the total number of CpGs that passed QC metrics and 
were considered in our analyses (n = 387,617). This global measure was 
constructed to allow comparison with previous studies that used other methods to 
measure total genomic 5hmC and to provide a simple summary measure, 
represented as a percentage of 5hmC content from the oxBS 450K array. We 
have added a comparison of global 5hmC levels between GBM and normal 
prefrontal cortex to the results section (p. 4). We observed a 3.5 fold decrease in 
5hmC content in glioblastoma compared with prefrontal cortex (Wilcoxon rank 
sum test, P = 6.2E-06).  
 
3. Although authors hypothesized that tumor levels of 5hmC may be reflective of 
TET enzymatic activity, this was not eventually tested in the manuscript, and 
several studies have already shown that 5hmC and TET levels do not correlate. 
RESPONSE: We agree that our explanation for 5hmC levels reflecting TET 
enzymatic activity is speculative and have removed this language from the 
Results section. In addition, we added text on p. 4 to support that 5hmC levels 
were not correlated with TET gene expression levels as observed in previous 
studies 10.  
 
4. In figure 2D, how the quantiles were decided was not clearly described in the 
results nor the figure legends. Statistical assessment across island strata should 
be shown for both 5mC and 5hmC.  
RESPONSE: We thank the reviewer for bringing this omission to our attention. 
The percentiles presented in the original Figure panels 2C and 2D are 



	 6 

descriptions of quantiles relative to 100. These quantiles/percentiles were 
selected arbitrarily to demonstrate that levels of 5mC/5hmC vary based on CpG 
island context. The selection of quantiles has now been clarified in the Figure 
legend and in the Figure we now indicate statistical significance for comparisons 
of the differences in beta-values at each quantile across CpG island strata from 
Kruskal-Wallis tests. Statistical significance at a Bonferroni adjusted alpha (P = 
8.3E-03) has been indicated by an asterisk (“*”) at each strata in revised Figure 
1C and 1D.  
 
5. The sentence "5hmC...shown to localize to DNA damage in tumor cells...." In 
the result section "Elevated levels of 5hmC localize to key glioblastoma genes" 
need to be clarified.  
RESPONSE: The statement regarding “5hmC…shown to localize to DNA 
damage in tumor cells…” was meant to provide context for our findings and was 
more ambiguous than intended. The sentence refers to previous work that 
demonstrated 5hmC is actively enriched at DNA damage sites in cancer cell lines 
and that experimental induction of DNA damage increases 5hmC levels 6. We 
have moved this text to the Discussion section and added clarification: 
 
“Recent reports have also revealed that 5hmC may have roles beyond 
transcriptional regulation. For example, 5hmC has previously been shown to 
localize to DNA damage in experimental conditions and its role as an epigenetic 
marker of DNA damage has been shown to promote genome stability. Here, we 
found that several of the most frequently mutated genes in glioblastoma 
including: EGFR, PTEN, NF1, PIK3R1, RB1, PDGFRA, and QKI possessed high 
5hmC levels across intronic regions and further loss of 5hmC in tumors may 
reflect a loss of genome integrity.” 
  
Furthermore, we agree that the Results section title “Elevated levels of 5hmC 
localize to key glioblastoma genes” lacked clarity and we have revised this 
section header to “Elevated levels of 5hmC are uniquely distributed in the 
glioblastoma genome and enriched for gene regulatory regions.” 
 
6. In figure 3A, what genomic feature are 5hmC localized to in those most 
frequently mutated genes? The impact of this observation should be discussed in 
the discussion section with reference support. Was figure 3B plotted with all 
probes or just the selected highest CpGs? Figure 3A and 3B doesn't go along in 
the same result section as they are hitting different points.  
RESPONSE: For Figure 3A, the genomic features to which 5hmC localizes are 
as follows: EGFR (gene body, intron), PTEN (gene body, intron), NF1 (gene 
body, intron), PIK3R1 (TSS200, promoter), RB1 (gene body, intron), PDGFRA 
(gene body, exon), and QKI (gene body, intron). Interestingly, the levels of 5hmC 
at the most frequently mutated genes were most abundant at the intronic regions, 
regions that may not have been sequenced in tumor samples profiled by whole 
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exome sequencing. The following text has been added to the Discussion section: 
 
“Recent reports have also revealed that 5hmC may have roles beyond 
transcriptional regulation. For example, 5hmC has previously been shown to 
localize to DNA damage in experimental conditions and its role as an epigenetic 
marker of DNA damage has been shown to promote genome stability 6. Here, we 
found that several of the most frequently mutated genes in glioblastoma 
including: EGFR, PTEN, NF1, PIK3R1, RB1, PDGFRA, and QKI 7 possessed 
high 5hmC levels across intronic regions and further loss of 5hmC in tumors may 
reflect a loss of genome integrity.” 
 
Figure 3B was plotted with the n = 3876 selected highest 5hmC CpGs and this is 
now included in the figure legend. We thank the reviewer for pointing out the 
discontinuity between Figures 3A and 3B. Figure 3A has been made a 
supplementary figure (Supplementary Figure 5), which should improve the 
readability of the figure.     
 
7. Figure 3C was not clearly explained in the results.  
RESPONSE: We thank the reviewers for bringing this to our attention. We have 
added language to the figure legend and Results section of the revised 
manuscript (Figure 3C is now Figure 2B), as follows:  
 
“Figure 2B shows the distribution of high 5hmC CpG sites relative to the nearest 
canonical transcriptional start site in base pairs 22 with category bins for genomic 
distance both upstream and downstream of the TSS.”  
 
We have also added the numeric proportions of high 5hmC CpGs at each 
genomic distance to TSS category.  
 
8. Since the enhancer/super-enhancer mapping was not performed with any 
patients' samples used in this study, at least a few loci should be confirmed by 
ChIP-qPCR as cell lines could differ greatly from tissue samples. The authors 
also need to clarify the cell type origin of enhancer indexed by the 450K 
annotation.  
RESPONSE: We thank the reviewer for this constructive comment. We have 
added analyses of enhancer regions as assessed in several freshly resected 
primary glioblastomas 13. Chromatin immunoprecipitation followed by next-
generation sequencing (or qPCR) requires ample substrate and poses technical 
challenges 23 that are not possible to overcome with the limited archival tissue 
substrate in the same samples for which we measured 5hmC/5mC. In its place, 
we have analyzed enhancer ChIP-seq data from the three primary glioblastomas 
presented in Suva et al Cell 2014 13. We have added to our manuscript analyses 
that confirm enrichment for enhancer elements among high 5hmC CpGs using 
enhancer regions defined in primary human glioblastomas. Specifically, genomic 



	 8 

regions of high 5hmC were significantly enriched in enhancer elements of all 
three primary glioblastomas (MGH27 tumor OR = 1.6, P = 1.4E-28; MGH28 
tumor OR = 3.0, P = 1.9E-211; and MGH30 tumor OR = 3.1, P = 3.2E-211) 
suggesting that enrichment of enhancer elements we observed previously is not 
unique to enhancers defined in cell lines. Additionally, in the prior version of the 
manuscript we used the 450K informatically-identified enhancers from Illumina 24 
which define enhancer locations by leveraging multiple ENCODE cell-line data 
sets. While this approach is valid, a more cell-type specific definition of 
enhancers is achievable by analyzing the cell type of interest. To this end, we 
turned to glioblastoma-specific enhancer data from the U87 glioblastoma cell line 
25 and observed a statistically significant enrichment of high 5hmC CpGs at 
glioblastoma cell-line defined enhancers (OR = 2.2, P = 1.7E-46), this analysis is 
now presented on p. 6 of the Results section. We believe the addition of these 
new analyses based on the suggestion of the reviewer has strengthened our 
findings.  
 
9. There should be a statistical assessment for the association between 5hmC 
and gene expression in figure 5.  
RESPONSE: We regret that our statistical assessment in Figure 5 was unclear. 
The size of each bubble represents the –log10(P-value) and in the previous 
version of the manuscript the legend was provided for Figure 5B, but not 
Figure5A. This has been corrected in the revised manuscript. Further, the data 
for Figure 5 is presented in tabular form in Supplementary Table 7.  
 
10. Supplemental figure 6A: TCGA G-CIMP should be shown alongside the 
patient samples investigated in this study for the purpose of comparison and 
excluding true G-CIMP+ sample. 
RESPONSE: We thank the reviewer for their constructive comment as such a 
comparison would confirm the G-CIMP+ sample in the present cohort. We now 
show that the G-CIMP+ in our cohort (panel A, far left sample) resembles the 
DNA methylation profiles of G-CIMP+ samples (panel B, far left) in the TCGA 
450K glioblastoma data set 26. Supplemental Figure 6A has now been revised to 
include both the data from our samples as well as the TCGA (see legend below).  
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Supplemental Figure 7: Identification of non-IDH-mutant Glioma-CpG Island 
Methylator Phenotype (G-CIMP) tumor sample in glioblastoma cohort (n=30). (A) 
Heat map of 5-methylcytosine values and unsupervised hierarchal clustering of 
CpGs from G-CIMP genes identified in Noushmehr et al 22. High levels of 
methylation, that is outlier DNA methylation, at these genes is suggestive of a G-
CIMP phenotype for the sample in the far left portion of the dendrogram (B) 
Unsupervised hierarchal clustering of CpGs from G-CIMP genes in the TCGA 
glioblastoma data set (n = 154). High levels of methylation of G-CIMP genes is 
visualized in the far left branch of the dendrogram. 
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Reviewer #1 (Remarks to the Author)  
 
The authors have adequately addressed my previous concerns. A notable issue that could be 
addressed including additional context and citations of prior work in 5hmC in glioma and other 
relevant biological systems. For example, They could cite a paper on 5-hydroxymethylcytosine in 
glioma (PMID: 24894482) to acknowledge prior work in glioma, as well as prior work in other 
systems (e.g. PMID: 26363184, PMID: 25263596, PMID: 22730288) that show 5hmC to be 
enriched in regulatory promoter and enhancer regions. Dysregulated DNA hydroxymethylation has 
also been described in AML (PMID: 25482556), a tumor that shares features with glioma in 
mutational profile (IDH).  
 
Reviewer #2 (Remarks to the Author)  
 
The authors have made a number of major revisions and included additional data/analysis. They 
have addressed prior critiques satisfactorily and I feel the paper is much improved.  



Response to reviewer’s comments on the manuscript: “5-
Hydroxymethylcytosine localizes to enhancer elements and is associated 
with survival in patients with glioblastoma” (ORCID ID: 0000-0002-3385-
0322) 
 
Reviewer #1 (Remarks to the Author): 
 
The authors have adequately addressed my previous concerns. A notable issue 
that could be addressed including additional context and citations of prior work in 
5hmC in glioma and other relevant biological systems. For example, They could 
cite a paper on 5-hydroxymethylcytosine in glioma (PMID: 24894482) to 
acknowledge prior work in glioma, as well as prior work in other systems (e.g. 
PMID: 26363184, PMID: 25263596, PMID: 22730288) that show 5hmC to be 
enriched in regulatory promoter and enhancer regions. Dysregulated DNA 
hydroxymethylation has also been described in AML (PMID: 25482556), a tumor 
that shares features with glioma in mutational profile (IDH). 
 
RESPONSE: As requested, we have now incorporated the suggested citations 
highlighting prior work into the revised version of the manuscript. Specifically, we 
now include appropriate citation of previous glioma 5hmC studies on p. 9 and 
mention the previous work that reported dysregulated 5hmC in AML on p. 10. 
Additionally, we added the following text on p. 10 to acknowledge prior work on 
the enrichment of 5hmC in regulatory regions in papers investigating cellular 
differentiation: 
 
“Prior work has demonstrated that 5hmC modulates enhancer activity and 
regulates gene expression programs during cellular differentiation suggesting 
that 5hmC deregulation may impact the dedifferentiation observed in 
glioblastoma 1, 2, 3, 4.” 
 
 
Reviewer #2 (Remarks to the Author): 
 
The authors have made a number of major revisions and included additional 
data/analysis. They have addressed prior critiques satisfactorily and I feel the 
paper is much improved. 
 
RESPONSE: We thank the reviewer for their positive feedback and for their 
comments that have strengthened the manuscript. 
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