
Journal of Visualized Experiments
 

The Detection of 5-hydroxymethylcytosine in Neural Stem Cells and Brain of Mouse
--Manuscript Draft--

 
Article Type: Methods Article - JoVE Produced Video

Manuscript Number: JoVE59950R2

Full Title: The Detection of 5-hydroxymethylcytosine in Neural Stem Cells and Brain of Mouse

Keywords: 5-hydroxymethylcytosine, brain, neural stem cells, neuron, immunofluorescence
staining, dot-blot

Corresponding Author: Xuekun Li, Ph.D
the children's hospital&the translational medicine
Hangzhou, Zhejiang CHINA

Corresponding Author's Institution: the children's hospital&the translational medicine

Corresponding Author E-Mail: xuekun_li@zju.edu.cn

Order of Authors: Xuekun Li, Ph.D

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Standard Access (US$2,400)

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

Hangzhou, Zhejiang province, china

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



         

TITLE:  1 
The Detection of 5-Hydroxymethylcytosine in Neural Stem Cells and Brains of Mice 2 
 3 
AUTHORS & AFFILIATIONS:  4 
Yingliang Zhuang1,2, Junchen Chen1,2, Weize Xu1, Qiang Shu1, Xuekun Li1,2,#  5 
 6 
1. The Children's Hospital, School of Medicine, Zhejiang University, Hangzhou, China 7 
2. The Institute of Translational Medicine, School of Medicine, Zhejiang University, 8 
Hangzhou, China 9 
 10 
Yingliang Zhuang: zhuangyingliang@zju.edu.cn 11 
Junchen Chen: chen_jc@zju.edu.cn 12 
Weize Xu: 120heart@zju.edu.cn 13 
Qiang Shu: shuqiang@zju.edu.cn 14 
Xuekun Li: xuekun_li@zju.edu.cn 15 
 16 
# The correspondence should be addressed to xuekun_li@zju.edu.cn 17 
 18 
KEYWORDS:  19 
DNA demethylation, 5-hydroxymethylcytosine, immunofluorescence staining, dot-blot, mouse, 20 
brain, neural stem cells, neuron 21 
 22 
SHORT ABSTRACT:  23 
Here, we present a protocol to detect 5-hydroxymethylcytosine in cells and brain tissues, utilizing 24 
immunofluorescence staining and DNA dot-blot methods. 25 
 26 
LONG ABSTRACT:  27 
More than 20 DNA modifications have been identified in the mammalian genome. Of that, 5-28 
methylcytosine and 5-hydroxymethylcytosine-mediated epigenetic mechanisms have been 29 
intensively studied. 5-hydroxymethylcytosine displays dynamic features during embryonic and 30 
postnatal development of the brain, plays a regulatory function in gene expression, and is 31 
involved in multiple neurological disorders. Here, we describe the detailed methods including 32 
immunofluorescence staining and a DNA dot-blot to detect 5-hydroxymethylcytosine in cultured 33 
cells and brain tissues of mouse.  34 
 35 
INTRODUCTION:  36 
Epigenetic modifications, including DNA modification, histone modification and RNA 37 
modification, have been shown to play essential functions in diverse biological processes and 38 
diseases1-7. For a long time, DNA methylation (i.e., 5-methylcytosine (5-mC)) was viewed as a 39 
highly stable epigenetic marker and could not be further modified in the genome. Recently, it has 40 
been found that 5-mC could be oxidized to 5-hydroxymethylcytosine(5-hmC) by TET (Ten-eleven 41 
translocations) family proteins including TET1, TET2, and TET38,9. Further studies show that 5-42 
hmC could serve as a stable marker and play biological roles by regulating gene expression4,10-12. 43 
 44 
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The present evidence indicates that 5-hmC is highly enriched in neuronal tissues/cells relative to 45 
other types of tissues in mammals, and exhibits dynamic features during neuronal 46 
development13,14. In a neuronal system, 5-hmC mediated epigenetic modifications play an 47 
important role in regulating neural stem cells, neuronal activity, learning and memory, and is 48 
involved in multiple neurological disorders including Rett syndrome, autism, Alzheimer’s disease, 49 
Huntington’s disease, etc.2,13,15-20.  50 
 51 
There are several approaches for detecting 5-hmC in cells and tissues14,21-24. Here, we describe 52 

two methods to detect the existence of 5-hmC and quantify the global level of 5-hmC: 53 
immunofluorescence staining and DNA dot-blot. These two methods are convenient and 54 
sensitive, and have been successfully used in previous studies25-31. The key steps of these 55 
two methods are DNA denaturation. For immunofluorescence staining of 5-hmC, pre-56 
treatment of samples with 1 M HCl is required. For a 5-hmC dot-blot, a NaOH solution is 57 
used to denature DNA. These two methods together with next-generation sequencing are 58 
very useful tools for investigating the function of 5-hmC.  59 

  60 
PROTOCOL:  61 
 62 
All the animal procedures have been approved by the Animal Ethics Committee of Zhejiang 63 
University.  64 
 65 
1. The culture of adult neural stem cells and neurons 66 
 67 
1.1. Isolate adult neural stem cells from the forebrain of an adult (8-10 week old) C57/BL6 68 
male mouse as described previously32,33.  69 
 70 
1.2. Culture adult neural stem cells in DMEM/F-12 medium containing 20 ng/mL FGF-2, 20 71 
ng/mL EGF, 2% B27 supplement, 1% antibiotic-antimycotic, and 2 mM L-Glutamine in a 5% CO2 72 
incubator at 37 °C. Induce the differentiation of adult neural stem cells with 1 µM retinoic acid 73 
and 5 µM forskolin for 48 h as described previously32,33. 74 
 75 
1.3. Isolate neurons from the embryonic day 17 (E17) hippocampi of the mouse and culture 76 
with neurobasal medium containing of 0.25% L-Glutamine, 0.125% GlutaMax and 2% B27 77 
supplement in a 5% CO2 incubator at 37 °C as previously described34. 78 
 79 
2. Transcardial perfusion of the mouse 80 
 81 
2.1. Prepare 10% chloral hydrate, 4% paraformaldehyde (PFA) and phosphate buffered saline 82 
(PBS) one day before the experiment, and store at 4 °C. 83 
 84 
2.2. Anesthetize an adult male or female C57 BL/6J mouse with 10% chloral hydrate (50 85 
mg/kg, i.p.), and ensure that the animal is deeply anesthetized by checking the body reaction. Fix 86 
each limb with sticky tape on a plastic board (in a face-up position).  87 
 88 



  

2.3. Cut the skin and then the muscle with surgery scissors. Open the thoracic cavity with a 89 
surgical scissor. Expose the heart and cut off a little part of the right atrium with a fine surgical 90 
scissor.  91 

 92 
2.4. Perfuse the mouse with a 10 mL disposable sterilized syringe from the left ventricle with 93 
cold PBS (around 30 mL per adult mouse). 94 
 95 
2.5. Perfuse the mouse with 4% PFA (around 30 mL in 10 min per adult mice) until it is stiff.  96 
 97 
2.6. Open the skull of the mouse with bone forceps. Remove the brain and put into 5 mL of 98 
4% PFA in a 15 mL centrifuge tube for post-fixation at 4 °C.  99 
 100 
NOTE: Clean the surgical area after surgery has finished. 101 
 102 
2.7. At least 24 h later, transfer the brain samples into a 30% sucrose solution for complete 103 
dehydration at 4 °C. 104 
 105 
3. Brain sectioning 106 
 107 
3.1. Embed the brain samples in optimal cutting temperature compound (OCT) in a small 108 
container, and cool down at -20 °C for at least 1 h. 109 
 110 
3.2. Section brain samples at a thickness of 20-40 μm with a cryostat microtome.  111 
 112 
3.3. Collect sections into PBS and store at 4 °C. 113 

 114 
4. Immunofluorescence staining 115 
 116 
4.1. Pick up the sections with the targeted brain regions and put them into a 24-well plate 117 
with PBS. For cultured cells on a coverslip, go directly to step 4.2. 118 
 119 
4.2. Wash with PBS on the shaker at room temperature for 10 min. Repeat this twice more. 120 
 121 
4.3. Remove PBS, and treat with preheated 1 M HCl for 30 min at 37 °C. 122 
 123 
NOTE: Prepare 1 M HCl by adding 1 mL of hydrochloric acid (36-38%) into 10 mL of water in a 124 
chemical hood. Preheat 1 M HCl in the incubator at 37 °C. 125 
 126 
4.4. Wash the samples with PBS for 5 min. Repeat this twice more.  127 
 128 
4.5. Block samples with PBS containing 3% normal goat serum and 0.1% Triton X-100 for 1 h 129 
on the shaker at room temperature. 130 
 131 
4.6. Incubate sections with specific primary antibodies overnight at 4 °C on the shaker. 132 



  

 133 
NOTE: Use the following primary antibodies: polyclonal rabbit antibodies anti-5-134 
hydroxymethylcytosine (1:5,000), mouse monoclonal antibody anti-NeuN (1:500).  135 
 136 
4.7. Take out the samples, and further incubate at room temperature for 1 h. 137 
 138 
4.8. Wash the samples with PBS for 10 min. Repeat this twice more. 139 
 140 
4.9. Incubate with secondary antibodies corresponding to the primary antibodies at room 141 
temperature for 1 h on the shaker. Cover the plate with aluminum.  142 
 143 
NOTE: Use the following secondary antibodies: Alexa Fluor 488 goat anti-rabbit IgG (1:500), Alexa 144 
Fluor 568 goat anti-mouse IgG (1:500). Counterstain nuclei with 4′-6-diamidino-2-phenylindole 145 
(DAPI). 146 
 147 
4.10. Wash the samples with PBS for 10 min on the shaker. Repeat this twice more.  148 
 149 
4.11. Mount brain sections onto the slides, add proper amount of antifade mounting medium 150 
(around 100-150 μL), and cover with premium cover glass. Seal with nail polish. 151 
 152 
4.12. Take images with a regular or confocal fluorescence microscope. 153 
 154 
5. Genomic DNA isolation 155 
 156 
5.1. Euthanize an adult C57 BL/6J mouse (male or female) by cervical dislocation and remove 157 
the brain.  158 
 159 
5.2. Dissect the hippocampus, cortex and cerebellum tissues on an ice-cooled dish. Grind 160 
tissues with a tissue grinder in 1 mL of DNA lysis buffer and transfer into clean microcentrifuge 161 
tube. Add 250 μg of proteinase K per 600 μL of lysis buffer. For cell pellets, directly add lysis 162 
buffer, proteinase K, and mix thoroughly. 163 
 164 
NOTE: Prepare DNA lysis buffer: 5 mM EDTA, 0.2% SDS, 200 mM NaCl in 100 mM Tris-HCl, pH 8.5. 165 
Wash and autoclave the tissue grinder before the experiment.  166 
 167 
5.3. The second day, add about 50 μg of RNase A per sample for at least 12 h at 37 °C. 168 
 169 
5.4. Add an equal volume of phenol:chloroform:isoamyl alcohol (25:24:1) and mix completely.  170 
 171 
5.5. Centrifuge at 20,817 x g for 15 min, and remove the supernatant into a new 172 
microcentrifuge tube. 173 
 174 
5.6. Add 600 μL of chloroform to the supernatant to precipitate DNA, and mix thoroughly. 175 
 176 



  

5.7. Centrifuge at 20,817 x g for 15 min, and remove the supernatant into another new tube. 177 
 178 
5.8. Add 500 μL of isopropanol to the supernatant, and mix thoroughly.  179 
 180 
5.9. Centrifuge at 20,817 x g for 15 min, and remove the supernatant completely. 181 
 182 
5.10. Wash the precipitation with 1 mL of 70% ethanol, centrifuge at 20,817 x g for 1 min, and 183 
remove the supernatant completely. Repeat once. 184 
 185 
5.11. Dry the DNA pellet completely. 186 
 187 
5.12. Dissolve DNA pellet with Tris-HCl buffer (pH 8.5) to the proper concentration. 188 
 189 
6. DNA dot blot 190 
 191 
6.1. Prepare the solutions: 2 M NaOH, Tris-HCl buffer (pH 8.5), 6x saline sodium citrate (SSC). 192 
 193 
6.2. Make the sample mixture as Table 1.  194 
 195 
6.3. Denature DNA samples at 100 °C for 10 min, and cool down on ice. 196 
 197 
6.4. Cut the proper size of nylon membrane (e.g., Hybond-N+) and rinse with 6x SSC.  198 
 199 
6.5. Put the membrane on dot-blot apparatus and connect to the vacuum pump. Spot 6 μL of 200 
mixture per dot onto the membrane. 201 
 202 
6.6. Hybridize for 30 min at 80 °C, and block the sample membrane with fat-free milk in Tris-203 
buffered saline (TBS) for 1 h. 204 
 205 
6.7. Incubate with primary antibody at 4 °C overnight. 206 
 207 
NOTE: Use the following primary antibody: polyclonal rabbit anti-5-hydroxymethylcytosine 208 
(1:5000). 209 
 210 
6.8. On the second day, incubate the sample membranes at room temperature for 1 h. Wash 211 
with TBS for 10 min. Repeat this wash twice more.  212 
 213 
6.9. Incubate the membrane with anti-rabbit secondary antibody (1:5,000) for 30 min at room 214 
temperature. 215 
 216 
6.10. Wash with TBS for 10 min. Repeat this wash twice more. 217 
 218 
6.11. Visualize the chemiluminescence signals, and quantify signal intensities.  219 
 220 



  

REPRESENTATIVE RESULTS:  221 
To reveal the distribution of 5-hmC in the hippocampus of adult mice, we performed 222 
immunofluorescence with antibodies against neuronal cells (NeuN) and 5-hmC. In the 223 
hippocampus, 5-hmC co-localized well with neuronal cell marker NeuN (Figure 1A-H), suggesting 224 
an enrichment of 5-hmC in neurons.  225 
 226 
To determine the dynamics of 5-hmC during neuronal development, a dot-blot was first 227 
performed with DNA samples isolated from proliferating and differentiated adult neural stem 228 
cells (NSCs). Dot-blot results showed that the global level of 5-hmC significantly increased during 229 
the differentiation of NSC (Figure 2A-B). Further, dot-blot results showed that the level of 5-hmC 230 
in neurons was significantly higher than that of NSCs (Figure 2C-D), suggesting a dynamic 5-hmC 231 
modification during neuronal development.  232 
 233 
FIGURE AND TABLE LEGENDS:  234 
Figure 1. Immunofluorescence staining of 5-hmC in hippocampus of adult mice. 5-hmC co-235 
localized well with neuronal cell marker NeuN. Scale bar in A-D: 100 μm; Scale bar in E-F: 50 μm. 236 
 237 
Figure 2. DNA dot-blot detection of 5-hmC in adult neural stem cells and neurons. (A) 5-hmC 238 
dot-blot of NSCs under proliferation (Proli) and differentiation (Diffe) conditions. (C) 5-hmC dot-239 
blot of NSCs and primary neurons. Methylene blue staining (B, D) indicating an equal loading of 240 
genomic DNA at each concentration in (A) and (C), respectively.  241 
 242 
Table 1. The preparation of samples for dot-blot. 243 
 244 
DISCUSSION:  245 
Epigenetic modifications play essential roles during brain development, maturation, and function. 246 
As a stable marker for DNA modification, dynamic 5-hmC responds to behavioral adaptation, 247 
neuronal activity, and is positively correlated with gene expression; thus, it is involved in the 248 
normal function of the brain and neurological disorder4. To explore its function in cells and 249 
tissues, it is necessary to detect the existence of 5-hmC and compare the level before and after 250 
treatment. Here, we demonstrated two convenient methods to detect 5-hmC in cells and tissues, 251 
which could be performed with common equipment in the lab.  252 
 253 
The key reagent of detecting 5-hmC with immunofluorescence staining and DNA dot-blot is the 254 
5-hmC antibody. The 5-hmC antibody used in the method has been proven to have high 255 
sensitivity and is very specific. For 5-hmC staining, it requires DNA denaturation with HCl. The 256 
proper treatment of tissues and cells with HCl is critical for complete DNA denaturation and 257 
affects the results. The DNA dot-blot is a sensitive method to quantify the amount of 5-hmC, and 258 
is much more convenient than mass spectroscopy. For a successful dot-blot, precise spreading of 259 
DNA samples onto the membrane is required. Further, methylene blue staining helps determine 260 
whether DNA samples were equally loaded. Of note, the methods described here detect the 261 
global level of 5-hmC in multiple types of cells and tissues. To measure the amount of 5-hmC 262 
relative to other bases and distinguish its distribution feature in genome, it requires LC-MS/MS 263 
and next-generation sequencing.  264 
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e) Information to help readers to determine whether the method is appropriate 

for their application 

** we formatted the manuscript. 

6. Please remove all commercial language from your manuscript and use 

generic terms instead. All commercial products should be sufficiently 

referenced in the Table of Materials and Reagents. 

For example: ThermoScientific, DM-25, 47 OmegaScientific, Gibco, 21103-049, 
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Sigma, P0899-10, Leica, Active Motif, 39769, Vector Laboratories, Millipore, 

MAB377, Sigma-Aldrich, D8417, h Adobe Photoshop software (Adobe Inc.), 

eppendorf, Hybond™-N+, Amersham Biosciences, Tanon detection syste, etc. 

** we formatted this part and summarized in Table. 

7. Please adjust the numbering of the Protocol to follow the JoVE Instructions 

for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 

if necessary. Please refrain from using bullets or dashes. 

** we formatted the manuscript. 

8. Please convert centrifuge speeds to centrifugal force (x g) instead of 

revolutions per minute (rpm). 

** we modified it. 

9. Please revise the protocol text to avoid the use of any personal pronouns in 

the protocol (e.g., "we", "you", "our" etc.). 

** we formatted the manuscript. 

10. Please ensure that all text in the protocol section is written in the imperative 

tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure 

that,” etc.). The actions should be described in the imperative tense in complete 

sentences wherever possible. Avoid usage of phrases such as “could be,” 

“should be,” and “would be” throughout the Protocol. Any text that cannot be 

written in the imperative tense may be added as a “Note.” However, notes 

should be concise and used sparingly. Please include all safety procedures and 

use of hoods, etc. 

** we formatted the manuscript. 

11. The Protocol should contain only action items that direct the reader to do 

something. 

** we formatted the manuscript. 

12. The Protocol should be made up almost entirely of discrete steps without 

large paragraphs of text between sections. Please simplify the Protocol so that 

individual steps contain only 2-3 actions per step. 

** we formatted the manuscript. 

13. Please add more details to your protocol steps. Please ensure you answer 

the “how” question, i.e., how is the step performed? Please use complete 

sentences throughout. 

** we formatted the manuscript. 

14. 1.2: How did you perform the neuron isolation? 

** we added the reference. 

15. 2.1: Please include age sex strain of the mice? 

** we provided the information. 

16. 2.2: Do you check the depth of anesthesia? Do you shave the animal and 

apply eye ointment? Do you clean the surgical area? Please include all specific 

details. How do you open the thoracic cavity- using what instrument, how big is 

the cut? do you cut the skin and then the muscle? 

** we formatted the manuscript. 

17. 2: Please elaborate on all the steps in this section. 



** we formatted the manuscript. 

18. 3: Please explain how is this done? 

** we formatted the manuscript. 

19. 4.1: What are the target brain regions and how do you visually identify it? 

** we formatted the manuscript. 

20. 4.12: At what magnification? 

** we added scale bar in the revised manuscript. 

21. Please remove the embedded Table from the manuscript. All tables should 

be uploaded separately to your Editorial Manager account in the form of an .xls 

or .xlsx file. Each table must be accompanied by a title and a description after 

the Representative Results of the manuscript text. 

** we formatted the manuscript. 

22. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for 

filmable content. Please highlight 2.75 pages or less of the Protocol (including 

headings and spacing) that identifies the essential steps of the protocol for the 

video, i.e., the steps that should be visualized to tell the most cohesive story of 

the Protocol. 

** we formatted the manuscript. 

23. Please include at least one paragraph of text to explain the Representative 

Results in the context of the technique you have described, e.g., how do these 

results show the technique, suggestions about how to analyze the outcome, 

etc. The paragraph text should refer to all of the figures. Data from both 

successful and sub-optimal experiments can be included. 

** we explained the results in the revised manuscript. 

24. Please obtain explicit copyright permission to reuse any figures from a 

previous publication. Explicit permission can be expressed in the form of a letter 

from the editor or a link to the editorial policy that allows re-prints. Please upload 

this information as a .doc or .docx file to your Editorial Manager account. The 

Figure must be cited appropriately in the Figure Legend, i.e. “This figure has 

been modified from [citation].” 

** All the results and figures were produced for this manuscript and not used 

previously. 

25. Each Figure Legend should include a title and a short description of the 

data presented in the Figure and relevant symbols. Please describe each panel 

as well. 

** we formatted the manuscript. 

26. As we are a methods journal, please revise the Discussion to explicitly cover 

the following in detail in 3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 



** we formatted the manuscript. 

27. Please include the table of the essential supplies, reagents, and equipment. 

The table should include the name, company, and catalog number of all 

relevant materials in separate columns in an xls/xlsx file. Please sort the table 

alphabetically. 

** we formatted the manuscript. 

28. Please ensure that the references appear as the following: [Lastname, F.I., 

LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage 

– LastPage, (YEAR).] For more than 6 authors, list only the first author then et 

al. 

** we formatted the references with endnote style of JoVE. 

 

 

Reviewers' comments: 

Reviewer #1: 

Manuscript Summary: 

The manuscript describes two antibody-based techniques (immunostaining 

and dot blot) used for detection of 5-hydroxymethylcytosine in the mouse brain. 

The protocols and their visualisation should be of interest for researchers 

working in the fields of epigenetics and neuroscience. 

Major Concerns: 

Text of the manuscript requires heavy editing. There are numerous issues with 

grammar and synthaxis that make some parts of the paper difficult to 

understand. Both Introduction and Discussion are very vague, superficial and 

sometimes factually questionable. Large part of Discussion reiterates the 

Introduction without bringing any new information. No information on suitable 

experimental controls is given. In fact, the text of the manuscript needs to be 

completely rewritten and edited by a (preferably) native English speaker. 

** we have thoroughly edited the manuscript. 

 

Reviewer #2: 

Manuscript Summary: 

This is a clear protocol describing two different ways to monitor 5-

hydroxymethylcytosine in neuronal stem cells and sections from mouse brains. 

The first involves immunostaining and the second is a dot-blot. 

Overall, the details of the protocols are sufficient and clear. 

Major Concerns: 

The manuscript requires extensive English editing. 

** we appreciate the reviewer’s overall positive comments, and formatted the 

manuscript. 

 

Reviewer #3: 

Manuscript Summary: 

In this manuscript, Zhuang et al. described a protocol for detecting the 5-



hydroxymethylcytosine in mouse neural stem cells and brain by 

immunofluorescence staining and DNA dot-blot methods. This protocol is 

detailed and promising, and I support its publication in Journal of Visualized 

Experiments. 

Major Concerns: 

n/a 

Minor Concerns: 

n/a 

** we appreciate the reviewer’s overall positive comments. 

 


