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Abstract

Antibody responses are accomplished through several critical B cell-intrinsic processes, including somatic hypermutation (SHM), class-switch
DNA recombination (CSR), and plasma cell differentiation. In recent years, epigenetic modifications or factors, such as histone deacetylation
and microRNAs (miRNAs), have been shown to interact with B-cell genetic programs to shape antibody responses, while the dysfunction of
epigenetic factors has been found to lead to autoantibody responses. Analyzing genome-wide miRNA and mRNA expression in B cells in
response to epigenetic modulators is important for understanding the epigenetic regulation of B-cell function and antibody response. Here,
we demonstrate a protocol for inducing B cells to undergo CSR and plasma cell differentiation, treating these B cells with histone deacetylase
(HDAC) inhibitors (HDIs), and analyzing mRNA and microRNA expression. In this protocol, we directly analyze complementary DNA (cDNA)
sequences using next-generation mRNA sequencing (mRNA-seq) and miRNA-seq technologies, mapping of the sequencing reads to the
genome, and quantitative reverse transcription (qRT)-PCR. With these approaches, we have defined that, in B cells induced to undergo CSR and
plasma cell differentiation, HDI, an epigenetic regulator, selectively modulates miRNA and mRNA expression and alters CSR and plasma cell
differentiation.

Video Link

The video component of this article can be found at https://www.jove.com/video/55135/

Introduction

Epigenetic marks or factors, such as DNA methylation, histone posttranslational modifications, and non-coding RNAs (including microRNAs),
modulate cell function by altering gene expression1. Epigenetic modifications regulate B lymphocyte function, such as immunoglobulin class-
switch DNA recombination (CSR), somatic hypermutation (SHM), and differentiation to memory B cells or plasma cells, thereby modulating the
antibody and autoantibody responses2,3. CSR and SHM critically require activation-induced cytidine deaminase (AID, encoded as Aicda), which
is highly induced in B cells in response to T-dependent and T-independent antigens4. Class-switched/hypermutated B cells further differentiate
into plasma cells, which secrete large volumes of antibodies in a fashion critically dependent upon B lymphocyte-induced maturation protein 1
(Blimp1, encoded as Prdm1)5. Abnormal epigenetic changes in B cells may result in aberrant antibody/autoantibody responses, which can lead
to allergic response or autoimmunity1,4. Understanding how epigenetic factors, such as miRNAs, modulate B cell-intrinsic gene expression is not
only important for vaccine development, but is also essential to reveal the mechanisms of potential abnormal antibody/autoantibody responses.

Histone acetylation and deacetylation are modifications of the lysine residues on histone proteins typically catalyzed by histone acetyltransferase
(HAT) and histone deacetylase (HDAC). These modifications lead to the increasing or decreasing accessibility of chromatin and further allow
or prevent the binding of transcription factors or proteins to DNA and the alteration of gene expression5,6,7,8. HDAC inhibitors (HDI) are a class
of compounds that interfere with the function of HDACs. Here, we used HDI (VPA) to address the regulation of HDAC on the intrinsic gene
expression profile of B cells and on its mechanism.

miRNAs are small, non-coding RNAs approximately 18 to 22 nucleotides in length that are generated through several stages. miRNA host genes
are transcribed and form hairpin primary microRNAs (pri-miRNAs). They are exported to the cytoplasm, where pri-miRNAs are further processed
into precursor miRNAs (pre-miRNAs). Finally, mature miRNAs are formed through the cleavage of the pre-miRNAs. miRNAs recognize the
complementary sequences within the 3' untranslated region of their target mRNAs6,7. Through post-transcriptional silencing, miRNAs regulate
cellular activity, such as proliferation, differentiation, and apoptosis10,11. Since multiple miRNAs can target the same mRNA, and one single
miRNA can potentially target multiple mRNAs, it is important to have an in-context view of the miRNA expression profile to understand the
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value of the individual and the collective effect of miRNAs. miRNAs have been shown to be involved in B-cell development and peripheral
differentiation, as well as B-cell stage-specific differentiation, antibody response, and autoimmunity1,4,9. In the 3' UTR of Aicda and Prdm1, there
are several validated or predicted evolutionarily conserved sites that can be targeted by miRNAs8.

Epigenetic modulation, including histone post-transcription modification and miRNAs, display a cell-type and cell stage-specific regulation pattern
of gene expression9. Here, we describe methods to define the HDI-mediated modulation of miRNA and mRNA expression, CSR, and plasma cell
differentiation. These include protocols for inducing B cells to undergo CSR and plasma cell differentiation; for treating the B cells with HDI; and
for analyzing miRNA and mRNA expression by qRT-PCR, miRNA-seq, and mRNA-seq10,11,12,8,13.

Protocol

The protocol follows the animal care guidelines of The Institutional Animal Care and Use Committees of the University of Texas Health Science
Center at San Antonio.

1. Stimulation of Mouse B Cells for CSR, Plasma Cell Differentiation, and HDI Treatment

1. Preparation of spleen cell suspensions
 

NOTE: Perform all steps in a laminar flow hood except for mouse euthanasia and dissection.
1. Euthanize the specific pathogen-free C57BL/6J mouse (8-12 weeks of age) by CO2 inhalation.
2. Lay the mouse on dissecting board with the abdomen facing upward. Pin all four feet of the mouse with 18-gauge, 1.5-in hypodermic

needles.
3. Sterilize the skin using 70% ethanol-soaked wipes.
4. Use one set of autoclaved surgical tools (forceps and dissecting scissors) to cut through the skin just below the ribcage to visualize the

spleen (on the left side of the abdomen, just below the liver).
5. Use another sterile forceps and scissors to extract the spleen, which lies beneath the greater curvature of the stomach, by clamping

the spleen gently with forceps and cutting off all the connecting tissue with dissecting scissors. Make sure to remove all the connecting
tissue.

6. Place the spleen into a 1.5-mL microcentrifuge tube containing 1,000 µL of complete RPMI1640 medium (RPMI 1640 medium
supplemented with 10% heat-inactivated fetal calf serum (FBS), 2 mM L-glutamine, 100 µg/mL penicillin, 100 µg/mL streptomycin, 0.25
µg/mL amphotericin B, and 50 µM β-mercaptoethanol).

7. Place a 70-µm cell strainer into a 50-mL polypropylene conical centrifuge tube and pour the spleen from the microcentrifuge tube onto
the cell strainer. Use the tip of a 15 mL polypropylene conical centrifuge tube to gently mash the spleen through the strainer. Rinse the
cell strainer with 15 to 20 mL of complete medium.

8. Spin down the cells at 350 x g for 5 min and discard the supernatant.
9. Remove the red blood cells from the spleen cell suspensions. Resuspend the cell pellet in ACK lysis buffer (5 mL per spleen). Incubate

for 4 min at room temperature with occasional shaking and then quench with 25 mL of complete medium.
10. Spin down the cells at 350 x g for 5 min and discard the supernatant. Resuspend the cell pellet in 1 or 10 mL of complete medium.

Count the viable cells using a hemocytometer.

2. B-cell isolation
 

NOTE: Isolate B cells by negative selection following the manufacturer's instructions. Non-B cells are targeted for removal with biotinylated
antibodies directed against non-B cells (CD4, CD8, CD11b, CD43, CD49b, CD90.2, Ly-6C/G (Gr-1), and TER119) and streptavidin-coated
magnetic particles.

1. Prepare a 0.25 to 2 mL cell suspension of 1 x 108 cells/mL in complete medium in a sterile 5 mL (12 x 75 mm) polystyrene round-
bottom tube. Add normal rat serum (50 µL/mL) to the sample.

2. Add 50 µL/mL isolation cocktail to the sample. Mix the cells by gently pipetting up and down 2 - 3 times and incubate at room
temperature for 10 min.

3. Add 75 µL/mL streptavidin-coated magnetic particles to the sample. Mix the mixture by gently pipetting up and down 2-3 times and
incubate for 2.5 min at room temperature.

4. Add complete RPMI 1640 medium. Mix the cells by gently pipetting up and down 2 - 3 times.
5. Place the tube (without the lid) into the magnet and incubate at room temperature for 2.5 min. Pour off the supernatant containing

untouched B cells into a new 15-mL conical tube.
6. Count the viable cells using a hemocytometer and Trypan Blue stain. Assess the purity of the B cells by flow cytometry analysis of B-

cell surface markers, such as B220 and CD19.

3. B-cell stimulation and HDI treatment
1. Resuspend the purified B cells in complete RPMI 1640 medium at a final concentration of 0.3 x 106 cells/mL.
2. Use a 48-well cell culture plate for cell culture. For each well, add 1 mL of purified B-cell suspension (0.3 x 106 cells/mL), LPS (3 µg/mL

final concentration) from Escherichia coli, IL-4 (5 ng/mL final concentration), and 0 or 500 µM HDI (valproic acid; VPA).
3. Incubate the cells at 37 °C and 5% CO2 for 60 h for qRT-PCR and high-throughput mRNA- and miRNA-sequencing analysis, or 96 h

for flow cytometry analysis.

4. Flow cytometry analysis of CSR and plasma cell differentiation
1. After 96 h of culture, detach the cells from each well by pipetting the cells up and down several times. Transfer the cell suspension into

a 1.5-mL microcentrifuge tube. Spin down the cells at 350 x g for 5 min using a bench-top centrifuge and discard the supernatant.
2. Resuspend the cells with 100 µL of HBSS buffer containing 1% BSA and 0.5 ng/mL fluorescein (FITC)-conjugated goat anti-mouse IgM

antibody (Ab), 0.2 ng/mL allophycocyanin (APC)-conjugated rat anti-mouse IgG1 monoclonal Ab (mAb), 0.2 ng/mL phycoerythrin (PE)-
conjugated rat anti-mouse B220 mAb, 0.2 ng/mL PE-Cy7-conjugated rat anti-mouse CD138 mAb, and 2 ng/mL 7-aminoactinomycin D
(7-AAD).
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3. Incubate the cells with fluorescence-conjugated antibodies (step 1.4.2) in the dark at room temperature for 30 min.
4. Wash the cells with 1 mL of HBSS with 1% BSA.
5. Spin down the cells at 1,500 x g for 5 min using a benchtop centrifuge and discard the supernatant.
6. Resuspend the cells in 300 µL of HBSS with 1% BSA and transfer the cell suspension to a round-bottom polystyrene tube. Cover the

tube with foil to avoid light exposure.
7. Perform flow cytometry analysis on a single-cell suspension. Collect 50,000 events for each compensation sample and 250,000 events

for the other samples. Analyze the data using equipment software.
8. Eliminate the debris and doublets by using a pulse geometry gate (FSC-H x FSC-A and SSC-H x SSC-A). Appropriately gate the plot

on 7-AAD to exclude dead cells.

2. High-Throughput mRNA-Seq

1. After 60 h of culture, extract the total RNA from 2 - 4 × 106 cells using a total RNA isolation kit that can recover small RNA following the
manufacturer's instructions. Include a DNase I treatment step.

2. Verify the RNA integrity using a bioanalyzer, following the manufacturer's instructions.
3. Use 500-1,000 ng of high-quality total RNA (RNA integrity number RIN > 8.0) for RNA-seq library preparation with a commercial RNA sample

prep kit following the manufacturer's instructions.
4. Pool the individual mRNA-seq libraries based on their respective 6-bp index portions of the adapters and sequence the libraries at 50 bp/

sequence. Use a high-throughput DNA system according to the manufacturer's protocols.
5. After the sequencing run, demultiplex with CASAVA to generate the fastq file for each sample. Perform reads mapping and bioinformatics

analysis, as previously outlined11.
6. Align all sequencing reads with their reference genomes (UCSC mouse genome build mm9) using TopHat2 default settings14. Process the

bam files from alignment using HTSeq-count to obtain the counts per gene in all samples.

3. High-Throughput miRNA-Seq

1. Use 100 ng-1 µg of high-quality total RNA, as prepared in step 2.1, for small RNA-seq library preparation by using a commercial small RNA-
seq kit.

2. Ligate the degenerated 3' adapter onto the 5′ ends of the starting small RNA molecules with a commercial ligation kit. Ligate the degenerated
5' adapter onto the 3′ ends of the starting small RNA molecules with a commercial ligation kit. Convert the RNA to cDNA by reverse
transcription and amplify the small RNA-seq library by PCR amplification with commercial kits.

3. Use a 6% TBE native PAGE gel to isolate the final small RNA-seq library. Run the gel with 1X TBE buffer at 200 V until the bromophenol blue
tracking dye band nears the bottom of the gel (0.5 - 1 cm).

4. Remove the gel from the glass plates and stain with ethidium bromide (0.5 µg/mL in water) in a clean container for 2-3 min. Visualize the gel
bands on a UV transilluminator or another gel documentation instrument.

5. Cut out the ~150-bp band using a clean razor and place it into a 1.7 mL tube.
6. Extract the DNA using a gel extraction kit per manufacturer instructions.
7. Check the size distribution of the final library with a commercial high-sensitivity DNA assay and the concentration with a commercial dsDNA

assay per the manufacturers' instructions.
8. Pool the libraries for amplification and a subsequent sequencing run with a commercial high-throughput DNA sequencing system per the

manufacturer's protocols.
9. Demultiplex with CASAVA to generate the fastq file for each sample per the manufacturer's protocols.
10. For small RNA-seq analysis of each sample, use Flicker for small RNA alignment per the manufacturer's protocols.

1. Remove reads that are aligned to contaminants, such as mitochondria, rRNA, primers, and so on.
2. Align the data to mature miRNA sequences.
3. Align the data to hairpin loop sequences (precursor miRNA).
4. Align the data to other small RNA sequences (using the fRNA database)15.

11. After all samples are quantified, define the differential expressed miRNAs between different groups/samples. Predict miRNAs that target
selected mRNAs or mRNAs that can be targeted by a selective miRNA using online miRNA target prediction tools, such as TargetScan16,
MicroCosm17, and PicTar18.

12. If functional annotation or pathway analysis is needed, submit the predicted genes to Ingenuity Pathway analysis (IPA) or DAVID.

4. Quantitative RT-PCR (qRT-PCR) of mRNAs and miRNAs

1. qRT-PCR analysis of mRNA
1. Extract RNA from 0.2-5 × 106 cells using a commercial total RNA isolation kit that can recover small RNA, following the manufacturer's

instructions. Include a DNase I treatment step.
2. Synthesize cDNA from total RNA with a first-strand cDNA synthesis system using oligo-dT primer.
3. Quantify cDNA by qRT-PCR with appropriate primers, using 2x real-time PCR master mix with the following protocol: 95 °C for 15 s, 40

cycles of 94 °C for 10 s, 60 °C for 30 s, and 72 °C for 30 s.
4. Perform data acquisition during the 72 °C extension step and perform melting curve analysis from 72 to 95 °C.

2. qRT-PCR analysis of miRNA
1. Aliquot RNA from the samples prepared in step 4.1.1.
2. Reverse-transcribe the RNA into cDNA. Use a commercial microRNA reverse transcription kit, following the manufacturer's

instructions.
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3. Perform real-time PCR for microRNA using a SYBR Green real-time PCR master mix with 250 nM mature miRNA forward primers in
conjunction with a universal reverse primer.

1. Thaw 2x PCR Master Mix, miRNA-specific forward primer, and universal reverse primer at room temperature. Mix the individual
solutions.

2. Prepare a reaction mix as follows for a 25 µL-per-well reaction volume (used in 96-well PCR plates):
 

2x PCR Master Mix 12.5 µL
 

miRNA forward primers (2.5 μM) 2.5 µL
 

Universal reverse primer (2.5 μM) 2.5 µL
 

RNase-free water5 µL
3. Add 22.5 μL of reaction mix to a 96-well PCR plate. Add 2.5 µL of template cDNA (50 pg-3 ng) to the individual plate wells.
4. Tightly seal the plate film. Centrifuge the plate for 1 min at 1,000 x g and room temperature.
5. Place the plate in the real-time cycler and start the following cycling program: 95 °C for 5 min, 40 cycles of 94 °C for 15 s, 55 °C

for 30 s, and 72 °C for 30 s.

4. Use the ΔΔCt method for qRT-PCR data analysis with a spreadsheet. Normalize the expression of the relevant miRNAs to the
expression of small nuclear/nucleolar RNAs Rnu6/RNU61/2, Snord61/SNORD61, Snord68/SNORD68, and Snord70/SNORD70.

3. Statistical analysis
1. Perform statistical analysis to determine the p values by paired and unpaired Student's t-test using a spreadsheet and consider p

values <0.05 as significant.

Representative Results

Using our protocol, purified B cells placed with LPS (3 µg/mL) and IL-4 (5 ng/mL) for 96 h can induce 30-40% of CSR to IgG1 and ~10% of
plasma cell differentiation. After treatment with HDI (500µM VPA), the CSR to IgG1 decreased to 10-20%, while plasma cell differentiation
decreased to ~2% (Figure 1). HDI-mediated inhibition of CSR was further confirmed by decreased numbers of post-recombination Iμ-Cγ1 and
mature VHDJH-Cγ1 transcripts, which are the hallmarks of completed CSR. As measured by qRT-PCR, the expression of Aicda, which is critical
for CSR/SHM, and Prdm1 and Xbp1, which are important for plasma cell differentiation, were shown to be inhibited by VPA (Figure 2).

The modulation of mRNA expression by HDI in B cells was highly selective. As measured by mRNA-seq in B cells stimulated with LPS and IL-4,
only 0.3% of these highly expressed mRNAs were upregulated by HDI more than two-fold, and only 0.36% of the highly expressed (>20 copies/
cell in B cells without HDI treatment) mRNAs, including Aicda, Prdm1, and Xbp1, were reduced by HDI more than 50% (Figure 3).

The downregulation of Aicda, Prdm1, and Xbp1 expression could potentially be mediated by miRNAs, which are negative regulators of gene
expression. By using miRNA targeting prediction tools (TargetScan.org, miRNA.org, and miRbase.org), we identified multiple miRNAs that can
potentially target Aicda or Prdm1. The miRNA-seq analysis of miRNA profiling in B cells treated with HDI or nil showed that HDIs selectively
upregulate Aicda- and Prdm1-targeting miRNAs (Figures 4 - 6).

 

Figure 1. Surface expression of B-cell marker B220, surface antibody IgG1, and plasma-cell marker CD138 were analyzed by flow
cytometry.
 

B220+ IgG1+ cells were B cells switched to IgG1. B220lowCD138+ cells were plasma cells. The percentage of IgG1-switched B cells and plasma
cells from B cells stimulated with LPS and IL-4 in the presence of nil or HDI (VPA, 500 M) for 96 h are indicated as the numbers within the gates.
Please click here to view a larger version of this figure.

https://www.jove.com
https://www.jove.com
https://www.jove.com
http://ecsource.jove.com/files/ftp_upload/55135/55135fig1large.jpg


Journal of Visualized Experiments www.jove.com

Copyright © 2017  Journal of Visualized Experiments September 2017 |  127  | e55135 | Page 5 of 8

 

Figure 2. Expression of hallmarks of completed CSR; mature VHDJH-Cγ1 transcripts and post-recombination Iμ-Cγ1 transcripts; and
Aicda, Prdm1, and Xbp1 were analyzed by qRT-PCR, normalized to Cd79b transcripts, and shown in a histogram.
 

Gene expression in B cells stimulated with LPS and IL-4 in the presence of 500 µM VPA and relevant to the gene expression in B cells with the
same stimuli in the presence of nil were depicted as 1. The data are from three independent experiments. p values, paired t-test. Please click
here to view a larger version of this figure.

 

Figure 3. B cells were stimulated with LPS and IL-4 and treated with HDI (VPA, 500 µM) or nil for 60 h. mRNA expression was analyzed
by mRNA-seq.
 

(A) Average mRNA expression levels in three independent experiments (reads per kilobase per million mapped reads, RPKMs) were depicted
in scatter plots. Each plot corresponds to one individual mRNA expression level. The two dashed lines are two-fold lines. Scatter plots located
above the top dashed line or below the bottom dashed line indicate mRNAs that express more than twice or less than half when induced by
VPA and nil, respectively. (B) The bar graphs depict the average change in mRNA expression levels (average RPKMs from three independent
experiments) in LPS and IL-4-stimulated B cells treated with HDI, as compared to those in B cells treated with nil. Only the mRNAs at an average
RPKM >20 in LPS and IL-4-stimulated B cells treated with nil are included. The mRNA expression in each individual experiment, as shown by a
scatter plot (C) or bar graph (D), are depicted in the same way as in (A) and (B). p values, paired t-test. Please click here to view a larger version
of this figure.
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Figure 4. B cells were stimulated with LPS and IL-4 and treated with HDI (VPA, 500 µM) or nil for 60 h. miRNA expression was analyzed
by miRNA-seq.
 

(A) The change in the average miRNA expression levels in B cells treated with HDI as compared to that in B cells treated with nil were depicted
by bar graphs. (B) The change in miRNA expression levels in B cells treated with HDI as compared to that in B cells treated with nil in three
independent experiments were depicted by bar graphs. Only the miRNAs at average RPM >0.5 in LPS and IL-4-stimulated B cells treated with nil
are included. Please click here to view a larger version of this figure.

 

Figure 5. HDI increases the expression of Aicda-targeting miRNAs, as shown by miRNA-seq.
 

(A) Sequence alignment of the miRNAs and their target sites in the 3'UTR of Aicda mRNAs. (B) B cells were cultured with LPS and IL-4 in the
presence or absence of HDI (VPA, 500 M) for 60 h. The expression of the miRNAs that were predicted to target Aicda 3'UTR were analyzed by
miRNA-seq and depicted as RPM. p values, paired t-test. Please click here to view a larger version of this figure.
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Figure 6. HDI increases the expression of Prdm1-targeting miRNAs, as shown by miRNA-seq.
 

(A) Sequence alignment of the miRNAs and their target sites in the 3' UTR of Prdm1 mRNAs. (B) B cells were cultured with LPS and IL-4 in the
presence or absence of HDI (VPA, 500 M) for 60 h. Expression of the miRNAs that were predicted to target Prdm1 3' UTR were analyzed by
miRNA-seq and depicted as RPM. p values, paired t-test. Please click here to view a larger version of this figure.

Discussion

This protocol provides comprehensive approaches to induce B cell class switching and plasma cell differentiation; to analyze their impact by
epigenetic modulators, namely HDI; and to detect the effect of HDI on mRNA and miRNA expression in these cells. Most of these approaches
can also be used to analyze the impact of epigenetic factor on human B-cell function and mRNA/miRNA expression. The qRT-PCR and mRNA-
seq/miRNA-seq approaches can also be used to analyze B cells isolated from mice treated with epigenetic modulators, such as HDIs.

The epigenetic modulate may impact many different cell functions, such as cell proliferation and viability, which could affect CSR and plasma cell
differentiation. Therefore, cell proliferation, viability, and the cell cycles of the B cells, with or without HDI treatment, should be analyzed. One of
the challenges for analyzing the modulation of mRNA and miRNA expression by HDI or other epigenetic regulators by qRT-PCR is choosing a
suitable housekeeping gene or small RNA. Many common housekeeping genes can be altered to varying degrees by epigenetic modulators. The
expression levels of many different housekeeping genes should be measured and used to normalize the specific gene expression by qRT-PCR.
This issue can also be addressed by mRNA-seq and miRNA-seq, where the expression of individual mRNAs or miRNAs can be normalized by
genome-wide mRNA or miRNA levels.

mRNA-seq can not only define the mRNA expression profile with an appropriate bioinformatics pipeline, but this approach can also define the
long noncoding RNA (lncRNA) profile. mRNA-seq typically involves the enrichment of poly(A)+ RNAs by oligo(dT) selection. As a number of
lncRNA are known to lack poly(A) tails, the mRNA-seq approach involving oligo (dT) selection cannot determine the complete information of
lncRNA expression. In order to achieve complete coverage of both mRNA and lncRNA expression profiles, an RNA-seq approach involving
rRNA depletion should be used. In most of our experiments, we use a commercial kit to extract the total RNA, including miRNA, for miRNA-seq,
mRNA-seq, and qRT-PCR. Prior to constructing a high-throughput sequencing library, the total RNA quality is validated by running an aliquot
on an automated RNA, DNA, and protein sample QC system. It is recommended that RNA samples have an RIN number of 7.0 or higher if they
are to be used for small RNA library preparation. Samples with lower RIN numbers have a higher percent of degraded RNA products in the size
range of small RNA species (15-30 nucleotides). When the RIN number is below 7.0, the coverage will not be as good. Another option for less-
than-ideal RNA samples is to perform an rRNA depletion approach rather than an mRNA isolation approach, but this requires that the samples
be at least 10 ng/mL.

The protocols for mRNA-seq used here are optimized for 100 - 1,000 ng of total RNA. For miRNA-seq using less than 100 ng of total RNA, small
RNA-seq library preparation should follow a more sensitive small RNA-seq preparation protocol, which takes advantage of the natural structure
common to most known microRNA molecules. Most mature miRNAs have a 5'-phosphate and a 3'-hydroxyl group as a result of their biogenesis
pathway. Because of this, the 3' and 5' adapters in this kit are directly ligated to miRNAs.

To analyze the impact of HDI on B-cell mRNA and miRNA expression in vivo, mice can be treated with VPA or other HDIs by adding this HDI to
the drinking water, and the intraperitoneal injection of these mice with T-dependent antigen NP-CGG or T-independent antigen NP-LPS can be
performed. The B cells can be purified from the spleen 10 days after immunization.
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