
MethodsX 8 (2021) 101404 

Contents lists available at ScienceDirect 

MethodsX 

j o u r n a l h o m e p a g e: w w w . e l s e v i e r . c o m / l o c a t e / m e x 

Method Article 

Production of TRPM4 knockout cell line using rat 

cardiomyocyte H9c2 

Chen Wang 

a , Masakazu Maeda 

b , Jian Chen 

a , c , Mengxue Wang 

a , 
Keiji Naruse 

a , Ken Takahashi a , ∗

a Department of Cardiovascular Physiology, Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences, Okayama 

University, Japan 
b Department of Medicine, Okayama University, Japan 
c Department of Pathophysiology, School of Basic Medical Sciences, Harbin Medical University, China 

a b s t r a c t 

The method presented in this article are related to the research article entitled as “Role of the TRPM4 channel 

in mitochondrial function, calcium release, and ROS generation in oxidative stress" [1] . TRPM4, a non-selective 

monovalent cation channel, is not only involved in the generation of the action potential in cardiomyocytes, but 

also thought to be a key molecule in the development of the ischemia–reperfusion injury of the brain and the 

heart [2–5] . However, existing pharmacological inhibitors for the TRPM4 channel have problems of non-specificity 

[6] . This article describes methods used for targeted genomic deletion in the rat cardiomyocyte H9c2 using 

the CRISPR-Cas9 genome editing system in order to suppress TRPM4 protein expression. Confocal microscopy, 

flow cytometry, Sanger sequencing, and western blotting are performed to confirm vector transfection and the 

subsequent knockout of the TRPM4 protein. 

• These data provide information on the comprehensive analyses for knocking out the rat TRPM4 channel 

using CRISPR/Cas9. The analyses include confocal microscopy, flow cytometry, Sanger sequencing, and western 

blotting. 
• This dataset will benefit biological and medical researchers studying the function of TRPM4-expressing cells 

including neurons, cardiomyocytes, and vascular endothelial cells. It is also useful to study the involvement of 

the TRPM4 channel in pathological processes such as cardiac arrhythmia and ischemia–reperfusion injury. 
• The dataset can be used to guide the experiment of knocking out the TRPM4 gene and its subsequent 

application to the study of disease process caused by the gene. 
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Specifications table 

Subject Area: Biochemistry, Genetics and Molecular Biology 

More specific subject area: Cell biology, molecular pathophysiology 

Method name: CRISPR knockout of rat TRPM4 gene 

Name and reference of original 

method: 

N.A. 

Resource availability: N.A. 

Background 

The rat cardiomyocytes cell line H9c2 is derived from embryonic BDIX rat heart tissue [7] and

extensively used in cell biology research. It has been revealed that the TRPM4 channel, originally

found as an ion channel involved in the development of cardiac arrhythmia, is also associated with

the development of cancer such as prostate cancer and large B cell lymphoma [8] . CRISPR/Cas9

provides more convenient methods for genome editing including knock-out than the conventional 

methods using zinc-finger nucleases and transcription activator-like effector nucleases [9] . The method 

of knocking out rat TRPM4 channel using CRISPR/Cas9 system can contribute to the development of

research in various fields such as cardiovascular diseases and cancer research. 

Methods 

TRPM4 knockout in the H9c2 rat cardiomyocyte line was achieved using the Guide-it CRISPR-Cas9 

System (Clonetech Laboratories, CA, USA) for the cloning and expression of a target single guide RNA

(sgRNA). The included vector simultaneously express Cas9, a target specific sgRNA, and tdTomato 

fluorescent protein. 

Designing and cloning of sgRNAs 

The target sequence of the rat TRPM4 gene was determined using chopchop server [10] , which

reduces off-target mutagenesis by determining potential off-target sites with up to three bases 

mismatches. Of the candidate oligonucleotide sequences, a sequence pair close to the N terminus 

was chosen: oligo 1: 5 ′ -ccggGGCTGTGAGGGACCACCAGA-3 ′ , oligo 2: 5 ′ -aaacTCTGGTGGTCCCTCACAGCC- 

3 ′ . These oligonucleotides were ligated to the pGuide-it-tdTomato Vector. 

The ligated vector was cloned using competent cells, and a single colony of competent cells

was picked, inoculated into LB medium containing ampicillin (final concentration: 100 μg/ml), and 

incubated with shaking overnight at 37 °C. After purification, the DNA was purified using QIAGEN

Plasmid Midi Kit (QIAGEN, Germantown, MD, USA) and then quantified using spectrophotometer 

(DeNovix DS-11 + , Wilmington, DE, USA). Sequencing analysis was conducted on ABI 3130xl (Applied

Biosystems, USA) using 500 ng plasmid sample and the Guide-it Sequencing Primer 1 in the Guide-it

CRISPR-Cas9 Systems. 

Transfection of plasmid vector 

H9c2 cells (American Type Cell Culture, Manassas, VA, USA) were cultured on a 6-well plate

(10 6 cells/well) in Dulbecco’s Modified Eagle’s Medium (DMEM, Thermo Fisher Scientific, Waltham, 

MA, USA) supplemented with 10% fetal bovine serum (FBS, Sigma-Aldrich, St. Louis, MO, USA) in a

humidified incubator (5% CO 2 , 20% O 2 ) at 37 °C. The plasmid vector (2.5 μg) was transfected into H9c2



C. Wang, M. Maeda and J. Chen et al. / MethodsX 8 (2021) 101404 3 

c  

(  

a  

c  

w  

b

O

 

t  

c  

J  

U

I

 

7  

b  

0

 

T  

4  

(  

t  

p

S

 

T  

G  

(  

(  

p  

t  

9  

5  

g  

I  

B  

w  

t  

u

D

 

(  

(  

(  

(  

T

ells using the Lipofectamine LTX reagent (12 μl) (Thermo Fisher Scientific) with the PLUS reagent

2.5 μl) in culture medium without serum (300 μl in total). Transfected cells were harvested 24 h

fter transfection via fluorescence-activated cell sorting (FACS Aria III, BD Biosciences, NJ, USA). Single

olonies of the transfected H9c2 cells were obtained by limiting dilution using a 96-well plate. After 4

eeks, the colonies were isolated, and the mutation was ascertained by DNA sequencing and western

lot analysis. 

ptimization of vector transfection protocol 

Transfection was confirmed on confocal microscope (Olympus FV10 0 0, Tokyo, Japan) by visualizing

dTomato fluorescence at 2, 4, 6, 18, and 24 h after transfection. After the microscopic observation,

ells were detached using trypsin, filtered through a 30 μm CellTrics disposable filter (Sysmex, Kobe,

apan), and then used for flow cytometry analysis and cell sorting (FACS Aria III, BD Biosciences, NJ,

SA). 

mmunocytochemistry staining of Cas9 protein 

For the expression analysis of Cas9 protein, cells were fixed with 4% paraformaldehyde in PBS (pH

.4) for 10 min at room temperature within 24 h after transfection. Cells were then permeabilized and

locked with phosphate buffered saline (PBS) containing 0.3 M glycine, 1% bovine serum albumin, and

.1% Triton X-100 for 1 h at room temperature. 

Next, cells were incubated with anti-CRISPR-Cas9 antibody (1:100 in PBS) (ab191468, Abcam,

okyo, Japan) overnight at 4 °C. Cells were then incubated with goat anti-mouse Alexa Fluor

88 antibody (1:1,0 0 0 in PBS) (A11001, Thermo Fisher Scientific) and 4’,6-diamidino-2-phenylindole

1 drop/ml in PBS) (NucBlue Fixed Cell ReadyProbes, Thermo Fisher Scientific) for 1 h at room

emperature. Then we performed three-color confocal imaging to visualize the cell nucleus, Cas9

rotein, and tdTomato protein. 

equencing of genomic DNA 

Genomic DNA was obtained using PureLink Genomic DNA Mini Kit (Thermo Fisher Scientific).

he extracted DNA was amplified by PCR using the following primers: forward primer, 5’-

TGGGTGTGGCTGTGAGGGACCAC-3’; reverse primer, 5’-GTCTCTGTTCCGGACCACTC-3’. PCR reaction mix

50 μl total) was prepared as follows: 25 μl OneTaq Quick-Load 2X Master Mix with Standard Buffer

Cat no: M0486S, New England Biolabs, Tokyo, Japan), 0.5 μl forward primer (20 μM), 0.5 μl reverse

rimer (20 μM), ~900 ng extracted DNA, and PCR grade water. The PCR reactions were run using

he following program: initial denaturation: 94 °C for 30 s; cycling protocol (40 cycles): denaturation

4 °C for 30 s, annealing 59.7 °C for 60 s, elongation 68 °C for 60 s; final extension: 68 °C for

 min. Amplified PCR products were separated from the primers via electrophoresis on a 2.5% agarose

el and extracted from the gel using the Monarch DNA Gel Extraction Kit (New England Biolabs,

pswich, MA, USA). DNA sequencing was performed using ABI 3130xl (Applied Biosystems, USA) and

igDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA). 20 μl reaction per sample

as prepared by adding the purified PCR product (30 ng) and the reverse primer above (3.2 pmol) to

he reaction mix (8 μl) provided in the kit. Genetyx software (Genetyx corporation, Tokyo, Japan) was

sed for the analysis of the sequencing result. 

etection of TRPM4 protein by western blot 

Cells were harvested, washed in cold PBS, and lysed on the ice for 5 min with Pierce RIPA Buffer

Thermo Fisher Scientific). Protein concentration was measured using the Protein Assay Rapid Kit

Wako, Japan). Equal amounts of protein (60 μg) from each sample were separated by 4–12% SDS-PAGE

Bolt bis-tris Plus Gel, Thermo Fisher Scientific) and transferred onto an Invitrolon PVDF membrane

Thermo Fisher Scientific). The membrane was incubated with shaking in Blocking One buffer (Nacalai

esque, Japan) for 1 h at room temperature to block nonspecific binding. 
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The membrane was cut horizontally at ~60 kDa to separate the higher molecular weight part that

contains TRPM4 (134 kDa) from the lower molecular weight part that contains β-actin (43 kDa).

Then the membranes were incubated overnight at 4 °C with primary antibodies: mouse anti- β-

Actin antibody (1:1,0 0 0; Cell signaling technology, Danvers, MA, USA; Cat. no: 3700S) for the lower

molecular weight part and rabbit anti-TRPM4 antibody (1:400; Alomone Labs, Jerusalem, Israel; Cat. 

no: ACC-044) for the higher molecular weight part. The membranes were washed in PBS buffer

containing 0.1% Tween-20 (PBS-T) and incubated with HRP-conjugated secondary antibody (Bio-Rad 

#161-0380; Hercules, CA, USA) at room temperature for 1 h. The secondary antibody dilution factor

was 1:1,0 0 0 for anti- β-Actin primary antibody and 1:10,0 0 0 for anti-TRPM4 primary antibody. The

membranes were washed again with PBS-T, and proteins were visualized using an ECL Prime Detection

System (GE Healthcare, Chicago, IL, USA) with a Fujifilm LAS-30 0 0 Imager. 

The intensity of band luminescence was quantified using ImageJ [11] . Briefly, a rectangle that

surrounds the target band was selected, and then the mean intensity of the pixels that had intensity

above background was calculated. The mean intensity of the TRPM4 band was divided by that of the

β-actin for normalization. 

Statistical analysis 

Data were presented as the mean ± standard error of the mean and were analyzed using Prism

software (version 8.0, Graphpad Software, USA). Comparisons between two groups were conducted 

using Student’s t-test. Results were considered statistically significant for p < 0.05. 

Results 

Expression of the fluorescent marker and Cas9 proteins 

As shown in Fig. 1 , tdTomato fluorescence was detected on a certain percentage of H9c2 cells

transfected with the plasmid expression vector. While the fluorescence was observed throughout the 

cytoplasm, it was observed especially intensely in the nucleus. Labeling with anti-Cas9 antibody was 

particularly intense in the nucleus, suggesting the nuclear localization of the Cas9 protein. The flow

cytometry analysis indicated that the expression of the tdTomato protein peaked at 6 h and was

maintained at relatively higher level until 24 h after the transfection of the plasmid vector ( Fig. 2 ). 

DNA sequencing 

As shown in Fig. 3 , the DNA sequence that encodes TRPM4 gene in non-transfected (WT) cells was

identical to that of the rat TRPM4 gene located at chromosome 1, exon 5 (accession: NC_0 0510 0.4),

except for the thymine at location 101,316,731 which was intentionally replaced by adenine for 

subsequent knockout analysis using restriction enzyme (data not shown). In contrast, the sequence 

obtained from the TRPM4-knockout (TRPM4 KO ) cells lacked a guanine at location 101,316,729. This

site is precisely four residues after the protospacer adjacent motif (PAM) sequence (shown as “CCG” in

Fig. 3 , whose reverse complementary sequence is CGG) for Cas9 nuclease, suggesting that this single-

residue deletion resulted from cleavage by this enzyme. Of the seven samples obtained in the limited

dilution after FACS sorting, deletion of the expected residue was found in two samples ( Fig. 3 , right). 

Assessment of the expression of TRPM4 protein using western blot 

Expression of the TRPM4 protein in WT and TRPM4 KO cells was assessed using western blot

( Fig. 4 ). TRPM4 expression was significantly lower in TRPM4 KO than in WT cells (0.03 ± 0.01 vs.

1.00 ± 0.04, respectively; ∗∗∗∗p < 0.0001). 

Limitation 

Although the sgRNA was designed to minimize off-target effects, gene mutations due to off-target 

cleavage should always be considered [12] . 
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Fig. 1. Simultaneous detection of vector transfection and Cas9 expression . Rat H9c2 cardiomyocytes were labeled with anti- 

Cas9 antibodies (yellow, top right) and stained with DAPI (cyan, top left). Magenta fluorescence (bottom left) indicates tdTomato 

fluorescence derived from the transfected plasmid vector. Arrows indicate the cells that express tdTomato and Cas9 proteins 

simultaneously. Scale: 20 μm. 

Fig. 2. Time course of the ratio of vector expressing cells . Flow cytometry analysis of tdTomato expression on rat H9c2 

cardiomyocytes. The vertical axis of the histogram indicates the number of cells. Samples were obtained 0, 2, 4, 6, 18, and 24 h 

after transfection of the plasmid vector encoding tdTomato and Cas9 proteins. Right: The ratio of tdTomato positive cells over 

time after transfection of the expression vector. 
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Fig. 3. Comparison of DNA sequence between the WT and TRPM4 KO cells . Left: Sequencing chromatographs of genomic 

DNA samples obtained from WT and TRPM4 KO cells. The numbers indicate locations in the rat chromosomal DNA (accession: 

NC_0 0510 0.4). The guanine at site 101,316,729 (arrowhead) is missing in the DNA of TRPM4 KO cells. Right: Sequencing results of 

8 samples (reverse complemented). The cytosine residue between thymine and cytosine is missing in TRPM4 KO 4 and TRPM4 KO 

5 samples. 

Fig. 4. Detection of TRPM4 protein using western blotting. TRPM4 protein expression was significantly lower in TRPM4 KO 

than in WT cells. β-actin was used as loading control. The TRPM4 expression level was normalized by dividing the band 

intensity of TRPM4 by that of β-actin. Chart represents average of three independent experiments. Error bars represent SEM. 
∗∗∗∗p < 0.0 0 01. 

 

 

Conclusion 

The TRPM4 channels in H9c2 rat cardiomyocytes can be successfully knocked out by transfecting

a plasmid vector that simultaneously expresses the sgRNA, Cas9 protein, and the fluorescent marker 

tdTomato. This method may also be used to knock out the TRPM4 channel in other rat-derived cells. 
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