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channel in mouse hearts
1. Abstract
Recent studies showed that several mutations in the transient receptor potential channel melastatin 4 (TRPM4) are linked to cardiac conduction system diseases (CCD). We 

investigated the localization of TRPM4 in the mouse heart to find more information about the channel and the context of TRPM4 mutations with the related CCDs. The aim of this 

thesis is to find a protocol and antibody which stains TRPM4 in mouse heart sections.TRPM4 wildtype (WT) and knockout (KO) mice were used in every experiment . Several staining 

protocols and two different antibodies were tested. Unfortunately, none of the antibodies could show a difference, neither in staining on WT and KO mouse heart sections, nor in an 

over-expression system that did or did not express TRPM4. To get at least some information about TRPM4 expression in mouse hearts, western blots and real-time polymerase chain 

reaction were performed. The results show that TRPM4 distribution differs between mRNA and protein level. Probably, there are unknown posttranslational modifications that regulate 

TRPM4 expression on the cell membrane of mouse hearts. TRPM4 protein expression was not detectable in isolated ventricle cardiomyocytes (CMC). Lastly, previous results 

suggesting the expression of TRPM4 in the ventricular conduction system remain to be confirmed.

2. Introduction
TRPM4 is an ion channel and member of the transient receptor potential (TRP) channel 

family. TRPM4 is formed of six transmembrane helices (TM) with a membrane-inserted 

loop structure between TM5 and TM6. (1) This loop is mainly permeable to Na+ and K+. 

Recent studies have shown that TRPM4 could play a key role in the cardiac conduction 

system. (2) The main function is probably the inward current of sodium. But until now, it is 

not known when TRPM4 is active, because we don´t know where exactly TRPM4 

localizes on a cellular or tissue level. The fact that TRPM4 is activated by an increase of 

intracellular Ca2+ suggests that TRPM4 could be active during the plateau/repolarization 

phases of the cardiac action potential. The activation of TRPM4 could in turn break the 

repolarization, because sodium flows again into the cell, leading to depolarization of the 

membrane potential. 

2.1 TRPM4 in cardiac diseases

Cardiac conduction system disease (CCD) is a medical problem worldwide. TRPM4 has 

26 known mutations; they are all connected with CCD. Constantly, new variants are 

found, which all lead to a loss or gain of function of TRPM4. Three different types of 

categories of CCD are formed: conduction defect (summary of different diseases), 

Brugada syndrome and atrioventricular block.

3. Aims and formulation of questions
The aim of this diploma thesis is to set up an immunofluorescent (IF) staining technique 

in order to localize TRPM4 channels in mouse heart. The correlated questions are:

1.) Which antibody and protocol of staining can be used to stain TRPM4 channel in 

mouse heart sections?

2.) In which parts of the atria and ventricle of the mouse heart is TRPM4 expressed?

5. Results
Step 1:

The nuclei are stained with DAPI, which gives the blue signal, while the green signal 

arises from TRPM4 NTer3-bound antibodies. 

Step 4:

In figure 5.5, in the lane containing the WT ventricle, a thin band is visible around 130 

kDa where TRPM4 should be. The same band is also visible in the KO ventricle. 

TRPM4 is clearly expressed in atria from WT mice. As a positive control, the WT colon is 

strongly positive. The signal in the WT isolated CMC is more or less missing. In the KO 

mice, no band is present in the atria, isolated CMC and the colon. 

Step 5:

The highest relative TRPM4 mRNA expression is found in the left ventricle, followed by 

the atria, right ventricle, septum and isolated cardiomyocytes. All KO tissues show almost 

no relative mRNA expression apart from the KO atria.

6. Discussion
The antibody anti-TRPM4 NTer3 is not able to show a difference between WT and KO tissue sections in a wide range of staining protocols (see figure 5.1, 5.2). We can conclude that 

the antibody anti-TRPM4 NTer3 is only recommended for western blot (see figure 5.5). Neither a protocol nor an antibody could be found to stain TRPM4 in mouse heart sections. 

Moreover, the TRPM4 distribution is different between mRNA and protein level. Probably, there are unknown posttranslational modifications that regulate TRPM4 expression on the cell 

membrane in mouse heart. 

At least the missing TRPM4 signal in the isolated CMC on the protein level (see figure 5.5) could be a promising step forward in this very complicated TRPM4 story. This experiment 

needs to be repeated several times confirm that TRPM4 is absent in ventricle. Furthermore, it would make sense to isolate atrial cardiomyocytes and check the TRPM4 signal intensity 

of these cells compared to the whole atria. If there is no TRPM4 in the atrial cardiomyocytes, another isolation protocol should be tried. The next step could be to isolate fibroblasts and 

check them in western blots. Moreover, we could address the question in which cell types TRPM4 is expressed.

Another planned step is to go on with fluorescence in-situ hybridization (FISH) to check TRPM4 on mRNA level. Dr. Jean-Sebastien Rougier designed two probes. One detects the 

exon 1 and 2 of TRPM4 mRNA, the other one is designed against the exon 15 and 16, which are missing in the KO mice. 

To confirm that the antibody does not optimally detect of the N terminus, it would make sense to design an antibody against the pore region of TRPM4. The binding site would be 

present on the outside of the cell membrane. The advantage might be that less other molecules bind to the pore region which makes it easier for the antibody to recognize the epitope. 

Perhaps an antibody against the pore region could be the best way to perform stainings and get information about the TRPM4 localization in the mouse heart.

TRPM4 is and remains a mysterious ion channel. It's worth to further investigate the exact localization of TRPM4, so the consequences of TRPM4 mutations in CCD and the general 

function of TRPM4 could be clarified.

4. Material, methodes and procedure
4.1 Procedure

Figure 4.1: Flowchart experiment chronological listed. The green-

rimmed boxes correlate to the first of aim and formulation of 

question. The blue-rimmed boxes correlate to the second aim and 

formulation of question.  Step 2 and 3 can not be presented 

because of lack of space. 

Figure 5.1: WT atria Figure 5.2: KO atria Figure 5.3: WT ventricle Figure 5.4: KO ventricle

Figure 5.5: Western blot 

results from WT and KO 

mice: ventricle, atria, 

isolated cardiomyocytes 

(CMC) and colon stained 

with anti-mouse TRPM4 

NTer3

Figure 5.6: Real time-

PCR results, the relative 

mRNA expression (%) of 

WT and KO tissue
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Figures:

Background: http://www.oustormcrowd.com/organ-in-the-human-body-heart/human-body-heart-location/ 

4.1: Sumi, K. (2016): Flowchart experiment chronological listed

5.1: Sumi, K. (2016): MCM21M2 (WT) atria stained with anti-mouse TRPM4 NTer3. Bern, own illustration

5.2: Sumi, K. (2016): TH25M5 (KO) atria stained with anti-mouse TRPM4 NTer3. Bern, own illustration

5.3: Sumi, K. (2016): MCM21M2 (WT) ventricle stained with anti-mouse TRPM4 NTer3. Bern, own illustration

5.4: Sumi, K. (2016): TH25M5 (KO) ventricle stained with anti-mouse TRPM4 NTer3. Bern, own illustration

5.5: Sumi, K. (2016): WB results WT/KO: ventricle, atria, isolated CMC, colon stained with anti-mouse TRPM4 NTer3. Bern, own illustration

5.6: Sumi, K. (2016): Real-time PCR results WT/KO ventricle right and left, septum, atria and isolated CMC. Bern, own illustration

4.2 Material

Only TRPM4 knockout mice (KO) and their wildtype littermates (WT) are used for all of 

the experiments. The WT mice express TRPM4. In the KO mice, exons 15 and 16 of the 

TRPM4 gene are inactivated in mouse embryonic stem cells with a Cre-loxP strategy. 

Exon 15 and 16 encode the first transmembrane segment of TRPM4. (3)

The antibody (anti-TRPM4 NTer3) used in this thesis is produced by the company 

Pineda. Our lab designed a peptide sequence from the N terminus of the murine TRPM4 

ion channel.

The TaqMan TRPM4 probe is against exon 14 and 15. Therefore, this probe can also be 

used in KO mice.

Sources:

1 Abriel, H., Syam, N., Sottas, V., Amarouch, M. Y. and Rougier, J.S. (2012) TRPM4 channels in the cardiovascular system: Physiology, pathophysiology, and 

pharmacology | Biochemical Pharmacology 84

2 Liu, H., Zein, L. E., Kruse, M., Guinamard, R., Beckmann, A., Bozio, A., Kurtbay, G., Megarbane, A., Ohmert, I., Blaysat, G., Villain, E., Pongs, O., Bouvagnet, P. (2010) 

Gain-of- function Mutations in TRPM4 case autosomal dominant isolates cardiac conduction disease | Circulation Cardiovacular Genetics 

3 Vennekens, R., Olausson, J., Meissner, M., Bloch, W., Mathar, I., Philipp, S. E., Schmitz, F., Weissgerber, P., Nilius, B., Flockerzi, V. and Freichel, M. (2007) Increased 

IgE- dependent mast cell activation and anaphylactic responses in mice lacking the calcium- activated nonselective cation channel TRPM4 | nature immunology, volume 

8, number 3 


