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Abstract
Tropomyosin, a coiled-coil dimeric protein, is a component of thin filaments that constitute myofibrils, the 

contractile apparatus of striated muscles. It is also a component of the actin filament network in non-muscle cells. In 
vertebrates, except for fish, there are four known TPM genes (TPM1, TPM2, TPM3, and TPM4) each of which can 
generate a number of TPM isoforms via alternative splicing and/or using alternate promoters. In humans, except for 
TPM4, the sarcomeric TPM isoform (s) for each TPM gene have been known for long time. Recently, we have cloned 
and sequenced the sarcomric isoform of the TPM4 gene designated as TPM4a. In addition, using qRT-PCR we 
have reported the expression of TPM4a in human striated muscles. Also, using 2D Western blot analyses followed 
by Mass spectra, we have reported the potential TPM4a protein expression in human cardiac tissues. However, 
much of the role of TPM4a in muscle contraction in human is yet to be elucidated. Although the role of the TPM4 
gene in human diseases in not well documented, new information is emerging in this regard. For example, of the 
TPM4 isoforms TPM4g has been reported as a non-invasive biomarker in prenatal diagnosis of congenital heart 
defects; mutations in TPM4 have been implicated in Macrothombocytopenia in humans; differential expression of 
two TPM isoforms TPM4b and TPM4g in human breast cancer cells. However, the role of TPM4-ALK oncogenes in 
inflammatory myofibroblastic tumors in humans is well documented. 
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Introduction
The tropomyosin (TPM) family of actin-binding proteins is a coiled-

coil dimeric protein(s) present in all eukaryotes ranging from yeast to 
humans. In vertebrates, tropomyosin is expressed in muscle and non-
muscle cells. TPM is well known for its role in muscle contraction where 
it regulates the interaction between actin and myosin. However, its 
regulatory role in the organization as well as dynamics of cytoskeleton 
has been acknowledged in recent years.

In vertebrates, except for fish, four TPM genes –TPM1, TPM2, 
TPM3, and TPM4 are known [1-10]. In zebrafish, there are six TPM 
genes that include the paralogs of the TPM1 (TPM1-1 & TPM1-2), 
the paralogs of the TPM4 gene (TPM4-1 & TPM4-2) and single copy 
TPM2 and TPM3 [4]. Each of the TPM genes is known to generate 
multiple tropomyosin isoforms via alternate splicing, and/or using 
different promoters or different polyadenylation sites.

Although this editorial is focused primarily on the diversity, roles in 
cellular processes and their implications of TPM4 isoforms in human 
diseases, we would like to start by briefly discussing these aspects of the 
other three TPM genes.

Isoform diversity of TPM1, TPM2, and TPM3 genes in 
humans

Of the four TPM genes, TPM1 is the most versatile one as far as the 
generation of isoforms is concerned. Previously, the human TPM1 gene 
was known to generate nine different alternatively spliced isoforms 
(Helfman). Of which, only one was thought to be specific for striated 
muscle contraction or sarcomeric isoform, which we call TPM1a (Table 
1) [1,3,7,8]. We reported the expression of the tenth TPM1 isoform
designated as TPM1k in human adult and fetal hearts [11]. TPM1k is
the second sarcomeric isoform of the TPM1 gene, and has been found
in various animals – amphibian [12], avian [13], and fish (unpublished
results in zebrafish ), and other mammals [14]. The TPM1 gene also
generates one smooth muscle isoform known as TPM1b with exon
2a as in TPM1k and exon 9c/d instead of exon 9a/b, which is the
integral part of the two sarcomeric isoforms TPM1a and TPM1k. In

addition, four other alternatively spliced isoforms of the TPM1 gene 
have been reported [9]. Some of them are of high molecular weight, 
containing mostly 284 amino acid residues, and many of them are of 
low molecular weight, containing mostly 248 amino acid residues. 
Although exon compositions and transcript expression of all isoforms 
are known, the encoded protein expression of all TPM1 isoforms is yet 
to be established. TPM1l has been shown to be upregulated in human 
breast cancer cell lines [9].

The TPM2 gene is known to produce one sarcomeric isoform 
called TPM2a, a smooth muscle isoform TPM2b, and another high 
molecular weight isoform TPM2g (Table 1) [1-6]. It also generates 4 
more alternatively spliced isoforms generating both high molecular and 
low molecular weight proteins [15]. The sarcomeric isoform TPM2a is 
expressed in all vertebrates. Several missense mutations in TPM2 have 
been implicated in in various myopathies in humans [15,16]. Down 
modulation of TPM2b has been observed in human breast cancer cell 
lines [15,17].

Via alternate splicing the TPM3 gene generates 12 isoforms, one of 
which one encodes a high molecular weight protein TPM3a containing 
285 amino acid residues. All others are low molecular weight proteins 
encoding 248 amino acid residues. The exon composition of TPM3a 
is given in Table 1. TPM3a is known to be involved in slow skeletal 
muscle contraction and several missense mutations in TPM3a have 
been implicated in nemaline myopathy in humans [18]. Recently two 
groups have reported the expression of TPM3a protein in human hearts 
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in a low quantity. Our unpublished results also support the expression 
of TPM3a protein in human hearts [19]. 

The principal tropomyosin isoforms found in human striated 
muscles are TPM1a and TPM1k from the TPM1 gene, TPM2a from the 
TPM2 gene, and TPM3a transcribed from the TPM3 gene. Two groups 
independently reported that a knockout of the TPM1 gene in mouse 
is embryonic lethal, suggesting the essential role of TPM proteins in 
development [20,21]. Both groups showed that ablation of one allele 
resulted in heterozygous knockout mice. In other words, one of the two 
alleles of the TPM1 gene is functional. This ablation caused a ~50% 
reduction of TPM1a transcripts in the targeted mouse hearts. Despite 
the ablation of one TPM1 allele a concomitant increase in transcript 
level from other sarcomere TM isoforms, for example, TPM2b was not 
seen. Interestingly, there was no reduction of TPM1a protein in ablated 
mice. Rajan et al. [22] created transgenic mouse (Tg) overexpressing 
TPM1k protein in a cardiac-specific manner. Anatomical analyses 
displayed no differences between Tg and NTg mice. However, a 
functional difference by echocardiography was found with increased 
end-systolic and end-diastolic left ventricular dimensions inTPM1k 
Tg mice. This resulted in the development of a dilated cardiomyopathy 
like syndrome in transgenic mice over-expressing TPM1k. Rajan et al. 
also showed an increased expression of TPM1k protein in the hearts 
of patients with chronic dilated cardiomyopathy (DCM) and in hearts 
from end stage heart failure patients. In a transgenic mouse model, the 
overexpression of TPM2a isoform to 57.8 % of total heart tropomyosin 
resulted in altered diastolic function with reduced rates of contraction 
and relaxation of isolated myocytes [23]. If the overexpression of 
TPM2a protein is over 75% of total sarcomeric tropomyosin, the mice 
die 10 to 14 days after birth and show severe cardiac abnormalities and 
thrombus formation [23]. In the mouse model for overexpressing of 
the TPM3a isoform, the mice developed tachycardia and reduced Ca+2 

sensitivity [24]. Both TPM2 and TPM3 genes have been implicated 
in Nemaline myopathy in humans [15,18] whereas TPM1 has been 
implicated in various cardiomypathies [25].

Isoform diversity of the human TPM4 gene

TPM4a, the cardiac specific sarcomeric isoform of the TPM4 
gene, has been known and studied for a long time in non-mammalian 
systems (Table 1) [26,27]. In chickens, TPM4a is the only sarcomeric 
tropomyosin isoform in adult hearts although TPM1a, TPM1k, and 
TPM2a along with TPM4a are expressed in embryonic chicken hearts 
[13]. In zebrafish, knocking out TPM4-1a results in a non-beating heart 
proving that it is essential for cardiac contractility [28]. 

In mammals, the exon and intron organization of TPM genes are 
very similar, if not identical, except for TPM4. In rodents, exons 1a and 
2 are absent or truncated from the TPM4 gene; as a result, the high 
molecular weight isoforms encoding 284 amino acid residues such as 
TPM4α and TPM4β are not expressed as they are in non-mammalian 
species (Figure 1) [1]. It was speculated for a long time that the TPM4 
gene in humans, as in rodents, is also truncated [1,2]. Hence, it was 
assumed that the TPM4 gene in humans also did not encode the high 
molecular weight protein with 284 amino acid residues. The expression 
of a high molecular weight TPM4 protein was reported first in human 
ovarian tumor tissues in 2004 (Accession # AK023385). This isoform, 
defined as TPM4β, contains exons 1a, 2, 3, 4, 5, 6, 7, 8, and 9d (Figure 
1), which differs from the sarcomeric TPM4α isoform containing 
exon 9b instead of 9d. It is to be noted that exon 9a/b, but not 9d, only 
encodes the peptide that is essential for binding TPM with troponins 
[2,3], essential components of thin filament. Although the entire 
human genome sequence has been known for a while, the existence of 
the exon 9a in the TPM4 gene was not reported until recently. To the 
best of our knowledge, the expression of the TPM4α isoform in humans 
has not been reported. Recently, two predicted sequences (derived from 
a genomic sequence) of the two different isoforms of the human TPM4 
gene containing exon 9a have been reported in Gen Bank (on March 
12, 2015). One of the predicted isoforms is TPM4α (as in avian and 
amphibians) containing exons 1a, 2, 3, 4, 5, 6b, 7, 8, 9a/b encoding 284 
amino acids (Accession # XM_006722865). The other one may encode 
a low molecular weight novel protein with 248 amino acids consisting 
of exon 1b, 3, 4, 5, 6, 7, 8, 9a/b (Accession # XM_005260042.2). We have 
for the first time reported the expression of these two new transcripts, 
viz TPM4α and TPM4δ, by RT-PCR with the RNA from human adult 
heart, fetal heart and skeletal muscle. We confirmed the sequences of 
both the isoforms by cloning and sequencing of the amplified products. 
We also determined the relative expression of the two transcripts by 
qRT-PCR with RNA from human adult heart, fetal heart, and skeletal 
muscle using isoform specific primer-pairs (Figure 2). Our results show 
that the transcripts of these two isoforms are expressed in fetal heart, 
adult heart, and skeletal muscle. The expression level is somewhat 
higher in hearts compared to skeletal muscle (Figure 2). Also, the 
expression of TPM4a is significantly higher in fetal human hearts. 

In order to demonstrate the expression of TPM4a protein in 
human hearts, we have performed 2D western blot analyses with CH1 
monoclonal antibody specific for sarcomeric TPM isoforms. The gel-
extracted proteins from various spots with positive signal were analysed 
by LS-MS/MS. The results indicate the expression of TPM4a (Figure 3) 

Nomenclature of Various  High Molecular wt Isoforms of TM referred to in this 
article

TPM Gene encoding the 
Isoforms: New Nomenclature  

(Old Nomenclature) 

Various isoforms of TM 
currently known as Exon Composition

Our Nomenclature. Narshi et al. (2005)* Nomenclature  by Geeves et al. (2015)**  
TPM1α Tpm1.1 TPM1 (αTM) Striated Muscle 1a,2b,3,4,5.6b,7,8,9a/b
TPM1β Tpm1.3 TPM1 (α-TM) Smooth Muscle 1a,2a,3,4,5,6b,7,8,9d
TPM1γ Tpm1.6 TPM1 (α-TM) TM-2 Fibroblast 1a,2b,3,4,5,6b,7,8,9d
TPM1δ Tpm1.7 TPM1 (α-TM) TM-3 Fibroblast 1a,2b,3,4,5,6a,7,8,9d
TPM1κ Tpm1.2 TPM1 (α-TM) Striated/Card 1a,2a,3,4,5,6b,7,8,9a/b
TPM2α Tpm2.2 TPM2 β-TM) Striated/Sk Muscle 1,2,3,4,5,6b,7,8,9a
TPM2 Tpm2.1 TPM2 Smooth Muscle (TM-1) 1,2,3,4,5,6a,7,8,9d
TPM3α Tpm3.12 TPM3 (hTMnm) Sk.Muscle 1a,2b,3,4,5,6b,7,8,9a/b
TPM4α None TPM4 (TM) StrTM4 1a,2,3, 4, 5,6,7,8,9a/b
TPM4 Tpm4.2 TPM4 Smooth muscle (TM4) 1b, 3,4,5,6,7,7,8,9d1

* Reference number, ** Reference number [10]

Table 1: Nomenclature and exon composition of various human high molecular weight TPM isoforms.
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muscle, endothelial and some cancer cell lines. TPM4g or Tpm4.2 is 
expressed in various human cells and tissues. It performs a supporting 
role in different motile and contractile events. Besides many other 
functions, it is involved in the formation of stress fibres in fibroblasts. 
TPM4g?expression has been found to be upregulated in some types 
of cancer cells. In the case of infiltrating ductal breast carcinoma, an 
elevated TPM4g expression has been implicated to the aggressiveness 
of the tumours [30].

Although TPM4b was first detected and characterized from human 
tumor cells, its expression pattern in breast tumour cell lines is not well 
documented. The monoclonal antibody LC-24 is specific for TPM4. 
It recognizes both TPM4b and TPM4g as these isoforms contain 
the peptide encoded by exon 9d. Western blot analyses using LC-24 

[29] and TPM2a protein in adult human heart extracts [29]. In addition, 
we have detected the expression of TPM1a, TPM1k, TPM2a, and 
TPM3a. However, we have failed to detect the expression of TPM4d, a 
~28 kDa protein, by both 1D and 2D western blot analyses using CH1 
monoclonal antibody [29]. 

TPM4 expression in breast cancer cell lines

Stress fibers are the major contractile structures fibroblasts, smooth 

TPM4

         1                  2               1b               3           4              5                6       7       8   9a   9b            9d1   

9d2                9d3 

TPM4α

                

TPM4 β

TPM4 γ

TPM4 δ

Figure 1: Alternative splicing pattern of the TPM4 gene in humans.

Figure 2: Relative expression of TPM4α and TPM4δ in human adult heart, 
fetal heart, and skeletal muscle.

Figure 3: Deduced amino acid sequences of human TPM4a and the 
dentification of amino acid sequences from the peptides extracted from 
CH1 antibody positive signals from 2D western blot with adult human heart 
extract {30]. Red color letters indicates the isolated peptides that have been 
sequenced by Mass spectrometry. Three amino acid residues in exons 1a, 8, 
and 9a are different in TPM4α compared to human TPM1a is marked as bold.
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antibody show that TPM4g but not TPM4b is expressed in human 
heart (Table 2, unpublished results). TPM4g is long been known to 
be involved in stress fibre formation in non-muscle cells. Again, stress 
fibers play important role(s) in cancer metastasis, which is a multistep 
process. Hence, we evaluated the expression of TPM4b and TPM4g 
in a few breast malignant epithelial tumor cell lines as well as normal 
breast cell lines by western blot analyses with the extracts of various 
cells using LC-24 monoclonal antibody. Our results show that the high 
molecular TPM4b protein in malignant breast epithelial cells in varying 
quantity for example it is lower in MCF7 and BT-474; however it is 
higher in normal MCF10 and in some malignant breast cell lines like 
MDA-MB-453 (Table 2). On the contrary, the expression level of low 
molecular weight TPM4g is relatively high in MCF7 or it is similar in 
some malignant breast cell lines like in normal MCF10 cell lines. Zhang 
et al. also reported the expression patterns of two TPM4 isoforms viz. 
TPM4b and TPM4g in MCF7 (T) and HMEC (N) breast cell lines [31]. 
They also reported the expression of both the transcripts in normal and 
malignant breast cell lines. The results in Figure 4 strongly suggest that 
the expression level of TPM4g is higher in malignant cells whereas high 
molecular weight TPM4b is higher in normal cells. The results of Zhang 
et al. are in good agreement with our findings that the level of expression 
of TPM4g is higher in malignant breast cell lines (Figure 4) [31]. 

TPM4g protein as a non-invasive biomarker in prenatal 
diagnosis of congenital heart defects (CHDS)

Chen et al. in 2016 have reported that a comprehensive maternal 

serum proteomics helped identify TPM4g as one of the four protein 
markers for congenital heart defect. The other three proteins are LMNA, 
FLNA, and ACTG1. This discovery of cytoskeletal protein changes in 
maternal serum not only could help in prenatal diagnosis of CHDs, but 
also may shed new light on CHD embryogenesis studies [32].

Mutations in TPM4 cause Macrothombocytopenia in mice 
and humans

Gieger et al. in 2011 first reported that the common SNP rs8109288 
in the first intron of the human TPM4 gene exerts an effect on the 
volume and count of platelets [33]. Pleines et al. isolated a mouse line 
with an ENU-induced missense mutation in TPM4 gene; mice carrying 
this mutation displayed macrothrombocytopenia in a dose-dependent 
manner. Interestingly, neither the life span nor the in vitro function of the 
mutant platelets was affected due to the deficiency of the TPM4. Also, there 
was no increase in propensity to bleeding [34]. Mutant megakaryocytes 
displayed altered morphology and the megakaryocytes numbers in the 
bone marrow were increased. Mutant megakaryocytes displayed altered 
morphology and markedly decreased Proplatelet formation in vitro. These 
authors then examined the functional requirements for TPM4 in human 
megakaryocytes by knocking down the expression using shRNA. They 
provided compelling evidence that TPM4 is a critical regulator of platelet 
production in humans. In fact, they actually found TPM4 mutated in three 
pedigrees with macrothrombocytopenia [34]. 

TPM4-ALK oncogenes in inflammatory myofibroblastic 
tumors

Chromosomal rearrangements involving TPM4 and ALK are 
known to cause some human inflammatory myofibroblastic tumors. 
ALK is the gene for a receptor tyrosine kinase, which is expressed 
normally in neural tissues. However, TPM4 and ALK fusion protein 
is overproduced in the myofibroblastic spindle cells, which in turn 
makes the inflammatory myofbriloblastic tumor. This may occur in 
many different parts of the body. Like TPM4-ALK, TPM3-ALK is an 
oncogene in inflammatory myofibroblastic tumors [35]. 

Concluding Remarks
The immediate future objective is to further confirmation of the 

TPM4a protein expression in adult human hearts. As the expression 
of TPM4a transcripts is higher in human fetal hearts one should also 
evaluate the protein expression in fetal hearts. The most important as 
well as the most difficult question yet to be addressed is whether minute 
expression of the sarcomeric TPM4a proteins plays any significant 
role in cardiac contractility and/or cardiac function. As TPM4a is 
not expressed in rodent, knock out or knock down experiment is not 
possible in rodent. However, one can create transgenic mouse over-
expressing human TPM4a in a cardiac-specific manner as has been 
done for TPM1a, TPM1k, TPM2a and TPM3a (ref) and evaluate the 
effect of various level TPM4a expression on the cardiac contractility 
and physiological function as was done in case of TPM1k [22].

Equally important would be to understand the functional role of 
TPM4b and TPM4g on stress fiber formation in non-muscle cell and/
or in cancer cells. One can create GFP. TPM4b or TPM4g fusion protein 
expressions construct(s), transfect non-muscle and/or breast cell line, 
and evaluate the dynamics of each isoform in non-muscle as well as 
in various malignant breast epithelial cell lines using Fluorescence 
Recovery after Photo bleaching (FRAP). One may also down regulate 
each TPM4 isoform separately using isoform specific siRNAor shRNA 
and evaluate the phenotype of the transfected cells or cell lines. However, 

Figure 4: Mean normalized expression of TPM4b (ENST00000300933) 
and TPM4g (ENST00000344824) by qRT-PCR in non-oncogenic (HMEC 
designated as N) and oncogenic (MCF7 designated as T) [32].

Breast Cell Line
TPM4 protein expression with LC-24 antibody*

TPM4β TPM4γ
MCF7 - +++
BT 474 - ++

HCC1187 ++ ++
MCF10A ++ ++

Human Heart - +++ 

*Unpublished results

Table 2: Western blot analysis of human adult heart and various breast cancer cell 
lines with LC-24 antibody.



Citation: Dube DK, Dube S, Abbott L, Poiesz BJ (2016) Recent Advances on the TPM4 Gene Expression in Humans. J Clin Exp Cardiolog 7: 483. 
doi:10.4172/2155-9880.1000483

Page 5 of 5

ISSN: 2155-9880 JCEC, an open access journal 50 cases in Clinical cardiology

Volume 7 • Issue 12 • 1000483J Clin Exp Cardiolog, an open access journal

ISSN: 2155-9880 

immunohistochemical analyses with an existing anti-TPM4 antibody like 
LC-24 would not be of much help as the antibody recognizes both isoforms. 
Of course, one can try to generate TPM4b or TPM4g specific antibodies.

Acknowledgements
The work was supported by a grant from the Department of Medicine and 

Barbara Kopp Cancer Research Fund to BJP.

References
1. Lees-Miller JP, Helfman DM (1991) The molecular basis for tropomyosin

isoform diversity. Bioessays 13: 429-437.

2. Schevzov G, Vrhovski B, Bryce NS, Elmir S, Qiu MR, et al. (2005) Tissue-
specific tropomyosin isoform composition. J Histochem Cytochem 53: 557-570.

3. Narshi A, Denz CR, Nakatsugawa M, Zajdel RW, Dube S, et al. (2005) Cardiac 
myofibril formation is not affected by modification of both N- and C-termini of 
sarcomeric tropomyosin. Cardiovasc Toxicol 5: 1-8.

4. Schevzov G, Whittaker SP, Fath T, Lin JJ, Gunning PW (2011) Tropomyosin
isoforms and reagents. Bioarchitecture 1: 135-164.

5. Gunning P, O‘Neill G, Hardeman E (2008) Tropomyosin-based regulation of the
actin cytoskeleton in time and space. Physiol Rev 88: 1-35.

6. Zajdel RW, McLean MD, Dube S, Dube DK (2013) Expression of tropomyosin
in relation to myofibrillogenesis in axolotl hearts. Regen Med Res 1: 8.

7. Pieples K, Wieczorek DF (2000) Tropomyosin 3 increases striated muscle
isoform diversity. Biochemistry 39: 8291-8297.

8. Perry SV (2001) Vertebrate tropomyosin: distribution, properties and function. J
Muscle Res Cell Motil 22: 5-49.

9. Dube S, Yalamanchili S, Lachant J, Abbott J (2015) Expression of Tropomyosin
1 Gene Isoforms in Human Breast Cancer Cell Lines. Int J Breast Cancer.

10. Geeves MA, Hitchcock-DeGregori SE, Gunning PW (2015) A systematic
nomenclature for mammalian tropomyosin isoforms. J Muscle Res Cell Motil
36: 147-153.

11. Denz CR, Narshi A, Zajdel RW, Dube DK (2004) Expression of a novel
cardiacspecific tropomyosin isoform in humans. Biochem Biophy Res Commun
320: 1291-1297.

12. Spinner BJ, Zajdel JW, McLean, BD, Denz CR, Dube S, et al. (2002) 
Characterization of a TM-4 type tropomyosin that is essential for 
myofibrillogenesis and contractile activity in embryonic hearts of the Mexican 
axolotl. Journal of Cellular Biochemistry 85: 747-761.

13. Zajdel RW, Denz CR, Lee S, Dube S, Ehler E (2003) Identification, 
Characterization, and Expression of a Novel ?-Tropomyosin Isoform in Cardiac 
Tissues in Developing Chicken. Journal of Cellular Biochemistry 89: 427-439.

14. Dube S, Panebianco L, Matoq A, Chionuma HN, et al. (2014) Expression of 
TPM1, a Novel Sarcomeric Isoform of the TPM1 Gene, in Mouse Heart and 
Skeletal Muscle. Mol Biol Int.

15. Dube S, Thomas A, Abbott L, Benz P, Mitschow C, et al. (2016) Expression of 
tropomyosin 2 gene isoforms in human breast cancer cell lines. Oncol Rep 35: 
3143-3150.

16. Marttila M, Lemola E, Wallefeld W, Memo M, Donner K, et al. (2012) Abnormal
actin binding of aberrant ß-tropomyosins is a molecular cause of muscle weakness
in TPM2-related nemaline and cap myopathy. Biochem J 442: 231-239.

17. Prasad GL, Masuelli L, Raj MH, Harindranath N (1999) Suppression of src-
induced transformed phenotype by expression of tropomyosin-1. Oncogene
18: 2027-2031.

18. Michele DF, Albayya FP, Metzger JM (1999) A nemaline myopathy mutation in
a-tropomyosin causes defective regulation of striated muscle force production. 
J Clin Invest 104: 1575-1581.

19. Marston SB, Copeland O, O’Neal, Messer AE (2013) Tropomyosin isoform 
expression and phosphorylation in the human heart in health and disease. J 
Muscle Res Cell.

20. Marston SB, Copeland O, Messer AE, MacNamara E, Nowak K, et al. (2013) 
Tropomyosin isoform expression and phosphorylation in the human heart in
health and disease. J Muscle Res Cell Motil 34: 189-197.

21. Blanchard EM, Lizuka K, Christe M, Conner DA, Geisterfer-Lowrance A, et al. 
(1997) Targeted ablation of murine alpha-tropomyosin gene. Circ Res 81: 1005-
1010.

22. Rethinasamy P, Muthuchamy M, Hewett T, Boivin G, Wolska BM, et al. (1998) 
Molecular and physiological effects of alpha-tropomyosin ablation in the mouse. 
Circ Res 82: 116-123.

23. Rajan S, Jagatheesan G, Karam CN, Alves ML, Bodi I, et al. (2010) Molecular
and functional characterization of a novel cardiac-specific human tropomyosin
isoform. Circulation 121: 410-418.

24. Muthuchamy M, Grupp IL, Grupp G, O‘Toole BA, Kier AB, et al. (1995) Molecular
and physiological effects of overexpressing striated muscle beta-tropomyosin
in the adult murine heart. J Biol Chem 270: 30593-30603.

25. Muthuchamy M, Boivin GP, Grupp IL, Wieczorek DF (1998) Beta-tropomyosin 
overexpression induces severe cardiac abnormalities. J Mol Cell Cardiol 30: 
1545-1557.

26. Jagatheesan G, Rajan S, Wieczorek DF (2010) Investigations into tropomyosin
function using mouse models. J Mol Cell Cardiol 48: 893-898.

27. Watkins H, Ryuichiro A, Coviello DA, Spirito P, Seidman JG, et al. (1995) A de 
novo mutation in alpha-tropomyosin that causes Hypertrophic cardiomyopathy. 
Circulation 9: 2302-2305.

28. Forry-Schaudies S, Gruber CE, Hughes SH (1990) Chicken cardiac
tropomyosin and a low molecular weight non-muscle tropomyosin are related
by alternative splicing. Cell Growth Diff 1: 473-481.

29. Hardy S, Thézé N, Lepetit D, Allo M-R, Thiebaud P (1995) The Xenopus laevis
TM-4 gene encodes non-muscle and cardiac tropomyosin isoforms through
alternative splicing. Gene 156: 265-270.

30. Zhao L, Zhao X, Tian T, Lu Q, Skrbo-Larssen N, et al. (2008) Heart-specific 
isoform of tropomyosin4 is essential for heartbeat in zebrafish embryos. 
Cardiovasc Res 80: 200-208.

31. Dube DK, Dube S, Abbott L, Alshiekh-Nasany R, Mitschow C, et al. (2016) 
Cloning, Sequencing, and the Expression of the Elusive Sarcomeric TPM4I 
Isoform in Humans. Mol Biol Int: 3105478.

32. Kabbage M, Trimeche M, Ben Nasr H, Hammann P, Kuhn L, et al. (2013) 
Tropomyosin-4 correlates with higher SBR grades and tubular differentiation in
infiltrating ductal breast carcinomas: An immunohistochemical and proteomics-
based study. Tumor Biol 34: 3593-3602.

33. Zhang Z, Pal S, Bi Y, Tchou J, Davuluri RV (2013) Isoform level expression 
profiles provide better cancer signatures than gene level expression profiles. 
Genome Med 5: 33.

34. Chen L, Gu H, Li J, Yang ZY, Sun X, et al. (2016) Comprehensive maternal 
serum proteomics identifies the cytoskeletal proteins as non-invasive 
biomarkers in prenatal diagnosis of congenital heart defects. Sci Rep 6: 19248.

35. Gieger C, Radhakrishnan A, Cvejic A, Tang W, Porcu E, et al. (2011) New gene
functions in megakaryopoiesis and platelet formation. Nature 480: 201-208.

http://dx.doi.org/10.1002/bies.950130902
http://dx.doi.org/10.1002/bies.950130902
https://dx.doi.org/10.1369/jhc.4A6505.2005
https://dx.doi.org/10.1369/jhc.4A6505.2005
http://search.proquest.com/openview/a13fe8de790117c610ec3716dbcc09e0/1.pdf?pq-origsite=gscholar
http://search.proquest.com/openview/a13fe8de790117c610ec3716dbcc09e0/1.pdf?pq-origsite=gscholar
http://search.proquest.com/openview/a13fe8de790117c610ec3716dbcc09e0/1.pdf?pq-origsite=gscholar
https://dx.doi.org/10.4161/bioa.1.4.17897
https://dx.doi.org/10.4161/bioa.1.4.17897
http://dx.doi.org/10.1152/physrev.00001.2007
http://dx.doi.org/10.1152/physrev.00001.2007
https://dx.doi.org/10.1186/2050-490X-1-8
https://dx.doi.org/10.1186/2050-490X-1-8
http://dx.doi.org/10.1021/bi000047x
http://dx.doi.org/10.1021/bi000047x
http://dx.doi.org/10.1023/A:1010303732441
http://dx.doi.org/10.1023/A:1010303732441
http://dx.doi.org/10.1155/2015/859427
http://dx.doi.org/10.1155/2015/859427
https://dx.doi.org/10.1007/s10974-014-9389-6
https://dx.doi.org/10.1007/s10974-014-9389-6
https://dx.doi.org/10.1007/s10974-014-9389-6
http://dx.doi.org/10.1155/2015/859427
http://dx.doi.org/10.1155/2015/859427
http://dx.doi.org/10.1155/2015/859427
https://dx.doi.org/10.1002/jcb.10178
https://dx.doi.org/10.1002/jcb.10178
https://dx.doi.org/10.1002/jcb.10178
https://dx.doi.org/10.1002/jcb.10178
https://dx.doi.org/10.1002/jcb.10504
https://dx.doi.org/10.1002/jcb.10504
https://dx.doi.org/10.1002/jcb.10504
http://dx.doi.org/10.1155 /2014/896068
http://dx.doi.org/10.1155 /2014/896068
http://dx.doi.org/10.1155 /2014/896068
https://dx.doi.org/10.3892/or.2016.4732
https://dx.doi.org/10.3892/or.2016.4732
https://dx.doi.org/10.3892/or.2016.4732
http://dx.doi.org/10.1042/BJ20111030
http://dx.doi.org/10.1042/BJ20111030
http://dx.doi.org/10.1042/BJ20111030
http://dx.doi.org/10.1038/sj.onc.1202264
http://dx.doi.org/10.1038/sj.onc.1202264
http://dx.doi.org/10.1038/sj.onc.1202264
https://dx.doi.org/10.1172/JCI7842
https://dx.doi.org/10.1172/JCI7842
https://dx.doi.org/10.1172/JCI7842
https://dx.doi.org/10.1007/s10974-013-9347-8
https://dx.doi.org/10.1007/s10974-013-9347-8
https://dx.doi.org/10.1007/s10974-013-9347-8
http://dx.doi.org/10.1007/s10974-013-9347-8
http://dx.doi.org/10.1007/s10974-013-9347-8
http://dx.doi.org/10.1007/s10974-013-9347-8
http://dx.doi.org/10.1074/jbc.270.51.30593
http://dx.doi.org/10.1074/jbc.270.51.30593
http://dx.doi.org/10.1074/jbc.270.51.30593
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.889725
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.889725
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.889725
http://dx.doi.org/10.1074/jbc.270.51.30593
http://dx.doi.org/10.1074/jbc.270.51.30593
http://dx.doi.org/10.1074/jbc.270.51.30593
https://dx.doi.org/10.1006/jmcc.1998.0720
https://dx.doi.org/10.1006/jmcc.1998.0720
https://dx.doi.org/10.1006/jmcc.1998.0720
https://dx.doi.org/10.1016/j.yjmcc.2009.10.003
https://dx.doi.org/10.1016/j.yjmcc.2009.10.003
http://dx.doi.org/10.1161/01.CIR.91.9.2302
http://dx.doi.org/10.1161/01.CIR.91.9.2302
http://dx.doi.org/10.1161/01.CIR.91.9.2302
http://cgd.aacrjournals.org/cgi/reprint/1/10/473
http://cgd.aacrjournals.org/cgi/reprint/1/10/473
http://cgd.aacrjournals.org/cgi/reprint/1/10/473
https://science.report/pub/17997393
https://science.report/pub/17997393
https://science.report/pub/17997393
http://dx.doi.org/10.1093/cvr/cvn177
http://dx.doi.org/10.1093/cvr/cvn177
http://dx.doi.org/10.1093/cvr/cvn177
https://dx.doi.org/10.3892/or.2016.4732
https://dx.doi.org/10.3892/or.2016.4732
https://dx.doi.org/10.3892/or.2016.4732
https://dx.doi.org/10.1007/s13277-013-0939-0
https://dx.doi.org/10.1007/s13277-013-0939-0
https://dx.doi.org/10.1007/s13277-013-0939-0
https://dx.doi.org/10.1007/s13277-013-0939-0
http://dx.doi.org/10.1186/gm437
http://dx.doi.org/10.1186/gm437
http://dx.doi.org/10.1186/gm437
https://dx.doi.org/10.1038/srep19248
https://dx.doi.org/10.1038/srep19248
https://dx.doi.org/10.1038/srep19248
https://dx.doi.org/10.1038/nature10659
https://dx.doi.org/10.1038/nature10659

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Isoform diversity of TPM1, TPM2, and TPM3 genes in humans 
	Isoform diversity of the human TPM4 gene 
	TPM4 expression in breast cancer cell lines 
	TPM4g protein as a non-invasive biomarker in prenatal diagnosis of congenital heart defects (CHDS) 
	Mutations in TPM4 cause Macrothombocytopenia in mice and humans 
	TPM4-ALK oncogenes in inflammatory myofibroblastic tumors 

	Concluding Remarks 
	Acknowledgements
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

