
Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Original article 1

0959-4973 Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. DOI: 10.1097/CAD.0000000000001313

Supplemental Digital Content is available for this article. Direct URL citations 
appear in the printed text and are provided in the HTML and PDF versions of this 
article on the journal's website, www.anti-cancerdrugs.com.

MYBPC1 is a key regulator for laryngeal carcinoma formation
Jing Liua, Jinlan Songb and Chao Lia 

Laryngeal carcinoma represents one of the most 
common types of tumor of the respiratory tract. The aim 
of the present study was to evaluate the functions of 
myosin-binding protein C1 (MYBPC1) in the progression 
of laryngeal carcinoma and to unravel the potential 
underlying molecular mechanism(s). Significantly 
differentially expressed mRNAs and miRNAs were 
analyzed, and potential genes were verified using 
clinically recruited patients with laryngeal carcinoma. 
The human laryngeal carcinoma cell lines TU686, TU212 
and AMC-HN-8, as well as the control nasopharyngeal 
epithelial cell line NP69, were selected for the functional 
analysis of MYBPC1. The interaction between MYBPC1 
and miR-451a was also explored in depth. The functions 
of MYBPC1 in the laryngeal carcinoma cell lines were 
examined using colony formation assay, cell proliferation 
and invasion assays, and via measuring the extent of 
apoptosis. The intracellular function of MYBPC1 was 
subsequently confirmed by constructing an in vivo 
xenograft model through the subcutaneous injection of 
laryngeal carcinoma cells into 4-week-old male nude 
mice. Compared with normal tissue, MYBPC1 was found 
to be the most significantly downregulated gene, whereas 
activating transcription factor-2 (ATF-2) was the most 
significantly upregulated one. At the same time, miR-451a 
was found to be the most significantly downregulated 
miRNA in laryngeal squamous cell carcinoma tissues. 
According to the WHO classification system, we found 
that the level of MYBPC1 was significantly decreased in 

grade IV tissues compared with grade II and grade III 
tissues, a finding that was consistent with the observed 
activity of miR-451a. MiR-451a was found to cause a 
marked enhancement of the activity of MYBPC1 in TU212 
cells, which in turn was attenuated by ATF overexpression, 
suggesting that miR-451a could indirectly modulate 
the function of MYBPC1 through the ATF2-dependent 
signaling axis. MYBPC1 suppressed the invasion of cells 
induced by ATF2 in laryngeal carcinoma cells. Moreover, 
subcutaneous injection of MYBPC1 to construct an in vivo 
xenograft mouse model enabled rescue of the mice from 
laryngeal carcinoma formation. Taken together, the results 
of the present study have shown that MYBPC1 fulfills a 
pivotal role in laryngeal carcinoma formation, and these 
findings may provide both a new avenue for research 
planning and a potential therapeutic target for laryngeal 
carcinoma. Anti-Cancer Drugs 34: 1–8 Copyright 2022 The 
Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction
Laryngeal carcinoma has been shown to be one of the 
most common types of tumor of the respiratory tract, 
which occurs more frequently in men than in women 
(estimated as 5.8 cases per 100 000 in men compared with 
1.2 per 100 000 in women, respectively [1]). The diagno-
sis rate of laryngeal carcinoma varies widely across the 
globe, with a significant ethnic disparity [2,3]. The 5-year 
relative survival rate for patients with laryngeal carci-
noma varies widely according to tumor site and stage. 
However, it should be noted that laryngeal carcinoma 

has been shown to be one of the oncological diseases 
for which the 5-year survival rate has declined gradu-
ally over the past 40 years, from 66 to 63% [4]. To date, 
cessation of smoking and alcohol consumption remains 
the predominant risk factor for laryngeal carcinoma. In 
addition, other potential factors, including outdoor or 
indoor air pollution, nutritional status, as well as heredi-
tary susceptibility, contribute to a considerable extent to 
the onset of the disease [5,6]. Currently, the successful 
management of laryngeal carcinoma mainly relies on an 
accurate pretreatment evaluation and diagnosis staging 
of patients. The recommended treatments for laryngeal 
carcinoma are surgical resection (including transoral laser 
microsurgery, open partial laryngectomy and total lar-
yngectomy), potential chemotherapy and radiotherapy 
(RT) [7]. Furthermore, the development of new treat-
ment options, such as immunotherapy, holds great prom-
ise for this patient population. In addition, other types 
of novel immunotherapies that are focused on the host’s 
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own immune system against cancer cells, with similar 
approaches, such as peptide vaccination, have attracted 
an increasing level of attention. Nevertheless, even after 
decades’ worth of such efforts, improving the overall 
prognosis for patients has not met with a great deal of 
success, and effective biomarkers for this disorder are still 
lacking, which is mainly due to the heterogeneous under-
lying molecular mechanisms of laryngeal carcinoma and 
the existence of redundant signaling cassettes.

MicroRNAs (miRNAs) are small non-coding RNAs (ncR-
NAs) of 21–25 nucleotides in length, which are highly 
conserved among distinct species [8]. miRNAs have been 
suggested to manipulate targeted gene expression through 
translational inhibition and degradation of mRNAs, and 
are associated with the full spectrum of human disorders, 
including several types of cancer [9–11]. A growing body 
of evidence stands in support of there being connections 
between miRNAs and laryngeal carcinoma. Previously, an 
oligonucleotide microarray by Liu et al. [12] was devel-
oped to assess the differential expression profiles of miR-
NAs and mRNAs in laryngeal carcinoma tissues compared 
with normal tissues. microRNA-21 (miR-21), as a potential 
oncogenic miRNA, was shown to be upregulated in laryn-
geal carcinoma tissues targeting a pan-cell cycle regulator 
and tumor suppressor (BTG2). Subsequently, miR-21 and 
miR-221 were shown to be co-overexpressed and to mod-
ulate phosphatase and tensin homolog protein (PTEN) 
[13]. That study confirmed that co-inhibition of miR-21 
and miR-221 synergistically triggered laryngeal carcinoma 
cell apoptosis in vitro. Additionally, altered PTEN-Akt 
signaling and p53-mediated amplification of the transcrip-
tion of pro-apoptotic miRNAs were found to serve critical 
roles in the synergistic effects.

Myosin-binding protein-C (MyBP-C) refers to a family of 
accessory proteins, which are closely associated with cardiac, 
slow skeletal, as well as fast skeletal muscle functions [14]. 
There are three isoforms in this family, sharing structural 
and sequence homology. The cardiac isoform of MyBP-C 
(cMyBP-C), encoded by MYBPC3, is a well-established 
isoform that is expressed exclusively in cardiac muscle 
for the maintenance of normal cardiac functions [15]. The 
fast skeletal isoform of MyBP-C (fMyBP-C) is encoded by 
MYBPC2. Subsequently, the slow skeletal isoform (sMy-
BP-C), encoded by the MYBPC1 gene, was recently identi-
fied. Although cMyBP-C is exclusively expressed in cardiac 
muscle, fMyBP-C and sMyBP-C have been shown to exist 
in several different tissue types [16]. Dysregulation and 
mutation of MYBPC1 have been suggested to be associated 
with inherited myopathies, especially with severe and lethal 
forms of distal arthrogryposis myopathy [17,18]. However, 
to date, our understanding of how the MYBPC1 gene may 
be associated with carcinoma remains incomplete.

Considered altogether, and given the poor understand-
ing of the underlying molecular mechanisms of laryngeal 
carcinoma as it affects patients, in the present study an 
in-depth investigation of the differentially expressed 

miRNAs for this disease was performed. As the most 
significantly differentially expressed gene, MYBPC1 
was shown to exert a vitally important role in regulating 
the cellular functions of laryngeal carcinoma, and these 
functions have been shown to be regulated by miR451a 
through activating transcription factor-2 (ATF-2).

Material and methods
Study subjects
Forty tumor specimens from patients newly diagnosed 
with laryngeal carcinoma were included in the present 
study. These patients underwent tumor biopsy or resec-
tion in the Second Hospital of Tianjin Medical University 
between 2017 and 2020. The patients were categorized 
into grades I-IV using the widely accepted WHO classi-
fication system. This study was approved by our institu-
tional review committee.

Cell culture
The human laryngeal carcinoma cell lines TU686, TU212 
and AMC-HN-8, as well as the control nasopharyngeal 
epithelial cell line NP69, were obtained from American 
type culture collection. The TU686 cell line was cul-
tured in Roswell Park Memorial Institute (RPMI)-1640 
medium containing 10% fetal bovine serum (FBS). The 
AMC-HN-8 cell line was cultured in dulbecco’s modi-
fied eagle medium basic medium containing 10% FBS, 
whereas the TU212 cell line and the human immortal-
ized NP69 nasopharyngeal epithelial cells were cultured 
in RPMI-1640 medium containing 10% FBS.

Reverse transcription-quantitative PCR analysis of 
mRNA and miRNA expression.
TRIzol reagent was used to extract total RNA from cells. 
The Applied Biosystems high-capacity RNA to cDNA kit 
(Thermo Fisher Scientific, Inc., Shanghai, China) was used 
to reverse-transcribe RNA (1000 ng) into cDNA and qPCR 
amplification was performed with SYBR Green Master Mix 
(Qiagen, Inc.). The data values were normalized against 
those of the internal reference gene glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) of each parallel sample. 
For miRNA expression analysis, the Applied Biosystems 
TaqMan Advanced MicroRNA Assay kit (Thermo Fisher 
Scientific, Inc.) and miRNA-specific reverse-transcribed 
RNA primers (100 ng) were used in the present study. The 
Applied Biosystems TaqMan MicroRNA detection primers 
of miR-451a (Thermo Fisher Scientific, Inc.) were utilized 
to measure the relative expression level of miR-451a. All 
experiments were performed in triplicate.

Transfection of miR-451a mimics and inhibitors, 
MYBPC1 siRNA and plasmids
For functional experiments, a specific Ambion miR-451a 
mimic/inhibitor and a corresponding Ambion negative 
control (Thermo Fisher Scientific, Inc.) were transfected 
into the laryngeal carcinoma cells. For siRNA transfec-
tion, a specific ATF2 siRNA, a specific MYBPC1 siRNA 
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(50  nmol/l) (OriGene Technologies, Inc.) and a negative 
control were utilized. The pcDNA3/ATF2 and pcDNA3/
MYBPC1 plasmids containing either the ATF2 or the 
MYBPC1 open reading frame were purchased from 
Addgene, Inc. (Cambridge, Massachusetts, USA).

Colony formation assay
Laryngeal carcinoma cells (100 cells) were seeded on to 
a 6-well tissue culture plate. After 10–14 days, the visible 
colonies were fixed, and 0.1% crystallization was used for 
staining.

Cell proliferation, invasion and apoptosis 
measurement.
The cells from each group were collected and evaluated 
for cell proliferation assay using the Cell Counting Kit-8 
(CCK-8) method (Thermo Fisher Scientific, China). The 
absorbance was evaluated at 450 nm using a plate reader 
purchased from Thermo Fisher Scientific, Inc. For the 
apoptotic measurements, cell apoptosis was measured 
using the Annexin V fluorescein isothiocyanate/propidine 
iodide double-staining flow cytometric method.

Western blot analysis
Western blot analysis was performed as previously 
reported [19]. The primary antibodies used were as 
follows: anti-MYBPC1 (1:1,000 dilution), anti-ATF2 
(1:1,000 dilution) and anti-GAPDH (1:1,000 dilution), all 
purchased from Cell Signaling Technology, Inc. (Denvers, 
Massachusetts, USA). Cell Signaling Technology The 
western blotting system of MilliporeSigma was used to 
detect polyclonal goat anti-rabbit antibodies.

Xenograft model construction
A total of 5 × 106 laryngeal carcinoma cells (negative con-
trol or transfected with MYBPC1 siRNA) in 100  ml of 
sterilized saline were injected subcutaneously into the 
left armpit of a 4-week-old male nude mice (n = 3 for each 
group). After 4 weeks, the injected mice were sacrificed, 
and the according tumor weights were calculated.

Statistical analysis
All the experiments were repeated three times inde-
pendently. The statistical software, SAS 9.4 version 19.0, 
was developed for data analysis. The continuous varia-
bles were tested for normal distribution, and Student’s 
t-test in SAS 9.4 was developed to analyze the data, 
where P < 0.05 was considered to indicate a statistically 
significant difference.

Results
MYBPC1 is a negative factor associated with different 
grades of laryngeal carcinoma patients
To analyze the differentially expressed genes for patients 
with laryngeal carcinoma, a chip from the GEO database 
(GSE137308, which contains three laryngeal squamous 
cell carcinoma tissues and three associated adjacent 

normal tissues) was investigated. Compared with nor-
mal tissue, the laryngeal squamous cell carcinoma tis-
sues exhibited 536 differentially expressed mRNAs, 
of which 359 were downregulated and 177 were upreg-
ulated (Fig.  1a,b). In addition, MYBPC1 was the most 
significantly downregulated mRNA, whereas ATF2 was 
the most significantly upregulated one (denoted by the 
blue and red arrowheads in Figure  1A, respectively). It 
was also noted that miR-451a was the primary downreg-
ulated miRNA for the laryngeal squamous cell carcinoma 
tissues. To further determine whether the expression 
of MYBPC1 was associated with the tumor grade of the 
patients with laryngeal squamous carcinoma, reverse tran-
scription-quantitative PCR (RT-qPCR) was performed, 
based on TaqMan microRNA detection to evaluate the 
expression of MYBPC1. Following the WHO classifica-
tion method, the level of MYBPC1 was found to be signif-
icantly decreased in grade IV tissues compared with grade 
II and III tissues (Fig. 1c), a finding that was consistent 
with the activity of miR-451a (Fig. 1d). Conversely, the 
expression pattern of ATF2 was found to follow the oppo-
site trend compared with MYBPC1 (Fig. 1c).

MYBPC1 is modulated by miR-451a via the ATF2-
dependent signaling pathway.
RT-qPCR was subsequently used to examine the levels 
of MYBPC1 in a control nasopharyngeal epithelial cell 
line (NP69) and in three human laryngeal carcinoma 
cell lines (TU686, TU212 and AMC-HN-8). As shown in 
Fig. 2a, all three laryngeal carcinoma cell lines expressed 
different levels of MYBPC1, which were all significantly 
lower than that in the NP69 cells. Given that the TU212 
cell line was found to have the lowest expression level 
of MYBPC1, TU212 cells were therefore used for sub-
sequent experiments in this study. Subsequently, bioin-
formatics analysis using three different microRNA target 
prediction tools (miRDB, Targetscan, miRTarBase) was 
performed for miR-451a. However, MYBPC1 was not 
found to be a potential target for miR-451a. Instead, ATF 
contained several binding sites for miR-451a, a finding 
that was consistent with results reported in a previous 
study [20]. Upregulation of miR-451a in TU212 cells sig-
nificantly reduced the expression of ATF2, and increased 
the activity of MYBPC1. At the same time, eliminating 
miR-451a led to both an increased expression of MYBPC1 
and a suppression of ATF2 activity (Fig. 2b). MiR-451a 
caused a marked increase in the activity of MYBPC1 in 
the TU212 cells (Fig.  2c), and this increase was shown 
to be attenuated by ATF overexpression (Fig. 2d). Taken 
together, these results suggested that miR-451a could 
indirectly manipulate the function of MYBPC1, and that 
this influential role was mediated via the activity of ATF2.

MYBPC1 exerts its function via regulating the invasion 
of laryngeal carcinoma cells
Because the low expression of MYBPC1 in patients 
with laryngeal carcinoma is associated with poor overall 
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survival, we speculated that MYBPC1 might serve a crit-
ical role in the progression of laryngeal carcinoma. To 
explore the functions of MYBPC1 in laryngeal carci-
noma cells, TU212 cells were transfected with a nega-
tive control, ATF2 analogue or a combination of ATF2 
and MYBPC1 analogue. Colony-forming assay analysis 
demonstrated that ATF2 overexpression produced more 
clones compared with the numbers of clones formed 
in the negative control-transfected cells. By contrast, 

MYBPC1 treatment led to a marked reduction in the 
number of colonies that resulted from ATF2 transfec-
tion (Fig.  3a). Subsequently, the role of MYBPC1 in 
cell invasion was verified using the Transwell Matrigel 
assay, which suggested that ATF2 overexpression led to 
an increased rate of invasion of the laryngeal carcinoma 
cells, whereas MYBPC1 overexpression reduced the cell 
invasion rate (Fig. 3d). Interestingly, it was not possible 
to observe any significant differences with respect to the 

Fig. 1

MYBPC1 was negatively associated with grades of laryngeal carcinoma patients. (a) The volcano map of differentially expressed genes for laryn-
geal carcinoma patients. MYBPC1 is indicated as a blue arrowhead while ATF2 as a red arrowhead respectively. (b) The heat map of differentially 
expressed genes for laryngeal carcinoma patients. (c) Expression of MYBPC1 and ATF2 in grade I to grade IV laryngeal carcinoma patients 
detected by qRT-PCR. N = 3, * P < 0.05 compared expression of MYBPC1 in grade I laryngeal carcinoma patients.** P < 0.05 compared expres-
sion of ATF2 in grade I laryngeal carcinoma patients. (d) The miR-451a expression in laryngeal carcinoma patients of different grades detected by 
qRT-PCR.. N = 3, * P < 0.05 compared with grade I. ATF, activating transcription factor; MYBPC1, myosin-binding protein C1; qRT-PCR, quantita-
tive reverse transcription-PCR.
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results obtained from the cell proliferation and apopto-
sis assays (Fig. 3b,c). These in-vitro data suggested that 
ATF2 mainly promotes the invasion of laryngeal carci-
noma cells through an MYBPC1-dependent signaling 
axis.

MYBPC1 influences laryngeal carcinoma formation in 
vivo
With respect to the functions of MYBPC1 for laryngeal 
carcinoma formation, TU212 cells transfected either 

with negative control or MYBPC1 analogue were sub-
cutaneously implanted into 4-week-old nude mice to 
develop tumors. After 4 weeks, the mice were sacri-
ficed, dissected and the tumor tissues were examined. 
As shown in Fig. 4A,b, the mean tumor weights in the 
mice that were treated with MYBPC1 were apprecia-
bly smaller compared with those that received an injec-
tion of the negative control, supporting the notion that 
MYBPC1 acts as a suppressor of laryngeal carcinoma for-
mation in vivo.

Fig. 2

MYBPC1 was a indirectly target of miR-451a. (a) Expression of MYBPC1 in different cell lines detected by qRT-PCR. N = 3, * P < 0.05 compared 
NP69 cells. (b) Western blotting analysis of MYBPC1 and ATF2 expression levels in TU212 cells transfected with negative control (NC), miR-
451a mimic or miR-451a inhibitor. (c) Expression of MYBPC1 in TU212 cells transfected with NC, miR-451a mimic or miR-451a inhibitor based 
on qRT-PCR measurement. N = 3, * P < 0.05 compared NC treatment. (d) Expression of MYBPC1 in TU212 cells transfected with NC, miR-451a 
mimic, miR-451a mimic and ATF2 plasmid, or MYBPC1 siRNA. N = 3, * P < 0.05 compared NC treatment.. ATF, activating transcription factor; 
MYBPC1, myosin-binding protein C1; qRT-PCR, quantitative reverse transcription-PCR.
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Discussion
Laryngeal carcinoma comprises ~33% of all cases of 
head-and-neck cancer, and it constitutes a significant 
source of morbidity and mortality. Currently, researchers 
are striving to identify breakthroughs in the prevention, 
early screening, diagnosis and treatment of laryngeal 
cancer; however, the overall outcomes continue to fail to 
meet these expectations. Compared with other types of 
cancer, the molecular mechanism(s) underpinning the 
disease remain controversial. Previously, Lyu et al [21]. 
conducted a transcriptome-wide RNA sequencing anal-
ysis based on three pairs of laryngeal carcinoma tissues 
and adjacent normal tissues to explore the differential 

expression profiles of lncRNAs, miRNAs and mRNAs 
[21]. Using RT-qPCR, they suggested that seven lncR-
NAs, eight mRNAs and three miRNAs were identified 
as being dysregulated in the tissues from laryngeal carci-
noma patients. Moreover, three miRNAs (namely, miR-
1-3p, miR-449a and miR-451a) were verified as being 
downregulated. Similarly, we also detected a significant 
downregulation of miRNA-451a in the present study, 
which displayed a specific expression pattern according 
to the different tumor grades of patients with laryngeal 
carcinoma (as shown in Fig. 1c,d). As the primary down-
regulated gene for patients with laryngeal carcinoma, 
our attention became focused on MYBPC1. Using three 

Fig. 3

MYBPC1 played a central role in laryngeal carcinoma cell invasion. TU212 cells treated with NC, ATF2 plasmid, or a combination of ATF2 and 
MYBPC1 plasmids following subsequent colony-forming analysis (a), CCK-8 examination (b), apoptosis measurement (c) as well as cell invasion 
evaluation (d) respectively. N = 3, *P < 0.05 compared with NC treatment. ATF, activating transcription factor; CCK, Cell Counting Kit; MYBPC1, 
myosin-binding protein C1.
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different microRNA target prediction tools (miRDB, 
Targetscan and miRTarBase), MYBPC1 was found not to 
be a direct target for miRNA-451a. In a previous study 
featuring non-small cell lung cancer (NSCLC) cells, 
dual-luciferase reporter assay was performed to confirm 
the binding conditions between miR-451a and ATF2 [20]. 
Moreover, consistent with these results and as identified 
with laryngeal carcinoma in the present study, miR-451a 
was shown to be downregulated in NSCLC tissues and in 
the lung cancer cell lines A549 and NCI-H460, whereas 
ATF2 was upregulated. The mRNA level of miR-451a 
was negatively correlated with that of ATF2. In addition, 
miR-451a modulated cell migration and invasion through 
targeting ATF2. At the same time, ATF2 could reverse 
the inhibitory patterns of migration and invasion of A549 
cells that were induced by miR-451a. As shown in Fig. 3, 
ATF2 is considered to be an oncogene for the progres-
sion of laryngeal carcinoma, whereas MYBPC1 acts more 
like a tumor repressor.

The proper maintenance of transcriptional regulation is 
key for the preservation of normal functions of organis-
mal development, disturbances of which result in numer-
ous pathologies, including diverse types of cancer. ATF2, 
or activating transcription factor-2, also termed cyclic 
AMP (cAMP) response element (CRE) binding protein 
2 (CREB2) and CRE-BP1, is considered to operate as 
a paradigm for the mechanistic complexity regulating 

transcription factor function in carcinoma progression 
[22]. ATF2 has been suggested to manipulate target 
genes by homo-dimerization or hetero-dimerization with 
other AP1 family members, including the CREB, Fos, 
Maf and Jun family transcription factors [23]. Owing to its 
pivotal role in transcriptional regulation, it is not surpris-
ing that ATF2 has attracted increasing levels of attention 
in carcinoma research. At present, there is accumulating 
evidence to demonstrate that alterations of ATF2 in sev-
eral different types of cancer cells could initiate resist-
ance to genotoxic stress-inducing chemical therapeutics 
[24,25]. For example, ATF2 was shown in liver cancer 
cells to modulate resistance to the tyrosine kinase inhib-
itor sorafenib [26]. However, the functions of ATF2 in 
carcinoma are more complicated than researchers initially 
considered they would be, as the transcription factor does 
not have the same role in all types of cancer. For example, 
ATF2 functions as a tumor suppressor in breast cancer, 
contributing to the sensitivity and specificity of tamox-
ifen-based treatments [27].

In the present study, MYBPC1 was assumed to be a 
central target for ATF2. However, any direct interaction 
between the two factors has not yet been fully explored. 
The type of regulation observed may either be direct 
(i.e. at the transcriptional level) or indirect (at the level of 
phosphorylation, because the sMyBP-C protein encoded 
by MYBPC1 undergoes phosphorylation to complete 

Fig. 4

The in vivo investigation of MYBPC1 functions for laryngeal carcinoma. (a) Tumors that developed upon subcutaneous implantation of TU212 
cells (NC or MYBPC1 analogue transfected) were harvested. Each treatment group included three 4-week-old male nude mice. (b) The average 
weight of harvested tumors was calculated respectively. N = 3, *P < 0.05 compared with NC treatment. MYBPC1, myosin-binding protein C1.



Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

8 Anti-Cancer Drugs 2023, Vol 34 No 1

its final functional operations [28,29]). This will be an 
interesting question to address in future studies. To 
date, MYBPC1 is primarily recognized as a myopathic 
gene, mutations of which have been shown to result in 
malformed proteins that are made manifest in a domi-
nant-negative manner after incorporation into sarcom-
eres [30]. Over the last four decades, researchers have 
emphasized the functions of cMyBP-C based on the facts 
of direct involvement in congenital heart disease using 
multiple animal models [31]. Until only recently, Ha et al. 
[32] claimed that knocking down MYBPC1 in a zebrafish 
model led to severe ventral body curvature, decreased 
mobility and early lethality, along with impaired sarco-
meric developments and a reduced number of myofibrils

Besides the zebrafish model, however, no mammalian 
MYBPC1 in-vivo models have been generated yet. With 
respect to carcinoma, the functions of MYBPC1 remain 
poorly understood. In a study of bioinformatic analy-
sis based on four GEO datasets (GSE5764, GSE7904, 
GSE20711 and GSE29431) MYBPC1 was shown to be a 
crucial prognostic candidate gene for breast cancer, and 
the gene was significantly associated with overall survival 
for the disorder [33]. Other from this, any evidence in sup-
port of the connection between MYBPC1 and laryngeal 
carcinoma is missing. It is worth noting that MYBPC1 was 
only able to affect laryngeal carcinoma cell invasion and 
colony formation, and not cell proliferation or apoptosis 
(Fig. 3), findings that may be associated with the endog-
enous characteristics of sMyBP-C encoded by MYBPC1.

In conclusion, the present study has highlighted 
MYBPC1 as a central factor for laryngeal carcinoma for-
mation, which is potentially regulated by miR-451a via 
the ATF2-dependent signaling pathway. The innovative 
findings presented herein have provided novel insights 
for future studies on laryngeal carcinoma.
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