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MYH9 was first discovered due to thrombocytopenia caused by MYH9 mutation-related abnormalities. In re-
cent years, researchers have increasingly found that MYH9 plays an important role in cancer as a cytokine in-
volved in cytoskeletal reorganization, cellular pseudopodia formation, and migration. MYH9 is closely related
to the progress and poor prognosis of most solid tumors, and it is now accepted that MYH9 is a suppressor
gene and plays an important role on the re-Rho pathway. Recent research has been limited to the study of tis-
sues. However, it would be more direct and informative to be able to use hematology to assess tumor prog-
nosis and changes in MYH9 levels and NMMHC-IIA. This article summarizes recent research on MYH9 and pro-
vides a reference for future clinical research.

MeSH Keywords: Adenomatous Polyposis Coli ¢ Antineoplastic Agents ¢ Purpura, Thrombocytopenic, Idiopathic

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/912320

%2409 EE— M‘ZI] %41

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution- 888
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Wang Y. et al.:
Myosin heavy chain 9...
© Med Sci Monit, 2019; 25: 888-892

Background

Myosin heavy chain 9 (MYH9) encodes a protein called non-
muscle myosin Il (NMM-I1), which belongs to the myosin
superfamily. NMM-I1 is a hexamer composed of 2 heavy
chains (220 kDa), 2 regulatory light chains (RLC, 20 kDa),
and 2 essential light chains (ELC, 17 kDa). There are 3 types
of hexamers — lIA, 1IB, and IIC — that are encoded by MYH9,
MYH10, and MYH14, respectively, located on chromosomes 22,
17, and 19, respectively. The structure of NMMHC-IIA consists
of 3 parts: an N-terminal polar head, a neck, and a C-terminal
non-polar tail. The N-terminal head is the functional area,
which has ATPase activity, including ATP and actin binding
sites; the neck can bind to the light chain and balances regu-
lation; and the C-terminal tail is a rod-like helix dimer that can
polymerize molecules into bipolar polythene. Non-muscle my-
osin IIA (NMM-I1A) plays an important role in cell adhesion, mi-
gration, proliferation, and differentiation. The present review
focused on research on MYH9 as a tumor suppressor gene and
on the relationship between MYH9 and RhoA. Finally, the cor-
relation between MYH9 and clinical manifestations (solid tu-
mors and hematological tumors) is discussed.

MYH9-Related Thrombocytopenia

MYH9 was first discovered due to thrombocytopenia caused
by MYH9 mutation-related abnormalities, such as May-Hegglin
anomaly (MHA), Epstein syndrome (EPS), Fechtner syndrome
(FTNS), and Sebastian syndrome (SBS), which are autosomal
dominant genetic diseases [1,2]. Laboratory examination of
these diseases shows thrombocytopenia and giant platelet
and neutrophil cytoplasmic inclusion bodies. Because MYH9
is expressed in the kidneys, retinas, and ears, patients usually
have neurological deafness, premature cataracts, and glomeruli
nephritis after age 50 years. Laboratory diagnosis mainly de-
pends on morphological indicators (cell volume), a periph-
eral blood smear (neutrophil cytoplasmic inclusive), immu-
nofluorescence (NMM-IIA inclusive), gene mutation analysis
(MYH9 has 40 known exonic mutations, which help assess
the patient’s risk of renal/retinal and ear pathology), and
flow cytometry (detection of platelet glycoproteins such as
GPIb and CPIX contribute to the differential diagnosis) [3].
Therefore, clinically indefinable thrombocytopenia should first
exclude myelodysplastic syndromes (MDS), aplastic anemia,
idiopathic thrombocytopenic purpura (ITP), Alport syndrome,
and other diseases. If there are clear genetic factors, MYH ab-
normal thrombocytopenia should be further validated, such
as MHA, EPS, FTNS, and SBS. Many genetic studies have been
performed on MYH9-related diseases. Using high-through-
put sequencing (HTS), Noris et al. [4] found that 33 genetic
diseases were caused by 32 gene defects, clearly explaining
the pathogenesis of these diseases. In a gene mutation test,
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Anna et al. [5] found a relationship between more than 80 ge-
netic mutations, specific mutations, and features of clinical dis-
eases; mutations affecting residue R702 (exon 17) are corre-
lated with severe thrombocytopenia, end-stage renal disease,
and early episodes of deafness. Mutations in exon 2, mutations
affecting residues R1165 (exon 26), and a p.D1424H substitu-
tion (exon 31) are associated with moderate risk of thrombo-
cytopenia and additional hematologic manifestations. Finally,
mutations affecting the C-terminal non-helical tail, p.D1424N
(exon 31), p.E1841K (exon 39,) or nonsense/frameshift muta-
tions are associated with moderate thrombocytopenia and ex-
travasation manifestations.

MYH9 in Chemotherapy

In recent years, researchers have increasingly found that MYH9
plays an important role in cancer as a cytokine involved in cy-
toskeletal reorganization, cellular pseudopodia formation [6,7],
and migration [8]. It is a critical factor for tumor invasion and
metastasis, which has been confirmed in many studies [9].
High expression of MYH9 is usually found in non-small cell lung
cancer, breast cancer, leukemia, gastric cancer, esophageal can-
cer, and other malignant tumors. In vivo studies found that up-
regulation of MYH9 expression can increase the sensitivity of
leukemia cytotoxicity, resulting in chemoresistance. Acute my-
eloid leukemia (AML) patients with high expression of MYH9
have clear microRNA (miRNA) markers [10]. Previous studies
have found that down-regulation of 18 miRNAs and up-regu-
lation of 3 miRNAs resulted in increased MYH9 expression, and
an association was found between low MIR-188-5p and over-
all survival (0S) and event-free survival (EFS) of cytogenetically
normal acute myeloid leukemia CN-AML. mi-16-1 is often used
as an indicator of the prognosis of chronic myeloid leukemia
and miR-29c¢ can be used as a predictor of prognosis and re-
sponse in AML patients with cytarabine. MYH9 overexpression
is also related to M4 (acute myeloblastic leukemia). Patients
with M4 and high expression of MYH9 are prone to invasion
of skin, bone marrow, and other tissues, and are resistant to
chemotherapy. In AML, MYH9 can be used as a prognostic in-
dicator, as clinical observations found that AML patients with
high expression have poor prognosis. In multivariate analysis,
0S [hazard ratio (HR) (95% confidence interval (CI), 1.69 (1.17,
2.43); P=0.005,], and there was a statistically significant differ-
ence between high expression and normal expression.

Relationship Between MYH9 and Tumor
Staging

MYH9 is closely related to the progression and poor prognosis
of gastric cancer and esophageal cancer, suggesting a poten-
tial role in promoting cancer. Previous studies have shown that
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high expression of the MYH9-encoded protein NMIIA is associ-
ated with poor prognosis in multiple regression analysis. MYH9
is significantly and positively correlated with gastric cancer in-
vasion depth, lymph node metastasis, distant metastasis, and
node-metastasis (TNM) staging [13]. MYH9 overexpression
can cause invasion and metastasis of gastric cancer cells [14].
Schramek [15] proposed that MYH9 could be used as an in-
dicator to observe the progression and prognosis of gastric
cancer. The expression of MYH9 in esophageal cancer tissues
was 100%, while the expression in adjacent tissues was 50%.
Multi-factor regression analysis showed that MYH9 expres-
sion was correlated with lymph node metastasis (P=0.015, dif-
ferentiation (P=0.018) and the progression of tumor staging
(stage 11IB and IlIC, P=0.007<0.01) [16]. MYH9 was highly ex-
pressed in most colorectal cancer patients. The positive rates
of MYH9 protein in colorectal adenocarcinoma tissues and
paracancerous tissues were 51.6% and 11.5%, respectively.
MYH9 expression in colorectal cancer [17] is significantly as-
sociated with patient age, clinical stage, lymph node metas-
tasis, and metastasis distance. Survival analysis using Kaplan-
Meier method showed that the high expression of MYH9 in
primary tumors was significantly associated with shortened
survival. Five-year cumulative survival rates were 49% (31/63)
and 86% (51/59) in patients with high and low expression
of MYH9, respectively. The median survival period was 65.4
months (95%Cl=54.8-76.0) and 95.1 months (95% C|=84.9—
105.4), respectively, and this difference was statistically signif-
icant (P<0.001). Additionally, multivariate analysis showed that
MYH9 overexpression was an independent prognostic factor in
patients with colorectal adenocarcinoma. miRNA (miRNA124)
was found to silence MYH9 expression and inhibit invasion
and metastasis by binding to the MYH9 3’-untranslated region
(UTR). Liao et al. [18] identified 2 tumor metastasis-associated
proteins — MYH9 and ACTN4 - that are required for LIMK1-
mediated aggressive phenotypes. Also, LIMK1 was aberrantly
regulated in various types of human cancers and contributed
to cancer progression. Another study found that MYH9 down-
regulated many small interfering RNAs (siRNAs) in pancreatic
cancer patients, and the down-regulation of tumor suppressor
genes led to the occurrence of tumors [19]. Non-small cell lung
cancer studies showed that the expression of MYH9 was up
to 38.3%; MYH9 was not detected in small cell lung cancer
cells, but multivariate analysis showed that MYH9 expression
was correlated with poorly differentiated tumors, vascular in-
vasion, and lymph node invasion. Therefore, MYH9 is an in-
dependent prognostic factor for lung cancer (in patients with
stage 1-3 resectable non-small cell lung cancer); furthermore,
it has been found that patients with resectable non-small cell
lung cancer and patients with high expression of MYH9 had
poor prognoses. Another study showed that the lack of MYH9
or vimentin expression in stage 1 non-small cell lung cancer
led to good prognosis after adjuvant chemotherapy. MYH9 in
osteosarcoma cells has been shown to be highly expressed
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(75.38% of total immunohistochemical markers) and clinical
data show that positive expression is associated with Enneking
staging and lung metastases but is not correlated with age,
sex, or tumor diameter. MYH9 overexpression can promote
tumor invasion and metastasis, and the mechanism of tumor
promotion and metastasis is putatively related to the epithe-
lial-mesenchymal transition (EMT), which has been confirmed
in breast cancer cells [21].

MYH9 as a Tumor Suppressor Gene

In skin cancer and in head and neck squamous cell carcinomas,
NMIIA has been found to be a tumor suppressor protein [15].
In vivo experiments show that tumor cell metastasis is promoted
after skin cancer cells inhibit NMIIA, and the incubation period
is about 2-3 months. Additionally, it was also found that low
expression of NMIIA was related to poor prognosis of patients
with squamous cell carcinoma of the head and neck, which
may be related to mutations in MYH9. Mutations in MYH9 were
found in about 5% of patients, with these mutations mainly oc-
curring in the NMIIA MgATP domain or the entire NMIIA mole-
cule, and these mutations may be MYH9-related diseases or
may eventually develop into skin cancer [22]. Wei et al. [23]
showed that as a target of anti-tumor metastasis, DT13 re-
versed hypoxic effects by up-regulating the expression of NMIIA
in a hypoxic environment; furthermore, NMIIA was redistrib-
uted to the nucleus and inhibited the metastasis of 95D cells
(a lung cancer cell line) by suppressing the formation of ac-
tin F. It has been found [24] that MYH9 binds to the promoter
region of long-chain non-coding RNA (IncRNA) in thyroid can-
cer tissues and cells and acts as a suppressor of PTCSC2 and
bi-directionally actives FOXE1 promoter regions. MYH9 plays
arole in the P53 pathway through FOXE1; MYH9 affects PAX5
expression through its interaction with Thy28 (thymocyte pro-
tein) [25] and activates AKT (protein kinase B) through RACI and
PAK1[26], suggesting its role in gene regulation. Furthermore,
NMIIA is closely related to post-transcriptional stability and
nuclear retention of p53 [27] in this process, and the NMIIA
MgATP enzyme plays a major role; for tumor phenotypes, the
NMIIA protein mainly rely mainly on tumor suppressor pro-
tein (Lgll) to play a role. However, if Lgl1 is phosphorylated,
binding is prevented [26]. P53 is stable after transcription, but
its underlying mechanism is unclear. Lamet et al. [28] found
that more than 20 ALK fusion partners have been identified in
various cancers since the discovery of nuclear phosphoprotein-
anaplastic lymphoma kinase (NPM-ALK), including the t(2.22)
(p23, q11.2) translocation in the MYH9-ALK chimera. It is in-
teresting that, unlike other ALK chimeras, MYH9-ALK lacks an
oligomerization domain and thereby lacks tyrosine kinase ac-
tivity. In vitro tyrosine residues are phosphorylated in vivo via
mechanisms that may differ from other ALK hybrids.
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Figure 1. The mechanism diagram with the
MYH9 and Rho pathway. RhoA —
Ras homolog gene family, member
A; NM [IA — non-muscle myosin l1A;
D.Ig MLCK — myosin light chain kinase;
ROCK — Rho-associated, coiled-
coil-containing protein kinase;
MYBH — myosin-binding protein H;
MKS — megakaryocytes.
MYBH

MYH9 and the Rho Pathway

It has been shown that non-myosin Il plays an important role
in many functions, such as cell migration, cytokinesis, cell ad-
hesion, cell morphology, cell polarity, and cell tropism [28,29].
Tumor research has shown that many of these functions are in-
volved in malignant transformation, invasion, and metastasis.
MYH9 can be localized in the cell membrane and cytoplasm in
some tumor cells. Additionally, in MDA-MB-231 (a breast can-
cer cell line), the lamellar form of MYH9 was observed to diffuse
into fibronectin within cells, which was related to the invasion
and metastasis of the tumor cells. Meanwhile, in a comparison
between MCF7 cells (high expression of MYH9) and MCF6/7
cells (low expression of MYH9), we observed that the former
had stronger invasive ability, and its invasion ability was clearly
weakened after knockout of MYH9. The function of MYH9 [30]
depends mainly on the Rho GTPase family (small G proteins). So
far, 23 signaling molecules are known in this family, and studies
have shown that RhoA, Rac1, cdc42, and RhoA induce contractile
actin to assemble and build microfilaments. Rac regulates the
formation of layered footplates and membrane fold-like move-
ment. Activation of Cdc42 is necessary for the formation of silk
footprints. Studies have shown that the myosin IlA-actin com-
plex contributes to myosin contractility and is associated with
a positive feedback loop of the caspase-3/ROCK1/MLC (Rho-
associated kinases/myosin light chain) pathway [31].

NM 1A can be activated by phosphorylation of the 20 kDa
light chain on serine 19 (5-19) and threonine 18 (T-18), most
notably (MLCK) and 20 kDa-regulated light chain Rho kinase
phosphorylation-induced bipolar filament [32-34]. Formation
significantly increased actin-activated Mg ATPase activity and
allowed myosin silk to slide myosin [35,36]. Protein phospha-
tase 1 dephosphorylates these sites in vivo. Notably, this phos-
phatase activity can be reduced by phosphorylation of its Rho
kinase-mediated regulatory subunit. Rho kinase phosphoryla-
tion increases NMIIA activity by phosphorylating NMIIA to reg-
ulate light chain inactivation and phosphatase dephosphor-
ylates the light chain. Myosin-binding protein H (MYBH) has
been reported to inhibit NMIIA phosphorylation on the light
chain by direct interaction with Rho kinase 1 in the lung. In ad-
dition, it is shown that MYBH can also inhibit myosin assembly

by directly interacting with the rod portion [37]. NMIIA thus re-
duces cell motility and reduces lung metastasis. In another re-
port [38], MYBH was found to attenuate neointimal hyperplasia
in a rat model of carotid injury by inhibiting Rho kinase 1, and
Dlc1 may be involved in the reduction of MYH9 fiber stability
and interacts with phosphorylated MYH9 (Ser-1943). DIc1 also
inhibits stress fiber formation via Rho and phosphorylation of
MYH9-activated ROCK kinase via MLC20 [39]. The transcrip-
tion co-activator p300 is highly expressed in breast cancer tis-
sues. MRTF-A is a transcription factor controlled by the Rho-
GTPase-actin signaling pathway. P300 synergizes with MRTF-A
to activate MYH9-mediated gene regulation and breast can-
cer cell migration [40].

MLC phosphorylation in MKs (megakaryocytes) is regulated by
Rho-associated kinase (ROCK), and ROCK inhibition enhances
proplatelet formation (PPF). In contrast, expression of AV14
(a constitutive form of ROCK activator Rho) blocks PPF and this
effect is rescued by the inhibitory MLC form. The Rho-ROCK-
myosin-IlA pathway selectively reduces the number of circu-
lating platelets [41]. The following is the mechanism diagram
of the MYH9 and Rho pathway (Figure 1).

Conclusions

Whether MYH9 is an oncogene or a tumor suppressor gene is
still unclear. In previous studies, MYH9 has been shown to en-
code a tumor suppressor protein in head and neck tumors and
skin tumors, but acts as an oncogene in other solid and hema-
tological tumors. MYH9 research has now been performed in
many solid tumor types, in mesenchymal tumors, and in he-
matological diseases. In general, MYH9 and its encoded pro-
tein are related to poor prognosis, lymph node metastasis, tu-
mor progression, and tumor differentiation. However, recent
research has been limited to the study of tissues, and MYH9
cannot be used clinically as an indicator of dynamic changes
in tumor prognosis. If the changes in NMMHC-IIA could be de-
termined by hematology, the assessment of tumor prognosis
and changes in MYH9 levels would be more direct and infor-
mative. This article summarizes recent research on MYH9 and
provides a reference for future clinical research.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




REVIEW ARTICLES

Acknowledgments

The authors thank all authors of the publications included in
this study for contributing information as needed.

References:

—

N

w

N

(%}

(=)}

~

o

el

10.
11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Althaus K, Greinacher A: MYH-9 related platelet disorders: Strategies for

management and diagnosis. Transfus Med Hemother, 2010; 37(5): 260-67

. Balduini CL, Pecci A, Savoia A: Recent advances in the understanding and

management of MYH9 related inherited thrombocytopenias. Br ) Haematol,
2011; 154(2): 161-74

. Cardoso B, Gomes |, Loureiro P et al: Clinical and genetic diagno-

sis of familial hypertrophic cardiomyopathy: Results in pediatric cardiolo-
gy. Rev Port Cardiol, 2017; 36(3): 155-65

. Noris P, Pecci A: Hereditary thrombocytopenias: A growing list of disorders.

ASH Education Program Book, 2017; (1): 385-99

. Savoia A, De Rocco D, Pecci A: MYH9 gene mutations associated with bleed-

ing. Platelets, 2017; 28(3): 312-15

. MuY, Chen Y, Zhang G et al: Identification of stromal differentially expressed

proteins in the colon carcinoma by quantitative proteomics. Electrophoresis,
2013; 34(11): 1679-92

. Suetens A, Moreels M, Quintens R et al: Dose-and time-dependent gene

expression alterations in prostate and colon cancer cells after in vitro ex-
posure to carbon ion and X-irradiation. J Radiat Res, 2014; 56(1): 11-21

. Morimura S, Suzuki K, Takahashi K: Nonmuscle myosin IIA is required for

lamellipodia formation through binding to WAVE2 and phosphatidylinositol
3, 4, 5-triphosphate. Biochem Biophys Res Commun, 2011; 404(3): 834-40

. Katono K, Sato Y, Jiang S-X et al: Prognostic significance of MYH9 expression

in resected non-small cell lung cancer. PLoS One, 2015; 10(3): 0121460
Ravid K: MAL: Not just a leukemia inducer. Blood, 2009; 114(19): 3977-78

Dai C-W, Bai Q-W, Zhang G-S et al: MicroRNA let-7f is down-regulated in
patients with refractory acute myeloid leukemia and is involved in chemo-
therapy resistance of adriamycin-resistant leukemic cells. Leuk Lymphoma,
2014; 55(7): 1645-48

Yu M, Wang J, Zhu Z et al: Prognostic impact of MYH9 expression on pa-
tients with acute myeloid leukemia. Oncotarget, 2017; 8(1): 156-63

Liu D, Zhang L, Shen Z et al: Clinicopathological significance of NMIIA over-
expression in human gastric cancer. Int J Mol Sci, 2012; 13(11): 15291-304

Liang S, He L, Zhao X et al: MicroRNA let-7f inhibits tumor invasion and
metastasis by targeting MYH9 in human gastric cancer. PLoS One, 2011;
6(4): 18409

Schramek D, Sendoel A, Segal JP et al: Direct in vivo RNAi screen unveils
myosin lla as a tumor suppressor of squamous cell carcinomas. Science,
2014; 343(6168): 309-13

Xia Z, Yuan Y, Yin N et al: Nonmuscle myosin IlA is associated with poor
prognosis of esophageal squamous cancer. Dis Esophagus, 2012; 25(5):
427-36

Park S-Y, Kim H, Yoon S et al: KITENIN-targeting microRNA-124 suppress-
es colorectal cancer cell motility and tumorigenesis. Mol Ther, 2014; 22(9):
1653-64

Liao Q Li R, Zhou R et al: LIM kinase 1 interacts with myosin-9 and alpha-
actinin-4 and promotes colorectal cancer progression. Br J Cancer, 2017;
117(4): 563-71

Ravi KV, Sasikala M, Talukdar R et al: Human transcriptome array reveals
association of spliced transcripts of GAS5 and MYH9 genes and aberrantly
expressed small nuclear rna in oncogenic transformation of chronic pan-
creatitis to pancreatic cancer. Gastroenterology, 2017; 152(5): S640

Zhou W, Fan M-Y, Wei Y-X et al: The expression of MYH9 in osteosarcoma
and its effect on the migration and invasion abilities of tumor cell. Asian
Pac ) Trop Med, 2016; 9(6): 597-600

He H, Wang D, Yao H et al: Transcriptional factors p300 and MRTF-A syn-
ergistically enhance the expression of migration-related genes in MCF-7
breast cancer cells. Biochem Biophys Res Commun, 2015; 467(4): 813-20

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Wang Y. et al.:
Myosin heavy chain 9...
© Med Sci Monit, 2019; 25: 888-892

Conflicts of interest

None.

23.

24.

2

(%

26.

2

~

28.

29.

30.

3

—

3

N

33.

34.

3

(%

36.

3

~N

38.

39.

40.

41.

. Coaxum SD, Tiedeken J, Garrett-Mayer E et al: The tumor suppressor capa-

bility of p53 is dependent on non-muscle myosin IIA function in head and
neck cancer. Oncotarget, 2017; 8(14): 22991-3007

Wei X-H, Lin S-S, Liu Y et al: DT-13 attenuates human lung cancer metasta-
sis via regulating NMIIA activity under hypoxia condition. Oncol Rep, 2016;
36(2): 991-99

Wang Y, He H, Li W et al: MYH9 binds to IncRNA gene PTCSC2 and regu-

lates FOXE1 in the 9922 thyroid cancer risk locus. Proc Natl Acad Sci, 2017;
114(3): 474-79

. Fujita T, Kitaura F, Fujii H: A critical role of the Thy28-MYH9 axis in B cell-

specific expression of the Pax5 gene in chicken B cells. PLoS One, 2015;
10(1): e0116579

Zhao B, Qi Z, Li Y et al: The non-muscle-myosin-Il heavy chain Myh9 medi-
ates colitis-induced epithelium injury by restricting Lgr5+ stem cells. Nat
Commun, 2015; 6: 7166

. Infarinato NR, Park JH, Krytska K et al: The ALK/ROS1 inhibitor PF-06463922

overcomes primary resistance to crizotinib in ALK-driven neuroblastoma.
Cancer Discov, 2016; 6(1): 96-107

Lament B, Karpiuk J, Waluk J: Determination of triplet formation efficien-
cy from kinetic profiles of the ground state recovery. Photochem Photobiol
Sci, 2003; 2(3): 267-72

Betapudi V, Licate LS, Egelhoff TT: Distinct roles of nonmuscle myosin Il iso-

forms in the regulation of MDA-MB-231 breast cancer cell spreading and
migration. Cancer Res, 2006; 66(9): 4725-33

Derycke L, Stove C, Vercoutter-Edouart A-S et al: The role of non-muscle my-
osin IIA in aggregation and invasion of human MCF-7 breast cancer cells.
Int J Dev Biol, 2011; 55(7-9): 835-40

. Burton A: NSAIDS and Alzheimer’s disease: It’s only Rock and Rho. Lancet

Neurol, 2004; 3(1): 6

. Kassianidou E, Hughes JH, Kumar S: Activation of ROCK and MLCK tunes

regional stress fiber formation and mechanics via preferential myosin light
chain phosphorylation. Mol Biol Cell, 2017; 28: 3832-43

Wang Y, Xu Y, Liu Q et al: Myosin lIA-related actomyosin contractility me-
diates oxidative stress-induced neuronal apoptosis. Front Mol Neurosci,
2017; 10: 75

Matsumura F: Regulation of myosin Il during cytokinesis in higher eukary-
otes. Trends Cell Biol, 2005; 15(7): 371-77

. Craig R, Smith R, Kendrick-Jones J: Light-chain phosphorylation controls the

conformation of vertebrate non-muscle and smooth muscle myosin mole-
cules. Nature, 1983; 302: 436-39

Pecci A, Ma X, Savoia A et al: MYH9: Structure, functions and role of non-
muscle myosin IlA in human disease. Gene, 2018; 664: 152-67

. Hosono Y, Usukura J, Yamaguchi T et al: MYBPH inhibits NM IIA assem-

bly via direct interaction with NMHC I1A and reduces cell motility. Biochem
Biophys Res Commun, 2012; 428: 173-78

Zhu T, He Y, Yang J et al: MYBPH inhibits vascular smooth muscle cell mi-
gration and attenuates neointimal hyperplasia in a rat carotid balloonin-
jury model. Exp Cell Res, 2017; 359: 154-62

Vicente-Manzanares M, Ma X, Adelstein RS et al: Non-muscle myosin Il
takes centre stage in cell adhesion and migration. Nat Rev Mol Cell Biol,
2009; 10(11): 778-90

Sabbir MG, Dillon R, Mowat MR: Dlc1 interaction with non-muscle myosin
heavy chain II-A (Myh9) and Rac1 activation. Biol Open, 2016; 5(4): 452-60

Chen Z, Naveiras O, Balduini A et al: The May-Hegglin anomaly gene MYH9
is a negative regulator of platelet biogenesis modulated by the Rho-ROCK
pathway. Blood, 2007; 110(1): 171-79

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



