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ABSTRACT
Myosin Va, a member of Class V myosin, functions in organelle motility, spindle 

formation, nuclear morphogenesis and cell motility. The purpose of this study is to 
explore the expression and localization of myosin Va in testicular cancer and prostate 
cancer, and its specific roles in tumor progression including cell division, migration 
and proliferation. We detected myosin Va in testicular and prostate tumor tissues 
using sqRT-PCR, western blot, and immunofluorescence. Tumor samples showed 
an increased expression of myosin Va, abnormal actin and myosin Va distribution. 
Immunofluorescence images during the cell cycle showed that myosin Va tended 
to gather at cytoplasm during anaphase but co-localized with nucleus during other 
phases, suggesting the roles of myosin Va in disassembly of spindle microtubule, 
movement of chromosomes and normal cytokinesis. In addition, multi-nucleation and 
aberrant nuclear morphology were observed in myosin Va-knockdown cells. Wounding 
assay and CCK-8-based cell counting were conducted to explore myosin Va roles in 
cell migration, viability and proliferation. Our results suggest that myosin Va plays 
essential roles in maintaining normal mitosis, enhancing tumor cell motility and 
viability, and these properties are the hallmark of tumor progression and metastasis 
development. Therefore, an increased understanding of myosin Va expression and 
function will assist in the development of future oncodiagnosis and -therapy.

INTRODUCTION

Male reproductive system diseases become a 
common concern, especially testicular cancer and prostate 
cancer. Testicular cancer is among the most common 
malignancies in young (20 to 34-year-old) men worldwide 
[1]. Numerous studies showed an increase of testicular 
cancer in the last 50 years with substantial differences 
among countries [1, 2]. Among the different kinds of 
testicular cancer, approximately 95% are germ cell tumors 
[3, 4]. Early cancer diagnosis, adequate surgical excision, 
and optimal adjuvant treatment are the most common 
ways of testicular cancer treatment at present. However, 
due to the heterogeneous characteristics of this cancer, 
it is difficult to diagnose and defeat this disease [5]. On 
the other hand, prostate cancer is estimated as the most 
common cancer in males and one of the major causes of 

cancer-related deaths in the United States in 2017 [6]. 
Screening by prostate-specific antigen values did not 
decrease prostate cancer mortality [7]. Radiation-involved 
treatment was likely to raise the risk of a radiation-induced 
second primary cancer [8]. As a result, Searching for the 
medicable factors and medicines to improve prognostic 
evaluation in patients with testicular and prostate cancer 
is of vital importance.

Tumorigenesis is a multifaceted process primarily 
involving changes in genetic or chromosomal stability, 
which subsequently disorganize a series of normal cell 
processes that cause the development of malignancy 
[9, 10]. During tumor progression, some alterations in 
cell morphology and physiology happen, including tumor 
cell proliferation, cell polarity loss, adhesion reduction, 
protrusion formation, cell invasion and metastasis 
development [11–14]. Accordingly, the molecules and 
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factors involved in these processes are regarded as 
potential candidates identified as prognostic markers 
in testicular and prostate cancer. Interestingly, these 
processes involve the movements of cells or organelles 
[15]. Molecular depictions of cell migration have 
been illustrated in the past thirty years, which contain 
cytoskeletal alterations, motor protein (including myosin, 
kinesin and dynein) transportation and cell-matrix 
interactions [16]. Increasing progress has been made in the 
identification of molecular mechanisms underlying these 
cellular dynamic processes. Among them, the interplay 
between microfilament and myosins has received the 
attention of researchers.

Myosins are actin-based molecular motors which 
translocate along microfilaments, transport cargoes, and 
produce muscle force. These motor proteins convert 
energy from the hydrolysis of ATP to mechanical force 
[17]. At least fifteen distinct classes of myosins have 
been discovered in the past twenty years that play 
multiple cellular roles. Among the different classes, the 
functional units of myosins are similar [18]. Myosins 
are typically composed of three subdomains: the head 
domain is the center of power, which combines with actin 
filaments and ATP, producing mechanical stress [19]; the 
neck domain contains one or more light chain-binding 
motifs named IQ motifs, which have the consensus of 
IQXXXRGXXXR (where X is any kind of amino acid) 
and bind with calmodulin and the light chains of myosin 
[20, 21]; the divergent tail domains facilitate cargo binding 

and transportation. In addition, many kinds of myosins, 
including myosin V, have a coiled-coil ɑ-helix structure 
in their tails, which allow dimer assembly and produce 
bipolar filaments [22].

Myosin V, as one of the best characterized and 
functionally diverse myosin groups, is implicated in 
mRNA transport, cell polarity, spindle-pole alignment 
and membrane trafficking [23]. Three most closely related 
gene sequences, including chicken brain myosin V, human 
myosin V and mouse dilute gene, are classified as myosin 
Va [24]. The genetic domain structure and protein structure 
of myosin Va have been demonstrated in Figure 1. Previous 
studies showed that during mitosis/meiosis, myosin Va 
participates in organelle motility [25], spindle formation 
[26] and nuclear morphogenesis [27]. Furthermore, an 
increasing pool of data indicates that myosin Va is also 
involved in other cellular cancerogenic functions such as 
proliferation and migration of cancer cells. The upregulation 
of myosin Va by Snail (a zinc finger transcriptional repressor 
binding to the promoters of cancer metastasis-related genes 
[28]) promotes cell invasion and metastasis of human 
colorectal cancer. After knocking-down the expression of 
myosin Va by RNAi, a decrease of cell migration velocity 
is clearly observed in lung cancer cells [29]. Myosin Va 
also mediates Bcl-xL [30], an anti-apoptotic protein which 
functions at ER-mitochondrion membrane to regulate 
bioenergetics [31]. Bcl-xL also affects tumor cell migration 
and invasion, and can be mediated by myosin Va to promote 
islet tumor cell motility [30].

Figure 1: The domain structure and protein structure of myosin Va. (A) The scale bar diagram represents the domain structure 
of myosin Va heavy chain sequence. Myosin Va is typically composed of three subdomains: the head, neck and tail domain. The head 
domain combines with actin filaments and ATP, producing mechanical stress (19), and the most amino terminal domain is the motor 
domain. The neck domain contains the putative essential light chain (ELC) and calmodulin binding sites (CaM) (20,21). The tail domain is 
divided into two regions: a region predicted to form a coiled-coil ɑ-helix structure (C-C) and a carboxyl terminal globular domain, which 
is also called cargo-binding domain (CBD), taking part in the cargo binding and transportation (22). (B) The diagram shows the myosin Va 
structure. The distinct protein structures are expressed by the different genetic domains which are displayed in (A). Myosin Va is an actin-
based molecular motor which translocates along microfilaments, transports cargo and produces muscle force. It converts energy from ATP 
hydrolysis to mechanical force.
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In our previous paper, we put forward a completely 
new concept about ‘chromomyosin’ [11]. Myosins 
translocate along cytoplasmic microfilaments and 
transport cargoes, but lots of work show that myosins 
exist in nucleus and take part in nuclear related activities 
[11]. However, microfilaments don’t diffusely distribute 
in the nucleus but display monomer existence [32]. As a 
result, these unconventional nuclear myosins, which exert 
functions effectively but don’t interact with microfilaments, 
are defined as ‘chromomyosin’. Chromomyosin exists in 
nuclear matrix and interplays with nuclear monomer actin, 
playing important roles in cytokinesis, spindle assembly, 
nuclear material transportation [11] and RNA transcription 
[33]. In our present study, we proposed a hypothesis that 
myosin Va is a kind of chromomyosin and participates 
in nuclear related activities, including normal assembly 
of spindle microtubule, movement of chromosomes and 
normal cytokinesis.

The purpose of the present study is to investigate the 
functions of myosin Va during tumorigenesis. We intend 
to examine the role of myosin Va in mitosis, tumor cell 
migration, and proliferation. To address these questions, 
RT-PCR, western blot and immunofluorescence were used 
to examine myosin Va expression in testicular and prostate 
tissues, and siRNA knock-down was utilized for the 
analysis at cell-level. We used wound-healing migration 
assay to explore the association between myosin Va and 
tumor cell migration, and used CCK-8-based cell counting 
to find out its role in cell viability and proliferation. 
This study will help us to understand more about the 
functions of myosin Va, especially during tumorigenesis, 
and the main data may help doctors to perform accurate 
oncodiagnosis and anti-tumor therapies.

RESULTS

Histological observation of testicular and 
prostate tumor

Histological examination indicated distinctive 
structures in testicular cancer tissues. Tumor cells 
gradually invaded and replaced the seminiferous 
tubules (Figure 2A, 2C and 2E) and blood vessels 
(Figure 2B and 2D) with fibrinoid material. These spindle 
tumor cells showed monophasic growth patterns, with 
abundant dense eosinophilic cytoplasm and pleomorphic 
hyperchromatic nuclei. Frequent mitoses took place in 
these epithelioid cells (Figure 2F). High-density testicular 
tumor cells filled up the whole view, and just a few 
extracellular matrices remained.

The histological examination results of prostate 
cancer showed characteristics of prostatic intraepithelial 
neoplasia (PIN). Luminal cells presented neoplastic nuclear 
atypia, with persistence of basal layer and with no evidence 
of basal membrane rupture (Figure 3A and 3B). Several 
patterns of prostate cancer, such as cribriform (Figure 3C), 

tufting (Figure 3D and 3E) and flat (Figure 3F) were 
observed in this assay.

Myosin Va mRNA expression in different tissues

Semi-quantitative RT-PCR was used to detect 
Myosin Va mRNA expression in muscle tissue, normal 
testis and testicular tumor. A 602-bp fragment as a part 
of myosin Va cDNA was amplified (Figure 4A, upper 
panel). A 452-bp GAPDH fragment served as a positive 
control (Figure 4A, lower panel). The result showed that 
myosin Va mRNA was distributed in all tested tissues. The 
order of expression from high to low is: testicular tumor, 
normal testis and muscle tissue (Figure 4B). We could get 
the preliminary conclusion that myosin Va had a higher 
transcription level in testicular tissue than normal tissue.

Similarly, the myosin Va’s mRNA expression was 
also detected in the tissues from two prostate cancer 
patients and a non-cancer patient (Figure 5A). The results 
showed that myosin Va’s mRNA level was significantly 
higher in prostate cancer tissues than normal tissues 
(Figure 5B).

Identification of myosin Va proteins in normal 
testis and testicular tumor

Western blot was performed to determine whether 
myosin Va protein was expressed in normal testis and 
testicular tumor. The polyclonal antibody recognized 
a 215-kD band of myosin Va (Figure 4C, upper panel). 
β-actin served as the positive control (Figure 4C, 
lower panel). Testicular tumor showed a higher expression 
of myosin Va protein than normal testis (Figure 4D). 
Column diagram clearly illustrated the myosin Va’s 
expression level in two tissues, this result was in 
accordance with that of RT-PCR.

Localization of myosin Va in normal and 
tumorous spermatocytes

Immunofluorescent staining was conducted to 
localize myosin Va and F-actin in normal testes and 
testicular tumors. In normal testis tissue, myosin Va 
and actin were co-localized in the periphery of the cell 
nucleus (Figure 6A, Normal 1 and 2). Actin-based 
microfilament represented obvious fibrous distribution 
(Figure 6A, c and g), and myosin Va densely clustered in 
the actin-abundant region (Figure 6A, b and f). However, 
in the testicular tumor tissue, myosin Va and F-actin were 
diffusely distributed throughout the whole cell (Figure 6A, 
Cancer 1 and 2). They particularly were not distributed 
around the nucleus (Figure 6C). The fibrous structure of 
actin-based microfilament was replaced by its dispersion 
structure (Figure 6A, k and o), and myosin Va was co-
localized with F-actin (Figure 6A, j and n). The different 
distribution patterns of myosin Va and actin-based 
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microfilament between normal and tumor tissue suggest 
its functional role in tumor progression. 

Typical cell images were chose and the gray value 
of myosin Va, actin and nucleus dyeing were analyzed. In 
normal tissue, the higher the nucleus staining gray value 
was, the lower the myosin Va and actin’s staining gray 

values were, so myosin Va and actin were co-localized in 
the periphery of the cell nucleus. However, in the tumor 
tissue, the gray values of three dyeing displayed a random 
model, which showed that myosin Va and actin were 
randomly distributed in the whole cell. Another interesting 
finding was that the gray level of myosin Va in tumor cell 

Figure 2: Histological examination of testicular cancer tissue. Histological examination displays distinctive structures in testicular 
cancer tissue. Tumor cells gradually invade and replace the seminiferous tubules (A, C, E) and blood vessels (B, D) with fibrinoid material. 
The black arrows represent the direction and route of tumor cell invasion. These spindle tumor cells show a monophasic growth pattern, 
with abundant dense eosinophilic cytoplasm and pleomorphic hyperchromatic nuclei (F).

Figure 3: Histological examination of prostate cancer tissue. These results show the characteristics of prostatic intraepithelial 
neoplasia (PIN). Prostate cancer tissues form irregular glands, presenting small cancer cells and deep nuclear staining (A). Luminal cells 
with persistence of the basal layer and with no basal membrane rupture present neoplastic nuclear atypia (B). Several patterns of prostate 
cancer, such as cribriform (C), tufting (D, E) and flat (F) are observed in this assay. Black arrows indicate neoplastic nuclear atypia of the 
luminal cells. N, nucleus. LC, luminal cells.
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nucleus (Figure 6C) was far higher than that in normal cell 
nucleus (Figure 6B), which meant in normal cells, myosin 
Va mainly distributed in cytoplasm, but in cancer cells, it 
diffused into the nucleus and might exert special functions 
related to tumorigenesis. These phenomena coincided with 
the hypothesis of ‘chromomyosin’ which we had already 
put forward in our former review [11].

The localization of myosin Va in prostate cancer 
and normal tissues

Immunofluorescence staining was used to assess 
localization of myosin Va and F-actin in prostate cancer 
tissues and normal tissues. The nuclei were stained with DAPI 
(Figures 7A, 7E and 7I). In prostate cancer tissues, myosin 
Va had a higher fluorescence level and showed a dense bulk 
distribution (Figures 7B, 7F and 7J). F-actin in tissues from 
cancer patients presented a diffuse distribution instead of a 
fibrous one (Figure 7C and 7G). In normal tissues from non-
cancer patients, F-actin showed a regular fibrous structure 
and the cell structure could be clearly observed (Figure 7K). 
Normal surrounding tissues from prostate cancer patient 
presented the transitional characteristics of both cancer 
tissues and normal tissues. Combined with the results from 
testicular and prostate tissues (Figure 7H), we found myosin 

Va displayed a higher expression level in both testicular tumor 
and prostate tumor than normal tissues (Figures 4 and 5).  
Additionally, in normal tissue, myosin Va co-localized with 
actin-based microfilament and showed obvious fibrous 
structure (Figure 7L). However, in tumor tissue, F-actin showed 
diffuse distribution throughout the whole cell (Figure 7D).  
As a result, the common functions for myosin Va in the above 
two cancers were regulating normal microfilament and cell 
morphology, and promoting actin assembly.

The roles of myosin Va in the maintenance of 
normal cell mitosis

To investigate the essential roles of myosin Va during 
cell mitosis, a series of immunofluorescence images of cells 
in each phase of the cell cycle were analyzed. In interphase 
cells, myosin Va was mainly distributed in the nuclear 
region (Figure 8A), which was similar to the IF results in 
testicular tumor tissues (Figure 6). The strong co-localization 
between myosin Va and nucleus in tumor cells implied the 
special functions of myosin Va during tumorigenesis, and 
these phenomena were in accordance with the concept of 
‘chromomyosin’ presented in our former review [11]. In 
interphase cells, a part of F-actin was evenly distributed in the 
cytoplasm, and another part was densely concentrated inside 

Figure 4: Histological expression level examination of Myosin Va in testicular cancer tissue. (A) Myosin Va is expressed 
in muscle tissue, normal tissue and testicular cancer tissue. Every tissue is evenly divided into three samples, which is respectively labeled 
as M1, M2, M3, N1, N2, N3, C1, C2, C3. Three parallel experiments are conducted for each sample and GADPH is served as a reference 
gene. (B) The result shows that Myosin Va mRNA is distributed in all three tissues and the order of expression level from high to low is: 
testicular cancer tissue, normal tissue and muscle tissue.(C) Western blot analysis of myosin Va protein expression in different tissues. The 
normal testis and testicular cancer tissues are extracted and probed with myosin Va polyclonal antibody. β-actin was serves as a reference 
protein. (D) Testicular cancer shows a higher expression of myosin Va protein than normal testis. The results of the column diagram are in 
accordance with that of RT-PCR.
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the cell membrane (Figure 8A). The actin cortex located at 
the interface between the cell and its environment, played 
a crucial role during cell rounding against a deformable 
constraint [34]. The actin cortex also enabled cells to sense 
and respond to force anisotropies [35]. At prophase, Hela 
cells gradually turned around and showed spherical (Figure 
8B), which was essential for effective chromosome capture 
and spindle stability [36]. At this phase, myosin Va was still 
co-localized with nucleus, and actin presented ring-like 
structure surrounding the nucleus (Figure 8B). At metaphase, 
the chromosome concentrated on the equatorial plate, myosin 
Va displayed strong co-localization with nucleus (Figure 
8C). However, after metaphase, this kind of co-localization 
was weakened and the signals of myosin Va gathered in the 
cytoplasm (Figure 8D). During this process, chromosomes 
moved toward spindle poles by shortening spindle fibers, 
and myosin Va might take part in the shortening of spindle 
fibers and providing the shortening force. The poleward 
chromosome movement was associated with disassembly 
of the microtubule fibers which linked chromosomes to 
spindle poles [37]. Now we can conclude that myosin Va 
is implicated in the disassembly of spindle microtubule and 
movement of chromosomes. 

At the late anaphase, as the sister chromatids moved 
apart, myosin Va was gradually distributed throughout the 

whole cell (Figure 8E), and eventually re-concentrated in 
the nucleus region (Figure 8F). The different localization 
of myosin Va in different phases suggested its essential 
functions during cell mitosis. We believed myosin Va 
worked as chromomyosin, increasing or decreasing 
expression level in nucleus region during different 
mitosis phases and regulating karyokinesis. In addition, 
at anaphase and telophase, actin formed a contractile ring 
separating the dividing cells, and myosin Va was also 
located at the region (Figure 8D, 8E and 8F). Myosin 
Va might participate in the formation of contractile ring 
and promote cytokinesis. Models showing how myosin 
Va, actin and tubulin work during cell mitosis have been 
established (Figure 8G).

To investigate whether knock-down of myosin 
Va changes the mitosis of normal cells, Hela cells were 
stained for nucleus, actin and myosin Va (Figure 9). 
Results demonstrated that myosin Va fluorescence was 
weaker in siRNA treated cells, contrasting to cancer cells 
(Figure 9B–9F). Similar to normal cells, the myosin Va 
co-localized with nucleus. A part of F-actin was densely 
concentrated inside the cell membrane, and other actin 
was evenly distributed in the cytoplasm (Figure 9).  
However, a remarkable phenomenon was noticed. 
After siRNA knockdown, most of the cells presented 

Figure 5: Characterization of myosin Va mRNA expression in prostate cancer. Myosin Va’s mRNA levels in the samples of 
two prostate cancer patients and a non-cancer patient are assessed by sqRT-PCR. GAPDH is used as reference gene. The results show that 
myosin Va’s mRNA level is higher in prostate cancer tissues than normal tissues.
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multinucleation. The siRNA treated cells displayed 
different nucleus number and morphology, including two 
nuclei (Figure 9B), three nuclei (Figure 9C), four nuclei 
(Figure 9D), more nuclei (Figure 9E) and irregular nuclei 
(Figure 9F), which indicated aberrant cell division. In 
conclusion, these data provided the evidence that myosin 
Va could facilitate cells to sustain normal cell mitosis.

Myosin Va and tumor cell migration

Increasing number of research showed the 
relationship of myosin Va in cell migration, and tumor 
invasion. In the development of neurons, GFP-M5-
overexpressed cells (overexpressing a GFP-tagged head 
domain of myosin Va) show a slow spreading ability but 
normal cell migration and lamellipodial dynamics. In 
contrast, the GFP-M5∆ cells (truncating the tail domain 
of myosin Va) display a rapid spreading ability but limited 
cell migration and reduced lamellipodial dynamics [38]. 
Snail, a zinc finger transcriptional factor [28], can bind 
to an E-box of the myosin Va promoter and activate 
myosin Va. The upregulation of myosin Va mediated by 

Snail promotes the invasion of lung carcinoma epithelial 
cells and their metastasis [29]. In the future we will seek 
further evidence for the association between myosin Va 
and cancer cell migration.

We used three sets of siRNA targeting myosin 
Va, siRNA1, siRNA2 and siRNA3, to repress myosin 
Va expression in Hela cells. The changes of tumor 
cell migratory ability were analyzed by a wounding 
assay. As showed by RT-PCR experiment, all siRNAs 
effectively reduced myosin Va mRNA levels in Hela 
cells (Supplementary Figure 1), and siRNA1 and 
siRNA3 showed a more striking interfering efficiency 
than siRNA2. The wounding assay showed that all 
siRNA treated Hela cells migrated at a reduced rate 
after the incision was made, displaying slower spreading 
behavior. Consistently, the effects of siRNA1 and 
siRNA3 were more significant than those of siRNA2 
(Figure 10A, 10B and 10C). To avoid the disturbance of 
the transfection process, a negative control group served 
here for contrasting evidence. The wounding assay showed 
that Hela cells between tumor group and negative control 
group had a similar migration rate. As a result, transfection 

Figure 6: Immunofluorescent localization of myosin Va and actin in normal testis and testicular tumors. (A) Triple 
staining at different tissues (blue DAPI nuclear staining, green actin staining with Actin-Tracker Green, red anti-myosin Va antibody). a-h, 
In normal testes tissue, myosin Va and actin show remarkably co-localization in the periphery of the cell nucleus. Actin presents the obvious 
fibrous distribution, and myosin Va densely clusters in the actin-abundant region. i-p, In testicular tumor tissue, although myosin Va still 
co-localizes with actin, myosin Va and actin are diffusely distributed in the whole cell, especially they don’t tend to be distributed around 
the nucleus. Actin shows a dispersed distribution instead of a fibrous structure. The arrows indicate the distribution features of myosin Va 
and actin. Scale bar, 20 μm. (B) This diagram displays the distribution between nucleus, myosin Va and actin. We chose a typical nucleus 
structure and compared the gray value of the triple staining. The results show that in normal testes, myosin Va and actin are co-localized 
and distributed in the periphery of the cell nucleus. (C) This diagram displays the distribution between the three stains in testicular tumor 
tissues. Different from the normal tissue showed in Diagram B, myosin Va and actin are diffusely located throughout the cell, instead of 
being arranged around the nucleus. The distinct distribution patterns of myosin Va and actin between normal and tumor tissue suggest that 
they may take part in cell tumorigenesis and tumor progression.
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process had almost no effect on the spreading of tumor 
cells. These results indicate that myosin Va is required for 
the spread and migration of cancer cells.

Myosin Va and tumor cell proliferation

Cell Counting kit-8 (CCK-8) assay was performed 
to evaluate tumor cell proliferation and viability [39]. 
In the presence of electron-coupling reagents, WST-8 
could be reduced to an orange-yellow formazan by some 
dehydrogenase in the mitochondria. The faster the cells 
proliferated, the deeper the cell medium color was. As a 
result, to the same cells, the medium color and the cell 
number displayed linear relationship [39]. Three sets 
of siRNA targeting myosin Va, siRNA1, siRNA2 and 
siRNA3, were used to display the myosin Va-deficient 
cells viability. The tumor group and negative control 
served as a contrast. All three knockdowns had a fairly 
high efficiency (P < 0.05) (Supplementary Figure 1). The 
Hela tumor cells showed the highest viability and fastest 
proliferation speed, and the negative control group took 
second place (Figure 10D). The myosin Va-knock down 
tumor cells had a slower proliferation speed. Consistent 
with the wounding assay, the siRNA1 and siRNA3 group 
had a more striking interfering efficiency than siRNA2 

and showed lowest viability (Figure 10D). After 27 h 
of incubation, the cell viability of tumor and negative 
control groups obviously decreased, and the same things 
happened to three siRNA sets after 21 h, which may be 
attributed to the medium nutrient consumption. CCK-8 
assay showed a strong relationship between myosin Va 
knock down and the inhibition of tumor cell proliferation. 
As a result, after decreasing the myosin Va’s expression 
in Hela cells, the tumor cells’ motility and viability were 
significantly inhibited (Figure 10). The invasive migration 
and unlimited proliferation are the hallmarks of malignant 
tumor cells. As a result, we believe myosin Va’s roles 
imply new oncodiagnosis and -therapies approaches.

DISCUSSION

To our knowledge, this is the first study that 
analyzed and compared the expression of myosin Va in 
testicular tumors, prostate tumors as well as its prognostic 
significance in patients with the two cancers. Our results 
showed a strong positive relationship between the myosin 
Va expression level and testicular/prostate tumorigenesis. 
In addition, Hela cell line is used to analyze the specific 
functions of myosin Va during tumor progression, 
including abnormal cell mitosis, tumor cell proliferation 

Figure 7: Immunofluorescence staining of myosin Va (red) and F-actin (green) in prostate cancer tissues and normal 
tissues. In prostate cancer tissues, myosin Va has a higher expression level and shows a bulk distribution (B, F and J). In cancer patient 
tissues, F-actin presents a diffuse distribution instead of a fibrous structure (C, G). In normal tissues, F-actin shows a regular fibrous 
structure (K). Arrows indicate myosin Va and F-actin’s specific expressions in different tissues. The arrows in (B) show myosin Va’s high 
expression, the arrows in (C, D) display F-actin’s diffuse distribution in tumor tissues, and the arrows in (K, L) demonstrate the obvious 
fibrous structure of F-actin in normal tissues. Normal surrounding tissues from prostate cancer patient present the transitional characteristics 
of both cancer tissues and normal tissues (H) DAPI (blue), nucleus (A, E and I). Scale bar, 20 μm.
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and migration. These also confirm the earlier suggestions 
that myosin Va might play a role during tumorigenesis.

Our results, showing high mRNA and protein 
expression of myosin Va in testicular/prostate tumor tissue, 

are in accordance with previous research, which indicated 
that myosin Va had a high expression level in colorectal 
cancer [15] and human lung carcinoma epithelial cells 
[29]. In addition, at least six other classes of the myosin 

Figure 8: Distribution of myosin Va in cells during mitosis. (A–F) Localization of myosin Va during each phase of the cell 
cycle is showed by immunofluorescence images. HeLa cells are immunostained using anti-myosin Va antibody and Actin-Tracker Green. 
Nucleus was stained with DAPI (blue). Scale bar, 5 μm. Myosin Va shows a remarkably co-localization with nucleus during the interphase 
and prophase of cell mitosis, but distributes in the cytoplasm in the late anaphase, which suggest the dynamic and changeable interactions 
between myosin Va and nucleus, and these interplays may play an essential role during tumorigenesis. In addition, during the late anaphase, 
myosin Va also shows a notable co-localization with actin-based microfilament, indicating that myosin Va connects with actin filament and 
moves along it in this stage, but how myosin Va translocates in and out of nucleus during different mitosis phases still remains unclear. 
(G) Models about how myosin Va, actin and tubulin work duing cell mitosis have been established. In interphase cells, myosin Va is 
mainly distributed in the nuclear region. In interphase cells, a part of F-actin iss evenly distributed in the cytoplasm, and another part is 
densely concentrated inside the cell membrane. Myosin Va still co-localizes with nucleus. At prophase, cells gradually turn round and show 
spherical, and F-actin presents ring-like structure and surrounds the nucleus. At metaphase, the chromosome concentrates on the equatorial 
plate, myosin Va displays strong co-localization with nucleus. However, after metaphase, this kind of co-localization is weakened and the 
signals of myosin Va gather in the cytoplasm. At the late anaphase, as the sister chromatids move away, myosin Va is gradually distributed 
throughout the whole cell, and eventually re-concentrates in the nucleus region. In addition, at anaphase and telophase, F-actin forms a 
contractile ring separating the dividing cells, and myosin Va is also located at the structure.
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superfamily also showed similar characteristics: myosin I 
[11, 40], II [41, 42], VI [43], VII [44], IX [45] and X [46]. 
The upregulation of myosin Va in tumor tissue will be 
important to determine which roles myosin Va may play 
during tumorigenesis.

Tumorigenesis is a complex process which involves 
genetic unstable transformation and tumor metastasis 
[11]. During tumor metastasis, malignant neoplastic 

cells dissociate from the primary tumor and migrate into 
blood vessels and lymphatic system, and subsequently get 
flushed and germinate in different tissues or organs [16]. 
These primary tumor cells alter cell polarity and adhesion, 
and rapidly form cell protrusions. They invade through 
the acquisition of cell motility, and induce the degradation 
of extracellular matrices and basement membranes 
[47]. Cell proliferation is also the hallmark of tumor 

Figure 9: The knock-down of myosin Va prevents normal mitosis and leads to multinucleation. Immunofluorescence 
staining images of normal cell (A) and the cells with myosin Va knockdown (B–F). The siRNA treated cells show a weaker myosin Va 
fluorescence than normal cancer cells, and they also present different nucleus numbers and forms, including two nuclei (B), three nuclei 
(C), four nuclei (D), more nuclei (E) and irregular nuclei (F). Nuclei were stained with DAPI (blue). These phenomena suggest that myosin 
Va functions in cytokinesis and karyokinesis, and lack of myosin Va causes abnormal cell division. Scale bar, 5 μm.
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progression [42]. These changes are basically related 
to cellular dynamics and cell motility [48]. As a result, 
more and more studies began to focus on the roles of the 
motor protein superfamily during tumorigenesis. Actins 
for example, provide two kinds of isoforms with opposite 
functions in tumor cells [49]. β-cytoplasmic actin serves 
as a tumor suppressor, preventing tumor cell proliferation 
and migration [50]. In contrast, γ-cytoplasmic actin 
promotes tumor formation through a series of regulatory 
proteins, including ERK1/2, WAVE2, p34-Arc, cofilin1, 
and PP1 [49–52]. Moreover, the ratio of β and γ-actin has 
been utilized as an oncogenic biomarker at least for lung 
and colon carcinomas [49].

In the past study, we systematically summarized 
the diverse and indispensable roles of myosins during 
tumor formation [11]. As actin-dependent motor proteins 
translocating along microfilaments by consuming ATP 
[53], myosins take part in cell migration, karyokinesis 

and cytokinesis, organelle/cargo trafficking, signal 
transduction and phagocytosis [54]. Furthermore, myosins 
regulate cell polarity, cell-cell adhesion, protrusion 
formation, apoptosis suppression, and tumor metastasis 
during tumorigenesis [42, 55]. However, most of the 
research pays close attention to the functions of myosin 
II and VI [56–58], and there are few studies exploring 
the specific roles myosin Va in tumor formation. As a 
result, we wish to elucidate in which of the processes 
characterizing tumorigenesis myosin Va functions. The 
exploration of the varied and complex relationships 
between myosin Va and tumorigenesis will be important 
for future oncodiagnosis and oncotherapy.

In our study, the distribution patterns of myosin 
Va and microfilament in normal testes and testicular 
tumor were analyzed and compared. We found that in 
normal tissues, myosin Va and actin are co-localized 
and show a fibrous distribution pattern, and that they are 

Figure 10: The relationship between myosin Va and tumor cell migration and proliferation. (A) Cell migration ability 
is examined by a Wounding Assay. The wounding assay shows that all siRNA treated Hela cells migrate at decreased rates compared 
to the cancer group (normal Hela cell line) after the incision was made, and these cell lines displays a slower spreading behavior and 
weaker migration ability. Consistent with RT-PCR results, the effects of siRNA1 and siRNA3 are more significant than those of siRNA2 
(Figure 5B and 5C). The negative control group is designed to avoid the disturbance of transfection processes. Wound closure is examined 
by phase-contrast microscopy at the time of scratching and after 6, 12, 18 and 24 hours. Magnification, ×40. (B) This diagram shows the 
relationship between the time after wounding and tumor cell migration ability. The measurable indicator is the distance to the incision. 
After the incision was made, the tumor cells would gradually migrate and invade, and as a result, the distance of incision would accordingly 
shorten. Lt represents the distance of incision at t hours, and at different hours, the value (L0-Lt)/L0 represents the migration ability of the 
tumor cells. The results show that the Hela cells between the tumor group and negative control group have a similar migration rate, and all 
siRNA treated Hela cells migrate at decreased rates. (C) The diagram displays the association between different cell lines and migration 
ability. The value (L0-L24)/L0 presents the gross migration ability. The result is in accordance with diagram B (P < 0.001). (D) This 
diagram demonstrates the myosin Va function during tumor cell proliferation. CCK-8-based cell counting assays was performed to evaluate 
cell viability and proliferation ability after 9, 15, 21, 27 and 33 hours of incubation. The Hela tumor cells showed the highest viability and 
fastest proliferation speed, and the negative control group took second place. Three sets of siRNA treated cells had a slower proliferation 
speed. Wounding assay and cell counting assay suggest that myosin Va efficiently enhance tumor cell motility and viability.
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mainly located around the nucleus (Figure 6A and 6B). 
However, in testicular tumor tissues, although myosin Va 
and actin are still co-localized, the two protein represent 
a diffuse distribution throughout the cells (Figure 6C). 
The transformation of the distribution patterns of myosin 
Va and actin-based microfilament indicates that they are 
likely responsible for testicular tumorigenesis.

The roles of actin during cell mitosis have been 
revealed recently. Almost all cells turn round and are 
spherical when entering mitosis [59], which is essential for 
effective chromosome capture and spindle stability [36]. 
The actin cortex located at the interface between the cell and 
its environment, plays a crucial role during cell rounding 
against a deformable constraint [34]. The actin cortex also 
enables cells to sense and respond to force anisotropies [35]. 
Furthermore, a ring-like cytoplasmic actin surrounding the 
spindles gradually forms during the metaphase [60]. Actin 
further regulates astral microtubule dynamics, centrosome 
separation [61] and the positioning and orientation of mitotic 
spindles [62, 63]. The co-localized distribution (Figure 3A) 
between myosin Va and actin indicates their functional 
connection. Myosin Va may also participate in cell mitosis.

Previous research showed the indispensable 
association between myosin Va and cell division. Myosin 
Va, as a actin-dependent motor protein, functions together 
with the microtubules [64–66] and microfilaments during 
mitosis. BDM, serving as a myosin inhibitor (including 
myosin II, V and VI) [67], effectively disturbed the 
chromosome movement during anaphase and the 
completion of cytokinesis, proving that myosins are 
related to normal cell division [68]. The myosin Va-
deficient fibroblasts are twice as likely to form binucleus 
as wild type fibroblasts, indicating that myosin Va is 
relevant for efficient cell division [64]. During interphase, 
myosin Va concentrates on the microtubule organizing 
center (MTOC), and myosin Va binds to the microtubules 
either directly or indirectly via microtuble-associated 
protein [64]. However, in our study, a different distribution 
of myosin Va presents in the tumor cells. At interphase, 
prophase, metaphase and telophase, myosin Va mainly 
concentrates in nucleus region (Figure 8A, 8B, 8C and 
8F). The strong co-localization between myosin Va and 
nucleus in tumor cells imply the myosin Va’s special 
functions during tumorigenesis, which are in accordance 
with the concept of ‘chromomyosin’ put forward in our 
former review [11]. At early anaphase, myosin Va is 
mainly located in cytoplasm, and at late anaphase, myosin 
Va re-distributes in nucleus region. During anaphase, the 
spindle fibers shorten and chromosomes moved toward 
spindle poles, and myosin Va might provide the force to 
promote the shortening of spindle fibers. The poleward 
chromosome movement was related to the disassembly 
of microtubule fibers linking chromosomes to spindle 
poles [37]. As a result, we can conclude that myosin Va is 
implicated in the disassembly of spindle microtubule and 
normal movement of chromosomes.

In a symmetrically dividing cell, the cleavage 
furrow ingression at the equatorial cortex is driven by the 
constriction of an actomyosin contractile ring [69], and 
then the contractile ring progressively squeezes the central 
spindle and forms the midbody [70]. The midbody offers 
a platform for recruitment of many proteins mediating 
final cytokinesis [71, 72]. During cell mitosis, actin forms 
a contractile ring-related structure separating the dividing 
cells, and myosin Va is also located at the region (Figure 
8D, 8E and 8F). Based on these observations, we believe 
that myosin Va plays an essential role in the organization 
of contractile ring and midbody-related structures. Myosin 
Va interacts with microtubules and actin filaments during 
karyokinesis and cytokinesis, and promotes an organized 
progress of cell division. The localization of actin and 
myosin Va in midbody region indicates that the formation 
of the midbody might rely on: 1) the assembly of central 
spindles which are regulated by myosin Va; 2) and certain 
proteins or molecules transported by the myosin Va cargo 
binding domain.

We put forward a new concept of “chromomyosin” 
in our previous paper [11], which means an unconventional 
myosin existing in nuclear matrix and interacting with 
nuclear monomer actin. In this study, we find that the 
expression level of myosin Va in tumor cell nucleus (Figure 
6C) is significantly higher than that in normal cell nucleus 
(Figure 6B). In normal cells, myosin Va mainly distributes 
in cytoplasm, but in cancer cells, it diffuses into the nucleus 
and may exert special functions related to tumorigenesis. 
In addition, the cell immunofluorescence images in each 
phase of the cell cycle show that in interphase, prophase, 
metaphase and telophase, the myosin Va is mainly 
distributed in the nuclear region (Figure 8). The strong 
co-localization between myosin Va and nucleus in tumor 
cells implies the special functions of myosin Va during 
tumorigenesis, and these phenomena are in accordance with 
the concept of ‘chromomyosin’. However, in anaphase, the 
co-localization is weakened and the signals of myosin Va 
gathers in the cytoplasm (Figure 8D). During this process, 
chromosomes move toward spindle poles by shortening 
spindle fibers and the disassembly of the microtubule fibers 
which linked chromosomes to spindle poles [34]. Myosin 
Va might take part in providing the shortening force, the 
disassembly of spindle microtubule and movement of 
chromosomes. The different localization of myosin Va in 
different mitosis phases suggest its indispensable roles in 
karyokinesis and cytokinesis.

In this research, we use siRNA knock-down to 
explore the specific detailed functions of myosin Va during 
tumor cell mitosis. Hela cells are utilized as experimental 
models. Overexpressed myosin Va may enhance actin 
bundling by crosslinking actin filaments. Additionally, 
myosin Va may also promote actin bundle formation by 
crosslinking actin filaments and tubulin microtubules 
[73–75]. Although myosin Va overexpression induces 
actin bundles, myosin Va is not indispensable for actin 
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formation. Myosin Va knock-down assays show that 
siRNA treated cells present aberrant nucleus number 
and morphology, including two nuclei (Figure 9B), three 
nuclei (Figure 9C), four nuclei (Figure 9D), more nuclei 
(Figure 9E) and irregular nuclei (Figure 9F). These multi-
nucleation and aberrant nucleation indicate that myosin 
Va plays an essential roles in maintaining normal mitosis.

Wounding assay and CCK-8 assay were performed to 
evaluate tumor cell migration and proliferation. The myosin 
Va knock-down cells all showed a slower migration speed 
and lower proliferation ability (Figure 10). These results 
strongly proved that myosin Va is an indispensable motor 
protein during tumor metastasis. Myosin Va could effectively 
enhance tumor cell motility and viability. Opposite to 
myosin Va, myosin Vb is another member of the class V 
of unconventional, dimeric nonfilamentous myosins [76], 
whose inactivation accelerates tumor cell migration and 
invasion [77]. The mutation of myosin Vb could induce 
diseases related to microvillus inclusion and disrupt epithelial 
cell polarity [78]. A loss of cell polarity is commonly 
regarded as the hallmark of cancers, which promote tumor 
cells to invade into adjacent regions and activate tumor 
metastasis [79]. Dong et al (2013) showed that myosin Vb 
is epigenetically silenced in gastric tumor cells because of 
aberrant DNA methylation and histone modification [80]; 
the downregulation of myosin Vb may lead to gastric 
tumorigenesis [77]. As a result, myosin Va plays a opposite 
role to myosin Vb during tumorigenesis. In tumor cells, 
myosin Va has a higher expression level than normal cells. 
When myosin Vb is down-regulated; the inactivation of 
myosin Va may inhibit proliferation, invasion, and motility 
of tumor cells, whereas myosin Vb could promote these 
activities. The antagonistic effects between myosin Va and 
Vb may regulate the physiological processes of tumor cells.

In conclusion, our experiments clearly demonstrated 
an overexpression of myosin Va in testicular tumors 
and its functions during tumorigenesis. These functions 
contain promoting rapid cell division, stabilizing cell-
cell adhesion, as well as enhancing tumor migration 
and proliferation. How exactly myosin Va interacts with 
actin, tubulin and other regulatory proteins remains a 
challenging area of investigation. More evidence remains 
to be found for the involvement of myosin Va that then 
could be useful for future technologies in tumor diagnosis 
and anti-tumor treatments.

MATERIALS AND METHODS

Tissue, cell lines and culture conditions

Human testes and prostate tissue samples were 
obtained at the time of surgery at the First Affiliated 
Hospital of Zhejiang University, Zhejiang, China. All 
samples were obtained with informed patient consent 
form and with institutional review board approval of the 
hospital.

Hela cells were used for exploring the roles 
of myosin Va in mitosis, tumor cell migration and 
proliferation. Hela cell lines (CCL-2) were cultured in 
DMEM supplemented with 10% fetal bovine serum, at 
37°C in an atmosphere containing 5% CO2.

HE staining (hematoxylin-eosin staining)

Testicular cancer and prostate cancer tissue 
samples were fixed in 10% neutral-buffered formalin 
and embedded in paraffin at room temperature. 
Histopathologic representative tumor samples were 
defined on hematoxylin and eosin-stained sections and 
marked on the slides. Photomicrographs demonstrating 
the entire section were collected by Olympus BX51 
Microscope (Japan).

RNA extraction and reverse transcription

Total RNA was prepared using the Phase Lock 
Gel™ Heavy with Trizol A+ (Tiangen Biotech, Beijing, 
China) from muscle tissue, normal testis and testicular 
tumor. Every tissue was evenly cut into three samples, and 
was separately labeled as M1, M2, M3, N1, N2, N3, C1, 
C2 and C3. On the other hand, the total RNA was prepared 
with the same method from prostate cancer tissues and 
normal prostate tissue. Every cancer tissue was evenly 
cut into six samples and normal tissue for three samples. 
First, the samples were dissolved in the Trizol A+ and 
homogenized. Then, the homogenates were subsequently 
transferred in Phase Lock Gel™ Heavy with chloroform, 
isopropanol and 75% ethanol. The precipitated RNA was 
suspended in diethylpyrocarbonate (DEPC)-H2O and the 
RNA concentrations were measured by spectrophotometer. 
The re-suspended RNA was stored at −40°C for reverse 
transcription. The reversed products were conducted using 
PrimeScript® RT reagent Kit (Takara, Dalian, China) and 
stored at −20°C for future PCR.

Semi-quantitative real time polymerase chain 
reaction (sqRT-PCR)

Two specific primers of myosin Va were designed 
to analyze the myosin Va mRNA expression levels in 
different tissues. Two specific primers of GAPDH were 
designed as the internal control. The sequences for the 
primers are listed in Table 1. Muscle tissue, normal testis 
and testicular tumor were from the same patient. Prostate 
cancer tissues from two different patients were used in the 
same method separately. Normal prostate tissue was from 
a non-cancer patient. The amplification procedures were 
as follows: 94°C for 5 min; 34 cycles of 94°C for 30 s, 
55°C for 30 s, and 72°C for 30 s; 72°C for 10 min for the 
final extension. The RT-PCR products were visualized by 
agar gel electrophoresis. The results were analyzed with 
ImageJ2× and GraphPad Prism 5 software.
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Western blot analysis

The normal testes and testicular tumors were 
homogenized in RAPI Lysis Buffer (50 mM Tris-
HCl pH 7.4, 150 mM NaCl, 1% NP-40, 0.1% SDS) 
with protein inhibitors for 20 min on ice. The lysates 
were centrifuged at a speed of 14,000 g for 10 min at 
4°C. The supernatant were ultrafiltrated by Centricon 
Centrifugal Filter Unit YM-30 (Millipore) and the protein 
concentration was measured by spectrophotometer. Then 
the protein samples were separated on SDS-PAGE with 
adjusted loading amounts according to their different 
concentrations. The proteins were then electrophoretically 
transferred to a PVDF membrane (Bio-Rad, CA, USA). 
The PVDF membrane was blocked in 5% skimmed milk 
in PBST (PBS with 0.02 % Tween 20) for 1.5 h and then 
incubated with rabbit anti-myosin Va antibody (diluted 
1:500) and mouse anti-β actin antibody (diluted 1:1000) 
at 4°C overnight (The antibodies’ information is listed in 
Table 2). Then, after washing 3 times in PBST for each 
period of 15 min, the PVDF membrane was incubated in 
secondary antibody HRP-conjugated goat anti-rabbit IgG 
(diluted 1:1000) and HRP-conjugated goat anti-mouse IgG 
(diluted 1:1000) for 1 h. After washing another 3 times for 
each 15 min, Immunoblots were developed using Pierce 
ECL Western Blotting Substrate (Thermo).

Immunofluorescent staining at tissue level

The normal testes and testicular tumors were fixed 
in 4 % PFA (pH 7.4) overnight, and after being washed 
for 3 times (5 min each time) by PBS, the tissues were 
dehydrated in 0.5 M sucrose in PBS overnight. The tissues 
were then embedded in Tissue-Tek O.C.T tissue freezing 
medium and sliced to 5-μm frozen sections and stored 
at −40°C. Three sections, numbered 1-3, were prepared 
for detecting the localization of myosin Va and actin in 
testicular tumors (1) and normal testes (2), with the third 
serving as a control. The prepared samples were contacted 

with PBS-Triton (PBS with 0.1 % Triton X-100) for 15 
min at room temperature and 1 % bovine serum albumin 
(BSA) in PBS-Triton was used for 1 h at room temperature 
to block unspecific regions. Subsequently, section 1 and 
2 were incubated in rabbit anti-myosin Va antibodies 
(diluted 1:500), and section 3 was steeped in PBST. 
Each incubation was conducted overnight. Then, after 
washing in PBST 3 times for 10 min each, the sections 
were incubated in secondary antibodies or dyes for 1 h 
in the dark. Sections 1 and 2 were incubated in Alexa 
Fluor 555-labeled goat anti-rabbit IgG (1:1000 dilution, 
Beyotime, Shanghai). β-Actin was detected by Actin-
Tracker Green (1:400 dilution, Beyotime, Shanghai) and 
nuclei were stained with 4, 6-diamidino-2-phenylindole 
(DAPI) (Beyotime, Shanghai) contained in the Antifade 
Mounting Medium (Vectashield, Vector Laboratories). 
The intracellular localization of myosin Va, actin, and 
nucleus were observed with a Confocal Laser-scanning 
Microscope (CLSM510; Carl Zeiss, Germany) fit with 
appropriate filters and images captured with an Orca II 
CCD camera (Hamamatsu, Bridgewater, NJ). For controls, 
the primary antibody was omitted (data not shown).

The prostate cancer tissues, normal surrounding 
tissues and normal prostate tissues were treated as the 
same method. The primary antibody is rabbit anti-myosin 
Va antibodies (diluted 1:500), and the secondary antibody 
is Alexa Fluor 555-labeled goat anti-rabbit IgG (1:1000 
dilution, Beyotime Shanghai). β-Actin was detected by 
Actin-Tracker Green (1:400 dilution, Beyotime Shanghai) 
and nuclei were stained with DAPI (Beyotime, Shanghai).

Myosin Va knockdown by siRNA

Three specific sequences of small interfering RNA 
(siRNA) targeting different regions of human myosin Va 
mRNA sequence were designed, and a negative control 
siRNA was designed for contrast. The detailed information 
of siRNA was listed in Table 3. The siRNAs were transfected 
into Hela cells after 24 hours of culture. Lipofectamine® 

Table 1: PCR primer sequences employed in sqRT-PCR
Gene name Sense Antisense Size (bp)
A part of Myosin 
Va 5′-ACAGTGGGGCATCAGTTCAG-3′ 5′-TACCTCCTGCGGACCACATA-3′ 602

GAPDH 5′-ACCACAGTCCATGCCATCAC-3′ 5′-TCCACCACCCTGTTGCTGTA-3′ 452

Table 2: Information regarding antibodies employed in Western blot and immunofluorescence
Name Vender Cat. no. Species Dilution Purpose
Myosin Va Sangon Biotech D153174 Rabbit polyclonal IgG 1:500 Western blot and immunofluorescence
β-actin Beyotime AA128 Mouse monoclonal IgG 1:1000 Western blot
Anti-rabbit Beyotime A0208 Goat polyclonal IgG 1:1000 Western blot (secondary antibody)
Anti-mouse Beyotime A0216 Goat polyclonal IgG 1:1000 Western blot (secondary antibody)
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3000 transfection reagent (Invitrogen, Guangzhou, China) 
were used for siRNA transfection. In 24-well culture dishes, 
lipofectamine in transfection reagent (0.75 μl) was added 
to 50 μl Opti-MEM serum-free medium containing 10 
ng/μl of each siRNA oligo, incubated for 5 minutes, and 
added to the dishes containing 500 μl medium. After 48 
hours, the efficacy of myosin Va silencing (the reduction 
of gene expression) was determined. Then the myosin Va-
knockdown Hela cells were detected by immunofluorescent 
staining at cell level to study the detailed mechanism of 
action of myosin Va during cell mitosis.

Immunofluorescent staining at the cell level

Hela cells were seeded upon cover slips at the 
bottom of culture dishes and were then fixed with 4% 
paraformaldehyde for 15 min. 0.25% Triton X-100 was 
used to incubate cells for 10 min and then PBS was used 
to wash cells. To block nonspecific reactions, PBST (with 
1% BSA) was added for 30 minutes, and then rabbit anti-
myosin Va antibodies (diluted 1:500) were added. Each 
incubation was conducted overnight. Then, after washing 
in PBST 3 times for 5 min each, the cells were incubated 
in secondary antibodies or dyes for 1 h in the dark. β-actin 
was detected by Actin-Tracker Green (1:400 dilution, 
Beyotime, Shanghai) and nuclei were stained with DAPI 
(Beyotime, Shanghai) contained in an Antifade Mounting 
Medium (Vectashield, Vector Laboratories). Imaging was 
performed by a Confocal Laser-scanning Microscope 
(CLSM510; Carl Zeiss, Jena, Germany).

In vitro wound-healing migration assay

Tumor cells were seeded in 12-well culture dishes at 
a density of 1 × 105 cells per well. 5 groups of experiments 

were carried out simultaneously. The 5 groups were: no 
treatment (NT), adding negative control siRNA (NC), 
adding siRNA1 (S1), adding siRNA2 (S2), and adding 
siRNA3 (S3). An incision was made after 24 hours in the 
central region of confluence in the culture dish. Cultures 
were observed at the time of scratching and after 6, 12, 18 
and 24 hours, and pictures were taken of 6 separate fields 
of the wounded area using a phase-contrast microscope 
(DPIXEL, Singapore). The distance between two broad 
edges of tumor cells was measured and analyzed by Leica 
LAF software and GraphPad Prism 5 software. 

Cell proliferation

Cell viability was assessed by the Cell Counting 
Kit-8 (CCK-8 kit, Beyotime Biotechnology, Shanghai) 
[39]. Hela cells were seeded at an initial concentration 
of 2000/well in a 96-well plate containing DMEM 
supplemented with 10% FBS. DMEM with FBS and PBS 
were respectively taken as control groups. CCK-8 assay 
was performed to evaluate cell viability and proliferation 
ability after 9, 15, 21, 27 and 33 hours of incubation. 
Then 10 μl CCK-8 solution was added into the culture 
medium of each sample, followed by incubation at 37°C 
for 0.5 h. The optical density value at 450 nm was detected 
using a microplate reader (Synergy™ H1, BioTek, town, 
state, USA). Eight parallel experimental groups in each 
treatment sample were used to assess cell viability.

Statistical analyses

All data were presented as mean ± SD. A student two 
tailed t-test was used to compare the difference between 
two groups. P-values less than 0.05 were regarded as 
statistically significant.

Table 3: Primer sequences employed in knock-down
Oliga DNA sequence Sense Antisense

siRNA1 Oligo-1, 2 5′-GATCACTAATACGACTCACTAT 
AGGGGTATAGTCCTAGTAGCTATTT-3′

5′-AAATAGCTACTAGGACTATACCCCT 
ATAGTGAGTCGTATTAGTGATC-3′

Oligo-3, 4 5′-AAGTATAGTCCTAGTAGCTATC 
CCTATAGTGAGTCGTATTAGTGATC-3′

5′-GATCACTAATACGACTCACTATA 
GGGATAGCTACTAGGACTATACTT-3′

siRNA2 Oligo-1, 2 5′-GATCACTAATACGACTCACTAT 
AGGGCAGCCGTTTTGGGAAGTATTT-3′

5′-AAATACTTCCCAAAACGGCTGCC 
CTATAGTGAGTCGTATTAGTGATC-3′

Oligo-3, 4 5′-AACAGCCGTTTTGGGAAGTAT 
CCCTATAGTGAGTCGTATTAGTGATC-3′

5′-GATCACTAATACGACTCACTATA 
GGGATACTTCCCAAAACGGCTGTT-3′

siRNA3 Oligo-1, 2 5′-GATCACTAATACGACTCACTAT 
AGGGGGATAAGACGGTCCGTAAATT-3′

5′-AATTTACGGACCGTCTTATCCCC 
CTATAGTGAGTCGTATTAGTGATC-3′

Oligo-3, 4 5′-AAGGATAAGACGGTCCGTAAA 
CCCTATAGTGAGTCGTATTAGTGATC-3′

5′-GATCACTAATACGACTCACTAT 
AGGGTTTACGGACCGTCTTATCCTT-3′

Negative 
control n-Oligo-1, 2 5′-GATCACTAATACGACTCACTATA 

GGGGGGATGTCTCACATCTTGTTT-3′
5′-AAACAAGATGTGAGACATC 
CCCCCTATAGTGAGTCGTATTAGTGATC-3′

n-Oligo-3, 4 5′-AAACAAGATGTGAGACATCCCC 
CCTATAGTGAGTCGTATTAGTGATC-3′

5′-GATCACTAATACGACTCACTATAG 
GGACAAGATGTGAGACATCCCTT-3′
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