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Myoferlin expression in non-small cell lung cancer:
Prognostic role and correlation with VEGFR-2 expression
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Abstract. Myoferlin is a protein that is associated with cellular
repair following injury. The expression of myoferlin in breast
cancer and pancreatic adenocarcinoma has been reported to
correlate with tumor invasiveness, epithelial to mesenchymal
transition and an adverse prognosis. In the present study,
myoferlin expression was investigated in non-small cell lung
carcinoma (NSCLC), along with its association with patient
prognosis and the expression of a number of other proteins. A
total of 148 patients exhibiting NSCLC were enrolled in the
present study. The survival data of all patients was examined,
and myoferlin, vascular endothelial growth factor receptor-2
(VEGFR-2), epidermal growth factor receptor, E-cadherin,
[-catenin, thyroid transcription factor-1 and tumor protein p63
expression was investigated viaimmunohistochemical staining
of tissue microarrays. Myoferlin expression was detected in
the cytoplasm of 75/148 (50.7%) of the NSCLC cases. In the
adenocarcinoma cases, myoferlin-positive patients possessed a
poorer prognosis (odds ratio, 2.94; P=0.339). In the squamous
cell carcinoma cases, myoferlin expression was significantly
associated with VEGFR-2 expression (P=0.001). Immunohis-
tochemical staining for VEGFR-2 and myoferlin expression
indicated similar features and cytoplasmic staining in tumor
cells. As VEGFR-2 is a significant target for novel anticancer
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therapies, it is anticipated that myoferlin may also possess the
potential to become a novel clinical target for the treatment of
NSCLC.

Introduction

Myoferlin protein is associated with cell membrane repair (1).
Cancer cells demonstrate an increased proliferative rate
compared with normal cells. As the cell membrane is a vital
organelle, there is an increased occurrence of membrane repair
events in cancer cells compared with normal cells (1). There-
fore, myoferlin may possess a significant role in tumorigenesis.

The ferlin family of proteins, which contains myoferlin,
is a mammalian protein family named due to its members'
homology with the Fer-1 protein of Caenorhabditis elegans (2).
A defective Fer-1 gene results in infertility, due to abnormal
membrane fusion processes during the development of
sperm (3). The ferlin family of proteins possesses multiple
C2 domains, and is able to anchor to the cell membrane using
a carboxyl terminal. C2 domains participate in protein-protein
or protein-membrane interactions (4); they are calcium sensing,
and mediate membrane fusion, repair and vesicle trafficking
in skeletal muscles. The ferlin family contains six members:
Dysferlin, myoferlin, otoferlin, Fer-1-like 4, Fer-1-like 5 and
Fer-1-like 6 (1.,4).

Myoferlin has been well-studied in muscle cells due to its
correlation with musculopathy. During the normal embryonic
development of muscle or the regeneration of mature muscle
cells following injury, myoblasts possessing a single nucleus
fuse and form large syncytial myofibers. Myoferlin is highly
expressed during myoblast fusion, although the specific func-
tion of myoferlin in this process remains to be elucidated (5).
In endothelial cells, myoferlin regulates angiogenesis, which is
associated with vascular endothelial growth factor receptor-2
(VEGFR-2) expression (6,7).

Myoferlin expression by cancer cells has received atten-
tion in a number of studies. The MDA-MB-231 breast cancer
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cell line exhibits high myoferlin expression and is frequently
used in studies of myoferlin in cancer. In vitro, depletion of
myoferlin induces a mesenchymal to epithelial transition and
reduces cancer cell invasiveness (8,9). Although the mechanism
via which myoferlin impacts breast cancer cell invasiveness
remains to be elucidated, a number of studies have suggested
that matrix metalloproteinases may possess a significant role
in the myoferlin-mediated regulation of invasion (10). In vivo,
myoferlin-depleted breast cancer cells demonstrate reduced
cellular proliferation, are smaller and form less invasive
tumors (1,9). Furthermore, myoferlin is hypothesized to be
a significant modulator of epidermal growth factor receptor
(EGFR) expression in breast cancer cells (11). In pancreatic
cancer, patients exhibiting myoferlin-expressing tumors
possess relatively poor clinical outcomes (12).

To the best of our knowledge, the expression of myoferlin
in lung cancer surgical specimens has not been previously
investigated. A recent study concerning myoferlin expression
in normal lung parenchyma and bronchial epithelium stimu-
lated the present study to investigate whether myoferlin is
expressed in non-small cell lung cancer (NSCLC) (13).

The aim of the present study was to elucidate the clinico-
pathological characteristics of myoferlin expression in NSCLC.

Materials and methods

Case selection. Data from primary NSCLC patients treated at
Gyeongsang National University Hospital (Jinju, South Korea)
was collected between January 2002 and December 2009. A
total of 148 patients were enrolled in the present study. The
clinical data and survival period of all patients were obtained
by reviewing clinical charts and National Statistical Office
of Korea (Seoul, South Korea) records. Current smokers and
ex-smokers were included in the positive-smoking history
group. All of the included patients were clinically operable;
pneumonectomies, lobectomies or sleeve lobectomies were
performed. The tumor-node-metastasis (TNM) stage of each
patient was assessed using the American Joint Committee on
Cancer Staging Manual, 7th edition (14).

Gross images and hematoxylin and eosin (HE)-stained
sections of surgical specimens were reviewed, and the
tumor pathological characteristics were described by two
pathologists. The degree of differentiation in squamous
cell carcinoma was classified, using a three-tiered system,
as either well-, moderately- or poorly-differentiated.
Well-differentiated squamous cell carcinomas maintained
the characteristic morphology of squamous cells, including
keratinization, a plump cytoplasm and distinct cellular borders
with intercellular bridges. Poorly-differentiated squamous cell
carcinomas did not exhibit these histological features (Fig. 1).
The histological characteristics of adenocarcinoma were
described using the classification system of the International
Association for the Study of Lung Cancer/American Thoracic
Society/European Respiratory Society (15,16). The nuclear
grade of adenocarcinomas was defined, using a two-tiered
system, as either high- or low-grade. High-grade adenocar-
cinomas demonstrated atypical nuclei, macronucleoli and a
coarse chromatin pattern in >10% of the tumor cells on the
whole slide. Low-grade adenocarcinomas demonstrated rela-
tively regular-sized and -shaped nuclei, and evenly distributed
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chromatin in almost all tumor cells. The Institutional Review
Board of Gyeongsang National University Hospital (Jinju,
Korea) approved the present study.

Tissue microarray (TMA). Resected tumor samples were fixed
overnight in 20% buffered neutral formalin. The samples were
grossly examined, dissected and embedded in paraffin blocks.
Representative blocks were selected following microscopic
examination of HE-stained sections from each tumor (BX-51,
light microscope, Olympus Corporation, Tokyo, Japan). A 3-mm
representative core of tissue was obtained from each paraffin
block and arranged in new recipient TMA paraffin blocks. A
representative area of the donor blocks was selected based on its
major differentiation and location near the invasive front.

Immunohistochemical (IHC) analysis. Immunohistochem-
istry was performed on the TMA block sections for 7 distinct
proteins. Primary antibodies for myoferlin, VEGFR-2, EGFR,
E-cadherin, -catenin, tumor protein p63 and thyroid tran-
scription factor-1 (TTF-1) were used to investigate protein
expression, and the association between the expression of
certain proteins was examined. VEGFR-2 is a well-known drug
target for the prevention of angiogenesis, and its expression
has been demonstrated to correlate with myoferlin expression
in endothelial cells (6). The expression of EGFR, E-cadherin
and P-catenin in cancer cells is known to be associated with
patient prognosis (17,18). TTF-1 and p63 are generally known
as specific markers for pulmonary adenocarcinoma and squa-
mous cell carcinoma (19).

THC staining was performed on 4-um sections from the
TMA blocks. Once attached to glass slides, the sections were
deparaffinized, rehydrated and incubated in 3% hydrogen
peroxide for 10 min in order to block endogenous peroxidase
activity, which may cause non-specific background staining.
Sections were subsequently heated for 20 min in 10 mM
citrate buffer (pH 6.0) in a microwave oven (700 W).
Following incubation with Ultra V Block (Lab Vision; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) for 7 min at room
temperature in order to block background staining, slides
were incubated with a mouse monoclonal primary antibody
specific to myoferlin (1:100 dilution; 7D2; ab76746; Abcam,
Cambridge, UK) according to the manufacturer's protocols.
The compound 3,3'-diaminobenzidine was utilized in order
to detect the proteins, and the sections were counterstained
using hematoxylin. IHC staining was additionally performed
using the same protocol with primary antibodies for VEGFR-2
(1:200 dilution; rabbit polyclonal; PA5-16487; Thermo Fisher
Scientific, Waltham, MA, USA), EGFR (1:100 dilution; mouse
monoclonal; 3C6; 790-2988; Ventana Medical Systems, Inc.,
Tuscon, AZ, USA), E-cadherin (1:200 dilution; rabbit mono-
clonal; EP700Y; MA5-14458; Thermo Fisher Scientific, Inc.),
B-catenin (1:400 dilution; mouse monoclonal; E-5; sc-7963;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA), p63 (1:50
dilution; mouse monoclonal; 4A4; Ventana Medical Systems,
Inc.), and TTF-1 (1:1,500 dilution; rabbit monoclonal; SP141;
790-4756; Ventana Medical Systems, Inc.). The positive
control used for myoferlin comparison was normal bronchiolar
epithelium; tissues with equal to or more intense staining
compared with normal bronchiolar epithelium were regarded
as positive. For EGFR, tissue with equivocal expression was
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classified as negative, and focal or diffuse membrane staining
was classified as positive for myoferlin expression. Almost all
EGFR-positive specimens demonstrated cytoplasmic staining.
In addition, VEGFR-2 was expressed in the cytoplasm.
Tissues demonstrating 3-catenin or E-cadherin expression in
the cellular membrane were regarded as demonstrating posi-
tive expression.

Western blot analysis. Fresh tumor samples were obtained
from the central potion of the mass, in an area that appeared
to be homogeneous and was neither necrotic nor fibrotic. The
western blot analysis method was used as previously described
to determine myoferlin and VEGFR-2 expression (20).

Statistical analysis. The overall survival of patients with
NSCLC was compared using univariate and multivariate Cox
proportional hazard model analyses. The analysis of correla-
tions was performed using ¥ tests. P<0.05 was considered to
indicate a statistically significant difference. All statistical
analyses were performed using SPSS version 18.0 (SPSS, Inc.,
Chicago, IL, USA).

Results

Clinicopathological features of 148 NSCLC patients. The
clinicopathological features of the 148 NSCLC patients are
summarized in Table I. Of these patients, 125 were male and
95 possessed a history of smoking (current or ex-smoker). The
mean patient age was 64.85 years. The majority of the patients
(83/148; 56.1%) were evaluated as TNM stage I following
surgery, while 51 (34.5%), 12 (8.1%), and 2 (1.4%) patients
were evaluated as TNM stages II, IIT and 1V, respectively. A
lobectomy was performed in 130 (87.8%) patients. A bilobec-
tomy or sleeve lobectomy was performed in 3 (2.0%) patients,
and a pneumonectomy was performed in 15 (10.1%) patients.
Squamous cell carcinoma accounted for 96 (64.9%) of the total
NSCLC cases, 59 of which demonstrated moderate differen-
tiation (Fig. 1A-C). A total of 15 and 22 patients exhibited
well- and poorly-differentiated squamous cell carcinomas,
respectively. Adenocarcinomas accounted for 37 (25.0%) of
the total NSCLC cases. Acinar, solid, papillary, micropapil-
lary, lepidic and mucinous growth patterns were observed in
15,6, 8, 3,3 and 2 patients, respectively (Fig. 2A-G). Large cell
neuroendocrine carcinomas were observed in 8 of the NSCLC
patients. Pleomorphic and mucoepidermoid carcinomas
were observed in 6 and 1 patient(s), respectively. The median
survival time was 37 months and the 5-year survival rate was
22.3%.

Myoferlin is expressed in NSCLC. The expression of myoferlin
in each pathological subtype is summarized in Table I.
Myoferlin expression in the cytoplasm of cancer cells was
observed in 75/148 NSCLC cases. Myoferlin expression in
the cytoplasm of cancer cells was observed in 37/96 (38.5%)
squamous cell carcinoma cases (Fig. 1D). Normal bronchial
epithelium, lung parenchyma and a number of capillary
endothelial cells surrounding the cancer cells additionally
expressed cytoplasmic myoferlin. Myoferlin protein expression
was observed in the cytoplasm in 31/37 (83.8%) adenocarci-
nomas cases (Fig. 2H). Myoferlin expression was additionally
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Table I. Clinicopathogical features of 148 non-small cell lung
cancer patients.

Clinicopathological feature Value
Male gender, n (%) 125 (84.5)
Smoking history, n (%) 97 (65.5)
Mean age, years 64.85
Tumor-node-metastasis stage, n (%)

I 83 (56.1)

1I 51 (34.5)

1T 12 (8.1)

v 2(1.4)

Surgical procedure, n (%)

Lobectomy 130 (87.8)

Bilobectomy or sleeve lobectomy 3(2.0)

Pneumonectomy 15 (10.1)

Histological type, n (%)

Squamous cell carcinoma 96 (64.9)
Well-differentiated 15
Moderately-differentiated 59
Poorly-differentiated 22

Adenocarcinoma 37 (25.0)
Acinar 15
Solid 6
Papillary 8
Micropapillary 3
Lepidic 3
Mucinous 2

Large cell neuroendocrine carcinoma 8(54)

Other 74.7)

Median survival, months 37
Five-year survival rate, n (%) 33 (22.3)
Myoferlin expression, n/total n (%)

Squamous cell carcinoma 37/96 (38.5)

Adenocarcinoma 31/37 (83.8)

Large cell neuroendocrine carcinoma 3/8 (37.5)

Pleomorphic carcinoma 3/6 (50.0)

Mucoepidermoid carcinoma 1/1 (100.0)

Total 75/148 (50.7)

observed in 3/8 large cell neuroendocrine carcinoma, 3 pleo-
morphic carcinoma and 1 mucoepidermoid carcinoma case(s).

Differential expression of 7 distinct proteins in NSCLC
cells. The expression of myoferlin, VEGFR-2, E-cadherin,
B-catenin, EGFR, TTF-1 and p63 in the cancer cells was exam-
ined and is summarized in Table II (Fig. 1 and 2). Initially,
the expression of each protein in association with TNM
stage was investigated; however, no statistically significant
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Table II. Clinicopathological features of 148 non-small cell lung carcinoma patients.

VEGFR-2 E-cadherin [-catenin EGFR TTF-1 p63

Myoferlin

P-value

+

P-value

+

P-value

+

P-value

+

P-value

+

P-value

+

P-value

+

Factor

Stage

29 54 0.721 25 58 0.643 51 32 0.876
32 20

0.424

70 13
39

0.391

0.558 64 19
37

44
33

0.632 39

39
26

31

45

19

12

14

18

25

II

10

I

v
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Path type

<0.0001

10

<0.0001 86

92

4
28

0.040

39

0.001

74
37

0.002

59 <0.0001 28 68 <0.0001 67

37

Sqce
Adc

34

29

35

28

31

Sqcc, squamous cell carcinoma; Adc, adenocarcinoma; path, pathological; VEGFR-2, vascular endothelial growth factor-2; EGFR, epidermal growth factor receptor; TTF-1, thyroid transcription factor-1.

correlations were observed. Myoferlin-positive cancer cells
were more abundant in adenocarcinoma cases compared with
squamous cell carcinoma cases (P<0.001). A larger proportion
of VEGFR-2-positive cancers were adenocarcinoma cases
(P<0.001). E-cadherin and [-catenin were more frequently
expressed in adenocarcinoma compared with squamous
cell carcinoma (P=0.002 and P=0.001, respectively). EGFR
demonstrated increased expression in squamous cell carci-
noma compared with adenocarcinoma (P=0.040). VEGFR-2
expression was predominantly cytoplasmic; however, capil-
lary endothelial cells demonstrated only weak VEGFR-2
cytoplasmic staining. EGFR, B-catenin and E-cadherin were
predominantly expressed in the cellular membrane, although
focal cytoplasmic expression was additionally observed. There
was a significant correlation between p63 expression and
squamous cell carcinoma differentiation (P=0.009). A total of
69/73 patients with well- or moderately-differentiated squa-
mous cell carcinoma exhibited p63 expression in IHC. A total
of 16/22 patients with poorly-differentiated squamous cell
carcinoma demonstrated p63 expression. The nuclear grade of
the adenocarcinoma did not exhibit a significant correlation
with any of the proteins investigated in the present study.

Correlations exist between the expression of specific proteins
in 2 major histological subtypes: Squamous cell carcinoma
and adenocarcinoma. Squamous cell carcinoma and adenocar-
cinoma accounted for 89.9% of the NSCLC cases in the present
study. There were 133 patients with squamous cell carci-
noma or adenocarcinoma, and correlations between protein
expression and tumor stage or pathological type were inves-
tigated (Table IIT). VEGFR-2, TTF-1 and p63 expression were
significantly correlated with myoferlin expression (P<0.001,
P<0.001 and P=0.006, respectively). Although the expression
of all 7 investigated proteins was significantly correlated with
the histological subtypes of squamous cell carcinoma and
adenocarcinoma (Table IIT), E-cadherin, B-catenin and EGFR
expression was only weakly correlated with myoferlin expres-
sion. (P=0.114, P=0.726 and P=0.461, respectively). VEGFR-2,
TTF-1 and p63 expression was strongly correlated with
myoferlin expression in low-stage tumors. In squamous cell
carcinomas, a highly significant correlation between myoferlin
and VEGFR-2 expression was identified (P=0.001).

Western blot analysis shows myoferlin and VEGFR-2
expression. Specimens from 6 patients with squamous cell
carcinoma and 4 patients with adenocarcinoma were analyzed
using western blotting. All specimens demonstrated myoferlin
expression via immunohistochemical staining. Upon western
blotting, myoferlin protein was detected in all cases. In addi-
tion, VEGFR-2 protein was identified in several cases (Fig. 3).

Survival analysis of squamous cell carcinoma. As revealed
in Table IV, univariate analysis of squamous cell carcinoma
patients indicated that p63 expression and pathological differ-
entiation possessed relatively high odds ratios of 1.908 [95%
confidence interval (CI),0.804-4.528; P=0.143] and 2.010 (95%
CI, .074-3.762; P=0.029),respectively. Myoferlin and VEGFR-2
possessed odds ratios of 1.221 (95% CI, 0.672-2.221; P=0.512)
and 1.219 (95% CI, 0.644-2.306; P=0.542), respectively. Using
multivariate analysis, the parameter of stage demonstrated an
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Figure 1. Microscopic features of squamous cell carcinoma following hematoxylin and eosin staining. (A) Well-differentiated squamous cell carcinoma
demonstrated keratinization with parakeratosis and a relatively distinct cell border. (B) Moderately-differentiated squamous cell carcinoma demonstrated a
distinct cell border, however, no keratinization was observed. (C) Poorly-differentiated squamous cell carcinoma exhibited a vague cellular border. This tumor
was positive for p63 immunostaining and negative for thyroid transcription factor-1 immunostaining, indicating a differential diagnosis from solid pattern
adenocarcinoma. (D) Myoferlin protein was expressed in the cytoplasm of the tumor cells. Capillary endothelial cells in the stroma additionally demonstrated
myoferlin expression. (E) Vascular endothelial growth factor receptor-2 expression was observed in the cytoplasm of the tumor cells. (F) Poorly-differentiated
squamous cell carcinoma demonstrated p63 expression in the nucleus. Magnification, x400.

Figure 2. Microscopic features of adenocarcinoma following hematoxylin and eosin staining. (A) Acinar pattern of adenocarcinoma revealed glands with
central lumina. (B) Solid pattern adenocarcinoma revealed highly packed cells with no specific pattern. (C) Papillary pattern adenocarcinoma exhibited tumor
cell proliferation with a central vascular core. (D) Micropapillary pattern adenocarcinoma revealed projective cell proliferation with no fibrovascular core.
(E) Lepidic pattern adenocarcinoma revealed a preserved alveolar structure. (F) Proliferation of mucin-containing tumor cells was observed in mucinous
adenocarcinoma. (G) Adenocarcinoma without thyroid transcription factor-1 staining and nuclear pleomorphism with occasionally prominent nucleoli. This
tumor was classified as low nuclear grade. (H) Cytoplasmic myoferlin expression. (I) Vascular endothelial growth factor receptor-2 was additionally expressed
in the cytoplasm. (J) E-cadherin protein was located in the cell membrane with focal expression in the cytoplasm. (K) (3-catenin was expressed in the cell
membrane. (L) Epidermal growth factor receptor protein was additionally expressed in the cell membrane. Magnification, x400.
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Table I'V. Cox proportional hazard model analysis of squamous cell carcinoma and adenocarcinoma patients.

Sqcce Adc

Analysis OR P-value OR P-value

Univariate
Myoferlin, negative vs. positive 1.221 0512 1.556 0.677
VEGFR2, negavite vs. positive 1.219 0.542 0.682 0.589
[-catenin, positive vs. negative 0919 0.821 N/A N/A
E-cadherin, positive vs. negative 1.139 0.695 N/A N/A
EGFR, negative vs. positive 0.871 0.656 0.347 0.320
p63, positive vs. negative 1.908 0.143 N/A N/A
TTF-1, positive vs. negative N/A N/A 1.560 0.530
Differentiation of Sqcc, M/D and W/D vs. P/D 2.010 0.029 N/A N/A
Pattern of Adc, others vs. solid and micropapillary N/A N/A 3.111 0.092
Nuclear grade of Adc, low vs. high N/A N/A 0.771 0.714
Median age, <67 vs. =67 in Sqcc; <65 vs. =65 in Adc 1.080 0.842 2912 0.286
Smoking history, non-smoker vs. ex- or current 0.579 0.114 3.155 0.188
Stage, <Ila vs. =IIb 1.765 0.094 6.721 0.057
Procedure, L vs. P, bi and sleeve 1.487 0.316 N/A* N/A?
Differentiation of Sqcc, M/D and W/D vs. P/D 1.561 0.250 N/A N/A

Multivariate
Pattern of Adc, others vs. solid and micropapillary N/A N/A 1.639 0.570
Myoferlin, negative vs. positive 1.028 0.938 2942 0.339
EGFR, negative vs. positive 0.990 0.978 0.248 0.298
VEGFR2, negative vs. positive 1.101 0.833 0.145 0.055
E-cadherin, positive vs. negative 1.252 0.541 N/A N/A
p63, positive vs. negative 1.680 0.370 N/A N/A
TTF-1, positive vs. negative N/A N/A 0.642 0.608

*All adenocarcinoma patients were treated by lobectomy. N/A, statistically not informative as all 37 adenocarcinomas showed positivity
for beta-catenin; Sqcc, squamous cell carcinoma; Adc, adenocarcinoma; W/D, well-differentiated; M/D, moderately-differentiated; P/D,
poorly-differentiated; CI, confidence interval; OR, odds ratio; VEGFR2, vascular endothelial growth factor 2; EGFR, epidermal growth factor
receptor; TTF-1, thyroid transcription factor 1; L, lobectomy; P, pneumonectomy; bi, bilobectomy; sleeve, sleeve lobectomy.

Sqcc Adc

myorerin | I A O
VEGFR2 m. ey .m R — ..

B-actin

Figure 3. Western blot analysis of non-small cell carcinoma samples from
6 patients with squamous cell carcinoma and four patients with adenocarci-
noma. Immunohistochemically, all patients demonstrated positive expression
for myoferlin protein. Upon western blotting, there were also positive sig-
nals for myoferlin. Several specimens additionally demonstrated VEGFR-2
expression. B-actin served as a control for equivalent protein loading. Sqcc,
squamous cell carcinoma; Adc, adenocarcinoma; VEGFR-2, vascular endo-
thelial growth factor receptor-2.

odds ratio of 1.765 (95% CI, 0.908-3.429; P=0.094), procedure
had an odds ratio of 1.487 (95% CI, 0.684-3.232; P=0.316),

pathologic differentiation had an odds ratio of 1.561 (95%
CI, 0.730-3.337; P=0.250) and loss of p63 expression demon-
strated an odds ratio of 1.680 (95% CI, 0.541-5.219; P=0.370).

Survival analysis of adenocarcinoma. As shown in Table 1V,
univariate analysis of adenocarcinoma patients indicated
that a pathological group of solid and micropapillary growth
patterns possessed relatively high odds ratios of 3.111
(95% CI, 0.832-11.633; P=0.092). The parameter of EGFR
expression had an odds ratio of 0.347 (95% CI, 0.043-2.793;
P=0.320). Myoferlin, VEGFR-2 and TTF-1 expression
possessed odds ratios of 1.556 (95% CI,0.194-12.472; P=0.677),
0.682 (95% CI, 0.170-2.735; P=0.589) and 1.560 (95%
CI, 0.390-6.251; P=0.530), respectively. Upon multivariate
analysis, VEGFR-2 expression demonstrated an odds ratio
of 0.145 (95% CI, 0.020-1.046; P=0.055). EGFR expression,
myoferlin expression and pathological pattern possessed odds
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ratios of 0.248 (95% CI, 0.018-3.429; P=0.298), 2.942 (95%
CI, 0.321-26.930; P=0.339) and 1.639 (95% CI, 0.298-9.006;
P=0.570), respectively.

Discussion

Myoferlin expression was identified in 75/148 NSCLC
patients. All NSCLC pathological subtypes contained
myoferlin-positive tumors. Adenocarcinomas possessed the
largest proportion of myoferlin-expressing tumors. Immuno-
histochemistry indicated that myoferlin protein was localized
to the cytoplasm of the tumor cells. Leung et al (1,13) previ-
ously described cytoplasmic expression of myoferlin in
human airway epithelium and mouse Lewis lung carcinoma
(LCC) cells. In airway epithelial cells, myoferlin expression
was detected in the cytoplasm, cell membrane and Golgi
membrane using confocal microscopy, immunofluorescent
staining and immunohistochemical staining. In LCC cells,
cytoplasmic expression of myoferlin was detected by studying
immunofluorescence. In the present study, normal bronchial
epithelial cells and NSCLC cells demonstrated similar local-
ization of expressed protein. Dislocation of myoferlin protein,
from the cell membrane to the cytoplasm, requires further
investigation in order to specify the pathophysiological func-
tion of myoferlin.

The present study identified that adenocarcinoma patients
with myoferlin protein expression possess poorer prognoses
(odds ratio, 2.942; P=0.339) upon multivariate analysis.
However, the P-value was not <0.05, therefore this was not a
statistically significant difference. However, there was a higher
odds ratio in the myoferlin-expressing group compared with
the group comprising solid and micropapillary pattern tumors
upon multivariate analysis. Pulmonary adenocarcinoma with a
micropapillary and solid pattern is a well-known indicator of
a poor prognosis, therefore, further evaluation of these factors
may be required in a larger study (21).

In a previous study, Sun et al (22) reported clinically rele-
vant mutations associated with pulmonary adenocarcinoma
in 10 genes, EGFR, tumor protein p53, KRAS, ribosomal
protein S6 kinase B-2, Ataxin-2, DHX9, tyrosine-protein
phosphatase non-receptor type 13, specificity protein 1%,
spectrin o non-erythrocytic 1 and myoferlin (MYOF) using
sequencing analysis. Mutation of the MYOF gene in lung
adenocarcinoma was detected upon exome and messenger
RNA sequencing analysis. As the list of genes identified
by Sun et al (22) included EGFR and KRAS, which are
clinicopathologically significant mutations in pulmonary
adenocarcinomas, further molecular study of the MYOF gene
may be required.

Another notable result of the present study is the statisti-
cally significant correlation identified between myoferlin
and VEGFR-2 expression in adenocarcinoma and squa-
mous cell carcinoma (P<0.001). This correlation was more
pronounced in stage I patients (P<0.001) compared with
stage II (P=0.220) or stage III (P=0.576) patients; as stage
increased, the correlation became less significant. The
correlation between myoferlin and VEGFR-2 expression
demonstrated increased significance in squamous cell carci-
noma (P=0.001) compared with adenocarcinoma (P=0.140).
Yu et al (6) and Bernatchez et al (7) have previously reported
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that the physiological function of myoferlin is to regulate
VEGFR-2 stability and activity; loss of myoferlin reduces
the expression and autophosphorylation of VEGFR-2 in
endothelial cells. These functions additionally require
the endothelial cell-specific tyrosine kinase receptors,
dynamin-2 and tyrosine kinase with immunoglobulin and
epidermal growth factor homology domains-2. However, to
the best of our knowledge, only two studies have discussed
the physiological functions of myoferlin with respect to
VEGFR-2 (6,7). Although myoferlin is relatively well studied
in skeletal muscle due to its role in musculopathy, its precise
physiological functions remain to be fully elucidated. The
function of myoferlin in tumor cells is also unclear. To the
best of our knowledge, the present study is the first to reveal a
marked correlation between myoferlin and VEGFR-2 expres-
sion in vivo in tumor cells.

Angiogenic factors of cancer, VEGF and VEGFR, are
well-established drug targets. Bevacizumab is a monoclonal
antibody of VEGF (19). It was the first angiogenic inhibitor to
be identified. In patients exhibiting squamous cell carcinoma,
bevacizumab induced the side effect of hemoptysis (23).
However, more recent clinical trials investigating VEGFR-2-tar-
geted therapy demonstrated a relatively positive performance,
without induction of hemoptysis, in patients exhibiting NSCLC
containing squamous cell carcinoma (24). In addition, small
molecule inhibitors of receptor tyrosine kinases, which work
with VEGFR-2, nintedanib, sunitinib, sorafenib, vandetanib
and vatalanib, have been tested as potential anticancer thera-
pies (25,26). Due to the association between myoferlin and
VEGFR-2 observed in the current study, the efficacy of myoferlin
as a therapeutic agent may require further investigation.

In conclusion, to the best of our knowledge, the present
study is the first to describe myoferlin expression in NSCLC. In
adenocarcinoma cases, myoferlin-positive patients possessed a
poor prognosis (odds ratio, 2.94; P=0.339). In squamous cell
carcinoma cases, myoferlin expression was significantly asso-
ciated with VEGFR-2 expression (P=0.001). As VEGFR-2 is a
significant therapeutic target, myoferlin expression in NSCLC
may require further investigation in future studies.
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