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In general, papillary thyroid carcinoma (PTC) has an excellent 
prognosis, with survival rates of 96% at 5 years and 93% at 10 
years [1]. Unlike most other malignant tumors, the presence of 
lymph node metastasis has not been considered an independent 
risk factor for survival and has traditionally not been included in 
the criteria for survival risk stratification of papillary and follic-
ular thyroid carcinoma. The current tumor, nodes, and metastasis 
(TNM) classification by the American Joint Committee on Cancer 
(AJCC) staging system categorizes the N category of PTC into 
N0 or N1 based on the existence of regional lymph node metas-
tasis [2]. In patients younger than 55 years, determination of the 
AJCC prognostic stage. group for patient survival is not affected 
by the N category. Recent studies have suggested that nodal me-
tastases in differentiated thyroid cancer are prognostic of not only 

an increased risk of recurrence, but also of poorer survival, partic-
ularly among older patients [3-6]. Additional variable features 
are also considered prognostic, including the size, number, and 
existence of metastatic nodal extracapsular extensions [7-10].

Myoferlin is a membrane-anchored protein of the ferlin family 
and is expressed in various cells such as myoblasts and endothelial 
cells. Myoferlin is involved in many cell functions such as cell fu-
sion, cell growth and repair, and vesicle trafficking [11,12]. It also 
plays a role in oncogenesis through the regulation of cell prolifer-
ation and homeostasis and induces the epithelial-mesenchymal 
transition, leading to tumor metastasis [13-15]. The expression 
of this protein is found in various cancers including non-small 
cell lung cancer, breast cancer, pancreatic adenocarcinoma, clear 
cell renal cell carcinoma, hepatocellular carcinoma, and endo-
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metrioid carcinoma [14-20]. In studies that have investigated 
the associations between myoferlin expression and disease sur-
vival, studies of non–small cell lung cancer, pancreatic adeno-
carcinoma, and clear cell renal cell carcinoma found significant 
correlation of higher tumor cell myoferlin expression with unfa-
vorable prognosis [16-18].

According to the Human Protein Atlas, in normal thyroid 
glandular cells, myoferlin is expressed at a medium expression 
level [21]. To the best of our knowledge, no previous study has 
investigated PTC-specific patterns of myoferlin expression. 
Therefore, in this study, we describe evidence for an association 
between tumoral myoferlin expression and nodal metastatic status 
in PTC.

MATERIALS AND METHODS

Case selection

We collected clinicopathological data from the electronic 
medical records of PTC patients who underwent either total 
thyroidectomy or lobectomy in 2010 at Gyeongsang National 
University Hospital, Jinju, Korea. Cases with morphologic vari-
ants other than conventional (classic) PTC were excluded. The 
TNM stages of the tumors were assessed according to the Ameri-
can Joint Committee on Cancer staging manual, 8th edition [2]. All 
gross photographs and hematoxylin and eosin-stained slides of 
the surgical specimens were reviewed by two pathologists.

Tissue microarray

Tumor specimens from the selected cases were fixed overnight 
in buffered neutral formalin (10%) and embedded in paraffin 
blocks. Representative cores 2 mm in diameter were selected and 
obtained from each paraffin block after microscopic examina-
tion. They were then arranged onto new recipient tissue micro-
array (TMA) blocks.

Immunohistochemical analysis

To investigate protein expression, immunohistochemical stain-
ing was performed on 4 μm sections from the TMA blocks. The 
sections were deparaffinized, rehydrated, and incubated in 3% 
hydrogen peroxide. After heating in 10 mM citrate buffer (pH 
6.0), the slides were incubated with a mouse monoclonal primary 
myoferlin antibody (1:100, 7D2, ab76746, Abcam, Cambridge, 
UK). 3,3'-Diaminobenzidine staining and counterstaining of 
hematoxylin were carried out for visualization. The expression 
of myoferlin in the tumor cells was graded from negative to 
weak (+1), moderate (+2), and strong (+3) positivity by two 

experienced pathologists. Normal thyroid follicular cells were 
used as the internal control. If tumor cells exhibited equivalent 
intensity of myoferlin expression compared to normal follicular 
cells, they were graded as moderate positive. Similarly, tumor cells 
that exhibited stronger or weaker expression were graded as 
strong and weak positive, respectively.

Statistical analysis

Pearson’s chi square test and Fisher’s exact test were used to 
evaluate correlations between myoferlin expression level and a 
range of clinicopathological features including age and sex of pa-
tients and the size, extension, lymph node metastasis, and patho-
logic T category and N category in AJCC staging of the tumors. 
For all statistical analyses, differences were considered statisti-
cally significant at p < .05. IBM SPSS Statistics for Windows, ver. 
21.0 (IBM Corp., Armonk, NY, USA) was used for the statistical 
analysis.

RESULTS

Clinicopathological features 

Table 1 summarizes the clinical data and pathological features 

Table 1. Clinical and pathological information of the 116 papillary 
thyroid carcinoma patients

Variable No. of patients (%)

Age (yr), mean (range) 49.5 (25–88)
Sex

Male 20 (17.2)
Female 96 (82.8)

Size (cm), mean (range) 1.1 (0.1–6.0)
Gross extrathyroidal extension

Absent 105 (90.5)
Present 11 (9.5)

T category
T1a 73 (62.9)
T1b 23 (19.8)
T2 7 (6.0)
T3a 2 (1.7)
T3b 6 (5.2)
T4a 5 (4.3)

N category
NX 65 (56.0)
N0 27 (23.3)
N1 24 (20.7)

N1a 17 (14.7)
N1b 7 (6.0)

Myoferlin
Negative 16 (13.8)
Weak (+1) 35 (30.2)
Moderate (+2) 53 (45.7)
Strong (+3) 12 (10.3)
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of the patients enrolled in this study. Of the 116 PTC patients 
enrolled, the mean age was 49.5 years (range, 25 to 88 years), 
with 20 male (17.2%) and 96 female (82.8%) patients. The 
largest diameter tumor sizes ranged from 0.1–6.0 cm (mean, 
1.12 cm). Notably, in 11 (9.5%) of these cases, gross tumor ex-
tension beyond the thyroid gland was observed. Most patients 
(96/116, 82.7%) had pT1 carcinomas, whereas seven (6%), 
eight (6.9%), and five (4.3%) were observed for pT2, pT3, and 
pT4 tumors, respectively. Lymph node dissection was performed 
in 51 (44.0%) patients, of whom 24 (20.7%) were found to have 
lymph node PTC metastasis. There were 17 (14.7%) pN1a tu-
mors and seven (6.0%) pN1b tumors. No distant metastasis was 
observed in any of the cases.

Myoferlin expression in PTC 

Normal thyroid follicular cells exhibited myoferlin expression 
in the cell cytoplasm and membrane (Fig. 1A). Myoferlin expres-
sion in PTC cells was observed in 100 cases (86.2%), showing a 
even expression pattern involving the cytoplasm and membrane 
(Fig. 1B–E). Myoferlin expression level was graded as weak (+1) 
in 35 cases (30.2%), moderate (+2) in 53 cases (45.75%), and 

strong (+3) in 12 cases (10.3%) (Table 1). To facilitate repro-
ducibility, these grading categories were further simplified into 
two categories: low (negative or only weakly positive, +1) and 
high (moderate, +2 to strong, +3) expression levels. Of all pa-
tients, 51 (44.0%) exhibited negative or weak myoferlin expres-
sion level, whereas 65 (56.0%) showed moderate to strong expres-
sion.

Correlation of myoferlin expression with T category and N 
category of PTC 

Table 2 summarizes the associations between myoferlin expres-
sion level and the clinicopathological features of patients. Patient 
age and sex, tumor size, and presence of gross extrathyroidal exten-
sions did not demonstrate a significant correlation with myofer-
lin expression of tumors. In pT1 tumors, a larger number exhibited 
a high (moderate or strong) level of myoferlin expression (n = 60, 
51.7%) compared to low (negative or weak) expression (n = 36, 
31.0%). In pT4 tumors, it was the opposite, as the number of 
tumors with a low level of expression (n = 4, 3.4%) outnumbered 
those with a high level of expression (n = 1, 0.9%). Overall, the T 
category and myoferlin expression level of tumors exhibited the 

Fig. 1. (A) Myoferlin expression observed in the cytoplasm and membrane of normal thyroid follicular cells. (B–E) Myoferlin expression ob-
served in papillary thyroid carcinoma. Negative (B), weak (+1) (C), moderate (+2) (D), and strong (+3) (E) myoferlin expression in tumor cells. 
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following tendency: tumors of the higher T category group showed 
a correlation with a lower level of myoferlin expression (p = .010).

Among the cases that underwent lymph node dissection, in 
lymph node metastasis-free (pN0) tumors, six (5.2%) exhibited 
low myoferlin expression level, whereas high levels were observed 
in 21 (18.1%). Among lymph node metastatic tumors (pN1), 
13 (11.2%) indicated low myoferlin expression levels, whereas 
11 (9.5%) cases revealed high levels. Statistically, pN1 tumors 
with lymph node metastasis were significantly correlated with 
low myoferlin expression levels (p = .019). Whether the tumor 
of the pN1 category was pN1a or pN1b showed no significant 
association with myoferlin expression (p = .386).

DISCUSSION

This study confirmed that myoferlin is expressed in PTC cells. 
In previous studies, myoferlin overexpression was indicative of 
poor disease survival in various types of carcinomas including 
non-small cell lung carcinoma [16], pancreatic adenocarcinoma 
[17], and clear cell renal cell carcinoma [18]. However, our ret-
rospective study data showed a statistically significant correla-
tion of loss of myoferlin expression with a higher T category of 
tumor and lymph node PTC metastasis. With both features being 
risk factors for poor survival and disease recurrence, this correla-

tion counters the majority of recent research observations that have 
reported an evident correlation between higher myoferlin level 
and unfavorable prognosis.

In a study from our institution on endometrioid carcinoma, 
loss of myoferlin expression level correlated with high histologic 
grade [20]. This result also counters the previously described 
correlation of high myoferlin expression with poor prognosis in 
some carcinomas. The continuous cyclic regeneration of normal 
endometrial tissue was suggested as a possible cause of this cor-
relation. Myoferlin is a multifunctional protein in normal cells, 
although its role in various cancer cells is unknown. Research 
findings suggest that myoferlin expression has different tenden-
cies due to its various roles in different types of carcinomas. 

No previous myoferlin studies were performed on endocrine 
cell–derived tumors. Myoferlin is expressed in normal thyroid 
follicular cells, but its specific roles in normal cells or oncogenic 
roles have yet to be studied. Therefore, one plausible hypothesis 
is that the endocrine activity of thyroid follicular cells influences 
the distinctive pattern of myoferlin expression in the thyroid. 
The difference in key functions of myoferlin could possibly be 
the cause of its expression tendency differing in PTC from lung 
and pancreatic epithelial tumors. Further molecular studies on 
the role of myoferlin in different types of tumor cells are needed 
to clarify the specific function of this protein. 

Table 2. Correlations between myoferlin expression and clinicopathological features of the patients

Myoferlin expression 
Total (n = 116) p-value

Low High

Age (yr) 50.8 ± 13.3 48.5 ± 12.1 .343
Sex

Male 11 (9.5) 9 (7.8) 20 (17.2)
.274

Female 40 (34.5) 56 (48.3) 96 (82.8)
Size (cm) 1.25 ± 1.12 1.02 ± 0.65 .194
Gross extrathyroidal extension

Absent 43 (37.0) 62 (53.4) 105 (90.5)
.057

Present 8 (6.9) 3 (2.6) 11 (9.5)
T category

1 36 (31.0) 60 (51.7) 96 (82.8)

.010
2 6 (5.2) 1 (0.9) 7 (6.0)
3 5 (4.3) 3 (2.6) 8 (6.9)
4 4 (3.4) 1 (0.9) 5 (4.3)

N category
X 32 (27.6) 33 (28.4) 65 (56.0)
0 6 (5.2) 21 (18.1) 27 (23.3) .019
1 13 (11.2) 11 (9.5) 24 (20.7)

1a 8 (6.9) 9 (7.8)
.386

1b 5 (4.3) 2 (1.7)
Total 51 (44.0) 65 (56.0) 116

Values are presented as mean ± SD or number (%).
SD, standard deviation.
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Of the 116 patients enrolled, there were only four cases with re-
current disease and no patient death during follow-up. With re-
gard to these findings, owing to the limited sample size in the 
present study, an analysis of a larger cohort is necessary to con-
firm correlations with survival rates. 

In differentiated papillary carcinoma, therapeutic neck dissec-
tion is strongly recommended and routinely performed in clini-
cally palpable or biopsy-proven nodal disease, as it is well estab-
lished that nodal metastasis is associated with disease recurrence 
[6]. However, the use of prophylactic neck dissection for clini-
cally node-negative PTC is controversial. If prediction of occult 
lymph node metastatic status is determinable by pre-surgical cy-
tology or biopsy specimens, a justification could be made for more 
individualized disease management, which could include deter-
mining whether to perform neck dissection or to closely follow-up 
on the case. The correlation proposed in the present study points 
to a potential prognostic role of myoferlin in lymph node PTC 
metastasis.

Conclusively, our study demonstrated correlation of myoferlin 
expression with pathological features in papillary thyroid carci-
noma. Loss of expression of myoferlin was correlated with a higher 
T category of tumor and the presence of lymph node metastasis 
in PTC. This result shows the potential prognostic role of myofer-
lin in PTC as a helpful biomarker in therapeutic management.
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