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	 Backgrounds:	 SET and MYND domain-containing protein 2 (SMYD2), which is identified as a protein-lysine methyltransferase, 
plays a crucial role in the progression of some tumors such as bladder carcinoma. However, the clinical sig-
nificance of SMYD2 in patients with papillary thyroid carcinoma (PTC) has not been elucidated. In the present 
study, we aimed to investigate the expression and role of SMYD2 in human PTC.

	 Material/Methods:	 Clinicopathological analysis was performed in 107 patients with PTC. Expression of SMYD2 was determined by 
immunohistochemistry staining, quantitative RT-PCR, or Western blotting in PTC tissues, adjacent normal tissues, 
and PTC cells (K1 and B-CPAP). The prognostic value of SMYD2 in PTC patients was assessed by univariate and 
multivariate analysis. Clinical outcomes were evaluated by Kaplan-Meier log-rank tests. Cell proliferation was 
examined in PTC cells following overexpression or knockdown of SMYD2.

	 Results:	 SMYD2 was highly expressed in PTC tissues compared to adjacent thyroid tissues. Additionally, high expression 
of SMYD2 was significantly related to tumor size, lymph node metastasis, and TNM stage. Moreover, SMYD2 was 
identified as an independent prognosis factor by multivariate analysis. Using 2 PTC cell lines, K1 and B-CPAP, 
we demonstrated that high expression of SMYD2 can promote tumor cell proliferation.

	 Conclusions:	 SMYD2 expression was upregulated in PTC tissues and significantly related to the poorer prognosis of PTC pa-
tients. Our studies suggested the potential role of SMYD2 as a new therapeutic target and prognostic biomarker 
in human PTC.
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Background

Papillary thyroid carcinoma (PTC) is the most common type of 
human thyroid cancer and approximately 70% of PTC are ma-
lignant [1,2]. PTC was usually caused by exposure to radiation 
and the incidence rate is increasing all over the world [3]. 
Current treatment for PTC patients includes radiotherapy, 
chemotherapy, and surgical resection [4]. Although great im-
provement in PTC treatment has been achieved, PTC patients 
with curative therapy have worse prognosis, and recurrence 
occasionally occurs [5,6]. Therefore, it is crucial to study the 
pathogenesis of PTC and explore novel therapeutic strategies 
and new prognostic biomarkers for more effective treatment 
of PTC [7].

The SET and MYND domain-containing protein (SMYD) family 
contains 5 members SMYD 1-5, which all contain similar con-
served domains [8]. Amino acid sequence shows that the SMYD 
family contains a SET domain that is spilt into 2 portions by an 
MYND domain [9]. Recently, the role of SMYD protein in progres-
sion of some tumors has been clarified. For example, SMYD1 
has been previously demonstrated to be correlated with solid 
tumors such as breast cancer [10]. SMYD2 was found to be a 
potential oncogene in the development of various tumors [11]. 
It was also reported that SMYD3 is involved in the invasion of 
cancer cells and is overexpressed in hepatocellular carcinoma 
and colorectal cancer [12].

SMYD2 has been identified as a lysine methyltransferase that 
can methylate lys36 of histone H3 and some non-histone pro-
tein substrates such as p53 [13]. It was found that SMYD2 is 
extensively distributed in a variety of organs and is especially 
highly expressed in the brain, heart, liver, and kidneys [14]. 
Recent evidence shows that SMYD2 can downregulate the 
activity of tumor suppressor protein p53 by methylating the 
lys370 site and inhibited its tumor-suppressive function [15]. 
It was also reported that SMYD2 can enhance the activity 
of the PARP1, a known oncogenic protein, in various types 
of cancer cells [16]. Moreover, SMYD2 has been found to be 
highly expressed in glioma, bladder cancer, and gastric ade-
nocarcinoma [17]. In addition, high expression of SMYD2 was 
reported to be closely related to worse prognosis of lympho-
blastic leukemia patients, as well as patients with esophageal 
squamous cell carcinoma (ESCC) and HPV-unrelated head and 
neck squamous cell carcinoma (HNSCC) [18]. However, there 
has been no report about the potential role of SMYD2 in PTC. 
Therefore, we performed the present study to investigate the 
clinical and prognostic significance of SMYD2 in PTC patients.

We first examined the protein and RNA levels of SMYD2 in PTC 
tissues together with adjacent thyroid tissues. Then, we as-
sessed the correlation between SMYD2 expression and poor 
clinical outcomes by statistical analysis. Furthermore, SMYD2 

was identified as an independent prognostic factor for disease-
free survival in PTC patients. Finally, we performed cell experi-
ments to elucidate the potential effect of SMYD2 in PTC cells, 
which demonstrated that high expression of SMYD2 can pro-
mote the proliferation capacity in PTC cells.

Material and Methods

Patient and samples

PTC tissues and adjacent normal thyroid tissues were obtained 
from surgery in 107 randomly selected patients from 2005 to 
2015 in Yidu Central Hospital of Weifang. All patients had fol-
low-up ranging from 13 to 113 months and a total of 28 pa-
tients had recurrence at the end of follow-up. All specimens 
used in this study were confirmed based on pathology exam-
ination. This study was approved by the Ethics Committee of 
Yidu Central Hospital of Weifang. Written informed consent 
was obtained from all patients.

Immunohistochemistry staining and scoring

IHC staining for SMYD2 was performed as described previ-
ously [19]. Specimens were cut into 5-μm serial sections and 
then dried, deparaffinized, and rehydrated. Subsequently, 
sections were incubated with rabbit anti-human SMYD2 an-
tibody (1: 300 dilution; PA5-51339; Thermo-Fisher Scientific) 
overnight. The next day, the sections were washed and de-
tected by using peroxidase-labeled IgG and DAB substrate. 
SMYD2 antibody was replaced with PBS for the negative 
control. Whole sections were analyzed by 2 independent pa-
thologists and at least 6 fields of each section were randomly 
selected. Patients were defined as high SMYD2 expression only 
when both the staining percentage was >25% and the stain-
ing intensity was dark yellow or brown. In this study, 42 pa-
tients had high SMYD2 expression and the other 65 patients 
had low SMYD2 expression in PTC tissues.

RNA extraction and real-time qPCR

Total RNA was extracted from 13 pairs of fresh-frozen PTC tis-
sues together with normal adjacent tissues using Trizol reagent 
(Invitrogen, Carlsbad, US) according to a standard protocol. 
Then, the RNA was reverse-transcribed using the Primer-Script 
RT Enzyme Mix. Quantitative real-time PCR was performed us-
ing SYBR Premix Ex Tag (Takara, Japan) following the manual 
instructions. GAPDH was used as normalization control, and 
the primers were: 
SMYD2-F: 5’-AATCCACCCAGAGAGAACAC-3’
SMYD2-R: 5’-AGTGATGGAG AGCAGCTATG-3’
GAPDH-F: 5’-CTCCTCCTGTTCGACAGTCAGC-3’
GAPDH-R: 5’-CCCAATACGACCAAATCCGTT-3’
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Cell lines culture

The PTC cell line K1 was purchased from the European Collection 
of Cell Cultures and B-CPAP was obtained from the Institute 
of Biochemistry and Cell Biology of the Chinese Academy of 
Sciences (Shanghai, China). All the cells were cultured in RPMI 
1640 medium supplemented with 10% fetal bovine serum (FBS) 
and 1% penicillin-streptomycin. All cells were maintained at 
37°C in a humidified atmosphere with 5% CO2.

Cell transfection and proliferation assay

The SMYD2 plasmid was purchased from GenScript Biotech 
Corp and siRNA (CAGGAACGACCGGTTAAGAGA) was purchased 
from Dharmacon. Cell transfection was performed using 
Lipofectamine2000 (Invitrogen; USA) according to the manufac-
turer’s instructions. After 24 h, transfected cells were partially 
harvested to test the transfection efficiency, and the other cells 

were expanded and subjected to proliferation assay. Cell pro-
liferation assay was performed using the CCK-8 kit (Dojindo; 
Japan). Briefly, 100-μl cell suspension (5×103 cells per well) was 
inoculated in 96-well plates and cultured for preselected times. 
At the various time points, 10 μl of CCK-8 solution was added 
to each well of the plate and incubated at 37°C for 1 h. Then, 
we measured the absorbance at 450 nm wavelength by using 
the microplate reader. All experiments were repeated 3 times.

Statistical analysis

Statistical analysis was performed using SPSS version 19.0 
(IBM, New York, USA). The correlations between the SMYD2 
expression and clinical outcomes were analyzed by chi-square 
test. The overall survival analysis of PTC patients was conducted 
using the Kaplan-Meier test. Significant factors were identi-
fied by using the univariate models to test their independent 
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Figure 1. �Analysis of SMYD2 expression in patients with PTC. (A, B) IHC staining of SMYD2 in adjacent thyroid tissues (A) and PTC 
tissues (B). (C) Correlation between relative protein level of SMYD2 and different TNM stages. (D) RNA levels of SMYD2 were 
examined in PTC tissues and adjacent thyroid tissues. * P<0.05 by t test. Magnification: 400×.
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roles. The t test was used to analyze the results of cell prolif-
eration assay. P<0.05 was considered statistically significant.

Results

The expression of SMYD2 in patients with PTC.

To investigate the role of SMYD2 in PTC patients, we first 
examined the protein level of SMYD2 in different tissues 
by IHC staining, showing that SMYD2 was highly expressed 
in PTC tissues compared to normal adjacent thyroid tissues 
(Figure 1A, 1B). We also found the correlation between the 
SMYD2 expression and TNM stage. The relative protein level 
of SMYD2 was upregulated in the TNM III-IV group compared 
to the I-II group (Figure 1C). Furthermore, we examined the 
RNA levels of SMYD2 in 13 pairs of flash-frozen PTC tissues 

together with adjacent thyroid tissues by real-time qRT-PCR 
(Figure 1D). The SMYD2 RNA level was also higher in PTC tis-
sues than in normal adjacent tissues (P<0.01). Taken together, 
these data reveal that SMYD2 was highly expressed in tumor 
tissues and may be related to the worse clinical outcomes of 
PTC patients.

Relationship between SMYD2 expression and 
clinicopathologic characteristics of PTC patients.

For statistical analysis, we divided the 107 PTC patients into 
2 group – the SMYD2 low-expression group (n=65) and the 
SMYD2 high-expression group (n=42) – based on the SMYD2 
expression level. Then, we assessed the association between 
SMYD2 expression and the clinicopathological characteristics 
in PTC patients (Table 1). We found that SMYD2 expression 
was significantly related to tumor size (P<0.001), lymph node 

Variables
Cases SMYD2 expression

P value
(n=107) Low (n=65) High (n=42)

Age (years) 0.083

	 £40 years 50 26 24

	 >40 years 57 39 18

Gender 0.396

	 Female 82 48 34

	 Male 25 17 8

Tumor size <0.001*

	 £2.0 cm 68 50 18

	 >2.0 cm 39 15 24

TCI 0.654

	 Negative 69 43 26

	 Positive 38 22 16

ETE 0.576

	 Negative 55 32 23

	 Positive 52 33 19

LN metastasis 0.003*

	 Negative 74 52 22

	 Positive 33 13 20

TNM stage 0.004*

	 I–II 84 57 27

	 III–IV 23 8 15

Table 1. Clinicopathologic characteristics.

* P<0.05 was considered as statistically significant. ETE – extrathyroidal extension; LN – lymph node; TCI – thyroid capsular invasion; 
SMYD2 – SET and MYND domain-containing protein 2.
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Figure 2. �Analysis of disease-free survival in PTC patients. The disease-free survival curve was assessed by Kaplan-Meier and log-rank 
test, based on age (A), sex (B), tumor diameter (C), thyroid capsular invasion (D), extrathyroidal extension (E), lymph node 
metastasis (F), TNM stage (G), and SMYD2 expression level (H). * P<0.05 by log-rank test.
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metastasis (P<0.005), and TNM stage (P<0.005). However, no 
correlations were found between SMYD2 expression and pa-
tient age, sex, thyroid capsular invasion (TCI), or extrathyroidal 
extension (all P>0.05).

Correlation between SMYD2-positive expression and 
disease-free survival in PTC patients

The role of SMYD2 expression in disease-free survival of pa-
tients was tested by using the Kaplan-Meier method and com-
pared by the log-rank test. PTC patients who expressed high 
protein levels of SMYD2 had a poorer disease-free survival 
(DFS) time (78.8±4.9) compared to patients with low expres-
sion levels of SMYD2 (100.7±2.8; P<0.05; Figure 2H, Table 2). 
Other prognostic factors were also found to correlate with DFS, 

such as tumor size, extrathyroidal extension (ETE), lymph node 
metastasis, and TNM stage (all P<0.005) (Figure 2, Table 2).

Moreover, SMYD2 expression, tumor size, lymph node metas-
tasis, and TNM stage (all P<0.05) were identified as indepen-
dent factors related to decreased DFS in PTC patients by mul-
tivariate analysis of survival curves (Table 3).

High expression of SMYD2 promotes proliferation of PTC 
cell lines

We performed cellular experiments to detect the potential ef-
fect of SMYD2 in PTC. The expression patterns of SMYD2 in 2 
different PTC cell lines – K1 and B-CPAP – were examined by 
Western blot (Figure 3A). We found that SMYD2 expression 
was higher in K1 cells than in B-CPAP cells. Then, we knocked 

Variables
Cases Disease-free survival

P value
(n=107) Mean ±SD (months) 5-year (%)

Age (years) 0.792

	 £40 years 50 92.6±4.4 85.1%

	 >40 years 57 93.5±3.6 90.4%

Gender 0.886

	 Female 82 93.3±3.3 89.4%

	 Male 25 91.2±4.6 91.3%

Tumor size <0.001*

	 £2.0 cm 68 101.4±2.5 96.4%

	 >2.0 cm 39 74.7±5.3 72.3%

TCI 0.734

	 Negative 69 92.4±3.3 86.4%

	 Positive 38 95.1±4.9 91.9%

ETE 0.049*

	 Negative 55 100.0±3.4 95.5%

	 Positive 52 81.2±4.3 81.4%

LN metastasis <0.001*

	 Negative 74 100.5±2.6 96.3%

	 Positive 33 78.4±6.5 70.4%

TNM stage <0.001*

	 I–II 84 99.7±2.7 94.0%

	 III–IV 23 74.1±7.4 68.3%

SMYD2 expression 0.001*

	 Low 65 100.7±2.8 92.9%

	 High 42 78.8±4.9 80.9%

Table 2. Univariate analysis.

* P<0.05 was considered as statistically significant. ETE – extrathyroidal extension; LN – lymph node; TCI – thyroid capsular invasion; 
SMYD2 – SET and MYND domain-containing protein 2.
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down SMYD2 in K1 cells and overexpressed SMYD2 in B-CPAP 
cells. The transfection efficiency was tested using Western blot 
and normalized with b-actin (Figure 3B). We assessed the trans-
fected cell characteristics to investigate the role of SMYD2 in 
tumor progression and the results revealed that SMYD2 high 
expression can enhance the proliferation compacity of PTC 
cells (Figure 3C, 3D). These results suggest that HOXD4 plays 
a role in the progression of human PTC.

Variables Hazard ratio 95% Confidence Interval P value

Tumor size 2.48 1.03–5.48 0.042*

ETE 1.59 0.68–3.74 0.284

LN metastasis 2.66 1.07–6.58 0.035*

TNM stage 4.66 1.89–11.47 0.001*

SMYD2 expression 2.51 1.05–4.82 0.040*

Table 3. Multivariate analysis.

* P<0.05 was considered as statistically significant. ETE – extrathyroidal extension; LN – lymph node; SMYD2 – SET and MYND domain-
containing protein 2.

Figure 3. �The function of SMYD2 in PTC cell lines. (A) Expression level of SMYD2 in 2 different PTC cell lines: K1 and B-CPAP. 
(B) Knockdown of endogenous SMYD2 in K1 cell and overexpression of SMYD2 in B-CPAP cells. Transfection efficiency was 
examined by Western blot. (C, D) Knockdown of SMYD2 suppressed K1 cell proliferation, while overexpression of SMYD2 
promoted B-CPAP cell proliferation. * P<0.05 by t test compared to the control group.
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Discussion

Methylation plays multiple roles in cell signaling, which can af-
fect gene stability, modulate transcription, and regulate protein 
activation [20]. Lysine methyltransferases involved in a variety 
of oncoproteins and tumor suppressor proteins are known to 
play a crucial role in the progression of different tumors [21]. 
There are intensive ongoing efforts to illustrate the underly-
ing molecular mechanisms and related clinicopathologic char-
acteristics in different cancers. Modulation of these methyl-
ations has been considered promising for the development 
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of new anticancer drugs. The human SMYD family has been 
confirmed to play an important role in development of carci-
noma [22]. For example, it has been found that disruption of 
SMYD1 leads to deranged cardiac morphogenesis and embry-
onic death [23]. Some studies have shown that high expres-
sion of SMYD3 was correlated with cancer cell invasion and 
can serve as a predictor of poor prognosis in hepatocellular 
carcinogenesis and gastric adenocarcinoma [24]. Additionally, 
it was also reported that SMYD4 plays a crucial role in pro-
gression of breast carcinoma [25]. Despite this evidence, the 
potential effect of SMYD2 in the progression and prognosis 
of PTC has not been clarified.

In the present study, we first examined expression level of 
SMYD2 in PTC patients by IHC staining and real-time qPCR. 
Our results showed that SMYD2 was expressed at significantly 
higher levels in PTC tissues compared to the adjacent normal 
thyroid tissues. The expression pattern of SMYD2 in patients 
at various TNM stages was also tested, and the results indi-
cated that the role of SMYD2 may be related to the progres-
sion of PTC. Furthermore, we found an association between 
high expression of SMYD2 and clinicopathologic features of 
PTC patients. The high expression of SMYD2 was closely re-
lated to tumor size, lymph node metastasis, and TNM stage. 
Importantly, we demonstrated that high expression of SMYD2 
was correlated with shorter disease-free survival time in PTC 
patients. In addition, we identified SMYD2 as an independent 
prognostic factor for PTC patients by using multivariate analysis. 
Furthermore, we conducted cellular experiments to investi-
gate the potential effect of SMYD2 in PTC cells. Knockdown 
of SMYD2 in K1 cells suppressed the proliferation capacity of 

cancer cells, while overexpression of SMYD2 in B-CPAP cells 
promoted cell proliferation. Taken together, these results sug-
gest that high expression of SMYD2 promotes the proliferation 
of tumor cells and is related to poor prognosis of PTC patients.

It has been previously reported that SMYD2 can promote the 
expression of cyclin D1, which is a regulator of cell proliferation, 
in hepatocellular carcinoma [26]. It was also reported that 
SMYD2 can methylate lys370 of p53, and consequently pro-
motes tumor progression [24]. In addition, SMYD2 was shown to 
methylate lys313 of PTEN in breast cancer cells, and methylate 
Rb at lys860 in gastric cancer [21]. Therefore, it seems that 
SMYD2 may function through different signaling pathways in 
different types of cancer. Intensive studies focused on the under-
lying mechanisms of SMYD2 in progression of PTC are needed.

Conclusions

Our study demonstrates that the expression level of SMYD2 
was significantly elevated in PTC tissues and closely related 
to poor prognosis in PTC patients. Furthermore, SMYD2 was 
identified as a potential independent prognostic factor by mul-
tivariate analysis, suggesting it may be a novel therapeutic 
target and prognostic biomarker for PTC to improve clinical 
prognosis of these patients.
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