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High expressions of histone methylation- and phosphorylation-related proteins are associated with prognosis of oral squamous cell carcinoma in male population of Taiwan
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Abstract Since 2008, oral squamous cell carcinoma (OSCC) has climbed to the fourth place in cancer mortality in the male population of Taiwan. Epigenetic regulations including DNA methylation and histone modification control gene expression and play important roles during cancer progression. Since the relationship between histone modification and prognosis of OSCC is inconclusive, we collected 215 formalin-fixed and paraffin-embedded tis-sues from male patients having OSCC and surveyed them by tissue microarray-based immunohistochemical staining. The association between five histone modification-related genes, clinicopathological parameters, and prognosis of OSCC was examined. From tissue microarray immuno-histochemistry staining results, we found that the nuclear staining intensity of ARK2 (Aurora kinase B-a serine/ threonine-protein kinase of H3S10) was associated with
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poor clinical outcomes (B3-year survival, p = 0.005). The cytosolic staining intensity of the ARK2 protein was associated with tumor stage (p = 0.006) and tumor size (T) of TNM staging system (p = 0.026). Cytoplasmic staining intensity of G9a (H3K9 methyltransferase) was associated with histological grade of differentiation (p = 0.026). EZH2 (H3K27 methyltransferase) and SUV39H1 (H3K9 methyl-transferase) overexpressions in nuclei were, respectively, associated with lymph node metastasis (N, p = 0.016) and stage (p = 0.009). Our result suggests that overexpressions of histone modification-related proteins-ARK2, G9a, EZH2, and SUV39H1 but not SUV39H2 are associated with prognosis of OSCC in the male population of Taiwan. These proteins, especially ARK2, may serve as effective prognostic factors and can also be used as biomarkers for predicting various clinical outcomes of OSCCs in the Taiwanese population.
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Background
Oral squamous cell cancer (OSCC) exhibits high morbidity and mortality rates across the world. According to the Cancer Registry Annual Report in Taiwan from 2009 to 2011, oral cancer climbed to the fourth most common cancer in the male population of Taiwan and increased every year at an amazing growth rate. A recently published study of the National Taiwan University Hospital revealed that Taiwan’s rate of incidence of oral cancer is the highest in the world [ 1]. Risk factors in the Taiwanese population included betel-quid chewing, cigarette smoking, and alco-hol consumption [ 2]. Malignant neoplasms contributed to about 3.5 % of cancer around the oral cavity, whereas -OSCCs accounted for more than 95 % of all malignant neoplasms around the oral cavity [ 3]. The primary treatment for OSCCs is surgical intervention with or without radio-therapy and chemotherapy [ 4]. However, for patients with tumors at an advanced stage, their prognoses were usually discouraging, and the overall 5-year survival rate was 46 % [ 5]. This is because OSCCs often exhibit extensive local invasion and frequent regional lymph node metastasis [ 6].
Human genome is highly compacted by the nucleopro-tein complex called ‘‘chromatin’’. The basic unit of chro-matin is the nucleosome; DNA is tightly packed in nuclei with the help of packaging proteins called ‘‘histones’’ (H2A, H2B, H3, and H4) [ 7]. Histone modification is one of the epigenetic mechanisms that is the post-translational modification of N-terminal tails of histone proteins by acetylation, methylation, phosphorylation, ubiquitylation, sumoylation, ADP ribosylation, biotinylation, and poten-tially other modifications [ 8]. These modifications play essential roles in generating the dynamic state of chromatin [ 7]. Several families of enzymes catalyze post-translational modifications of histones, including acetyltransferases and deacetylases, methyltransferases and demethylases, and others [ 9]. Histone deacetylases (HDACs) have been reported to promote transcriptional repression and gene silencing [ 10]. Recent reports show histone modification-related proteins to be associated with the prognosis of OSCCs. HDAC6 overexpression is found to be correlated with OSCCs’ aggressiveness; HDAC2 overexpression is associated with advanced-stage, larger tumor size, and lymph node metastasis, and both of them are related to diminish overall survival [ 11,  12].
In addition to histone acetylation-related proteins, the epigenetic aberrations caused by histone phosphorylation (such as ARK2) and methylation (such as G9a, EZH2, SUV39H1, and SUV39H2) are found referable to cancer



Fig. 1 ARK2 overexpression was found mainly in the nuclei with a poor 3-year survival rate in 215 OSCC male patients. a Tissue microarray-based immunohistochemistry staining patterns of ARK2 in tissue from oral squamous cell carcinoma (OSCC) patients. The image of magnification 4009 is from the red square of the respective 1009 image. b Kaplan-Meier curves of disease-free survival of ARK2 protein overexpression in the nuclei. ARK2 intensity was significantly associated with disease-free survival in an 8-year follow-up study
progression in many tumors [ 13– 15]. ARK2 (Aurora-B kinase, phosphorylates histone H3 at serine 10) is a chro-mosomal passenger protein and that is essential for chro-mosome segregation and cytokinesis; the overexpression of ARK2 is concerned with metastasis in OSCCs in the Japa-nese population [ 16]. G9a, a histone methyltransferase for lysine 9 of histone 3 (H3K9), is also a major player in gene silencing and is essential for early embryogenesis to regulate developmental gene expression [ 17,  18]. EZH2, a methyl-transferase for lysine 27 of histone 3 (H3K27), is a member of the polycomb group of genes, which are important for transcriptional regulation through nucleosome modification, chromatin remodeling, and interaction with other transcrip-tion factors [ 19]. In a recent study, EZH2 is found to be
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	Table 1  Association of ARK2 expression levels with clinicopathological parameters in 215 OSCCs (*, p \ 0.05)
	
	

	
	
	
	
	
	
	

	Characteristics
	Nuclear staining of ARK2
	Total (n = 215)
	p value
	Cytoplasmic staining of ARK2
	Total (n = 215)
	p value

	
	\2? (%)
	C2? (%)
	
	
	\2? (%)
	C2? (%)
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Age
	
	
	
	
	
	
	
	
	
	
	

	\50 years old
	46
	(73.0 %)
	17
	(27.0 %)
	63
	0.840
	28 (44.4 %)
	35
	(55.6 %)
	63
	0.969

	C50
	113
	(74.3 %)
	39
	(25.7 %)
	152
	
	68 (44.7 %)
	84
	(55.3 %)
	152
	

	Grade
	
	
	
	
	
	
	
	
	
	
	

	Well
	24
	(80.0 %)
	6
	(20.0 %)
	30
	0.416
	13 (43.3 %)
	17
	(56.7 %)
	30
	0.876

	Moderate/poor
	135
	(73 %)
	50
	(27.0 %)
	185
	
	83 (44.9 %)
	102
	(55.1 %)
	185
	

	Stage
	
	
	
	
	
	
	
	
	
	
	

	I
	23
	(69.7 %)
	10
	(30.3 %)
	33
	0.545
	22 (66.7 %)
	11
	(33.3 %)
	33
	0.006*

	II/III/IV
	136
	(74.7 %)
	46
	(25.3 %)
	182
	
	74 (40.7 %)
	108
	(59.3 %)
	182
	

	Survival
	
	
	
	
	
	
	
	
	
	
	

	B3 years
	70
	(65.4 %)
	37
	(34.6 %)
	107
	0.005*
	48 (44.9 %)
	59
	(55.1 %)
	107
	0.951

	[3 years
	89
	(82.4 %)
	19
	(17.6 %)
	108
	
	48 (44.4 %)
	60
	(56.6 %)
	108
	

	B2 years
	55
	(69.6 %)
	24
	(30.4 %)
	79
	
	30 (38.0 %)
	49
	(62.0 %)
	79
	

	[2 years
	104
	(76.5 %)
	32
	(23.5 %)
	136
	0.270
	66 (48.5 %)
	70
	(51.5 %)
	136
	0.133

	T status
	
	
	
	
	
	
	
	
	
	
	

	T1 ? T2
	69
	(73.4 %)
	25
	(26.6 %)
	94
	0.872
	50 (53.2 %)
	44
	(46.8 %)
	94
	0.026*

	T3 ? T4
	90
	(74.4 %)
	31
	(25.6 %)
	121
	
	46 (38.0 %)
	75
	(62.0 %)
	121
	

	Lymph node metastasis
	
	
	
	
	
	
	
	
	
	

	Yes
	99
	(76.2 %)
	31
	(23.8 %)
	130
	0.363
	63 (48.5 %)
	67
	(51.5 %)
	130
	0.165

	No
	60
	(70.6 %)
	25
	(29.4 %)
	85
	
	33 (38.8 %)
	52
	(61.2 %)
	85
	

	
	
	
	
	
	
	
	
	
	
	
	




correlated with the prognosis of OSCCs in the Japanese population [ 20]. SUV39H1 is the first SET domain-con-taining histone lysine methyltransferase (HKMT) that was discovered in 2000; SUV39H1 and SUV39H2 knockout mice have shown genomic instability [ 21]. However, the expression of these histone phosphorylation and methylation proteins in OSCCs in the Taiwanese population is still undetermined. The aim of this study is to investigate the relationship of ARK2, G9a, EZH2, SUV39H1, and SUV39H2 with clinicopathological parameters from 215 OSCC patients of the male population in Taiwan. Here, we examined the expression of these five proteins in OSCCs to elucidate the relationship between their protein expression and clinicopathological findings by the immunohistochem-istry method. If we can better understand the characteristics about the clinical relevance of those histone modification proteins in OSCCs, it may help clinicians provide more appropriate cancer treatments for OSCC patients.
Materials and methods
Patients and clinical methods
This study was approved by the Institutional Review Board of the Changhua Christian Hospital (Changhua, Taiwan).



Two hundred and fifteen male Taiwanese patients with oral cancer who had been diagnosed at the Changhua Christian Hospital (Chang, Taiwan) from 2000 to 2007 were included in this study. The medical records of these investigated patients were reviewed. All these patients received surgical intervention with or without adjuvant therapies (radiother-apy, chemotherapy). All tumors were classified according to the TNM classification system [ 22].
Tissue microarray-based immunohistochemical staining analysis and antibodies
Tissue microarray-based immunohistochemical staining for ARK2, G9a, EZH2, SUV39H1, and SUV39H2 pro-teins was performed as follows. Briefly, the 5-lm par-affin-embedded tumor sections (5 9 8 = 40 cores normal and cancer array from OSCC patients) were deparaffi-nized, retrieved with heat in 10 mM citrate buffer (pH 6.0) at 121 LC for 10 min, and treated with 3 % hydro-gen peroxide to remove endogenous peroxidase activity. The primary antibodies for the study were ARK2 (Santa Cruz; sc-14327), G9a (Santa Cruz; sc-22877), EZH2 (Invitrogen; 49-1043), SUV39H1 (Abgent; AP1190a), and SUV39H2 (Abgent; AP1281a). Primary antibodies were used as suggested by the manufacturers and were used at a dilution of 1:50 after optimization. Tissue
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	Table 2  Association
	of  G9a  expression  levels
	of
	cytoplasm  with

	clinicopathological parameters in 215 OSCCs (*, p \ 0.05)
	

	
	
	
	

	Characteristics
	Cytoplasmic staining of
	Total
	p value

	
	G9a
	
	(n = 215)
	

	
	\2? (%)
	C2? (%)
	
	
	

	
	
	
	
	
	
	

	Age
	
	
	
	
	
	

	\50 years old
	41
	(65.1 %)
	22 (34.9 %)
	63
	
	0.065

	C50
	78
	(51.3 %)
	74 (48.7 %)
	152
	
	

	Grade
	
	
	
	
	
	

	Well
	11
	(36.7 %)
	19 (63.3 %)
	30
	
	0.026*

	Moderate/poor
	108
	(58.4 %)
	77 (41.6 %)
	185
	
	

	Stage
	
	
	
	
	
	

	I
	19
	(57.6 %)
	14 (42.2 %)
	33
	
	0.780

	II/III/IV
	100
	(54.9 %)
	82 (45.1 %)
	182
	
	

	Survival
	
	
	
	
	
	

	B3 years
	61
	(57.0 %)
	46 (43.0 %)
	107
	
	0.626

	[3 years
	58
	(53.7 %)
	50 (46.3 %)
	108
	
	0.518

	B2 years
	46
	(58.2 %)
	33 (41.8 %)
	79
	
	

	[2 years
	73
	(53.7 %)
	63 (46.3 %)
	136
	
	

	T status
	
	
	
	
	
	

	T1 ? T2
	56
	(59.6 %)
	38 (40.4 %)
	94
	
	0.272

	T3 ? T4
	63
	(52.1 %)
	58 (47.9 %)
	121
	
	

	Lymph node metastasis
	
	
	
	

	Yes
	69
	(53.1 %)
	61 (46.9 %)
	130
	
	0.407

	No
	50
	(58.8 %)
	35 (41.2 %)
	85
	
	

	
	
	
	
	
	
	



sections were treated with secondary antibodies and with biotin–streptavidin complex for 30 min each at 37 LC. Diaminobenzidine was used as the chromogene for the immunoperoxidase reaction. The slides were counter-stained with hematoxylin and examined for the intensity of nuclear and cytoplasmic staining in tumor cells by the pathologist in a blind manner. In this study, when more than 50 % of cells displayed nuclear staining and intensity scores of moderate and strong, then it was considered to be protein overexpression. Patient tissue specimens were broadly distributed by immunohistochemical staining cat-egory (0, 1?, 2?, or 3?) according to the guidelines based on Hofmann et al. [ 23].
Statistical analysis
Statistical analyses were performed using SPSS statistical package (SPSS, Chicago, IL, USA). The corrections between protein expression and clinicopathological parameters in OSCCs were examined by Pearson’s chi squared test. The survival curve was constructed by the Kaplan-Meier method and the different survival curves



were compared using the log-rank test. A difference of p \ 0.05 was considered statistically significant.
Results
Expression of ARK2 in OSCCs
Qi et al. [ 16] demonstrate that ARK2 is expressed in both normal oral squamous epithelia and OSCC cases; however, ARK2 is significantly higher in OSCC cases (especially poorly differentiated cases). The expression of ARK2 protein in OSCC was examined using an antibody to ARK2 in paraffin-embedded sections. Typical staining patterns of the ARK2 protein are shown in Fig.  1a. In the OSCC specimens, positive ARK2 protein staining was found in both the nucleus and the cytosol (Fig.  1a).
Association of ARK2 expression levels
with clinicopathological parameters in 215 OSCC patients
The relationships between ARK2 intensity in the biopsy specimens and the clinicopathological parameters of the 215 OSCC male patients are shown in Table  1. As shown in Table  1, ARK2 nuclear intensity was associ-ated with 3-year survival (p = 0.005). The nuclear inten-sity of the ARK2 protein was not associated with age, grade, stage, T status, and lymph node metastasis. On the other hand, ARK2 cytosolic intensity was associated with stage (p = 0.006) and T status (p = 0.026) but not with age, grade, survival, and lymph node metastasis (Table  1).
Survival analysis of ARK2 nuclear intensity
In this study, when more than 50 % of the cells displayed nuclear staining and intensity scores that were moderate (?) and strong (??), it was considered ARK2 overex-pression. Nuclear overexpression of ARK2 was found in 162 OSCCs (? and ?? groups, 75.3 %; Fig.  1b). In the 8-year survival rate analysis, disease-free survival was significantly worse in patients who were ARK2 overex-pressed (? and ??) in nuclei when compared with patients who were not ARK2 overexpressed (p = 0.042 by log-rank test; Fig.  1b), suggesting that patients with higher ARK2 expression in the nucleus showed poor prognosis than those with no ARK2 expression, and ARK2 might serve as a novel biomarker for predicting prognosis in patients with OSCC.
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Fig. 2 Tissue microarray-based immunohistochemistry staining pat-terns of four histone modification-related proteins. Immunohisto-chemistry staining results of G9a (a), EZH2 (b), SUV39H1 (c), and



SUV39H2 (d) in tissues from oral squamous cell carcinoma (OSCC) patients. The image of magnification 4009 is from the red square of the respective 1009 image
Association of G9a expression levels
with clinicopathological parameters in 215 OSCC patients
On the other hand, as shown in Table  2, G9a cytosolic intensity was only associated with grade (p = 0.026). On the other hand, G9a protein cytosolic intensity was not associated with age, stage, survival, T status, and lymph node metastasis. The nuclear expression of G9a was not related to any clinicopathological parameters (data not shown). Typical staining patterns for G9a protein are shown in Fig.  2a.
Association of EZH2 expression levels
with clinicopathological parameters in 215 OSCC patients
On the other hand, as shown in Table  3, EZH2 nuclear intensity was only associated with lymph node metastasis



(p = 0.016). On the other hand, EZH2 protein nuclear intensity was not associated with age, grade, stage, sur-vival, and T status. The cytosolic intensity of EZH2 was not related to any clinicopathological parameters (data not shown). Typical staining patterns for EZH2 protein are shown in Fig.  2b.
Association of SUV39H1 and SUV39H2 expression levels with clinicopathological parameters in 215 OSCC patients
Typical staining patterns for SUV39H1 and SUV39H2 pro-tein are shown in Fig.  2c, d. As shown in Table  4, SUV39H1 nuclear intensity was only associated with stage (p = 0.009) but not with age, grade, survival, T status, and lymph node metastasis. No significant association was found between SUV39H1 cytosolic intensity and SUV39H2 intensity (data not shown).
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Table 3 Association of EZH2 expression levels of nuclei with clin-icopathological parameters in 215 OSCCs (*, p \ 0.05)

	Characteristics
	
	Nuclear staining of EZH2
	Total
	p value
	

	
	
	
	
	
	
	
	(n = 215)
	
	

	
	\2? (%)
	C2? (%)
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Age
	
	
	
	
	
	
	
	
	

	\50 years old
	15
	(23.8 %)
	48
	(76.2 %)
	63
	0.389
	

	C50
	45
	(29.6 %)
	107
	(70.4 %)
	152
	
	

	Grade
	
	
	
	
	
	
	
	
	

	Well
	7
	(23.3 %)
	23
	(76.7 %)
	30
	0.547
	

	Moderate/
	53
	(28.6 %)
	132
	(71.4 %)
	185
	
	

	poor
	
	
	
	
	
	
	
	
	

	Stage
	
	
	
	
	
	
	
	
	

	I
	12
	(36.4 %)
	21
	(63.6 %)
	33
	0.239
	

	II/III/IV
	48
	(26.4 %)
	134
	(73.6 %)
	182
	
	

	Survival
	
	
	
	
	
	
	
	
	

	B3 years
	25
	(23.4 %)
	82
	(76.6 %)
	107
	0.139
	

	[3 years
	35
	(32.4 %)
	73
	(67.6 %)
	108
	
	

	B2 years
	18
	(22.8 %)
	61
	(77.2 %)
	79
	0.202
	

	[2 years
	42
	(30.9 %)
	94
	(69.1 %)
	136
	
	

	T status
	
	
	
	
	
	
	
	
	

	T1 ? T2
	27
	(28.7 %)
	67
	(71.3 %)
	94
	0.814
	

	T3 ? T4
	33
	(27.3 %)
	88
	(72.7 %)
	121
	
	

	Lymph node metastasis
	
	
	
	
	
	

	Yes
	44
	(33.8 %)
	86
	(66.2 %)
	130
	0.016*
	

	No
	16
	(18.8 %)
	69
	(81.2 %)
	85
	
	

	
	
	
	
	
	
	
	
	
	


Discussion
Immunohistochemical staining is an essential method for diagnostic pathology but it has inconsistency of quality assurance in data interpretation form reported results. Despite the widespread use of immunohistochemistry, significant problems remain with regard to variability in tissue fixation, processing, staining methodologies, and reagents, and interpretation of staining results persists between different slides [ 24]. In this study, we used tissue microarray-based immunohistochemistry staining, which allowed us to generate staining profiles for the various antibodies that are specific to the same fixation and staining procedures for 40 cores normal and cancer array from OSCC patients on the same slide. It has consistency of quality assurance and a cost-effective assessment of inter-laboratory variation.
OSCCs represent a significant problem because of their high incidence and unsatisfactory survival rate in Taiwan. In OSCCs, tumor size, histological differentia-tion, and mode of carcinoma invasion are known to be correlated with tumor metastasis and patient prognosis [ 6,  25]. Detecting the relationship between genetic



abnormalities and clinicopathological characteristics in OSCCs might provide important prognostic indicators of patient prognosis and survival. For example, P53 and Ki-67 overexpressions have been identified as markers of malignancy with an aggressive clinical course in OSCCs [ 26,  27].
Besides the well-known alteration of histone acetylation patterns, cancer cells also display widespread changes in his-tone phosphorylation and methylation patterns [ 21,  28– 31]. So, the histone phosphorylation protein (-ARK2), and meth-ylation proteins (-G9a, EZH2, SUV39H1, and SUV39H2) were investigated in this study. ARK2 (a kinase for H3S10) overexpression is found to be associated with the stages of malignant progression in thyroid carcinomas and with poor prognosis in endometrial carcinomas [ 13,  32]. Qi et al. [ 16] showed that ARK2 overexpression is correlated with lymph node metastasis and with histological grade of differentiation in 40 OSCC patients in Japan (26 men and 14 women). The intracellular localization of ARK2 in tumor cells was mainly in nuclei, especially in proliferative areas, and significant over-expression is found in peritumoral areas of well-differentiated cases and through the nest of poorly differentiated cases [ 16]. Furthermore, Pannone et al. [ 33] also have shown similar results in intracellular findings, indicating a significant association between ARK2 overexpression and advanced tumor stage, larger tumor size, poorer survival, shorter time to progression, and the worst prognosis in OSCCs. In our result, ARK2 overexpression was found mainly in nuclei with a poor 3-year survival rate, diversely associated with advanced tumor stage, and more severe in T status of those 215 OSCC male patients in cytoplasmic staining. The pos-sible reason of this variation may be due to differences such as the selected antibody, genetic background, and risk factors between selected populations. ARK2 protein may work as an independent prognostic factor and can be used as a bio-marker for the aggressiveness of OSCCs in the Taiwanese population.
G9a is a methyltransferase for H3K9, which promotes lung cancer cell invasion and may play an early role in metastasis cascade [ 34]. The nuclear intensity of the G9a protein is correlated with reduced overall survival and disease-free interval in lung cancer [ 34]. In our result, G9a cytoplasmic intensity but not nuclear intensity in 215 OSCCs was associated with histological grade of differ-entiation (tumor grade), which determines whether the OSCC case is benign or malignant. This is the first report that shows G9a expression to be associated with poorer tumor grade in OSCC patients.
The polycomb group protein-EZH2 functions as a methyltransferase for H3K27 as the catalytic subunit of polycomb repressive complex 2; EZH2 is frequently overexpressed in a more biological malignancy state of solid tumors including glioblastoma multiforme, prostate,
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	Table 4  Association of
	
	
	
	
	
	
	
	
	

	
	Characteristics
	
	Nuclear staining of SUV39H1
	Total (n = 215)
	p value
	

	SUV39H1 expression levels of
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nuclei with clinicopathological
	
	\2? (%)
	C2? (%)
	
	
	

	parameters in 215 OSCCs
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	(*, p \ 0.05)
	Age
	
	
	
	
	
	
	
	

	
	\50 years old
	19
	(30.2 %)
	44
	(69.8 %)
	63
	0.499
	

	
	C50
	39
	(25.7 %)
	113
	(74.3 %)
	152
	
	

	
	Grade
	
	
	
	
	
	
	
	

	
	Well
	7
	(23.3 %)
	23
	(76.7 %)
	30
	0.628
	

	
	Moderate/Poor
	51
	(27.6 %)
	134
	(72.4 %)
	185
	
	

	
	Stage
	
	
	
	
	
	
	
	

	
	I
	15
	(45.5 %)
	18
	(54.5 %)
	33
	0.009*
	

	
	II/III/IV
	43
	(23.6 %)
	139
	(76.4 %)
	182
	
	

	
	Survival
	
	
	
	
	
	
	
	

	
	B3 years
	24
	(22.4 %)
	83
	(77.6 %)
	107
	0.139
	

	
	[3 years
	34
	(31.5 %)
	74
	(68.5 %)
	108
	
	

	
	B2 years
	17
	(21.5 %)
	62
	(78.5 %)
	79
	0.169
	

	
	[2 years
	41
	(31.1 %)
	95
	(69.9 %)
	136
	
	

	
	T status
	
	
	
	
	
	
	
	

	
	T1 ? T2
	28
	(29.8 %)
	66
	(70.2 %)
	94
	0.413
	

	
	T3 ? T4
	30
	(24.8 %)
	91
	(75.2 %)
	121
	
	

	
	Lymph node metastasis
	
	
	
	
	
	
	
	

	
	Yes
	40
	(30.8 %)
	90
	(69.2 %)
	130
	0.121
	

	
	No
	18
	(21.2 %)
	67
	(78.8 %)
	85
	
	

	
	
	
	
	
	
	
	
	
	


and breast cancers [ 35– 37]. Furthermore, high EZH2 expression has revealed poor prognostic relevance in many head- and neck-related tumors, including leukoplakia malignant transformation, salivary gland myoepithelial tumor, and adenoid cystic tumor [ 38– 41]. In our result, EZH2 overexpression was observed mainly in nuclei and was associated with lymph node metastasis in the 215 OSCC patients which is consistent with the results of Ki-dani et al. [ 20]. Their report also indicates that EZH2 expression is associated with histological differentiation, clinical stage, and tumor size in the 102 OSCC patients in Japan [ 20]. Therefore, EZH2 might also serve as an effi-cient biomarker for discriminating between the aggressive state and indolent state of OSCCs.
SUV39H1 and SUV39H2 are also histone methyltrans-ferase for H3K9. SUV39H1-mediated methylation has been linked to the tumor-suppressive function in T cell lymphoma and AML [ 42,  43]. Patani et al. [ 44] have shown that the expression profile of SUV39H1 is significantly associated with tumor grade, TMN stage, and disease-free survival in breast cancer. Our result showed that nuclear intensity of SUV39H1 but not SUV39H2 was associated with tumor stage, and it also implied that SUV39H1 is related to OSCC cancer progression. This is the first report showing SUV39H1 overexpression to be associated with advanced tumor stage in OSCC patients.



To decipher the relationship between clinical outcome and histopathological behavior of OSCCs, and to identify patients at risk of developing malignancy, further metas-tases, and poorer prognosis, this study was conducted. Combined multiple markers are perhaps needed for a more accurate judgment of the clinical outcome of OSCC patients; so, a further analysis between multiple biomarkers and clinicopathological behaviors should be made later, and this may lead to the finding of more successful treat-ment targets in OSCC patients.
Conclusion
In this article, we focused on five markers of histone methylation and phosphorylation proteins-ARK2, G9a, EZH2, SUV39H1, and SUV39H2. Our results showed that ARK2, G9a, EZH2, SUV39H1, and especially ARK2, but not SUV39H2 are highly correlated with clinicopatholog-ical significances, and this may lead to the discovery of important biomarkers which can help to predict patient survival and prognosis in the male population with OSCC in Taiwan.
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