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1. Abstract
1.1. Background: To explore the effect of down-regulating NSD2 
gene expression on proliferation, apoptosis and invasion of parotid 
carcinoma. 

1.2. Materials and Methods: SACC-2 cells were transfected with 
NSD2 siRNA. Real-time quantitative PCR was used to detect ex-
pression of NSD2 mRNA and western blot was used to detect the 
expression of NSD2 protein. CCK-8 and colony formation test 
were used to detect cell proliferation. Annexin V PI double stain-
ing flow cytometry was used to detect apoptosis, cell scratch and 
trans-well test were used to detect cell invasion. 

1.3. Results: The apoptosis rates of siNSD2-1 and siNSD2-2 
groups were significantly higher. The wounds of siNSD2-1 and 
siNSD2-2 group were more significant than that of control, and 
relative migration distances were reduced significantly than that 
of control (P < 0.05). The cells which penetrated cell membrane 
of siNSD2-1 and siNSD2-2 were significantly less than those of 
control (P < 0.05). 

1.4. Conclusions: Silencing NSD2 gene can inhibit the prolifera-
tion and invasion of parotid carcinoma SACC-2 cells and induce 
apoptosis. 

2. Introduction
Neoplasms of the parotid gland remain rare cancers and, although 
their incidence has increased in recent decades, relatively few risk 

factors have been identified [1]. The etiology of parotid carcino-
ma remains vague. Epigenetics is the study of heritable phenotype 
changes that do not involve alterations in the DNA sequence [2]. 
Epigenetic alterations of DNA repair genes or cell cycle control 
genes are very frequent in sporadic (non-germ line) cancers [3], 
including parotid carcinoma. Epigenetic modifiers are widely rec-
ognized as targets for anti-cancer therapeutic intervention, due 
to their critical roles in regulating gene expression and chroma-
tin integrity in addition to their dysregulation in multiple human 
cancers. In particular, the NSD (nuclear receptor-binding SET do-
main) family of histone lysine methyltransferase enzymes, NSD1, 
NSD2/WHSC1/MMSET, and NSD3/WHSC1L1, have all been 
implicated as cancer therapeutic targets [4].

Among the three members, NSD2 has been implicated as a thera-
peutic target for a variety of cancers. Because the gene is located 
within the Wolf–Hirschhorn syndrome (WHS) critical region of 
chromosome 4, NSD2 is also known as Wolf–Hirschhorn syn-
drome candidate 1 (WHSC1). [5] NSD2 is estimated 6% genetic 
and expression alteration rate in the head and neck cancer TCGA 
database. While most of these alterations are deletions or missense 
mutations, Saloura et al. found that NSD2 is moderately or strong-
ly overexpressed in 73% of patients bearing head and neck cancer 
with locoregionally advanced disease and that this overexpression 
was significantly higher compared to normal squamous epithelium 
[6]. The levels of NSD2 increased significantly with the transi-

Abbreviation: 
NSD: Nuclear Receptor-Binding SET Domain; WHS: Wolf–Hirschhorn Syndrome; WHSC1: Wolf–Hirschhorn Syndrome Candidate 1; NEK7: NI-
MA-Related-Kinase-7; PBS: Phosphate Buffered Saline; CCK8: Cell Counting Kit-8
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tion from normal squamous to dysplastic epithelium and then to 
head and neck cancer, supporting its pathogenetic role in the initial 
stages of head and neck cancer oncogenesis. A significant associ-
ation of higher NSD2 expression with poor grade was found as 
well. Knockdown of NSD2 led to significant decrease in the cell 
viability of four head and neck cancer cell lines and to decreased 
levels of H3K36 dimethylation and trimethylation, indicating its 
non-redundant role in establishing H3K36 methylation levels in 
head and neck cancer. Furthermore, NSD2 directly regulated the 
transcription of NIMA-related-kinase-7 (NEK7), a cell cycle regu-
lator necessary for progression into cytokinesis and mitotic spindle 
formation, and, accordingly, its knockdown delayed the cell-cy-
cle progression of head and neck cancer cells. High expression 
of NSD2 protein has been demonstrated in many different human 
cancer types, including bladder, brain, gastrointestinal, lung, liver, 
ovary, skin and uterus [6-13]. But NSD2 has not been researched 
in parotid carcinoma yet. 

In the present study, we aimed to examine the expression of NSD2 
in parotid tissue and furthermore investigated the regulation mech-
anism of NSD2. To our best knowledge, there has been no other 
research focusing the important role of NSD2 in the development 
and progression of parotid carcinoma.

3. Methods and Materials
3.1. Patients

A total of 59 formalin-fixed paraffin-embedded parotid carcino-
ma tissues from 2010 to 2015 were obtained from Department of 
Otorhinolaryngology of our institute. Besides, 15 cases of pleo-
morphic adenoma were also collected as control. Written patient 
consent was obtained and the study was approved by the Ethics 
Committee of our institute. All the samples had been rechecked for 
the confirmed pathological diagnosis by pathologists. 

3.2. Immunohistochemistry

The paraffin-embedded SACC tissues were cut into 4mm-thick 
sections, dewaxed in xylene, rehydrated and graded in ethanol 
solutions. Antigen was retrieved by heating the tissue sections at 
100ºC for 30 min in EDTA (1 mmol/L, pH = 9.0) solution, and 
the sections were later immersed in a 0.3% hydrogen peroxide 
solution for 30 min to block endogenous peroxidase activity. After 
rinsing with phosphate buffered saline (PBS) for 5 min, the tissue 
section was blocked with 3% BSA at room temperature for 30 min, 
and then incubated with rabbit anti-human NSD2 antibody (1: 200 
dilution) at 4 ºC overnight. Then, the tissue section was incubated 
with HRP-labeled goat anti mouse secondary antibody, followed 
by incubation with diaminobenzene as the chromogen, and hema-
toxylin as the nuclear counterstain. After that, the sections were 
dehydrated, cleared and mounted and further photographed under 
a microscope. 

Two pathologists with no knowledge of the patients’ information 
examined the stained sections independently. At high magnifica-

tion, 10 representative views are selected. Then strained tumor cells 
were counted. Extremely strong positive, strong positive, positive 
and negative were considered when the number of strained tumor 
cells were no less than 75%, no less than 50%, no less than 10% 
and less than 10%, respectively. Results from the two pathologists 
were averaged and used for statistical analysis.

3.3. Cell Culture

Human salivary adenoid cystic carcinoma cell lines SACC-2 were 
obtained from Chinese Academy of Sciences, Shanghai Institutes 
for Biological Sciences. The cells were cultured in DMEM sup-
plemented with 10% FBS and incubated at standard culture condi-
tions (5% CO2, 37ºC).

3.4. siRNA Transfection in SACC-2 Cells

For transfection, SACC-2 were seeded at each 1.5×105 cells/
well in a 6-well dish and were transfected with 100 ng/L siRNA 
against NSD2 using Lipofectamine RNAi-MAX (Life Technolo-
gies, Carlsbad, USA) in accordance with the manufacturer′s in-
structions. NSD2 siRNA sequences were designed after selecting 
appropriate DNA targets as follows: NSD2: 5′-CATACATGAAT-
GGGAAGCCTCTCTT-3′; NSD2 siRNA-2: 5′-CGACATAGG-
GAAGAGTACTCCTCAA-3′.

3.5. Western Blot Analysis 

Proteins were prepared as described previously. Briefly, 1×107 
cells were homogenized briefly in 200μl of lysis buffer containing 
(in mM) 20 Tris-HCl (pH = 7.4), 150 NaCl, 2.5 EDTA, 50 NaF, 
0.1 Na4P2O7, 1 Na3VO4, 1 PMSF, 1 DTT, 0.02% (v/v) protease 
cocktail (Sigma-Aldrich, Missouri, USA), 1% (v/v) Triton X-100 
and 10% (v/v) glycerol. The homogenates were centrifuged twice 
at 20,000 g at 4°C for 15 min, and the supernatants were saved 
as total proteins. Protein concentrations were determined by the 
BCA method. Equal amounts of proteins were separated by SDS-
PAGE and transferred to a PVDF membrane (Bio-Rad, California, 
USA). Western blot analysis was performed under standard condi-
tions with specific anti-NSD2 (Ab75359, Abcam, USA) antibody 
and anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
(Ab8245, Abcam, USA). The immunoreaction was visualized 
using an enhanced chemiluminescent detection kit (Amersham, 
London, UK), exposed to X-ray film, and quantified by densitom-
etry with a video documentation system (Gel Doc 2000, Bio-Rad, 
California, USA).

3.6. Cell Viability Assay

The cell viability was monitored using the Cell Counting Kit-8 
(CCK8) (Dojindo Molecular Technologies, Kumamoto, Japan) 
according to the manufacturer’s protocol. All of the experiments 
were repeated at least three times.

3.7. Colony Formation Assay

The cells were counted and seeded into six-well plates at adensity 
of 500 cells per well and cultured for 14 d until the colonies were 
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visible. The cells were washed with phosphate-buffered saline 
(PBS) and fixed with paraformaldehyde for 15 min. The colonies 
were stained with Giemsa’s solution for 15 min and washed wittap 
water. After air-drying, the colonies with more than 50 cells were 
counted.

3.8. Apoptosis Assay

Cells were centrifuged at 800 g at room temperature for 10 min and 
then colleted and incubated in 24-well plate, with 1.0×105 cells in 
each well. Then NSD2 siRNA was transfected into cells and after 
72h cells were collected. Cell apoptosis was detected according to 
the manufacturer’s protocol of Annexin V/PI Detection Kit (Life 
Technologies, Carlsbad, USA) using flow cytometer (Thermo 
Fisher Scientific, Shanghai, China). All of the experiments were 
repeated at least three times.

3.10. Wound-healing assay

Cells were digested and seeded in 6-well culture plates with FBS 
deleted medium to inhibit cell proliferation. After being cultured to 
80% confluence, the cells were scratched with a 200 ml pipette tip, 
washed with PBS, and replaced with FBS-free medium. Wounds 
were photographed under a microscope after scratching at 0 and 
24 h, respectively.

3.11. Transwell for Cell Invasion Assay

The filters of Transwell chambers were coated with 30 mL of base-
ment Matrigel at a dilution of 1:10 by serum-free medium. Cells 
were counted (25000) and resuspended in 200 mL serum-free me-
dium, and then seeded in the upper chamber. The lower chamber 
received 600 mL of 10% FBS medium as a chemoattractant. After 
24 h of incubation, cells above the filter were removed. The invad-
ed cells at the bottom of filter were fixed in 4% paraformaldehyde 
and stained with 1% crystal violet. The cells were photographed 
and counted under an Olympus fluorescence microscope.

3.12. Statistical Analysis

All the statistical evaluations were analyzed by SPSS 13.0 soft-
ware (SPSS Standard version 13.0, SPSS Inc.). All data were ex-
pressed as mean ± standard error. Data were analyzed for statistical 
significance by using one-way ANOVA. P < 0.05 was considered 
statistically significant.

4. Results
4.1. Patient Characteristics

Amongst the 59 parotid carcinoma tissues, there were 24 cases 
of mucoepidermoid carcinoma, 12 cases of acinar cell carcinoma, 
8 cases of lymphoepithelial carcinoma, 5 cases of adenoid cys-
tic carcinoma and 10 cases of other types, respectively. Among 
them, 22 cases were male patients and the other 37 female, with 
an average of 52 y (20 – 86 y). None of the patients had received 
any anti-cancer therapy, no matter chemotherapy or radiotherapy 
or others. According to the UICC (1992) Staging criteria, there 
were 36 cases at stage Ⅰ and stage Ⅱ, and 23 at stage Ⅲ and stage 
Ⅳ cases, respectively. 

4.2. Expression of NSD2 

Immunoreactivity for NSD2 protein was observed as brown, gran-
ular staining on the cell nuclei or in the plasma of tumor cells 
(Figure 1). The positive rates of NSD2 in parotid carcinoma and 
pleomorphic adenoma were 72.9% (43/59) and 40.0% (6/15), re-
spectively (P < 0.01). In 36 cases at stage I and II, the NSD2 posi-
tive rate was 63.9% (23/36), and in 23 cases at stage III and IV, the 
NSD2 positive rate was 76.2% (20/23). However, the difference 
of NSD2 expression in subgroup III/IV and subgroup I/II was not 
statistical (P = 0.0519).

Figure 1: Positive NSD2 expression in adenoid cystic carcinoma (×2, 
×10, ×40)
4.3. NSD2 siRNA Downregulates the Expression of NSD2 and 
Histone H3K36me2 

Western blot results revealed that 72h after NSD2 siRNA was 
transfected into SACC-2 cells, the expression of NSD2 and histone 
H3K36me2 in SACC-2 cells decreased significantly comparing to 
control (Figure 2). For NSD2, the expression of siNSD2-1, siN-
SD2-2 and control were 0.238 ± 0.027, 0.103 ± 0.017 and 1.129 
± 0.124 (P < 0.05). For H3K36me2, the expression of siNSD2-1, 
siNSD2-2 and control were 0.122 ± 0.018, 0.09 ± 0.021 and 1.201 
± 0.108, respectively (P < 0.05). 

Figure 2: Seventy-two hours after NSD2 siRNA is transfected into 
SACC-2 cells, NSD2 and H3K36me2 are downregulated significantly

4.4. NSD2 siRNA Inhibits the Malignant Biological Ability of 
SACC-2 Cells

As results of CCK-8 assay, the growth curve was generated ac-
cording to the A450 values in various time points (0h, 24h, 48h 
and 72h), by which the cell viability was calculated (Figure 3A). It 
was observed that siNSD2-1 and siNSD2-2 inhibited cell viability 
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of SACC-2 cells significantly, particularly in 72h (P < 0.05). 

In colony formation assay, the number of formed colonies was 
calculated 14d after cultivated with soft agar. Colonies formed by 
cells transfected with siNSD2-1 and siNSD2-2 decreased signifi-
cantly comparing to control (P < 0.05) (see Figure 3B). NSD2 siR-
NA could inhibit the ability of forming colony of SACC-2 cells.

Seventy-two hours after NSD2 siRNA was transfected into SACC-
2 cells, the apoptosis rates of siNSD2-1 and siNSD2-2 groups were 
(21.77 ± 3.19) % and (29.84 ± 2.78) %, while that of control was 
(10.50 ± 2.14) % (P < 0. 05). It is revealed that the inhibition of 
NSD2 expression can induce the apoptosis of SACC-2 cells (Fig-
ure 4).

Twenty-four hours after wound-healing cultivation, the wounds of 
siNSD2-1 and siNSD2-2 group were more significant than that of 
control, and the relative migration distances were reduced signifi-
cantly than that of control as well (P < 0.05). It is concluded that 
the migration ability could be weakened via intervening the NSD2 
expression in tumor cells (Figure 5).

Transwell assay revealed that the cells which penetrated cell mem-
brane of siNSD2-1 (24.34 ± 3.58) and siNSD2-2 (24.34 ± 3.58) 
were significantly less than those of control (50.69 ± 9.57) (P < 
0.05), suggesting that the invasion ability could be weakened via 
intervening the NSD2 expression in tumor cells (Figure 6).

Figure 3: A. siNSD2-1 and siNSD2-2 inhibited cell viability of SACC-2 cells significantly, particularly in 72h (P < 0.001) B. Colonies formed by cells 
transfected with siNSD2-1 and siNSD2-2 decreased significantly comparing to control (P < 0.05)

Figure 4: The apoptosis rates of siNSD2-1 and siNSD2-2 groups were 30.37 ± 4.22% and 35.17 ± 3. 43%, while that of control is 1.36 ± 0.52% (P < 
0. 05)

Figure 5: The wounds of siNSD2-1 and siNSD2-2 group are more significant than that of control, and the relative migration distances are reduced 
significantly than that of control as well (P < 0.05)
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Figure 6: The cells which penetrate cell membrane of siNSD2-1 (24.34 ± 3.58) and siNSD2-2 (24.34 ± 3.58) were significantly less than those of 
control (50.69 ± 9.57) (P < 0.05)

5. Discussion
Management of parotid carcinoma, which consisting of various 
histological subtypes, is complex where therapeutic resistance 
contributes to significant morbidity. Therefore, prognostic bio-
markers are urgently needed. In this study, we provide evidence 
that NSD2 is overexpressed in parotid carcinoma and that elevated 
NSD2 plays a major role in parotid carcinoma cell proliferation, 
migration, and invasion.

NSD2 has been reported to be upregulated in a number of solid 
cancers such as squamous cell carcinoma of the head and neck 
[6], endometrial cancer [9], lung cancer [7], neuroblastoma [10], 
bladder and colon cancer [10], hepatocellular carcinoma [14], 
ovarian carcinoma [11] and prostate cancer [15]. Overexpression 
in solid tumors appears to occur in the absence of genetic alter-
ations. Additionally, NSD2 has been demonstrated to support the 
proliferation and/or survival of several cancer cell lines including 
myeloma cell lines with t (4;14) translocations [16, 17], leukemia 
cell lines carrying the E1099K mutation [18], prostate cancer [15, 
19] and osteo and fibrosarcoma cell lines [17]. All these results are 
consistent with ours, that NSD2 promotes the malignant behaviors 
of various tumor cells.

The importance of NSD2 in above mentioned tumors has been pre-
viously demonstrated. However, its potential role in parotid carci-
noma remains less understood. The present study is the first one 
which investigates the expression and function of NSD2 in parotid 
carcinoma. 

It is worth noting that NSD2 expression has been reported to be de-
tectable by immunohistochemistry in 77.8% of parotid carcinoma 
biopsies, significantly higher than in control. This makes NSD2 
an attractive candidate for anti-parotid carcinoma therapy. Similar 
suggestion has been proposed for lung cancer.

The impact of the spreading of H3K36me2 into intergenic regions 
caused by cancer-context overexpressed NSD2 should not be un-
derestimated since intergenic regions constitute a critical source of 
regulatory complexity in mammalian cells [20]. Top H3K36me2 
regions contain important genes targeted by the RAS pathway. 
Additionally, regions chr12: 38161453-48300708 and chr8: 
58830148-89198575 are both amplified and heavily marked with 
H3K36me2 in H1299 suggesting that the presence of this modifi-

cation reinforces the expression of amplified genes [21].

6. Conclusion 
In conclusion, NSD2 gene might be associated with the invasion 
and metastasis of parotid carcinoma. Silence of NSD2 gene can 
inhibit the proliferation and invasion of parotid carcinoma cells, 
possibly via the regulation of H3K36me2 expression.
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