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Abstract. – OBJECTIVE: To investigate the 
effect of hMTH1 (human mutT homologue 1) on 
inducing the metastasis and recurrence of pa-
rotid adenoma, which may provide a new ther-
apeutic direction for the prevention and treat-
ment of parotid adenoma.

PATIENTS AND METHODS: 30 cases of par-
affin-embedded specimens of parotid adenoid 
cystic carcinoma (ACC) tissues and fresh pa-
rotid glands surgically resected in our hospital 
were collected as experimental group. 30 cas-
es of surgically resected pleomorphic adeno-
ma (PA) in the same period were selected as an-
other experimental group. Meanwhile, 30 cas-
es of normal parotid gland tissues (N) were col-
lected as control group. The mRNA and protein 
expressions of hMTH1 in parotid gland tissues 
of patients with parotid adenoma before and af-
ter surgery were detected by Quantitative Re-
al-Time Polymerase Chain Reaction (qRT-PCR) 
and Western blotting, respectively. HMTH1 ex-
pression levels in parotid gland tissues were al-
so detected by immunohistochemistry. Prolif-
eration, apoptosis and DNA damage of ACC-M 
cells treated with S-Crizotinib were detected by 
cell counting kit-8 (CCK-8) assay, flow cytometry 
and single cell gel electrophoresis, respectively.

RESULTS: Both mRNA and protein expres-
sions of hMTH1 in experimental group were sig-
nificantly higher than those of control group. 
Moreover, a higher expression of hMTH1 was 
observed in ACC than that of PA, indicating 
that hMTH1 expression was positively correlat-
ed with the malignant degree of parotid ade-
noma. Furthermore, postoperative hMTH1 ex-
pression levels in patients with parotid adeno-
ma were significantly lower than those before 
treatment, which were remarkably increased in 
recurrent patients. In vitro experiments demon-
strated that S-Crizotinib, the hMTH1 inhibitor, 
could inhibit proliferation and induce apoptosis 
and DNA damage of ACC-M cells.

CONCLUSIONS: HMTH1 was upregulated in 
patients with parotid adenoma and recurrent 
patients after surgery. Meanwhile, S-Crizotinib 

induced DNA damage in ACC-M cells, indicat-
ing that hMTH1 induced the metastasis and re-
currence of parotid adenoma by repairing DNA 
damage, providing a new strategy for the pre-
vention and treatment of parotid adenoma.
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Introduction

Since DNA damage can lead to changes in ge-
netic information, there is widespread concern 
about the relationship between DNA damage 
along with DNA repair mechanism and related 
diseases1. Base excision repair (BER) is one of the 
most important repair methods of DNA damage2. 
So far, there are more than 100 enzymes involved 
in the repair of DNA damage, of which, 8-ox-
oguanine nucleotide triphosphatase is one of the 
most studied enzymes3.

HMTH1 (human mutT homologue 1), a mem-
ber of the nudix hydrolase family, could prevent 
DNA damage by inhibiting the insertion of var-
ious oxidized nucleotides into DNAs or RNAs. 
Studies have shown that hMTH1 is upregulated in 
a variety of tumor tissues. Borrego et al4 demon-
strated that mRNA expression of hMTH1 in gas-
tric adenocarcinoma is remarkably increased. In 
addition, mRNA expression of hMTH1 is also 
significantly increased in pancreatic cancer and 
non-small cell lung cancer5,6. Another investiga-
tion7 elucidated that HMTH1 activity is signifi-
cantly enhanced in lung cancer. Previous studies 
have consistently suggested that hMTH1 may ex-
ert an essential role in tumor cell growth. Gad et 
al8 demonstrated that hMTH1 could lead to DNA 
damage and reduce survival ability of cancer 
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cells, indicating that hMTH1 was necessary for 
the integration of deoxy-ribonucleotide triphos-
phates (dNTPs) into DNA and the DNA oxidative 
damage resulting from it. However, overexpres-
sion or knockdown of hMTH1 in primary VH10 
cells did not affect cell survival, suggesting that 
hMTH1 affects cancer cells rather than normal 
cells.

Currently, hMTH1 inhibitors have been report-
ed9,10 to be able to integrate oxidized dNTPs into 
DNAs in cancer cells, thus leading to DNA dam-
age and cytotoxicity, providing a new strategy for 
the treatment of cancer.

A large number of researches have shown that 
hMTH1 is closely related to the occurrence and 
development of tumor. However, there is little re-
search on hMTH1 in parotid adenoma. This study 
explored the effect of hMTH1 on the development 
and progression of parotid adenoma by detecting 
hMTH1 expression in patients with parotid ade-
noma. Meanwhile, the effect of S-crizotinib on 
biological functions of parotid gland carcinoma 
cell line was also investigated, which may provide 
new basis for treating the aggressiveness parotid 
adenoma.

Patients and Methods

Patients
A total of 30 cases of paraffin-embedded 

specimens of parotid adenoid cystic carcinoma 
(ACC) tissues and fresh parotid glands surgi-
cally resected in our hospital from July 2005 to 
February 2016 were collected as experimental 
group. 30 cases of surgically resected pleomor-
phic adenoma (PA) in the same period were also 
selected as experimental group. Meanwhile, 30 
cases of normal parotid gland tissues were col-
lected as control group. Enrolled patients were 
9 to 80 years old, with an average age of 41 
years. All specimens were pathologically diag-
nosed. Histopathology and grading of parotid 
adenoma were based on WHO-2005 classifica-
tion criteria, and TNM staging was based on 
UICC-2002 standard. Normal parotid gland tis-
sues were taken from patients who underwent 
cervical lymphadenectomy, which were then 
embedded with paraffin as control group. Ap-
proved by the Ethics Committee of The Second 
Affiliated Hospital of Xinjiang Medical Uni-
versity. Signed written informed consents were 
obtained from all participants before the study.

ACC-M Cell Culture
ACC-M cells were cultured in Roswell Park 

Memorial Institute (RPMI) 1640 medium (Hy-
Clone, South Logan, UT, USA) containing 10% 
fetal bovine serum (FBS) (Gibco, Rockville, 
MD, USA), 100 U/mL penicillin and 100 U/mL 
streptomycin. Cells were placed in a 5% CO2 
incubator at 37°C. ACC-M cells were digested 
with 0.25% trypsin and passaged with 0.02% 
EDTA (Ethylene Diamine Tetraacetic Acid) ev-
ery 72 h and 96 h. 

Pathological Examinations of 
Parotid Adenoma

Hematoxylin and eosin (HE) staining was per-
formed in pleomorphic adenoma (PA), adenoid 
cystic carcinoma (ACC) and normal parotid tissue 
(N) for pathological grading. HMTH1 expression 
was detected by S-P immunohistochemical stain-
ing and brown vascular endothelial cell clusters 
were observed under a 200× light microscope. 
All tumor cells with hMTH1 positively expressed 
were brown and hMTH1 dyed brown was locat-
ed in the cytoplasm. The proportion of positive 
stained cells was calculated in 10 randomly se-
lected cases of high power field. Specifically, < 
10% was defined as negative (-); 10-50% was con-
sidered as positive (+); and > 50% was regarded as 
strongly positive (++).

Western Blotting
Total protein was extracted using a cell lysate 

(RIPA) (Beyotime, Shanghai, China). Protein 
samples were separated in a sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) gel and transferred to a polyvinylidene 
fluoride (PVDF) membrane (Roche, Basel, Swit-
zerland), which was blocked with the blocking 
solution for 1 h. Primary antibody (anti-hMTH1, 
1:1000) was used for incubation at room tempera-
ture for 2 h. After washed with Tris-buffered sa-
line-tween (TBS-T), corresponding secondary 
antibody (horseradish peroxidase (HRP)-labeled 
IgG antibody, 1:10000) was used for incubation 
for 2 h at room temperature. Immunoreactive 
bands were visualized by enhanced chemilumi-
nescence.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

Total RNA in cells was extracted by TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA) and 
reversely transcribed into complementary De-
oxyribose Nucleic Acid (cDNA) according to 
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the instructions. Each sample was repeated for 
3 times. Primers used in this study were listed 
in Table I. 

Flow Cytometry
Annexin V+/7-AAD- was added into the resus-

pended cell suspension according to the instruc-
tions of the apoptosis kit. All antibodies were pur-
chased from eBioscience (San Diego, CA, USA). 
After incubation for 15 min in the dark, cells were 
centrifuged at 400 g for 5 min, followed by the 
apoptosis detection by flow cytometry. 

Single Cell Gel Electrophoresis (SCGE)
Cells were transfected for 48 h and centrifuged 

at 700 g for 2 min. Cell density was adjusted to 1 
× 105/mL with pre-cooled PBS (phosphate-buff-
ered saline). 105 cells were mixed with 200 μL of 
agarose. 75 μL of mixture were blown out with a 
pipette on OxiSelect™ Comet Slide. Electrophore-
sis was performed and data were analyzed using a 
fluorescent microscope. 

Statistical Analysis 
Graphpad Prism (v6.0, La Jolla, CA, USA) was 

used for data analysis. Measurement data were 
presented as mean ± standard deviation. Compar-
ison of measurement data was performed using 
t-test. Each experiment was repeated for 3 times. 
One-way ANOVA was performed to identify 
differences among multiple groups and Bonfer-
roni was used to analyze the significance of each 
group. p < 0.05 was considered statistically sig-
nificant. 

Results

HMTH1 Eas Involved in the Pathological 
Formation of Parotid Adenoma

To investigate whether hMTH1 was involved 
in the pathological formation of parotid adeno-
ma, mRNA (Figure 1A) and protein expressions 
of hMTH1 (Figure 1B) in parotid gland tissues 
from patients with parotid adenoma and normal 
controls were detected by qRT-PCR and West-

ern blot, respectively. Higher mRNA and protein 
expressions of hMTH1 were observed in parotid 
gland tissues of patients with parotid adenoma 
than those of normal controls. Moreover, hMTH1 
expression was positively correlated with the ma-
lignant degree of parotid adenoma, indicating that 
hMTH1 might participate in the pathological for-
mation of parotid adenoma.

Meanwhile, we detected protein (Figure 1C) 
and mRNA (Figure 1D) expression levels of 
hMTH1 in N and ACC before and after treatment 
by Western blot and qPCR, respectively. Addi-
tionally, hMTH1 expressions in recurrent parotid 
gland tissues were also detected. Our data indi-
cated that postoperative hMTH1 expressions in 
patients with parotid adenoma were remarkably 
lower than those before treatment, but they were 
increased again in recurrent patients. It was sug-
gested that hMTH1 was involved in the patholog-
ical formation of parotid adenoma and positively 
correlated with malignant degree of parotid ade-
noma.

HMTH1 Participated in the Invasion and 
Metastasis of Parotid Adenoma

To further explore the effect of hMTH1 on 
the development and progression of parotid 
adenoma, patients with parotid adenoma were 
divided into different groups based on the 
pathological classification. Histological analy-
sis showed that hMTH1 was upregulated in the 
parotid gland tissue of patients with parotid ad-
enoma compared with that of normal controls 
(Figure 2A). Furthermore, higher hMTH1 ex-
pression was found in ACC with higher degree 
of malignancy (Figure 2B) in comparison with 
that in PA with lower degree of malignancy 
(Figure 2C), indicating that hMTH1 was not 
only involved in the pathological formation of 
parotid adenoma, but also closely associated 
with the invasiveness ability.

HMTH1 Promoted Proliferation of 
Parotid Adenoma Cells

After confirming that hMTH1 was capable 
of affecting the metastasis and invasion of pa-

Table I. RT-qPCR primer pairs.

 Name Forward Reverse

GAPDH CATCAAGAAGGTGGTGAAGCAG CAAAGGTGGAGGAGTGGGTG
hMTH1 AGGTGGGCCAGATCGTGTTTG TCGTCGGGCCACATGTCC
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Figure 1.  HMTH1 participates in the pathological formation of parotid adenoma. A, Protein expressions of hMTH1 in each 
group were detected by Western blot. B, The mRNA level of hMTH1 in N, ACC and PC were detected by qRT-PCR. C, Protein 
expressions of hMTH1 in N, ACC patients before and after surgery and recurrent ACC patients were detected by Western blot. 
D, The mRNA level of hMTH1 in N, ACC patients before and after surgery and recurrent ACC patients were detected by qRT-
PCR. Each group had 20 samples (***p < 0.001).

Figure 2. HMTH1 participated in invasion and metastasis of parotid adenoma. PA, ACC and N were selected for S-P 
immunohistochemistry. Negative hMTH1 was found in N (A,) and positive hMTH1 was found in PA (B,) and ACC (C,).
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rotid adenoma, we further investigated whether 
hMTH1 may directly affect the proliferation of 
parotid adenoma cells.

ACC-M cells were first treated with differ-
ent concentrations of S-Crizotinib (0.125, 0.25, 
0.5, 1, 2, 4, 6 and 8 μmol/L) for 48 h, followed 
by the detection of cell apoptosis using CCK-
8 assay (Figure 3A). Moreover, Pearson linear 
correlation analysis indicated that S-Crizotinib 
concentration was positively correlated with the 
rate of apoptosis (r = 0.911, p < 0.01). Our data 
suggested that the apoptotic rate of ACC-M cells 
treated with different concentrations of S-Crizo-
tinib was remarkably increased compared with 

that of the control group (p < 0.05, Figure 3B). 
Taken together, our results showed that S-Crizo-
tinib promoted apoptosis of ACC-M cells in a 
dose-dependent manner, indicating that hMTH1 
directly participated in the proliferation of parot-
id adenoma cells.

HMTH1 Induced Metastasis and 
Recurrence of the Parotid Adenoma 
by Repairing DNA Damage

Studies11 have shown that hMTH1 exerts a 
crucial role in the repair of DNA damage. There-
fore, SCGE was performed after ACC-M cells 
were treated with S-Crizotinib for 48 h (Figure 

Figure 3. HMTH1 promoted proliferation of parotid adenoma cells. A, Apoptosis rate of ACC-M cells after treated with 
different concentrations of S-Crizotinib (0.125, 0.25, 0.5, 1, 2, 4, 6 and 8 μmol/L) for 48 h was detected by CCK-8 assay. B, Cell 
apoptosis of ACC-M cells after treated with different concentrations of S-Crizotinib (2, 4 and 6 μmol/L) for 48 h was detected 
by flow cytometry (*p < 0.05, **p < 0.01, ***p < 0.001).
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4). SCGE results showed that S-Crizotinib could 
lead to DNA damage of parotid adenoma cells, 
indirectly confirming that hMTH1 could induce 
the metastasis and recurrence of parotid adenoma 
by repairing DNA damage.

Discussion 

HMTH1 is an important enzyme in the pro-
cess of DNA repair, which can hydrolyze the ox-
idized deoxyribonucleotides (dNTPs) in nucle-
otide pools. For example, hMTH1 can convert 
8-oxo-dGTP and 2-OH-dATP to 8-oxo-dGMP 
and 2-OH-dAMP, respectively, thus preventing 
DNA damage11. The mRNA levels of hMTH1 in 
tumor tissues, including brain cancer12, breast 
cancer13, lung cancer14,15, gastric cancer4 and kid-
ney cancer16, are higher than those in paracan-
cerous tissues.

In this study, higher mRNA and protein lev-
els of hMTH1 were observed in parotid adeno-
ma than those of normal controls. Furthermore, 
hMTH1 expression was positively correlated with 
the malignancy of parotid adenoma. Additionally, 
postoperative hMTH1 expression was declined to 
the normal level, which was reversed to a high 
level again in recurrent patients. Our data indi-
cated that hMTH1 was not only involved in the 
pathological formation of parotid adenoma, but 
also closely related to its invasive ability. 

Gad et al8 and Huber et al10 found that hMTH1 
was necessary in cancer cells but not in normal 

cells. Inhibition of hMTH1 caused DNA dam-
age and cell death in cancer cells, suggesting that 
hMTH1 could be served as a target for cancer 
therapy. Our study showed that hMTH1 expres-
sion levels were significantly increased both in 
preoperative patients and recurrent patients with 
parotid adenoma. However, many chemothera-
peutic drugs can induce reactive oxygen species 
in tumor cells17-19, thereby causing death of tumor 
cells. Multiple studies20,21 have demonstrated that 
the resistance of tumor cells to reactive oxygen 
species may be one of the mechanisms of drug 
resistance.

Huber et al22 found that crizotinib, with a dual 
inhibitory effect on hepatocyte growth factor 
receptor (HGFR, c-MET) and anaplastic lym-
phoma kinase (ALK) (Crizotinib), has a highly 
affinity with hMTH1. Crizotinib was approved 
by FDA in 2011 for the treatment of non-small 
cell lung cancer with positive echinoderm mi-
crotubule associated protein like 4-anaplastic 
lymphoma kinase (EML4-ALK)23. Moreover, 
S-Crizotinib is capable of inducing DNA dam-
age of tumor cells and further inhibiting prolif-
eration of tumor cells.

Previous studies have shown that hMTH1 in-
hibitors could selectively kill tumor cells but have 
little effect on normal cells. HMTH1 may be an 
effective target for treating tumors.

Therefore, we further investigated the effect 
of S-Crizotinib on parotid adenoma cell line 
ACC-M. The data showed that S-Crizotinib in-
hibited proliferation and induced apoptosis of 

Figure 4.  HMTH1 induced metastasis and recurrence of parotid adenoma by repairing DNA damage. SCGE was performed 
after ACC-M cells were treated with S-Crizotinib for 48 h, with H2O2 treatment as controls. 
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ACC-M cells. Meanwhile, SCGE results also 
showed that inhibited hMTH1 could lead to DNA 
damage in ACC-M cells. 

Gad et al8 reported that increased 8-oxodG, 
cell death and DNA repair mediated by ATM-p53 
were observed in tumor cells treated with hMTH1 
inhibitor24. Other key protective factors, such as 
p53, mutated in ataxia telangiectasia (ATM), ATR 
and RAS did not affect the roles of hMTH1 in-
hibitors, suggesting that hMTH1 inhibitors can 
still have an effect on tumor cells without these 
protective factors25.

In summary, hMTH1 expression was up-reg-
ulated in patients with parotid adenoma, which 
may be helpful to monitor the disease condition. 
More importantly, hMTH1 is expected to serve as 
a therapeutic target for invasive parotid adenoma, 
especially in recurrent patients.

Conclusions 

We observed that HMTH1 expression levels 
in patients with parotid adenoma and recurrent 
patients were remarkably higher than those in 
normal controls, which were positively correlat-
ed with the malignancy. Meanwhile, S-Crizotinib 
inhibited proliferation and induced apoptosis as 
well as DNA damage of ACC -M cells.
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