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1 | INTRODUCTION

Mengjie Wang? | Weihua Wen® | Yuefeng He?

Abstract

Long-term arsenic exposure can promote cancer through epigenetic mechanisms,
and arsenite methyltransferase (AS3MT) plays an important role in this process.
However, the expression patterns and mechanisms of AS3MT in arsenic carcinogene-
sis remain unclear. In this study, we found that the ASSMT was overexpressed in
arsenic exposed population, non-small cell lung cancer (NSCLC) tissues, and A549
cells with sodium arsenite (NaAsO,) treatment for 48 hours. Besides, the level of
AS3MT expression was positively correlated with the concentrations of urinary total
arsenic (tAs), inorganic arsenic (iAs), methanearsonic acid (MMA), and dimethylarsinic
acid (DMA) in all subjects. Functional experiments demonstrated that siRNA-
mediated knockdown of AS3MT significantly inhibited proliferation of A549 cells.
Mechanism investigation revealed that silencing of AS3MT inhibited proliferation by
increasing mRNA expression levels of p21 and E2F1, and inhibiting CDK1, CDK2,
CDK4, CDK&, Cyclin A2, Cyclin E1, Cyclin E2, and PCNA mRNA expression. There-
fore, arsenic increased ASSMT expression in vivo and in vitro, which could directly

act on the cell and affect the progression of NSCLC by regulating cell cycle genes.
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Arsenic was first found to be associated with lung cancer among

workers exposed to arsenic.” Lung cancer is one of the most lethal

Inorganic arsenic (iAs), a toxic metalloid element, has been classified
as a human carcinogen by the International Agency for Research on
Cancer in 1980. Humans are long-term exposure to arsenic from
drinking water and arsenic smelting plants, which poses a major threat
to public health.>? Today, about 200 million people in different parts
of the world are chronically exposed to potentially toxic levels of arse-
nic.® With the development of industry, agriculture and medicine,
occupational exposure to arsenic can occur in a number of work set-
tings including mining and smelting of arsenic-containing minerals,
herbicides, and anticancer drugs.4 In China, lung cancer and skin can-
cer caused by occupational exposure to arsenic and its compounds

have been classified as an occupational disease.

malignancies. Approximately 1.6 million people die of lung cancer
every year.® Epidemiologic studies have showed that squamous cell
carcinoma, one of NSCLC, is to be associated with arsenic level in
drinking water.” Despite progress in treatments for NSCLC, the five-
year survival rate was only 16%.2 Thus, it is necessary to explore
underlying mechanism of novel tumor specific growth factor in arsenic
carcinogenesis, which will help to develop new strategies for the pre-
vention or treatment of diseases caused by exposure to arsenic.
Accumulating evidence suggests that iAs methylation capability
is associated with the rate of malignancy, in particular lung cancer
and skin cancer.”!© AS3MT plays a key role in the metabolism of
arsenic.* AS3MT, an enzyme that is encoded by the AS3MT gene in
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humans, which catalyzes the transfer of a methyl group from S-
adenosy-L-methionine (SAM) to trivalent arsenical.}? It has been
demonstrated that polymorphisms of AS3MT rs11191438 and
AS3MT rs1046778 were associated with the risk of bladder cancer
and upper tract urothelial carcinoma by affecting arsenic methylation
capacity.’®** Similarly, AS3MT polymorphisms also impact the
risk of lung cancer.*! Furthermore, AS3MT has been found to be
upregulated and negatively correlated with antioncogene mir-548c-
3p in arsenic-exposed population.?>*¢ Subsequent study found
that AS3MT, previously CYT19, was located in the chromosome
10g24.32 as a potential risk factor for the progression schizophre-
nia.l” However, Locus 10q24.32 contained typical tumor-related
genes, including FGF8 and NPM3.2® These results indicated that
AS3MT is not only involved in arsenic metabolism, but also could be
involved in the progression of NSCLC. But, it is unclear whether
AS3MT could directly act on the cell and affect the progression of
arsenic-induced NSCLC.

Thus, in the study, Our explored the expression of AS3MT in
peripheral blood lymphocytes of arsenic plant workers, NSCLC tissues
and A549 cells with sodium arsenite (NaAsO,) treatment, and further
explored the functions and the potential mechanisms of ASSMT in
arsenic-induced NSCLC.

2 | MATERIALS AND METHODS

21 | Study subjects and questionnaire interview

In this study, the detailed recruitment protocols of participants
were described in the previous study.® Briefly, 70 arsenic-exposure
laborers were collected from two arsenic plants which were produc-
ing arsenic trioxide and 23 individuals in the control group who
resided in villages away from the two arsenic plants more than
10 km. Structural questionnaires were performed to collect informa-
tion from each subject. The information included demographic char-
acteristics, lifestyle factors, and family member history. Five milliliters
of fasting venous blood and 20 mL urine samples were derived from
subjects in both groups in the morning for subsequent experiments.
The study was approved by the ethics committee of Kunming Medi-

cal University.

22 |
levels

Determination of urinary arsenic species

The atomic absorption spectrophotometer with an As speciation pre-
treatment system was used to analyze iAs, methanearsonic acid
(MMA) and dimethylarsinic acid (DMA) in urine. Arsenic speciation
analysis was based on the well-established hydride generation of vola-
tile arsines, followed by cryogenic separation in liquid nitrogen.?° The
detection limit of this method was 2 ng mg/g creatinine was used to
indicate urinary arsenic concentration. The total arsenic (tAs) = iAs +
MMA + DMA.

2.3 | Tissue samples

The project was approved by the ethics committee of Kunming Medi-
cal University. In obtaining informed consent, all tissue samples were
derived from 14 patients who without history of arsenic exposure. In
this study, all the samples including NSCLC tissues (n = 14), lymph
node tissues (n = 10) and adjacent normal lung tissues (n = 14) (at a
distance of >3 cm from the edge of the primary tumor) were obtained
from the Third Affiliated Hospital of Kunming Medical University
since January to June 2018. All lymph node tissues were reviewed
and proved to be metastatic by two independent pathologists. The tis-
sues were immediately immersed in RNAlater stabilization solution
(Thermo Scientific) and then shifted to —80°C freezer for storage until

been used.

24 | Cell culture and treatments

Human NSCLC cell line, A549, was purchased from the Cell Bank of
the Chinese Academy of Sciences (Kunming, China). The cell line was
cultured in RPMI-1640 medium (HyClone) containing 10% fetal
bovine serum and 1% penicillin/streptomycin (Solarbio, Beijing,
China). The cells were incubated in an incubator containing 5% CO, at
37°C. A549 cells in logarithmic growth phase with a density of
2.5 x 10° cells/well were seeded into a 6-well plate. After 18 hours,
NaAsO, was dissolved in deionized water to generate 2 mM stock
solution and added into the culture medium at different concentra-
tions of 0, 20, 40, or 60 pm for 48 hours.

2.5 | RNAsolation and quantitative real-time PCR
(qRT-PCR)

The total RNA was extracted from peripheral blood lymphocytes,
NSCLC tissues and A549 cell lines using the RNAiso plus reagent
(TaKaRa, Beijing, China) and transcribed into cDNA using the HiFiScript
cDNA Synthesis Kit (CoWinBiotech, Beijing, China) according to the
manufacturer's instructions. The qRT-PCR was performed using the
SYBR Green PCR Master Mix (CoWin Biotech, Beijing, China) on a Lig-
htCycler 96 instrument Real-Time PCR system (Roche Molecular Sys-
tems, California). All primers were synthesized by GenePharma and
B-actin was used as an internal reference. The relative expression levels
of all genes were described as 2722t and —AACt in cell lines and tis-

sues, respectively. The sequences of target genes presented in Table 1.

2.6 | Cell transfection

RFect and siRNAs transfection reagent were purchased from
Biogenerating Biotechnologies (Changzhou, China) and GenePharma
(Shanghai, China), respectively. A549 cells in logarithmic growth phase
with a density of 7 x 10* cells/well were seeded into a 6-well plate.
At 19 hours after cultured, 40 nM siRNA duplex and 4 pL RFect
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TABLE 1 The sequences of primer used for gqRT-PCR TABLE 2 The sequences of siRNAs used for transfection
Gene Sequence Gene Sequence
AS3MT Forward: AGTTATCGGTGACTGTCGTTT siCtrl Forward: UUCUCCGAACGUGUCACGUTT
Reverse: ATGTCCTGTAATTCCTCCATT Reverse: ACGUGACACGUUCGGAGAATT
CDK1 Forward: TAGCGCGGATCTACCATACC SIASSMT # 1 Forward: GCAGCUAUCUUGAAGAAUU
Reverse: CATGGCTACCACTTGACCTGT Reverse: AAUUCUUCAAGAUAGCUGC
CDK2 Forward: GAGCTTAACCATCCTAATATTGTC SIAS3MT # 2 Forward: GGAGAGAAGUUGCCAACAU
Reverse: GCTGGAACAGATAGCTCTTGA Reverse: AUGUUGGCAACUUCUCUCC
CDK4 Forward: CTGGACACTGAGAGGGCAAT
Reverse: TGGGAAGGAGAAGGAGAAGC 40 or 60 um for 48 hours. For the transfected cells, A549 cells were
CDKé Forward: GTGAACCAGCCCAAGATGAC seeded into a 96-well plate at a concentration of 2000 cells/well.
Reverse: TGGAGGAAGATGGAGAGCAC After transfection, cells were cultured with 100 uL complete medium
Cyclin A2 Forward: GGATGGTAGTTTTGAGTCACCAC for 72 hours. After the treatments, 10 pL of CellTiter 96 AQueous
Reverse: CACGAGGATAGCTCTCATACTGT One Solution reagent was added into each well and incubated for
Cyclin D1 Forward: CAGATCATCCGCAAACACGC 0.5 hour in humidified 5% CO, atmosphere. The results were analyzed
Reverse: AAGTTGTTGGGGCTCCTCAG by the enzyme mark instrument at the absorbance of 490 nm.
Cyclin D2 Forward: TGATGGGGAAGGAGTACAAA
Reverse: TTGGAAGAAGAAGCAGGATG 28 | Cell proliferation assay
Cyclin E1 Forward: CTTCACAGGGAGACCTTTTAC
Reverse: CATTCAGCCAGGACACAATAG BeyoClick EdU Cell Proliferation Kit with Alexa Fluor 555 (Beyotime,
Cyclin E2 Forward: GATGGTGCTTGCAGTGAAGAGGA Shanghai, China) was used to detect single proliferating cell. The cells
Reverse: ACAAGGCAGCAGCAGTCAGTATT were seeded into a 6-well plate at a density of 7 x 10 cells/well. At
P21 Forward: CAGGGTGCCAGAAGAGTGAG 72 hours after transfection, the cells were stained using Azide-555
Reverse: AGACTAAAGCTCCTACTTCAGCAG and Hoechst-33 342 according to the manufacturer's instructions and
E2F1 Forward: ATGTTTTCCTGTGCCCTGAG observed by fluorescence microscope at the maximum emission
Reverse: ATCTGTGGTGAGGGATGAGG wavelength of 565 nm and 460 nm, respectively. The cells in the
PCNA Forward: GAAGCACCAAACCAGGAGAA image were counted by the imageJ software and calculated prolifera-
Reverse: TCACTCCGTCTTTTGCACAG tion efficiency.
B-actin Forward: CCCTGTACGCCAACACAGTGC

Reverse: ATACTCCTGCTTGCTGATCC

transfection reagent were added to each tube of 100 pL RPMI-1640
medium for incubating 5 minutes at room temperature. After
20 minutes, complex was cultured in a 6-well plate for 24 hours, then
4000 pL of complete medium was replaced. The transfection effi-
ciency was measured by observing with fluorescence microscope and
detecting the AS3MT expressions with qRT-PCR at 6 hours and
72 hours after transfection, respectively. The cells were divided into
three groups: siCtrl group, siAS3SMT # 1 group and siAS3MT # 2 group.
The sequences of siRNA presented in Table 2.

27 | MTS assay

Cell viability was measured using the CellTiter 96 AQueous One Solu-
tion Cell Proliferation Assay system (Promega Biosciences) according
to the manufacturer's instructions. For the cells exposed to arsenic,
A549 cells were seeded and cultured in 96-well culture plates at a
concentration of 1 x 10* cells/well. After 22 hours, NaAsO, was

added into the culture medium at different concentrations of 0, 20,

2.9 | Statistical analysis

All experiments were carried out in triplicate. Data analyses were per-
formed using SAS software package, GraphPad Prism 7.0 and imageJ
software. The data were described as the means + SEM. The Chi-
square test was used to assess the efficiency of Cell proliferation
between siCtrl groups and siAS3MT groups. The difference between
two groups and multiple group comparisons were analyzed by Stu-
dent's t-test and one-way ANOVA, respectively. Pearson correlation
coefficient was performed to analyze associations between concen-
trations of different arsenic species and AS3MT expression. Differ-

ences were considered statistically significant at P < .05.

3 | RESULTS

3.1 | Characteristics of the subjects and urinary
arsenic species

There are no statistical differences in age, smoking and drinking

among the exposed laborers in exposed group and control group.
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However, compared with control group, the concentration of tAs, iAs,
MMA, and DMA was significantly increased in exposed group. Gen-
eral characteristics and urinary three arsenic species of the study sub-
jects were showed in Table 3 and this have been described in our
previous articles.?

3.2 | AS3MT mRNA expression and its relationship
with the concentrations of tAs, iAs, MMA, and DMA in
individual subjects

We determined AS3MT mRNA expression in arsenic-exposure group
(n = 70) and control group (n = 23) by qRT-PCR. The result indicated
that ASBMT mRNA expression in exposure group (4.47 + 0.26) was
significantly increased than that in control group (3.42+0.21)
(P < .05) (Figure 1A). Pearson correlation analysis indicated that the
level of AS3MT expression was positively correlated with the concen-
trations of urinary tAs, iAs, MMA, and DMA in all subjects. The results
were showed in Figure 1B and Table 4.

TABLE 3 General characteristics of subjects and urinary arsenic

levels
Control group Exposure group
Variables (n=23) (n =70)
Age 33.84 + 3.07 36.13 + 6.02
Smoker (Y/N) 13/10 43/27
Drinker (Y/N) 11/12 35/35
iAs 1.97 (1.18-4.17) 99.52 (49.36-252.36)**
MMA 1.65 (0.83-2.49) 139.98 (56.41-337.54)**
DMA 16.13(10.56-39.28)  490.60 (174.92-1217.01)**
tAs 19.95 (12.27-32.96) 732.42 (325.59-1726.17)**

Note: iAs, MMA, DMA, tAs were described as (Median, 25-75 percentiles).
"Comparison with the control group, P < .01.

(A)

Reletive expression of AS3MT

Control Exposure

(

3.3 | NaAsO2 induced AS3SMT mRNA expression
in A549 cells

Epidemiological data showed that arsenic-exposure promoted AS3MT
mRNA expression in vivo. After NaAsO, treatment, the cell viability
was evaluated by MTs assay. The result indicated that NaAsO, signifi-
cantly inhibited the cell viability (Figure 2A). Next, we detected the
AS3MT mRNA expression with NaAsO, treatment. The data released
that the expression ofAS3SMT mRNA was significantly increased by
NaAsO, treatment (40, 60 um) than in control and 20 pm (Figure 2B),
implying that sodium arsenite has increased the ASSMT mRNA
expression in a concentration-dependent manner in A549 cells.

3.4 | Characteristics of the patients

A total of 14 patients were analyzed, with 10 (71.3%) males and
4 (28.7%) females. The median age of the study subject was 57.8 years
(85-75 years), with 8 (57.1%) were smokers and 5 (35.7%) were drinkers.

35 |
tissues

AS3MT was overexpressed in human NSCLC

Epidemiological investigations had indicated that arsenic-exposure
promoted AS3BMTmRNA expression in subjects. Initially, we evaluated

TABLE 4 Associations of three arsenic species with gene
expression in all subjects

iAs MMA DMA
Variables R P R P R P
AS3MT Expression 022 <05 024 <05 025 <.05

Note: Data analyses were performed by Pearson's correlation to urinary
iAs, MMA, DMA with gene expression.

~
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FIGURE 1 AS3MT mRNA expression and its relationship with total arsenic level in arsenic-exposed population. A, AS3MT expression in the
exposure group was higher than those in the control group (mean + SEM, with Student's t-test).*P < .05. B, AS3MT mRNA expression was
positively correlated with the total arsenic in all subjects. The X-axis shows the Log(total arsenic) and the Y-axis shows the level of AS3MT
expression in peripheral blood lymphocytes. Black dots represent a 95% confidence interval (R? = 0.06, P < .01, with Pearson's correlation

analysis)
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FIGURE 2 NaAsO, induced ASSMT mRNA expression in A549 cells. After NaAsO, treatment for 48 hours, A, the results of MTS assay
revealed that NaAsO, inhibited the cell viability in concentration-dependent manner (n = 3). B, AS3MT mRNA expression was increased gradually
in a concentration-dependent manner in A549 cells (n = 5) (mean + SEM, with variance analysis). **P < .01
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FIGURE 3 Overexpression of AS3MT in NSCLC tissues and
lymph node tissues. As showed in the figure, ASSMT mRNA was
significantly overexpression in the NSCLC tissues (n = 14) and lymph
node tissues (n = 10) compared with the adjacent normal lung tissues
(n = 14) (mean = SEM, with Student's t-test). *P < .05

AS3MT expression in human adjacent normal lung tissues (n = 14),
NSCLC tissues (n = 14) and lymph node tissues (n = 10) by gRT-PCR.
The gRT-PCR indicated that the expression of AS3MT mRNA in
NSCLC tissues and lymph node tissues were significantly increased
than that in adjacent normal lung tissues (P < .05). Besides, compared
to the NSCLC tissues, the expression of ASSMT mRNA in lymph node
tissues had not significantly changed (P > .05) (Figure 3).

3.6 | Knockdown of AS3MT was observed
in A549 cells

At 6 hours after transfection, AS3MT transfection efficiency was ana-
lyzed by fluorescence microscope. The results showed that the trans-

fection efficiency was >80% and the status of the cells were normal

(Figure 4A), making these cells suitable for subsequent experiments.
Furthermore, at 72 hours after transfection, the qRT-PCR results rev-
ealed that the expression of ASSMTmMRNA of siASSMT # 1 groups
(0.41 £ 0.02) and siAS3MT # 2 groups (0.57 + 0.04) were significantly
lower than that of siCtrl groups (1.01 + 0.10) (P < .05) (Figure 4B).
Thus, above results indicated that the level of expression significantly
decreased after AS3MT knockdown.

3.7 | Knockdown of AS3MT significantly inhibited
cell viability and proliferation in A549 cells

At 72 hours after transfection, the results of MTS assay showed that
knockdown of AS3MT significantly decreased the viability in SIASSMT
# 1 groups (49.70% + 0.72%) and siAS3MT # 2 groups (57.67% *
0.98%) compared with the siCtrl groups (100.00% + 1.20%) (P < .05)
(Figure 5A), which indicates that AS3MT could contributes to prolifer-
ation of NSCLC. Furthermore, to assess whether knockdown of
AS3MT may cause inhibited proliferation in A549 cells, single prolifer-
ating cell assay was conducted to measure cell proliferation of A549
cells upon transfection with siRNAs for 72 hours. We found that the
number of single proliferating cells in siAS3MT groups were signifi-
cantly lower than that in the siCtrl group (Figure 5B). In addition, the
quantitative analysis by imageJ software revealed that the number of
single proliferating cells account for 52.6%, 24.4%, and 27.5% in siCtrl
group, SiASBMT # 1 group and siAS3MT # 2 group, respectively
(P < .05) (Figure 5C). Overall, our results indicated that knockdown of
AS3MT could suppressed the viability and proliferation of A549 cells.

3.8 | Knockdown of AS3MT inhibited expression
levels of CDKs, cyclinA2, cyclinD1, cyclinD2, cyclinE1,
cyclinE2, PCNA, and induced expression levels of p21,
E2F1 in A549 cell lines

To explore the mechanisms underlying AS3MT induced proliferation of

lung cancer cells, we found the expression levels of cell cycle genes by
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FIGURE 4 SiRNA transfection
reagent offered the highest
transfection efficiency, and inhibited
AS3MT mRNA expression in A549
cell lines. A, At 6 hours after
transfection, the transfection
efficiency of cells reached >80% and
the status of the cells was normal, as
assessed by fluorescence microscopy.
B, At 72 hours after transfection,
relative ASBMT mRNA expression
was significantly inhibited in
SiAS3MT groups compared with the
siCtrl groups, as assessed by RT-
gPCR (n = 3) (mean + SEM, with
Student's t-test). *P < .05, **P < .01

SiAS3MT#2

FIGURE 5 Knockdown of AS3MT significantly inhibited cell viability and proliferation. At 72 hours after transfection, A, the results of MTS

assay revealed that the knockdown of AS3MT significantly inhibited cell viability (n = 4) (mean + SEM, with Student's t-test). B, Cell proliferation
assay revealed that the knockdown of AS3MT significantly inhibited cell proliferation, as assessed by fluorescence microscope. C, knockdown of
AS3MT significantly inhibited efficiency of cell proliferation by imageJ software counting the number of cells in Figure 2B (percentage, with Chi-

square test). *P < .05, **P < .01 [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 6 Knockdown of AS3MT regulated expression level of genes in A549 cell lines. At 72 hours after transfection, A, the gRT-PCR
revealed that knockdown of AS3MT significantly increased expression of p21 and E2F1 mRNA, and inhibited expression levels of PCNA.

B, Knockdown of AS3MT significantly inhibited the mRNA expression levels of cyclinA2, cyclinE1, and cyclinE2. C, There were no significant
difference of the expression levels of CyclinD1 and CyclinD2 between siCtrl group and siAS3MT groups. D, Knockdown of AS3MT significantly
inhibited expression levels of CDK1, CDK2, CDK4, and CDK6 mRNA (n = 3) (mean + SEM, with Student's t-test). *P < .05, **P < .01

gRT-PCR in A549 cells, such as cyclinE1, CDKs, and p21. During AS3SMT
down-expression, the expression levels of CDK1, CDK2, CDK4, CDKé,
CyclinA2, CyclinE1, CyclinE2, and PCNA were inhibited in siAS3MT
groups compared with siCtrl groups (P < .05) (Figure 6A-D). Compared
with siCtrl groups, p21 and E2F1 expression were induced in siASSMT
groups (P < .05) (Figure 6A). However, There were no significant differ-
ence of the expression levels of CyclinD1 and CyclinD2 between siCtrl
group and siAS3MT groups (P > .05) (Figure 6C).

4 | DISCUSSION

Occupational laborers were mainly exposed to trivalent inorganic arse-
nic from arsenic smelting plants. Metabolism of iAs in liver lead to for-
mation MMA and DMA which eliminated by kidney into urine. DMA,
MMA, and iAs in urine were defined as a biomarker of exogenous arse-
nic exposure.?! However, the toxicity of MMA(III) was 26 times to that
of iAs(lll), and had a stronger ability to induced skin cancer, lung can-
cer, and bladder cancer.??2% Drobna Z study showed that the capacity
to methylate iAs decreased by over 70% in human hepatocellular carci-
noma with low AS3MT expression.2* Additionally, previous studies
have indicated that level of AS3MT mRNA was correlated with a large

number of genes, such as p15 and TGF-beta.’® Therefore, AS3MT
could play an important role in arsenic carcinogenesis.

In this study, we evaluated the expression of AS3MT mRNA in
populations exposed to arsenic by gRT-PCR. Our results indicated
that ASBMT mRNA expression was increased in arsenic exposure
group compared to control group. Furthermore, the result of Pearson
correlation analysis showed that the level of ASSMT mRNA expres-
sion was positively correlated with the concentrations of urinary tAs,
DMA, MMA, and iAs in all subjects. Subsequently, we wanted to
know the expression of AS3MT in NSCLC tissues. Interestingly, the
AS3MT expression was increased in human NSCLC tissues compared
to their adjacent normal lung tissues. To our knowledge, this has not
been reported in any studies. Generally speaking, AS3MT impact the

111314 Byt it is unclear

risk of cancer by affecting arsenic metabolism.
whether overexpression of AS3MT by arsenic exposure could directly
act on the cell and affect the progression of NSCLC. Thus, it is neces-
sary to explore functions and underlying mechanism of AS3MT in
cancer.

To further confirm AS3MT expression with iAs exposure, we ana-
lyzed the expression of AS3MT in A549 cells with NaAsO, treatment.
The data indicated that AS3MT mRNA expression was increased grad-

ually in a concentration-dependent manner in A549 cells. This was
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consistent with Eyvani's study in colorectal cancer cells.?®> Eyvani
et al?® stated that AS3MT had a crucial role in demethylation induced
by As,0Os;. However, anomalous DNA methylation induced silencing
of cell cycle genes and cell proliferation in different cancer.

Next, we want to explore whether AS3MT regulated proliferation
of lung cancer cells. Our results indicated that knockdown of AS3MT
significantly suppressed viability and proliferation of A549 cells. Aber-
rant cell proliferation is a characteristic of all cancer cells, and cell
cycle regulatory genes are typically dysregulated in tumor cells.? For
instance, Kriippel-like factors 16 (KLF16) regulated GO/G1 phase cell
cycle transition by regulating p21 and CDK4, and promoted the prolif-
eration of gastric cancer cells.?” However, it remains unclear how
AS3MT regulates the proliferation of A549 cells. Thus, we assessed
the expression of 10 cell cycle regulatory genes in this research. Our
data showed that knockdown of AS3MT inhibited proliferation by
regulating several important cell cycle genes, including up-regulating
p21 and E2F1 mRNA expression, and inhibiting mRNA expression
levels of CDK1, CDK2, CDK4, CDK6, Cyclin A2, Cyclin E1, Cyclin E2,
and PCNA. This result is consistent with that from Tian.?® Our result
revealed that knockdown of AS3MT inhibited cell proliferation.

Studies indicated that arsenic induced abnormal methyltransferase
was often related to tumorigenesis.29 However, iAs could also increase
AS3MT expression and consume much SAM to methylate arsenic,
which cause aberrant DNA methylation. Aberrant DNA methylation
plays a major role for cell cycle, for instance, gene transcription level of
p21 was regulated by DNA methylation.3° P21, CDK-interacting protein
1, plays a critical role on the G1-S transition.>* Studies reported that
p21 reduced the activity of cyclin-CDK complexes,and inhibited DNA
synthesis by binding to PCNA.32%3 |n addition, Phalke et al** reported
that protein arginine methyltransferase 6 exhibited an oncogenic func-
tion by directly binding to and inhibiting the promoter of p21. Lu et al®*®
found that the histone methyltransferase SETDB1 directly binds to the
STAT1 promoter region and mediated colorectal cancer cell proliferation
by STAT1-CCND1/CDKé axis. Similarly, AS3SMT may also exhibit an
oncogenic function by directly binding to cell cycle genes.

In conclusion, our results demonstrated that inorganic arsenic
increased AS3MT expression in vitro and in vivo. AS3MT, over-
expression in NSCLC tissues, induced the proliferation of lung cancer
cells by regulated p21, CDKs, Cyclin A2, Cyclin E1, Cyclin E2, PCNA,
and E2F1. These results suggested that overexpression of ASSMT by
arsenic exposure could directly act on the cell and affect the progres-
sion of NSCLC.
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