
ORIGINAL PAPER

Inorganic arsenic influences cell apoptosis by regulating
the expression of MEG3 gene

Mengjie Wang . Jingwen Tan . Chenglan Jiang . Shuting Li . Xinan Wu .

Guanghui Ni . Yuefeng He

Received: 27 March 2020 / Accepted: 27 September 2020 / Published online: 8 October 2020

� Springer Nature B.V. 2020

Abstract Arsenic is a wildly distributed carcinogen

in the environment. Arsenic-induced apoptosis has been

extensively studied in therapeutics and toxicology.

LncRNA MEG3 has been extensively studied as

apoptosis regulatory gene in recent years. However, it

stays unclear regarding how the mechanism of MEG3

regulates arsenic-induced apoptosis. Our focus was to

explore the effects of MEG3 on arsenic-induced

apoptosis. MTS assay was used to test cell viability,

and qRT-PCR was for the examination of gene

expressions. The effect of the apoptosis and necrosis

after knockdown MEG3 was detected with double

staining. Our results demonstrated that MEG3 expres-

sion was positively correlated with the concentration of

three arsenic species (inorganic arsenic (iAs),

monomethylarsonic acid (MMA) and dimethylarsinic

acid (DMA)) (p\ 0.05). The ability of iAs to induce

MEG3 expression was much higher compared with that

induced by MMA and DMA. In addition, our exper-

iments confirmed thatMEG3 knockdown increased cell

viability and arsenic-induced apoptosis, but cell viabil-

ity decreased after iAs treatment. Moreover, LncRNA

MEG3 regulated apoptosis via down-regulate API5

while up-regulate CASP7, CCND3 and APAF1. It is

further proved that arsenic-induced apoptosis increased

after the knockdown of MEG3, which regulates these

genes. These findings provide experimental evidence

and possible mechanisms for subsequent research on

the effects of arsenic on health.

Keywords API5 � Apoptosis � Arsenic � MEG3 �
DMA � MMA

Introduction

Maternally expressed (MEG3) is a Long non-coding

RNAs (LncRNA) with the length of more than 1.6 kb

and has no function of encoding proteins (Yang et al.

2020). MEG3 is recognized as a gene which suppresses

tumor. A large number of studies demonstrates that

MEG3 regulates the expression of downstream genes

such as BCL2, BAX, CASP3, TP53 in several tumors,

including glioma, lung cancer, gastric cancer, breast

cancer, etc. (Deng et al. 2020;Wu et al. 2018; Ghafouri-

Fard et al. 2019) Dong et al. (2018). found that

knockdown of MEG3 increases SPHK1 and TGFb1 to

inhibit cell apoptosis. A study by Zhang et al. (2019)

showed that over-expression of MEG3 increases

APAF1 expression and activates CASP9 and CASP3

M. Wang � J. Tan � C. Jiang � S. Li � X. Wu � Y. He (&)

School of Public Health, Kunming Medical University,

No.1168 Chunrongxi Road Chenggong District,

Kunming, Yunnan Province, China

e-mail: heyuefeng@kmmu.edu.cn

G. Ni (&)

College of Pharmaceutic Science, Yunnan University of

Chinese Medicine, No.1076 Yuhua Road Chenggong

District, Kunming, Yunnan Province, China

e-mail: niguanghui@ynutcm.edu.cn

123

Environ Geochem Health (2021) 43:475–484

https://doi.org/10.1007/s10653-020-00740-x(0123456789().,-volV)( 0123456789().,-volV)

http://orcid.org/0000-0002-4604-8064
http://crossmark.crossref.org/dialog/?doi=10.1007/s10653-020-00740-x&amp;domain=pdf
https://doi.org/10.1007/s10653-020-00740-x


to promote cell apoptosis. It has been suggested that

MEG3 exerts tumor suppressive function by regulating

the expression of tumor-related genes, and therefore

regulating apoptosis. Inorganic arsenic (iAs) is well

known and identified as human carcinogens (Zhang

et al. 2019). Through various ways, humans gain

exposure to arsenic, such as respiratory tract, digestive

tract and skin. There is considerable evidence coming

from the epidemiological study which reveals that

arsenic exposure increases the incidence of clinical

complications, such as related blood diseases, skin

lesions, bronchitis and internal organ malignancies

(Smith et al. 2018; Sinha et al. 2020).

The metabolism of inorganic arsenic happens in the

liver, and then, it is converted to monomethylarsine

acid (MMA) and dimethylarsine acid (DMA) (Bozack

et al. 2018). Furthermore, MMA is more toxic with

regard to inducing in some cancer (Zhang et al. 2014).

In addition, highMMA% is associated with cancer and

cardiovascular outcomes, while low MMA% and high

DMA% are commonly associated with diabetes and

metabolic syndrome (Kuo et al. 2017).

Arsenic has been confirmed to induce apoptosis in

many tumors such as breast cancer, lung cancer, liver

cancer and ovarian cancer (Jiang et al. 2018; Luo et al.

2018). The underlying mechanism of carcinogenesis

by arsenic is linked to regulating genes related to

proliferation and apoptosis. Evidence has shown that

arsenic promotes the apoptosis by down-regulating

anti-apoptotic genes BCL2, BBC3 and STAT6 expres-

sion levels, and up-regulating expression levels of pro-

apoptotic genes BAX and CASP3 and 9 (Yin et al.

2018; Zhang et al. 2019a, b, c). Fan et al. indicated that

arsenic positively regulates MEG3 to inhibit migration

in hepatocellular carcinoma (Fan et al. 2019). We are

interested in the mechanism and effect of how MEG3

regulates apoptosis in A549 cells.

Therefore, through the study, the effect of arsenic

exposure on MEG3 expression has been explored, and

the possible mechanism of arsenic-induced apoptosis

in A549 cells has been further investigated.

Materials and methods

Study population

Base on this case–control study, we used question-

naires to obtain demographic information and collect

blood samples, urine of each subject. The exposed

group was composed of 73 smelter workers. Working

in the factory for no less than 3 months is adopted as

the inclusion criterion for exposed workers. In addi-

tion, those who had severe diseases, renal tumors and

had consumed fishery during the past 7 days before the

blood sampling were excluded. The control group was

made up of 22 residents, who lived at least 10 km

away from the arsenic smelter and had no occupational

history of arsenic exposure. Residents who have been

exposed to pesticide or have taken traditional Chinese

medicine during the past 3 months would be excluded.

The exposed group and the control group appeared to

be similar except for the exposed factors. Subjects who

had diabetes, coronary heart diseases and other blood

pressure-influencing pathologies in both groups were

excluded. Theoretical Committee of Kunming Med-

ical University has approved our study.

Measurement of urinary arsenic metabolites

Based on the theory of low-temperature separation of

liquid nitrogen and hydride to produce volatile arsenic,

2 mol/L of the reaction solution was added to one

milliliter of urine and heated to 100 �C for 3 h.

Samples and blank controls were placed on an atomic

absorption spectrophotometer to detect DMA, MMA

and iAs, respectively. The detection limit of low

detection was 1 ng/L, and RSD\ 5% (He et al. 2018;

2020). The total arsenic concentration (tAs), urine

arsenic metabolite percentage and the calculation of

two methylation indices were done as follows:

tAs = iAs ? MMA ? DMA.

Inorganic arsenic percentage (iAs%) = iAs/total

As;

Monomethylarsine acid percentage (MMA%) =

MMA/total As.

Dimethylarsine acid percentage (DMA%) =

DMA/total As,

Primary methylation index (PMI) = (MMA ?

DMA)/total As.

Secondary methylation index (SMI) = DMA/

(MMA ? DMA)

RNA extraction and quantitative real-time PCR

analysis

The total RNA was obtained from cells via TRNzol

(Tiangen Biotech, China), and TIANScriptII RT kit
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(Tiangen Biotech, China) was used to reverse tran-

scription into complementary DNA according to

instructions.

The LightCycler (LC)� 96 was used for PCR

amplification. SYBR Green PCR kit (Roche, Ger-

many) was used to analyze real-time PCR. Reaction

conditions were: pre-denaturation at 95 �C for 1 min,

followed by 45 cycles of 95 �C for 10 s, 60 �C for10 s

and 72 �C for 15 s. Ct values were analyzed using the

2-DDCT method. Primer sequences and internal refer-

ence (b-actin) used in qRT-PCR are listed in Table 1.

All the presented experiments were performed 3 times

(He et al. 2020; Wen et al. 2016).

Cell culture and transfection

A549 were obtained from the Kunming Institute of

Zoology, Chinese Academy of Sciences. Cells were

cultured in RPMI 1640 medium containing 10% FBS

at 37 �C, 5% CO2 incubator and were collected in the

logarithmic growth stage. A549 cells were plated in

96-well plates, 12-well plates and 6-well plates, with

medium changed every 2 days (Fan et al. 2019; Gong

et al. 2018). Small-interfering RNA duplexes (siR-

NAs) carrying non-targeting sequences are served as

the negative control (NC). Three siRNA groups and

negative control group were transfected with RFect

transfection reagent (Bio-generating Biotechnology,

China) according to instructions. The medium was

changed after transfected with NC and MEG3 siRNAs

for 6 h. All the experiments were done independently

and performed in triplicate.(Dong et al. 2018; Gong

et al. 2018). The sequences of three MEG3-siRNAs

and negative control in this study are listed in Table 2.

Detection of cell viability through MTS assay

A549 cells were cultured in 96-well plates, which were

applied with arsenic after the knockdown of MEG3.

Then, 20 ll/well of CellTiter 96� AQueous One

Solution Reagent was added (Cheng et al. 2010;

Gholizadeh et al. 2020). The absorbance at 490 nm

was recorded using an ELISA plate reader after

maintained in the humidified incubator for 20 min.

Each point represents the mean ± SD of 4 replicates.

Double staining with hoechst 33,342

and propidium iodide (PI) in A549 cells

Fluorescence staining of apoptotic A549 cells was

performed using an Apoptosis and Necrosis Assay Kit

(Beyotime, China). After being washed with PBS,

cells were stained by Hoechst 33,342 and propidium

iodide (PI) and then incubated for 15 min at the

temperature around 20 �C in darkness. The cell

conditions of each group were recorded, observed

and photographed under a fluorescence microscope in

different perspectives. Apoptotic cells appeared the

bright blue color in the nucleus and necrotic cells were

red, while the normal cells showed the dark blue color.

Photographs were taken 3 times at random, and the

Table 1 The sequences of

primer used for qRT-PCR
Gene Sequence

b-actin Forward: 50-GCCGAGGACTTTGATTGCAC-30

Reverse: 50-TGGACTTGGGAGAGGACTGG-30

MEG3 Forward: 50-GCAGGATCTGGCATAGAGGA-30

Reverse: 50-CCTGGAGTGCTGTTGGAGA-30

BCL2A1 Forward: 50-TGGATAAGGCAAAACGGAGGC-30

Reverse: 50-GTCATCCAGCCAGATTTAGGT-30

API5 Forward: 50-ATGGGTTTGGAGAAGTTCCG-30

Reverse: 50-TCACTTGATAGGCATCTTTATGC-30

CASP7 Forward: 50-CCTCGTTTGTACCGTCCCTCTT-30

Reverse: 50-GGCATCTTTGTCTGTTCCGTTTC-30

CCND3 Forward: 50-TACCCGCCATCCATGATCG-30

Reverse: 50-AGGCAGTCCACTTCAGTGC-30

APAF1 Forward: 50-CCACTCAACAGCAAAGAGCA-30

Reverse: 50-ACTGGAAGAAGAGACAACAGG-30
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apoptosis rate of each group was calculated (Wang

et al. 2019a, b; Zhou et al. 2020).

Statistical analysis

Data were transformed by logarithm before being

analyzed, and SPSS 22.0 (SPSS, Inc., Chicago, IL, the

USA) was used.

Student’s t-test was used to compare the data

between the two groups, while the mean and standard

deviation were used to present the results. The analysis

of variance was performed to compare the data among

different groups. The associations between concen-

trations of three arsenic species and gene expression

were demonstrated by Pearson correlation coefficient.

p value\ 0.05 was used for statistical significance.

Results

General information of workers and the urinary

arsenic species levels

There were no significant differences in age, sex,

cigarette smoking and alcohol consumption between

two groups. The species of urinary arsenic are shown

in Table 3. In comparison with the control group, the

exposed group showed increase in the MMA% and

decline in PMI and SMI. (p\ 0.05).

Arsenic exposure and the level of MEG3

expression

The correlation between arsenic exposure and MEG3

expression level with regard to peripheral blood

lymphocytes is demonstrated in Table 4 and Fig. 1.

The data of urinary arsenic species were normally

distributed after being transformed by logarithm. The

level of MEG3 expression was positively correlated

with the three arsenic species level and MMA%.

Association between PMI and SMI with the MEG3

expression level

As can be seen in Tables 5 and 6, the workers were put

into two groups based on PMI and SMI. The expres-

sion level of MEG3 was lower in high PMI or high

SMI group (p\ 0.05).

Arsenic promotes the expression level of MEG3

in A549 cells

A549 cells were applied with iAs for 48 h (0, 30, 60

and 90 lmol/L), and qRT-PCR was adopted for the

detection of MEG3 expression. As it is shown in

Fig. 2, in iAs group, the expression level of MEG3

was higher than it was in the control group (p\ 0.05).

Cells were treated with three arsenic species and the

expression of MEG3 increased greatly. However, the

expression of MEG3 induced by MMA and DMA was

lower than that induced by iAs. S-adenosy-L-me-

thionine (SAM) and reducing agent glutathione (GSH)

were required in iAs metabolism. SAM in combina-

tion with iAs decreased the expression of MEG3.

However, GSH in combination with iAs did not

change the expression of MEG3.

Knockdown of MEG3 increases cell viability

and arsenic-induced apoptosis in A549 cells

A549 cells were transfected with NC and MEG3-

siRNAs. As it is displayed in Fig. 3, MEG3 showed

significantly reduced expression in three MEG3-

siRNA groups (p\ 0.05). This result indicated that

Table 2 The sequences of

the three MEG3-siRNAs

and Negative control used

for transfection

MEG3 gene Sequence

siRNA 1 Forward: 50-GGAAGGAUCCCUUUGGGAAdTdT-30

Reverse: 50-UUCCCAAAGGGAUCCUUCCdTdT-30

siRNA 2 Forward: 50-CUAUGAGUACUUUCCUAUAAG-30

Reverse: 50-UAUAGGAAAGUACUCAUAGAG-30

siRNA 3 Forward: 50-GGGUGUCAGUCUUUGUCGAdTdT-30

Reverse: 50-UCGACAAAGACUGACACCCdTdT-30

Negative control Forward: 50-UUCUCCGAACGUGUCACGUdTdT-30

Reverse: 50-ACGUGACACGUUCGGAGAAdTdT-30
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the transfection with MEG3-siRNA successfully

knocked down MEG3 expression.

As can be seen in Fig. 4, the cell viability increased

in three MEG3-siRNA groups. After arsenic treat-

ment, the cell viability of the MEG3 knockdown

groups was less than it was in the NC group

(p\ 0.05). The effect of the apoptosis and necrosis

after MEG3 knockdown was detected with double

staining. As it is shown in Fig. 5, the number of

apoptosis and necrosis remarkably increased in MEG3

knockdown groups.

Change of downstream gene after the knockdown

of MEG3

As can be seen in Fig. 6, knockdown of MEG3 for

72 h down-regulated the expression of BCL2A1 and

AIP5 in A549 cells (p\ 0.05) and up-regulated the

expression of CASP7, CCND3, APAF1 (p\ 0.05).

Discussion

Arsenic brings influence to human health via various

ways. A huge number of findings highlighted that

chronic arsenic exposure increases risks, including

type 2 diabetes, chronic obstructive pulmonary disease

and peripheral arterial disease (Ashley-Martin et al.

2018; Smith et al. 2018). Health problems caused by

arsenic exposure are related to regulated gene expres-

sion in humans (Cheng et al. 2018; Rasheed et al.

2018). In this research, we found the urine arsenic

species levels of iAs, MMA, DMA, tAs and MMA%

were meaningfully lower in the control group than

they were in the exposed group. Arsenic exposure

increased expression level of MEG3 and was posi-

tively correlated with the concentration of three

different arsenic species. The result points out that

the urine arsenic species level has the effect of up-

regulating MEG3, which is consistent with the results

of Fan (2019) and Wen et al. (2016). Three arsenic

species in urine were considered as metabolic markers.

Compared with that of iAs, MMA and DMA are more

Table 3 Demographics of

subjects and urinary arsenic

levels

iAs inorganic arsenic; MMA
monomethylarsonic acid;

DMA dimethylarsinic acid;

tAs total arsenic; PMI
primary methylation index;

SMI secondary methylation

index
*indicated that compared

with the control group,

p\ 0.05
**indicated that compared

with the control group,

p\ 0.01

Variables Control group

n = 22

Exposure group

n = 73

Age (y, Mean ± SD) 35.43 ± 3.37 35.89 ± 5.57

Smokers (yes/no) 13/9 45/28

Sex (man/woman) 14/8 46/27

Alcohol users (yes/no) 10/12 35/38

iAs (Median, 25–75 percentiles) 1.64 (0.8–2.86) 114.48 (46.3–255.66)**

MMA (Median, 25–75 percentiles) 1.72 (0.9–2.19) 163.22 (59.6–352.08)**

DMA (Median, 2–75 percentiles) 14.54 (8.1–23.57) 598.91 (184.1–1249.48)**

total As (Median, 2–75 percentiles) 18.24 (10.5–28.14) 855.03 (327.0–1919.66)**

iAs% (Median, 2–75 percentiles) 10.34 (6.3–18.91) 12.82 (9.0–19.81)

MMA% (Median, 2–75 percentiles) 8.75 (6.5–11.86) 19.24 (16.4–22.60)**

DMA% (Median, 2–75 percentiles) 78.70 (73.8–85.11) 65.99 (57.4–73.68)

PMI (Median, 2–75 percentiles) 0.89 (0.8–0.94) 0.87 (0.8–0.91)**

SMI (Median, 2–75 percentiles) 0.91 (0.8–0.92) 0.77 (0.7–0.81)*

Table 4 Association between arsenic species and level of MEG3 expression

MEG3 expression Log (tAs) iAs% MMA% DMA%

R 0.353 - 0.017 0.291 - 0.117

p value 0.00 0.872 0.004 0.257

MEG3Human maternally expressed gene three; iAs inorganic arsenic; MMA monomethylarsonic acid; DMA dimethylarsinic acid; tAs
total arsenic
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water soluble and have a shorter period of biological

half-value. (Bozack et al. 2018; Gribble et al. 2015).

Three arsenic species have different signaling

pathways and biological effects (Mochizuki et al.

2019; Dodmane et al. 2013). For example, DMA

causes the generation of ROS and stimulates cell

Fig. 1 Correlation analysis of MEG3 and urinary arsenic

species in all subjects a MEG3 expression in peripheral blood

lymphocytes between exposure group and control group. b, c,
d The X-axis shows the concentration of Log (iAs), Log (MMA)

and Log (DMA), the Y-axis shows the level of MEG3

expression in workers. Black dots represent a 95% confidence

interval. 95% confidence interval was represented by black dots.

Data are expressed as means ± SE. **indicated that compared

with the control group, p\ 0.01

Table 5 Comparisons of MEG3 expression by PMI levels in all subjects

Variables Low PMI (n = 47) High PMI (n = 48)

PMI levels, median (25–75percentile) 0.81 (0.74–0.84) 0.92 (0.89–0.95)**

MEG3 expression, mean ± SEM 8.77 ± 4.28 8.63 ± 3.93**

PMI primary methylation index; MEG3 Human maternally expressed gene three
**indicated that compared with the Low PMI, p\ 0.01

Table 6 Comparisons of MEG3 expression by PMI levels in all subjects

Variables Low SMI (n = 47) High SMI (n = 48)

SMI levels, median (25–75percentile) 0.72 (0.69–0.76) 0.88 (0.81–0.91)**

MEG3 expression, mean ± SEM 9.48 ± 3.99 7.90 ± 4.08**

SMI secondary methylation index; MEG3 human maternally expressed gene three
**indicated that compared with the Low SMI, p\ 0.01
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proliferation (Kinoshita et al. 2007). Furthermore,

MMA and DMA inhibit the activity of many enzymes

and are muchmore toxic than iAs (Khairul et al. 2017).

We investigated the effects of iAs and arsenic

metabolites on MEG3 RNA expression. Our experi-

ment showed that the expression of MEG3 induced by

MMA and DMA was lower than that induced by iAs.

The data support that gene expression was weakened

after inorganic arsenic metabolism.

Arsenic metabolism requires the participation of

methyl donor SAM and GSH (Hayakawa et al. 2005;

Naranmandura et al. 2006). Du et al. (2012) identified

that SAM causes the reduction in the degree of

arsenic-induced gene expression and demethylation.

Cheng et al. (2010) determined that GSH has

resistance to the cell apoptosis induced by arsenic.

However, there is also evidence which shows that

SAM has no effect on arsenic-induced mRNA up-

regulation (He et al. 2018). Therefore, we are inter-

ested in the effect of SAM and GSH on the MEG3

expression by arsenic-induced. Our data showed that

Fig. 2 The effects of arsenic metabolism on the expression of

MEG3 in A549 cells. a A549 cells were exposed to iAs for 48 h

(0, 30, 60 and 90 lmol/L). b Comparison of the expression of

MEG3 in different arsenic species groups. c SAM in combina-

tion with iAs decreased the expression of MEG3. GSH in

combination with iAs did not change the expression of MEG3.*

indicated that compared with the control group, p\ 0.05. **

indicated that compared with the control group, p\ 0.01.#

indicated that compared with the iAs group, p\ 0.05

Fig. 3 Detection of MEG3 expression after MEG3 knockdown

in A549 cells. a The transfection with MEG3-siRNA success-

fully knocked down MEG3 expression. b A549 cells were

transfected with FAM-siRNA. Fluorescent microscope was

used to test the transfection efficiency. * indicated that

compared with the NC group, p\ 0.05

Fig.4 Detection of cell viability after MEG3 knockdown in

A549 cells. The cell viability was significantly increased after

MEG3-siRNA transfection in A549 cells. In addition, A549

cells were incubated with 90 lmol/L iAs for 48 h and the cell

viability of the MEG3 knockdown groups was lower than that of

the NC group. * indicated that compared with the NC group,

p\ 0.05. ** indicated that compared with the NC group,

p\ 0.01
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SAM in combination with iAs decreased the expres-

sion of MEG3, but GSH did not.

MEG3, as a tumor suppressor, has low expression

in many human tumors (Ma et al. 2018; Wang et al.

2019a, b; Liu et al. 2020). Over-expression of MEG3

promotes apoptosis and decreases cell proliferation

ability (Zhu et al. 2019). In addition, knockdown of

MEG3 to activate the PI3K/AKT/FOXO3a signaling

pathway inhibits apoptosis (Zou et al. 2020). Showing

compatible results with existing studies, our study

reveals that the cell viability of A549 increased after

knockdown of MEG3. After arsenic treatment, the cell

viability were lower in the MEG3 knockdown groups

than those values in the NC group. Cell viability is

influenced by the proportion of apoptosis and prolif-

eration. Arsenic induces apoptosis. Our result showed

that arsenic-induced apoptosis remarkably increased

in MEG3 knockdown groups. It has been proven that

iAs inhibits cell viability by promoting apoptosis. This

Fig. 5 Detection of apoptosis and necrosis after MEG3

knockdown in A549 cells. Apoptosis and necrosis level detected

through double staining with Hoechst 33,342 and PI. A549 cells

were exposed to inorganic arsenic after transfected with NC and

three MEG3-siRNAs for 72 h. Apoptotic cells appeared bright

blue color in the nucleus, and necrotic cells were red. The

number of apoptosis and necrosis remarkably increased in

MEG3 knockdown groups

Fig. 6 MEG3 knockdown regulated the expressions of apop-

tosis related genes. A549 cells were transfected with NC and

three MEG3 siRNAs for 72 h and genes expression detected by

qRT-PCR. a Knockdown of MEG3 inhibited the expression

levels of anti-apoptotic genes BCL2A1 and API5. bKnockdown
of MEG3 increased expression of CASP7, CCND3 and APAF1.

* indicated that compared with the NC group, p\ 0.05
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result demonstrated that arsenic-induced apoptosis

increases after Knockdown of MEG3.

Apoptosis requires a large number of gene expres-

sions to participate in the complex process. Previous

evidences show that knockdown of MEG3 has a

protective effect to reduce cellular damage by regu-

lating related-genes of proliferation and apoptosis, like

MMP7, CCND1, CDKN1A and CASP1 (Deng et al.

2020; Wu et al. 2018; Ghafouri-Fard et al. 2019; Gong

et al. 2018). We testified that MEG3 regulates cell

apoptosis by up-regulating the expression of apoptotic

genes, CASP7, CCND3 and APAF1, and down-

regulating the expression of BCL2A1 and apoptosis

inhibitor 5 (API5) in A549 cells. API5 function being

anti-apoptotic, the low expression of API5 enhances

the transcription factor E2F1-induced apoptosis.

Compared with previous experiments, our experi-

ments reported that API5 is regulated byMEG3 for the

first time.

Conclusion

In summary, our data indicated that arsenic exposure

has effects on the expression of lncRNA MEG3.

MEG3 regulates apoptosis by regulating downstream

target genes such as API5, CASP7, CCND3 and

APAF1 in A549 cells. Our work provides experimen-

tal evidence and the possible mechanism for subse-

quent research on the effects of arsenic on health.
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