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Abstract

Objective  Arsenic is a metalloid environmental carcinogen involved in the occurrence and
development of many cancers. miRNA-21 plays a crucial role in arsenic-induced carcinogenesis. We
aimed to elucidate the mechanism by which miRNA-21 influences arsenic-induced cancer.

Methods We used meta-analysis of published studies to determine how arsenic induces cancerous
cells through miRNA-21.

Results Low-dose arsenic exposure (< 5 umol/L) can increase miRNA-21 and phosphorylated signal
transducter and activator of transcription 3 (pSTAT3) expression, and decrease programmed cell death
protein 4 (PDCD4) and protein sprouty homolog 1 (Spry1) expression. High-dose arsenic exposure (> 5
umol/L), can increase miRNA-21 expression, and decrease Spryl and E-cadherin expression. Short-term
arsenic exposure (< 24 h) can increase miRNA-21 and pSTAT3 expression, and decrease PDCD4
expression. Moreover, long-term arsenic exposure (> 24 h) can increase the miRNA-21, STAT3, and
pSTAT3 expression, and decrease PDCD4 expression. We found that activation of miRNA-21 and pSTAT3
were most pronounced following long-term arsenic exposure at low doses, and the effects on PDCD4
expression were most pronounced following short-term arsenic exposure at low doses. miRNA-21
inhibitors increased the expression of tumor suppressor genes PDCD4, PTEN, and Spryl and
miRNA-21-mimics suppressed the expression of these tumor suppressor genes.

Conclusion Arsenic can cause cancer by activating miRNA-21 and inhibiting the expression of PDCD4,
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PTEN, and Spry1.
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INTRODUCTION

rsenic is a metal-like carcinogen widely
Afound in water, soil, and air
environments'™. At present, more than

200 million people, in 70 countries, are exposed to

. . . . 2 .
arsenic contaminated drinking water?. In chronic
arsenic exposure, trivalent arsenic is the most

carcinogenic and can induce diseases including skin,
liver, lung, and bladder cancers®. However, the
mechanism of carcinogenesis induced by arsenic
exposure is not yet fully elucidated.

microRNAs are a class of endogenous
non-coding RNAs with lengths of approximately
19-24 nucleotides. Their main function is to combine
with the 3’ non-coding region of target gene mRNA

*This work was supported by the National Natural Science Foundation of China [No. 81560517, 81760584]; the Key Areas
of Science and Technology Research Project of Xinjiang Production and Construction Corps [No.2014BA039, No. 2015AG014];
and the International Cooperative Project of Shihezi University [No. GJHZ201602].

#Correspondence should be addressed to LI Shu Gang, Associate Professor, PhD, Tel: 86-18999537041, E-mail:
lishugang@ymail.com; MA Ru Lin, Associate Professor, PhD, Tel: 86-18892990506, E-mail: marulin@126.com

Biographical note of the first author: LIU Jia Qing, male, born in 1994, graduate student, majoring in environmental hygiene.



Meta-analysis of arsenic and miRNA-21

655

to regulate gene expression and participate in
the development, proliferation, and apoptosis of
cells®. Expression of microRNA-21 is involved in
the occurrence and development of many
cancers including those of the lung, liver, and
pancreasls].

Arsenic can activate signal transducer and

activator of transcription 3 (STAT3) through
phosphorylation.  Phosphorylated STAT3  can
subsequently  participate in the malignant

transformation of cells and the proliferation,
migration, invasion, and apoptosis of cancer cells'®.
Moreover, phosphorylated (p)STAT3 can up-regulate
the expression of miRNA-21 in cancer cells”® which
can inhibit the expression of tumor suppressor genes
such as programmed cell death protein 4 (PDCD4),
phosphatase and tensin homolog (PTEN), and
protein sprouty homolog 1 (Spry1) and ultimately
lead to the malignant proliferation of cancer cells.
However, this is not the case in all studies. Gu Jingyi
et al. found that low doses of arsenic inhibited the
expression of mMiRNA-21 in leukemic cells®.
Furthermore, Cardenas-Gonzalez M found that
chronic arsenic exposure did not significantly change
miRNA-21 expression[m].

Expression of miRNA-21 as a mechanism of
action in the process of arsenic-induced
carcinogenesis remains controversial. Therefore, we
undertook a meta-analysis of arsenic and
miRNA-21-related experimental studies to delineate
the role of miRNA-21 in arsenic-induced
carcinogenesis.

MATERIALS AND METHODS

Inclusion Criteria

Inclusion criteria were determined according to
PICO principles[m.

Study design: Experimental studies published in
Chinese and English.

Participants (P): All cells, animals, or human.

Intervention (1): The experimental groups were
treated with arsenic or arsenic compounds. The
arsenic model group had a dose or time relationship
with cell proliferation, STAT3, and miRNA-21, and
the highest dose or the longest time was used in the
analysis.

Comparison (C): The control group was a blank
control group without any intervention.

Outcome (0O): Indexes related to cell
proliferation and STAT3, pSTAT3, miRNA-21,

anti-miRNA-21, miRNA-21 mimic, PDCD4, PTEN,
Spry1, Vimentin, E-cadherin, and N-cadherin.

Exclusion Criteria

1) Literature in languages other than Chinese
and English, irrelevant titles, or does not contain
arsenic and miRNA-21 in the manuscript. 2)
Repeated publications (the same study published in
both Chinese and English journals). 3) A document in
which data are incomplete or unavailable, or in
which valid data are unavailable. 4) Summary
literature, conference literature, academic
dissertation. 5) No control group.

Search Strategy

The databases form which studies were
retrieved include: Cochrane library, PubMed, Web
of Science, Excerpta Medica database (EMBASE),
China National Knowledge Infrastructure (CNKI),
Wan Fang Data databases, Viper database, China
Biology Medicine disc (CBMdisc). The retrieval
period is from the beginning of the publication to
July 1, 2018.

The key words used included: arsenic, arsenite,
arsenic  trioxide (ATO), As,0;, microRNA-21,
miRNA-21, miR-21, STAT3, pSTAT3, PDCD4, PTEN,
Spryl, E-cadherin, N-cadherin, and Vimentin. The
specific search strategy was: [(arsenic) OR (arsenite)
OR (ATO)] AND [(microRNA-21) OR (miRNA-21) OR
(miR-21)] AND [(STAT3) OR (pSTAT3) OR (PDCD4) OR
(PTEN) OR (Spryl) OR (E-cadherin) OR (N-cadherin)
OR (Vimentin)].

Search Results

A total of 167 articles were retrieved using the
described search strategy, and 20 articles were
retained based on the inclusion and exclusion
criteria®.  Our search strategy is that two
researchers independently used the same key words
to search. First, according to PICO principle, 167
articles were included based on the title and abstract
information of the articles. Then, 21 duplicates and
34 conference papers with only abstracts were
deleted according to the inclusion exclusion criteria,
and 112 articles remained. After read the titles and
abstracts, 50 and 38 articles without arsenic and
miRNA-21 were excluded, respectively, and 24
remained. Then, after reading the full text of the
articles, one article that could not extract valid data
and three articles containing only arsenic or
miRNA-21 were excluded. Finally, we included 20
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articles. The search deadline is July 1, 2018, and the
search results are shown in Figure 1.

Quality Assessment

The Cochrane risk offset quality assessment tool
was used to evaluate the quality of the 17
articles included. The assessment included seven
items: 1) Random sequence generation (selection);
2) Allocation concealment (selection); 3) Blinding
of participants and personnel (performance bias);
4) Blinding of outcome assessment (detection bias);
5) Incomplete outcome data (attrition bias); 6)
Selective reporting (reporting bias); and 7) Other
bias.

Data Analysis

In this study, because of arsenic could cause
many kinds of cancers, and miRNA-21 was involved
in the occurrence and development of many kinds of
cancers, however, there were few reports about the
relationship between arsenic and miRNA-21, so our
study was aimed to observe the effect of arsenic on
the expression of PDCD4, PTEN and Spryl by
miRNA-21 and explore the influence on the
malignant proliferation of cells. Our main
intervention was to treat cells with arsenic alone and
with arsenic in combination with miRNA-21 agonists
or inhibitors.

Data were analyzed using Review Manager 5.3
(The Nordic Cochrane Centre, The Cochrane
Collaboration 2012, Portland, OR, USA) and Stata 12.0

(Stata Corp LP, College Station, TX, USA) software
packages. In the quality assessment of included
studies, using Review Manager 5.3 software scoring
system to evaluate the quality of studies. Standard
mean difference (SMD) was used to compare and
analyze numerical data with large differences in
means. In this study we tested many different
indicators, including protein levels and mRNA levels.
The units of these indicators were different. We
used the standard mean difference in order to
facilitate comparison among the various articles. This
method was also used in the article of LI Dong Jie™
and others. This avoided the problem that different
indicators were inconvenient to compare due to
different units. SMD was also increasingly used in a

wide range of applications. The formula for
calculating the standard mean difference is
d; =22 -1 2 3 . k The heterogeneity””

was assessed by testing I, according to the Cochrane
Handbook®?, heterogeneity was divided into four
categories by /*: 0% to 40%, which may not be
important; 30% to 60%, there may be moderate
heterogeneity; 50% to 90%, there may be substantial
heterogeneity; 75% to 100%, there was greater
heterogeneity. The random effects model was
chosen when P < 0.05 and /> > 50%. The fixed effect
model was chosen when P > 0.05 and /> < 50%.
Heterogeneity sources within the 17 articles were
detected by subgroup analysis. According to the
study on the dose-response relationship by
Crippa et al.”” we used spline models and subgroup

167 articles obtained by database serarch (n = 167): Pubmed (n = 18),
EMBASE (n = 11), Web of science (n = 19), Cochrane library (n = 1),
CNKI (n = 11), Wan Fang (n = 3), Viper (n = 1), CBMdise (n = 1)

21 repetitive articles

112 records reviewed

34 conference articles

50 articles without arsenic in title or abstract

24 articles reviewed in detail

38 articles without miRNA-21 in title or abstract

1 no available data

3 articles only related to arsenic or miRNA-21

20 articles included in the meta-analysis

Figure 1. Flow chart of the methodology used to identify studies for inclusion in the meta-analysis.
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analyses to analyze the bidirectional effects of
arsenic on miRNA-21. The subgroups were
determined based on exposure duration (< 24 h
or > 24 h) and exposure concentration (£ 5 umol/L
and > 5 umol/L). The combined results of the
experimental and control groups were expressed
by SMD and 95% confidence intervals (95% CI).
We used the funnel plot to assess whether there
was a publication bias. The hypothesis test
used chi-square test. When P < 0.05, we think there
was a publication bias in the results. We used Stata
12.0 software for sensitivity analysis; I© > 50%,
using a random effects model; sensitivity analysis
plots were provided in the results. All statistical
analyses were performed with two-sided, and the
differences were deemed statistically significant
when P < 0.05.

RESULTS

Basic Characteristics of the Included Studies

The basic features of the 17 articles included in
this analysis are shown in Table 1. The experimental
groups were treated with different forms of arsenic,
including sodium arsenite (NaAsO,) and arsenic
trioxide (As,03). The control groups were blank
controls without arsenic exposure. In the subgroup
analysis, the arsenic exposure duration differed, so
the exposure duration was divided into two groups:
<24 h (n =13) and > 24 h (n = 4). The arsenic
exposure dose also differed and was divided into
two groups: £ 5 umol/L (n = 13) and > 5 umol/L (n = 4).
Outcome variables were apoptosis-related
(colony number, E-cadherin, N-cadherin, and Vimentin

Table 1. Characteristics of the Studies Included in the Meta-analysis

. . Exposure
Arsenic Arsenic Dose . Outcome
Authors Year Language n Duration X Country
Type (umol/L) h) Indicators

Lu Xiaolin et al.™? 2015  English 3 NaAsO, <5 <24 1,2,3,7,9 China
Ling Min et al.™ 2012 English 3 NaAsO, <5 <24 1,4,5,6 China
Pratheeshkumar et al.® 2016 English 3 As,03 >5 >24 1,2,3,4,7 America
Gu Jingyi et al.”’ 2011  English 3 As,03 <5 <24 1 China
Luo Fei et al.®! 2013 English 3 NaAsO, <5 <24 1,2,3,7,8,9 China
Liu Xinlu et al.™ 2016  English 3 NaAsO, >5 <24 1,4,5,6 China
Banerjee Nilanjana et al."”! 2017  English 45 As,03 <5 >24 4,5 India
Xu Yuan et al."® 2015  English 3 NaAsO, <5 <24 2,3,5 China
Luo Fei et al.™” 2015  English 3 NaAsO, <5 <24 1,4,7,8,9 China
Li Yumin et al."® 2010  English 3 As,03 <5 <24 4 China
Zhao Yue et al.™” 2013 English 3 NaAsO, <5 >24 1 China
Zhao Xin et al.?” 2015  English 6 As;03 <5 <24 1,6 China
Lu Shen et al.™ 2013 English 3 NaAsO, <5 <24 1,6 China
Cardenas-Gonzalez M et al."™® 2016 English 27 As,03 <5 >24 1 Mexico
Sun lJiaying et al.”! 2014  English 3 As,03 >5 <24 1,2,3 China
Chen Bailing et al.”” 2013 English 3 As;03 >5 <24 1,2,3 China
Li Yumin et al.” 2010 Chinese 3 As,03 <5 <24 4 China
He Qian et al.®¥ 2013 English 3 As,03 <5 >24 1,4,5 China
LuLuetal.® 2018  English 3 As;03 >5 >24 1,5 China
Liu Haiwei et al.®® 2018  English 3 As;03 >5 <24 1,5 China

Note. n, number within the experimental group; miRNA-21, an endogenous non-coding RNA; STAT3, signal
transducer and activator of transcription 3; pSTAT3, phosphorylated signal transduction and activator of
transcription 3; PDCD4, programmed cell death protein 4; PTEN, phosphatase and tensin homolog; Spry1,
protein sprouty homolog 1; E-cadherin, a type of cell adhesion molecule; N-cadherin, a type of cell adhesion
molecule; Vimentin, a type Il intermediate filament protein. 1, miRNA-21; 2, STAT3; 3, pSTAT3; 4, PDCD4; 5,

PTEN; 6, Spry1; 7, E-cadherin; 8, N-cadherin; 9, Vimentin.
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expression) and miRNA-21 related (miRNA-21, STAT3,
pSTAT3, PDCD4, PTEN, and Spry1 expression). Three
articles, Lu Xiaolin et al.[u], Pratheeshkumar et al.[“],
and Luo Fei et al.®, provided the most information.
All three articles analyzed at least five indicators.

Quality Assessment of Included Studies

The 17 articles included in this study were
evaluated for quality, the low risk rate of bias was
found to be more than 75%, the high risk rate of bias
was found to be less than 10% (Figure 2).

Meta-analysis of Arsenic Associated with Malignant
Proliferation of Cells

The colony numbers produced by cells of the
arsenic exposed groups were 7.35-fold greater than
those of the normal control groups (95% CI: 1.11,
13.59). The E-cadherin levels produced by cells
exposed to arsenic were 25.74-fold lower than those
produced by the normal control groups (95% CI:
-50.44, -1.04). The level of Vimentin was 10.27-fold
higher in cells exposed to arsenic than in the cells of
the normal control groups (95% Cl: -13.4, 15.95). The

Random sequence generation (selection bias) |

Allocation concealment (selection bias) |

Blinding of participants and personnel (performance bias) I
Blinding of outcome assessment (detection bias) |
Incomplete outcome data (attrition bias) |

Selective reporting (reporting bias) I

Other bias |

] Low risk of bias

B Unclear risk of bias

level of N-cadherin in the arsenic exposed groups
was 20.27-fold lower than that in the normal control
groups (95% CI: -51.16, 10.62), however, the effect
of arsenic on N-cadherin was non-significant. (Figure
3). These results suggest that arsenic can
down-regulate the expression of E-cadherin, and
increase the number of cell colonies, potentially
leading to the malignant proliferation of cells.

Meta-analysis of Arsenic and STAT3

There was no significant difference in STAT3
expression in the arsenic exposure groups and
normal control groups (P > 0.05) (Figure 4). However,
in the meta-analysis of the association between
arsenic and pSTAT3, pSTAT3 expression was higher
in the arsenic treated groups that in the normal
control groups (SMD = 4.80, 95% Cl: -0.52, 10.12)
(Figure 5), but the results also showed there was no
significant difference in pSTAT3 expression in the
arsenic exposure groups and normal control groups.
However, arsenic had the tendency to activate
pSTAT3 during the process of arsenic-induced
malignant cell proliferation.

0% 25% 50% 75%
[] High risk of bias

100%

Figure 2. Risk of bias graph. This study included 17 articles with a low risk rate of more than 75 percent.

[IColony number
[JE-cadhern

[ Vimentin

Il N-cadherin

e L
R |

SMD

-60-

Figure 3. Effect of arsenic on malignant cell
proliferation. SMD, standardized mean
difference; E-cadherin, a type of cell adhesion
molecule; N-cadherin, a type of cell adhesion
molecule; Vimentin, a type lll intermediate
filament (IF) protein. Arsenic can inhibit the
expression of E-cadherin and N-cadherin,
promote the expression of Vimentin, and
cause malignant proliferation of cells.
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Meta-analysis of Arsenic and miRNA-21

The expression of miRNA-21 in the arsenic
exposure groups was higher than that in normal
control groups (SMD = 4.65, 95% CI: 2.50, 6.80)

(Figure 6). The results show that arsenic can induce
increased miRNA-21 expression in the cells. These
indicate that arsenic could cause the
overexpression of mMiRNA-21 in the process of

results

arsenic-induced malignant cell proliferation.

Arsenic Control Std. Mean Difference Std. Mean Difference

Study of Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% C/ IV, Random, 95% C/
Chen Bailing 201322 0.940 0.020 3 0.780 0.020 3 16.8% 6.40[0.02, 12.78] B
Luo Fei 2013 1539 0.035 3 1.995 0.089 3 18.6% -5.39 [-10.84, 0.05] - |
Pratheeshkumar 2016/  0.431 0.006 3 0.326 0.009 3 10.3% 10.98 [0.26, 21.71] - =
Sun Jiaying 20147 1.780 0.009 3 2.190 0.250 3 24.1% -1.75 [-4.07, 0.58] -
Lu Xiaolin 201512 0.943 0.036 3 1.462 0.025 3 8.0% -13.40[-26.43,-0.36] ==
Xu Yuan 20150 0.919 0.021 3 0.852 0.009 3 22.1% 3.32[-0.26, 6.90] [

Total (95% C/) 18 18  100.0% 0.45 [-4.00, 4.89] ?

Heterogeneity: Tau?= 19.95; Chi?= 21.12, df = 5 (P = 0.0008); /= 76% =5 25 5 55 0

Test for overall effect: Z=0.20 (P = 0.84)

Favours [experimental] Favours [control]

Figure 4. The Effect of ARSENIC on STAT3. Forest plot shows the effect of arsenic treatment on STAT3 in
treated and control groups. SMD, standardized mean difference; IV, independent variable; 95% Cl/, 95%
confidence interval; SD, standard deviation. Arsenic cannot change the expression of STAT3.

Arsenic Control Std. Mean Difference Std. Mean Difference
Study of Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% C/ IV, Random, 95% C/
Xu Yuan 20150 1.123 0.038 3 0.071 0.011 3 3.0% 30.09 [0.99, 59.18]
Lu’ Xiaolin 201512 473.684 38.444 3 97.392 45.464 3 18.6% 7.15[0.06, 14.24] [T
Lu Xiaolin 20151 410.798 24.648 3 100.469 11.683 3 10.9% 12.87[0.34, 25.40] [
Sun Jiaying 20141 0.260 0.040 3 1.5000 0.570 3 25.7% -2.46 [-5.32, 0.41] -
Pratheeshkumar 2016/¢ 2.053 0.324 3 1.045 0.322 3 25.6% 2.50 [-0.40, 5.39] il
Luo Fei 20138 299.303 25.228 3 101.818 1.818 3 16.0% 8.83[0.16, 17.51] =
Chen Bailing 2013/ 0.080 0.001 3 0.410 0.003 3 0.2% -118.06 [-232.08,-4.05]1¢
Total (95% CI) 21 21 100.0% 4.80[-0.52, 10.12] S 2

Heterogeneity: Tau?= 26.54; Chi*= 24.04, df = 6 (P = 0.0005); I>*= 75%
Test for overall effect: Z=1.77 (P = 0.08)

-50 -25 0

Favours [experimental]

25

Favours [control]

Figure 5. The Effect of ARSENIC on pSTAT3. Forest plot shows the effect of arsenic treatment on pSTAT3
in treated and control groups. SMD, standardized mean difference; 1V, independent variable; 95% Cl,
95% confidence interval; SD, standard deviation. Arsenic can promote the expression of pSTAT3.

Arsenic Control Std. Mean Difference Std. Mean Difference
Study of Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% C/ IV, Random, 95% C/
Zhao Xin 2015/ 1.693 0.152 6 0.997 0.012 6 11.3% 5.96 [2.84, 9.08] x
Zhao Yue 2013 295.771 25.023 3 110.089 6.292 3 4.8% 8.14[0.12, 16.16] o
Xu Yuan 2015 212.361 10.833 3 99.931 1.235 3 2.9% 11.67 [0.29, 23.04] =
Lu Xiaolin 201512 254.362 8.976 3 98.496 9.782 3 2.3% 13.28 [0.36, 26.21] T
Sun lJiaying 20141 1.880 0.740 3 0.980 0.050 3 13.1% 1.37[-0.71, 3.45] r
Pratheeshkumar’ 2016/ 12.589 1.810 3 0.775 0.203 3 5.5% 7.34[0.07, 14.60] B
Pratheeshkumar 2016'® 34.4473  2.159 3 1.221  0.204 3 1.5% 17.33[0.52, 34.15] L =
Cérdenas-Gonzédlez M 2016 760.784 949.016 27 196.078 101.961 27 14.8% 0.82[0.27,1.38]
Luo Fei 201517 206.934 16.598 3 99.636 1.866 3 5.6% 7.27[0.07, 14.47] =
Luo Fei 2013 221.661 11.911 3 103.316  3.826 3 3.3% 10.70 [0.24, 21.16] T
Lu Shen 20131 8.434 0.522 3 0.965 0.156 3 1.8% 15.51[0.45, 30.57] =
Liu Xinlu’ 20161 199.631 14.926 3 102.06 2.809 3 5.6% 7.27[0.07, 14.47] El
Liu Xinlu 20164 196.097 12.074 3 111.007 18.657 3 9.1% 4.33[-0.15, 8.81] [*
Ling Min 201213 5.052 0.442 3 1.011  0.095 3 3.6% 10.11[0.22, 20.01] T
Gu J (K562) 2011 20.339  5.084 3 100.000 0.060 3 1.4% -17.73 [-34.92,-0.54] .
Gu J (HL60) 2011 35.043 3.419 3 100.000 0.010 3 1.0% -21.49[-42.31,-0.68]
Chen Bailing 201312 2.385 0.630 3 0.992 0.500 3 12.4% 1.96 [-0.52, 4.44] '
Total (95% CI) 78 78 100.0% 4.65[2.50, 6.80] ) ¢ ) .

Heterogeneity: Tau?= 8.06; Chi*= 52.99, df = 16 (P = 0.00001); = 70%
Test for overall effect: Z=4.24 (P < 0.0001)

-100 -50

50
Favours [experimental] Favours [control]

Figure 6. The Effect of ARSENIC on miRNA-21. Forest plot shows the effect of arsenic treatment on
miRNA-21 expression in treatment and control groups. SMD, standardized mean difference; IV,
independent variable; 95% Cl, 95% confidence interval; SD, standard deviation. Arsenic can promote the
expression of miRNA-21.

100
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Meta-analysis of Arsenic and PDCD4, PTEN, and
Spryl Tumor Suppressor Genes

The level of PDCD4 expression in the arsenic
exposure group was 2.86-fold lower than that in the
normal control group (95% CI: -6.23, 0.35). The level
of PTEN expression in the arsenic exposure group
was 2.20-fold lower than that of the normal control
group (95% ClI: -3.27, -1.56). The level of Spryl
expression in the arsenic exposure group was 5.26
fold-lower than that of the normal control group
(95% ClI: -9.03, -1.42) (Figure 7). These results show
that arsenic can inhibit the expression of PDCD4,
PTEN and Spryl, but there was a marginally
significant in the expression of PDCD4 by arsenic.

Meta-analysis of the Correlation between
miRNA-21 and PDCD4, PTEN, and Spry1 Expression

PDCD4, PTEN, and Spryl may be miRNA-21
target genes[21‘24]. To determine whether arsenic can
further alter the expression of PDCD4, PTEN, and
Spryl by regulating miRNA-21 expression, we used
the arsenic treatment group as the control group,
and arsenic combined with miRNA-21 inhibitor and
arsenic combined with miRNA-21 mimic groups as
experimental groups. This comparison was designed
to observe the effect of arsenic on the expression of
PDCD4, PTEN, and Spryl following the addition of
mMiRNA-21 inhibitor and miRNA-21 mimic. The results
showed that treatment with arsenic alone could
inhibit PDCD4 (SMD = -2.65, 95% CI: -5.95, 0.66),
PTEN (SMD = -1.8, 95% CI: -2.57, -1.03), and Spry1
(SMD = -4.85, 95% ClI: -8.46, -1.24) expression. After
arsenic and miRNA-21 inhibitor treatment, the
expression of PDCD4 (SMD = 7.63, 95% CI: 3.95,
11.31) was resumed, the expression of PTEN (SMD =
5.30, 95% CI: 0.06, 10.66) was marginally resumed,
and Spryl (SMD = 3.83, 95% CI: 5.46, 13.12) was not
resumed. Arsenic and miRNA-21 mimic had no
significant inhibitory effect on PDCD4 (SMD = 5.90,
95% Cl: 12.16, 0.36) and PTEN (SMD = 3.58, 95% ClI:
14.50, 7.33), but had significant inhibitory effect on
Spryl (SMD = 9.55, 95% C/: 17.86, 1.24) (Figure 8).

The Dose-response Relationship between Arsenic
and miRNA-21

To demonstrate the dose-response relationship
between arsenic and miRNA-21, the spline model
was used to quantitatively analyze the standardized
mean difference in multiple studies. We analyzed
some of the articles included in our study, and the
basic information was shown in Table 2. The results

showed that the mean difference between the
different doses were 2.19 (95% CI: 1.27, 3.09) for 2
umol/L, 3.42 (95% Cl: 1.70, 5.06) for 4 umol/L; 3.92
(95% Cl: 1.82, 6.04) for 6 umol/L; 3.67 (95% CI: 1.42,
5.92) for 8 umol/L. The results showed that when
the dose of arsenic was less than 6 umol/L, the
dose-response relationship between arsenic and
miRNA-21 was positive. When the dose was more
than 6 umol/L, the mean difference did not increase

Spryl =

PTEN b

PDCD4 B

T
-10 -8 -6 -4 -2 0 2
SMD

Figure 7. The effect of arsenic on PDCD4,
PTEN, and Spryl. PDCD4, programmed cell
death protein 4; PTEN, phosphatase and
tensin homolog; Spryl, protein sprouty
homolog 1. SMD, standardized mean
difference. Arsenic can inhibit the expression
of PDCD4, PTEN and Spry1 in cells.
CIPDCD4

COPTEN

207 M Spryl

 Nda
N B

SMD

_204

arsenic + + + + + + o+ o+
anti-miRNA-21 - - - + o+
miRNA-21 mimic - - - - - + o+ o+

Figure 8. The effects of arsenic on PDCD4,
PTEN, and Spryl. SMD, standardized mean
difference; PDCD4, programmed cell death
protein 4; PTEN, phosphatase and tensin
homolog; Spry1, protein sprouty homolog 1;
anti-miRNA-21, miRNA-21 inhibitor;
miRNA-21 mimic, miRNA-21  agonist.
Compared with arsenic group, anti-miRNA-21
could promote the expression of PDCD4,
PTEN, and Spryl; miRNA-21-mimic could
inhibit the expression of PDCD4, PTEN, and
Spryl.



Meta-analysis of arsenic and miRNA-21

661

with the dose (Figure 9). This result showed more
clearly that the regulation of miRNA-21 expression
by arsenic dose was bidirectional.

Subgroup Analyses Based on Arsenic Dose

Low-dose arsenic exposure (< 5 umol/L) could
increase the expression of miRNA-21 (SMD = 7.58,
95% CI: 2.80, 12.36; I* = 72.0%), pSTAT3 (SMD = 9.06,
95% Cl: 2.06, 16.06; P = 74.2%) and decrease the
expression of Spryl (SMD = -10.34, 95% Cl: -16.08,
-4.60; I’ = 34.3%), however, arsenic exposure in the
low-dose group had no significant effect on the
expression of PDCD4 (SMD = -6.94, 95% (I
-15.38, 1.49). High-dose arsenic exposure (> 5 umol/L)
increased the expression of miRNA-21 (SMD = 2.94,
95% CI: 0.38, 5.49; P = 16.0%) and decreased
the expression of Spry1 (SMD = -1.93, 95% ClI: -3.35,
-0.52; I* = 0.0%) and E-cadherin (SMD = -95.87,
95% Cl: -162.32, -29.42; I’ = 0.0%) (Figure 10). These
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Figure 9. Dose-response relationship between
arsenic and miRNA-21. Analysis of the
relationship between arsenic and miRNA-21 by
spline model in random effects model. The
dotted line indicates the 95% CI of the spline
model. The solid line indicates the mean
difference of the spline model.

results show that pSTAT3 activation was more
obvious at a low arsenic dose than at a high arsenic
dose, and that the inhibitory effect of low-dose
arsenic on Spryl expression was more obvious than
that of high-dose arsenic. However, high-dose
arsenic had a stronger inhibitory effect on
E-cadherin than did low-dose arsenic. Because the /*
values of miRNA-21 and pSTAT3 in the low dose
group were larger, the heterogeneity probably came
from the miRNA-21 and pSTAT3 in the low dose

group.

Subgroup Analyses Based on Duration of Arsenic
Exposure

The results showed that when the arsenic
exposure time was less than 24 h, the expression of
miRNA-21 (SMD = 5.36, 95% CI: 1.88, 8.84; I’ =
64.0%), pSTAT3 (SMD = 13.93, 95% CI: 3.37, 24.50; I°
= 89.0%) increased, and the expression of PDCD4
(SMD = -4.43, 95% CI: -6.79, -2.06; I° = 18.5%)
decreased. When the arsenic exposure duration was
more than 24 h, the expression of miRNA-21 (SMD =
13.93, 95% CI: 3.37, 24.50; I* = 0.0%), STAT3 (SMD =
13.73, 95% CI: 4.08, 23.37; I> = 0.0%), and pSTAT3
(SMD = 3.12, 95% CI: 0.43, 5.81; I* = 0.0%) increased,
but the expression of PDCD4 (SMD = -19.31, 95% CI:
-85.88, 47.25; I’ = 91.1%) was non-significant. (Figure
11). The effect of arsenic on the activation of
miRNA-21 and the inhibition of pSTAT3 was more
obvious after the longer exposure duration than
after the shorter exposure duration. Because the I°
values of miRNA-21 and pSTAT3 in the shorter
exposure duration group were larger, the
heterogeneity probably came from the miRNA-21
and pSTAT3 in the shorter exposure duration group.

Table 2. Comprehensive Dose-response Data from Five Articles on
miRNA-21 at Different Doses of Arsenic

Dose [Mean + SD) pmol/L]

ID Author Year
0 5 10 15 20
1 Pratheeshkumar et al.® 2016 10.30 £0.01 13.56 +0.14 15.43 £ 0.04 13.54 £ 0.02
2 Liu Xinlu et al.™ 2016 10.02 £0.12 15.32+0.14 11.73£0.11 10.42 £0.13 9.23+0.16
3 GuJ (K562) et al.”! 2011 10.34+£1.23 13.56 +2.43 16.34+2.43 15.87 £2.13 14.32£1.90 13.42 £1.63
4 GuJ (K562) et al.”! 2011 11.00£7.13 11.50 +7.01 15.80 £ 6.93 13.31+7.32 11.67 £7.32
5 sunJetal.!” 2014 10.60 +5.32 11.30+5.14 12.43 £5.43 11.43 £6.92

Note. Comprehensive dose-response data from five articles on miRNA-21 at different doses of arsenic.
Dose, the dose of arsenic. Mean, the average expression of miRNA-21 under arsenic. SD, standard deviation of

miRNA-21 expression under arsenic.
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Publishing Bias Analysis Sensitivity Analysis
The funnel plot shows that all the results of the Taking the sensitivity analysis of arsenic and
study are symmetrically distributed, which indicates mMiRNA-21 as an example, we found that all results were
there is no publication bias (Figure 12). located on both sides of the midline with no obvious
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Figure 10. Subgroup analysis of arsenic exposure dose. SMD, standardized mean difference. miRNA-21,
An endogenous non-coding RNA; STAT3, signal transducer and activator of transcription 3; pSTAT3,
phosphorylated signal transduction and activator of transcription 3; PDCD4, programmed cell death
protein 4; PTEN, phosphatase and tensin homolog; Spry1, protein sprouty homolog 1; E-cadherin, a type
of cell adhesion molecule. Arsenic can promote the expression of miRNA-21 under low or high dose
exposure. The inhibitory effect of low dose of arsenic on PDCD4 and Spryl was more obvious. The
inhibitory effect of high dose arsenic on pSTAT3 and E-cadherin is more obvious.
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Figure 11. Subgroup analysis of arsenic exposure time. SMD, standardized mean difference. miRNA-21,
An endogenous non-coding RNA; STAT3, signal transducer and activator of transcription 3; pSTAT3,
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protein 4. Prolonged arsenic exposure could promote the expression of miRNA-21 and STAT3 and
inhibit the expression of pSTAT3 and PDCDA4.
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deviation (Figure 13). These results show that the
results of the research included in the literature are
relatively stable, and that no individual results affect
the overall results.

DISCUSSION

Arsenic can induce malignant proliferation of
cells and cause a variety of cancerous diseases,
including skin, lung, liver, and bladder cancers®, At
present, increasing numbers of studies have found
that miRNAs play an important role in the process of

o: SE (SMD)

12

16

H SMD
-50 -25 0 25 50

20

Figure 12. The funnel plot of miRNA-21.
Blue-dotted line shows overall estimated
standard mean difference. Evidence for
publication bias was not found (P = 0.53).
SMD, standard mean difference; SE, standard
error; miRNA-21, an endogenous non-coding
RNA.

arsenic induced cancer™?”. miRNA-21 has been

identified as a key oncogene in this process and is
involved in the occurrence and development of
many cancers”?*?) The results of this study show
that exposure to arsenic increases miRNA-21 levels,
reduces PTEN, and Spryl levels. Subsequently,
E-cadherin and N-cadherin protein expression
decreases and expression of the Vimentin protein
increases, ultimately leading to the malignant
transformation of cells. The results provide a
theoretical basis for the mechanism of arsenic
induced cancer.

In this study, we focused on the role of
miRNA-21 in arsenic-induced carcinogenesis. The
main function of miRNA-21 is to bind to the 3'-UTR
of target genes such as PDCD4, PTEN, and Spry1 and
to inhibit the post-transcriptional translation of
target genes. Reduced expression of miRNA-21, or
increased expression of PDCD4, PTEN, or Spryl can
inhibit tumor formation. Therefore, the relationship
between miRNA-21 and PDCD4, PTEN, and Spry1 is
very important for the treatment of cancer. First, we
found that arsenic had the tendency to activate
pSTAT3. Studies conducted by Chen Beiling et al.?
and Lu Xiaoling et al.™ revealed that when arsenic
enters cells it increases the level of IL-6, and
subsequently increase the level of pSTAT3. IL-6, as
an inflammatory stimulator, which transmits the
inflammatory signal to STAT3 to induce STAT3
phosphorylation. pSTAT3 then transmits the
inflammatory signal to the nucleus.

We also observed that arsenic increased the
levels of mMiIRNA-21, and we speculated that this process
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Figure 13. Sensitivity analysis for miRNA-21. Stable results were observed for all included studies,
indicating that no individual study influenced the combined results. CI, confidence interval; miRNA-21,

an endogenous non-coding RNA.
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may be related to the observed changes in pSTAT3
levels. Sun Jiaying et al.”" and Luo Fei et al.”! found
that expression of miRNA-21 was activated when
pSTAT3 levels increased, indicating that arsenic likely
activated pSTAT3 which then increased miRNA-21
levels. We found that arsenic induced malignant
transformation of cells and inhibited the expression
of the tumor suppressor genes PDCD4, PTEN, and
Spryl. These results indicated that the expression of
PDCD4, PTEN, and Spryl was affected by miRNA-21
during arsenic induced carcinogenesis. Therefore, we
observed the relationship between arsenic,
miRNA-21 inhibitor, and miRNA-21 mimic. The
results showed that arsenic alone could inhibit the
expression of PDCD4, PTEN, and Spryl, while the
combination of arsenic and miRNA-21 inhibitor could
increase the expression of PDCD4 and PTEN. Arsenic
combined with miRNA-21 mimic could inhibit the
expression of Spryl more strongly than could arsenic
alone. These results suggest that expression of
PDCD4, PTEN, and Spryl may be inhibited by
increasing the expression of miRNA-21 in arsenic
induced carcinogenesis. When the expression of
tumor suppressor genes PDCD4, PTEN, and Spry1 is
reduced, malignant cell proliferation can occur.
However, studies by Radha Madhyastha et al.”® and
Amit Bera et al.”® found that inhibition of PDCD4,
PTEN, and Spry1 did not directly result in malignant
cell transformation, but further inhibited the
phosphorylation of AKT. AKT phosphorylation results
in the binding of IkB to the monomeric dimer
IKKB-NF-kB in the cytoplasm, after which the signal is
transduced to the nucleus resulting in the malignant
proliferation of cancer cells. Therefore, NF-kB
signaling pathway is closely involved in the process
of arsenic carcinogenesis involving miRNA-21.

The activation of miRNA-21 by arsenic exposure
at different doses and for different durations varied.
A study conducted by Luo Fei et al.™” found that
low-dose and short-term arsenic exposure could
activate miRNA-21, a result supported by other
studies™*®, However, it has also been shown that
low-dose and long-term arsenic exposure can
activate miRNA-21". Therefore, we preformed
subgroup analysis based on the duration and dose of
arsenic exposure. The results showed that low-dose
and long-term arsenic exposure had the strongest
effect on miRNA-21 activation, while high-dose and
short-term arsenic exposure had a weaker miRNA-21
activation effect. According to the result of the
dose-response relationship between arsenic and
miRNA-21, our results found the bidirectional

regulation effect of arsenic on miRNA-21 expression,
in which the dosage of arsenic played an essential
role according to the spline model and the dose
subgroup analysis. Thus, some new ways could be
adopted to change the dose of arsenic in order to
regulate the expression of miRNA-21.

Therefore, we suggest that low-dose and
long-term arsenic exposure can activate pSTAT3 to
further promote the expression of miRNA-21 and
inhibit the expression of PDCD4, PTEN, and Spryl
target genes, ultimately resulting in the malignant
cell proliferation. We also found that inhibiting the
expression of miRNA-21 could increase the
expression of PDCD4, PTEN, and Spryl, and inhibit
the malignant transformation of cells. These results
reveal that miRNA-21 inhibitors can be used in the
treatment of cancer, and provide a feasible method
for the treatment of cancers caused by arsenic
exposure.

In the studies we included, since the results
obtained show a high * value on the forest plot,
indicating that our results are heterogeneous, we
used a subgroup analysis method to analyze the
source of heterogeneity. It was found that the dose
and time of arsenic produced heterogeneity in the
expression of PDCD4 and pSTAT3, which indicates
that the dose and time of arsenic are important
sources of heterogeneity. We have clearly compared
the differences of different subgroups. We identified
high levels of heterogeneity related to many factors
other than those included in the subgroup analysis.
For example, the subjects of the studies differed and
included animals, humans, and cells. The methods
employed to expose the subjects to arsenic also
differed and included exposure via drinking water
and gavage. The effects of arsenic on the development
of cancer may also involve other factors such as the
ERK/NF-kB signaling pathway and IL-6. Indeed,
mMiRNA-21 can regulate the ERK/NF-kB signaling
pathway and further influence the occurrence and
development of tumors®>*. Lu Xiaolin et al.™
showed that the activation of STAT3 is closely related
to IL-6 levels. Therefore, the interaction between
mMiRNA-21, ERK/NF-kB signaling pathway and IL-6 will
become the focus of our future research.
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