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Abstract
Background: Malignant cell proliferation is one of the important mechanisms of arsenic poisoning. A large number of studies have shown that STAT3 plays an important role in cell malignant proliferation, but there are still many contradictions in the effect of arsenic on JAK2/STAT3.
Methods: By taking normal cells as the research object and using Standard Mean Difference (SMD) as the effect size, meta-analysis was used to explore the effect of arsenic on JAK2/STAT3. Then, the dose-effect Meta was used to further clarify the dose-effect relationship of arsenic on JAK2/STAT3. 
Results: Through meta-analysis, this study found that arsenic could promote the phosphorylation of STAT3 (SMD=4.21, 95%CI [1.05,7.37]), and increase IL-6 and p-JAK2, Vimentin, VEGF expression levels, thereby inducing malignant cell proliferation. In addition, this study also found that arsenic exposure dose (<5μmol m−3), time(<24h) and cell type were important sources of heterogeneity in the process of exploring the effects of arsenic on p-STAT3, IL-6 and p-JAK2. Dose-effect relationship meta-analysis results showed that arsenic exposure significantly increased the expression level of IL-6. When the arsenic exposure concentration was less than 7μmol m−3, the expression level of p-JAK2 upregulated significantly as the arsenic exposure concentration gradually increasing. Moreover, the expression level of p-STAT3 elevated significantly with the gradual increase of the arsenic concentration under 5 μmol m−3 of arsenic exposure, but the expression level of p-STAT3 gradually decreases when the concentration is greater than 5μmol m−3. 
[bookmark: _Hlk76378913]Conclusion: Exposure to low dose of arsenic could promote the expression of JAK2/STAT3 and induce the malignant proliferation of cells through upregulating IL-6, and there was dose-effect relationship among them.
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1.Introduction
Arsenic is one of the carcinogens that have been identified by the International Cancer Agency. It is widely present in nature in inorganic or organic forms. Drinking arsenic-containing water is one of the main forms of arsenic exposure (1), Kuo et al (2) found that the proportion of wells with elevated arsenic levels increases by 1%, the incidence of squamous cell lung cancer increases by 0.27% per 100,000 men and 0.13% per 100,000 women per year. In addition, Epidemiological investigations have shown that arsenic exposure is related to the occurrence of bladder cancer, breast cancer, lung cancer and other diseases (3,4). Cell malignant proliferation is one of the most important processes in the occurrence and development of cancer. Previous studies have shown that arsenic exposure can participate in the regulation of cell proliferation by causing Epithelial-Mesenchymal Transition (EMT), acting on cyclins, anti-apoptotic proteins (5,6), however, the specific regulatory mechanism of arsenic on cell malignant proliferation has not been elucidated.
[bookmark: _Hlk76414174]As an important nuclear transcription factor, Signal Transducer and Activator of Transcription 3 (STAT3) plays an important role in regulating cell proliferation, apoptosis, fibrosis and other processes (7). In recent years, a large number of studies have found that STAT3 is highly expressed in cancer cells such as kidney cancer and bladder cancer, which indicates that STAT3 is closely related to the occurrence of cancerous cells (8). Previous studies have shown that STAT3 can be regulated by inflammatory factors, Mitogen-activated protein kinase (MAPK) (9), Janus Kinase 2 (JAK2) (10). When STAT3 is phosphorylated, it can directly regulate its downstream protein, which closely related to cell proliferation including CyclinD1 and VEGF to participate in the related process of cell proliferation. Furthermore, phosphorylated STAT3 induce cell proliferation by regulating signal pathways miR-21/PTEN (11) and PI3K/Akt (12). It can be seen that, as the intersection of multiple oncogenic signal pathways, regulating cell proliferation is an important way for STAT3 to participate in regulating the occurrence and development of cancer. Notably, Li et al (5), they found that the expression of STAT3 increased significantly during the proliferation of SV-HUC-1 cells induced by arsenic, which suggested STAT3 may play an important role in the process of arsenic-induced cell proliferation.
The JAK2/STAT3 signaling pathway is a classic way for STAT3 to function, and it is of great significance in regulating cell proliferation, survival, differentiation and other processes. Zhou et al (13) found that arsenic exposure could promote the release of IL-6 and act on JAK2 to activate STAT3 to induce cell proliferation. Others (11,14,15) found that p-STAT3 expression was inhibited and arsenic induced cell proliferation was significantly reduced by using anti-IL-6, JAK2 inhibitor, and STAT3 inhibitor to intervene. The above results indicated that arsenic could promote cell proliferation through the STAT3 pathway. However, some studies have found that STAT3 plays a different role in the regulation of malignant cell proliferation by arsenic. Ya-Chun Huan et al（16）found that when the arsenic was exposed in the range of 2-8μmol m−3, the expression level of p-STAT3 remarkably increased, but it dramatically decreased (Control, 112.78±11.70 vs NaAsO2 40μmol m−3, 49.82 ± 3.97) with more than 8μmol/L arsenic exposure.  However, Vladimir N et al (17) found that when the arsenic exposure concentration was 4μmol m−3 in mouse stem cells, the expression level of p-STAT3 was significantly reduced (Control, 0.925±0.012, NaAsO2, 0.512±0.009), and the apoptosis rate increased by 12% (p<0.05). More interestingly, Sun et al （9）found that arsenic exposure can significantly reduce the expression level of p-STAT3, but the cell proliferation ability was significantly improved. Thus, the role JAK2/STAT3 played in the process of arsenic-induced cell proliferation remains to be studied in depth. Therefore, this study uses meta-analysis to systematically evaluate these researches, and further explore the role of JAK2/STAT3 in arsenic-induced cell proliferation, providing a basis for perfecting the carcinogenic mechanism of arsenic.

2. Method
We conducted this meta-analysis according to the PRISMA guidelines
2.1. Inclusion criteria. Develop the inclusion criteria for this study based on the principles of PICO.
(1) Participants (P): Normal cell line, Immortalized cell; (2) Intervention (I): The experimental group intervened with arsenic compounds such as arsenic, arsenate, arsenite and arsenic trioxide. If multiple doses are used in a study, the results of the highest dose group will be selected for each index for total effect analysis;(3) Comparison (C): Normal cell lines and immortalized cells that have not been infected with arsenic compounds; (4) Outcome (O): IL-6, JAK, p-JAK, STAT3, p-STAT3 Y705, VEGF, Vimentin, E-cadherin, all results are described using the mean ± standard deviation(±SD); (5) Study Design: Experimental research.
2.2. Exclusion criteria. (1) Repeated publications: researches retrieved repeatedly in multiple databases; (2)Language of publication: experimental studies that are not published in Chinese or English;(3)Research type: non-experimental research such as review, literature evaluation, meta;(4)Publication format: non-journal publications such as newspapers, conference reports;(5)Result description: The content of the result description is missing, and the research that cannot fully use the mean ± standard deviation in data compilation, such as: lack of mean, lack of standard deviation, lack of control group.
2.3. Search strategy. We searched from the following 7 databases: PubMed, EMBASE, Web of science, CNKI, Wan Fang, Sino Med, Cochrane Library. The database retrieval time was until March 10, 2021.We mainly developed the search terms based on PICO principles. The main search terms were as follows: Arsenic, Arsenite, ATO, As2O3, NaAsO2, Arsenate, IL-6, JAK2, Janus kinase 2, proliferation, Malignant proliferation, STAT3, Signal Transducer and Activator of Transcription. Take PubMed as an example, the specific search formula is as follows: ((((((Arsenic) OR Arsenite) OR ATO) OR As2O3) OR NaAsO2) OR Arsenate) AND ((((((((("IL-6") OR JAK2) OR Janus kinase 2) OR proliferation) OR Malignant proliferation)) AND ((STAT3) OR Signal Transducer and Activator of Transcription).According to the above search formula, we retrieved a total of 306 studies (PubMed (n = 49), EMBASE (n = 74), Web of science (n = 68), CNKI (n = 49), Wan Fang (n = 60), Sino Med (n = 6), Cochrane Library (n = 0)). Screened by two people, as shown in Fig1, according to the inclusion and exclusion criteria, the reading titles and keywords found that a total of 172 studies were excluded. 134 studies were initially included for abstract reading, and a total of 99 studies met the exclusion criteria. The subsequent 35 studies were read in full text, Through the full-text reading, it was found that there were 17 studies that did not contain the results of the relevant indicators of this study. Therefore, this study included a total of 18 studies for analysis. 
2.4. Quality Evaluation. At present, there is no classic quality evaluation tool for cell experiment meta-analysis. In this study, we formulated the quality evaluation content of this study based on the research of Golbach LA (18), CAMARADES list, STAIR list. It mainly evaluates from four aspects: Selection bias, Detection bias, Reporting bias, and Other biases. The evaluation criteria of each item are shown in supplementary Table1. The quality evaluation was completed by two people independently and then comprehensively. When the two people's conclusions are inconsistent, they will discuss according to the quality evaluation standards, and seek professional professors for another literature evaluation. After comprehensive opinions, the article quality will be evaluated.
2.5. Statistical analysis. Used the mean ± standard deviation to describe various indicators, and used Review Manger 5.3 to analysis the effect of arsenic on IL-6, JAK, p-JAK, STAT3, p-STAT3 Y705, VEGF, Vimentin, E-cadherin and other indicators. the Standardized Mean Difference (SMD) was used to describe the merger effect. The degree of heterogeneity was judged according to the magnitude of I2, if p<0.05, I2>50%, it means that there is heterogeneity among multiple studies. At this time, the random effects model should be selected when the combined effect analysis is performed. When the heterogeneity is high, in order to find the source of heterogeneity, subgroup analysis, meta regression analysis was performed based on different doses (dose≤5μmol m−3), different time (time≤12h), and different cell models (normal cell lines or immortalized cells), α=0.05 was the test level for hypothesis testing. we used R 3.5.0 software to conduct a dose-effect meta-analysis, use α=0.05 as the test level for hypothesis testing, and use SMD and 95% CI for description. Finally, we used Stata SE 12.0 software for sensitivity analysis and funnel chart for publication bias detection. The Chi-square test was performed with α=0.05 as the test level. When p<0.05, the difference was considered to be statistically significant.
2.6. Ethical approval. The conducted research is not related to either human or animals use.
A total of 306 studies (PubMed (n = 49); EMBASE (n = 74); Web of science (n = 68); CNKI (n = 49); Wanfang (n = 60); SinoMed (n = 6), CoChrane library (n = 0))
172 studies were excluded, including:
Repeated study (n = 153); Retraction instruction (n = 3);  
Retraction study (n = 3), Conferences Reporting (n = 13)

99 studies met exclusion criteria, including:
Non-experimental studies (n = 24); 
Abnormal cells, including (n = 61); 
Non-arsenic treatment (n = 14) 
Read full text (n = 35)
Reading Abstract (n = 134)
There were no relevant indicators(n=17)
A total of 18 studies were included for analysis in this study

Fig1 Process of search

3.Results
3.1 Incorporate research characteristics
According to the principles of PICO, the search formula was formulated and searched in 7 databases including PubMed, Embase, and Web of Science, and a total of 309 articles were retrieved. According to the inclusion and exclusion criteria, a total of 291 studies were excluded, and 18 studies were finally included in this meta-analysis. The characteristics of the included literature were shown in Table 1.


Table1 Characterization of the included literature
	
	Reference
	n
	Object
	Dose
	Time
	Arsenic Type
	Outcome
Index

	1
	Zhou Qing [13] et al 2020
	3
	SV-HUC-1
	0.5μmol m−3
	40w
	NaAsO2
	1,2,4,5,6

	2
	Chunhua Liao [19] et al 2019
	3
	THLE-3 cells
	4/8/16μmol m−3
	48h
	NaAsO2
	1,2,3

	3
	Xiaodong Ma [20] et al 2019
	3
	BEAS-2B cells
	5/10μmol m−3
	24h
	NaAsO2
	1,2,3

	4
	Pengyu Ji [6] et al 2019
	3
	293-T cells
	5.5μg
	24h
	NaAsO2
	1,3

	5
	MingtianZhong [21] et al 2018
	3
	BEAS-2B cells
	5/10μmol m−3
	24h
	NaAsO2
	1,2,3

	6
	Qing Zhou [7] et al 2018
	3
	SV-HUC-1
	1/2/4/8/10μmol m−3
	24h
	NaAsO2
	1,2,4,5,6

	7
	Li Mengdan [5]et al 2017
	3
	SV-HUC-1
	1/2/4/8/10μmol m−3
	24h
	NaAsO2
	1,2,4,5,6

	8
	Akihiko Kimura [22] et al 2016
	3
	mProX24 cells
	20μmol m−3
	6h
	NaAsO2
	1,2

	9
	Jiamin Mao [15] et al 2016
	3
	HAPI microglia
	0.5/2/5/8/10/20nmol m−3
	24h
	As2O3
	1,2

	10
	Vladimir N [17] et al 2016
	3
	mouse ESC
	2/4/6μmol m−3
	6/16h
	NaAsO2
	1,2

	11
	Fei Luo[23] et al 2015
	3
	HBE cells
	1μmol m−3
	3/6/12/24h
	NaAsO2
	6

	12
	Xu Yuan [24] et al 2015
	3
	HBE cells
	1μmol m−3
	24h
	NaAsO2
	1,2

	13
	Xiaolin Lu [25] et al 2015
	3
	HaCaT cells
	1μmol m−3
	0.25/0.5/1/3/6h
	NaAsO2
	1,2,3,6

	14
	Jiaying Sun [9] et al 2014
	3
	BEAS-2B cells
	2.5/5/10/15/20μmol m−3
	2h
	NaAsO2
	1,2

	15
	Fei Luo [26] et al2013
	3
	HBE cells
	1μmol m−3
	0.25/0.5/1/3/6/24h
	NaAsO2
	1,2

	16
	Bailing Chen [12] et al 2013
	3
	BEAS-2B cells
	20μmol m−3
	2h
	NaAsO2
	1,2,

	17
	Akihiko Kimura [27]et al 2010
	6
	mProX24 cells
	20μmol m−3
	12h
	NaAs
	1,2,6

	18
	Ya-Chun Huang [28]et al 2007
	3
	SV40 MES 13
	2/4/8/10/40μmol m−3
	48h
	NaAsO2
	1,4


Note. n, Represents the number of parallel samples in the experimental group; Objects, Indicates the object of arsenic intervention; Dose, Indicates the dose of arsenic intervention ;Time, Indicates the dose of arsenic intervention ; 1, STAT3, Signal Transducer and Activator of Transcription 3；2,p-STAT3, phosphorylation of STAT3；3,IL-6, Interleukin 6；4,JAK2, Janus-kinase2；5,p-JAK, phosphorylation ofJAK2；6,Outcome,including VEGF、Vimentin、E-cadherin. 
3.2. Quality evaluation
According to the literature quality items, we separately evaluated the literature quality of the included 18 studies, and integrated the quality evaluation results of each study. The final combined effect is shown in Supplementary Fig1. The blind grouping in the cell experiment process is an unclear risk. The low-risk rate of the evaluation content exceeds 75%, and the high-risk rate was less than 10%.
3.3. Meta-analysis of the role of JAK2/STAT3 in arsenic-induced malignant proliferation
STAT3 is a nuclear transcription factor. When STAT3 is phosphorylated, it can participate in the regulation of cell proliferation by acting on downstream genes. According to the meta-analysis results of the effects of arsenic on STAT3 and p-STAT3 (Fig2AB), it can be found that arsenic can promote the phosphorylation of STAT3 (SMD = 4.21,95 %CI [1.05,7.37]).IL-6 and JAK2 are the key regulatory proteins of STAT3. Based on the meta-analysis results of the effect of arsenic on IL-6 and JAK2, it can be seen that arsenic exposure can increase the expression level of IL-6 and promote the phosphorylation of JAK2. In addition, compared with the arsenic exposure group alone, when anti-IL-6 was used to inhibit the increase in IL-6 level caused by arsenic, the increase in arsenic-induced p-STAT3 expression level was also significantly inhibited (SMD = -5.52, 95%CI [- 9.18, -1.86], which suggests that IL-6 plays an important role in the regulation of STAT3 expression by arsenic. As an important nuclear transcription factor, STAT3 can participate in the regulation of cell proliferation by acting on the downstream target proteins Vimentin, E-cadherin, VEGF and so on. As shown in Fig2F, arsenic not only can significantly increase the expression of Vimentin (SMD = 9.35, 95% CI (1.48, 17.23)) downstream of STAT3, and promote mesenchymal transition of epithelial cells, but arsenic can also promote the expression of VEGF.
[image: ]
Fig2.Meta-analysis of the role of JAK2/STAT3 in arsenic-induced malignant proliferation. A: Meta-analysis of the influence of arsenic on STAT3; B: Meta-analysis of the influence of arsenic on p-STAT3; C: Meta-analysis of the effect of arsenic on IL-6; D: Meta-analysis of the influence of arsenic on p-JAK2; E: Meta-analysis of the role of IL-6 in the regulation of STAT3 by arsenic; F: Meta-analysis of the effect of arsenic on the expression of Vimentin, VEGF and E-cadherin. Forest plot shows the effect of arsenic treatment on STAT3 in experiment and control group, SMD, standardized mean difference; IV, independent variable;95%CI, 95% confidence interval; SD, standard deviation. When the P value of the overall test effect p<0.05, indicating the difference was considered statistically significant. *Compared with the blank control group, p<0.05; #Compared with NaAsO2 intervention group, p<0.05 when p<0.05, indicating the difference was considered statistically significant.
3.4. Dose-effect meta-analysis of the effect of arsenic on IL-6/STAT3 signaling pathway
In order to further explore the effect of arsenic on IL-6/STAT3 signaling pathway, a dose-effect meta-analysis was used to analyze the influence of different concentrations of arsenic on IL-6/STAT3. As shown in the Fig3, this study found that arsenic could significantly increase the expression of IL-6. When the arsenic exposure concentration was less than 7μmol m−3, the expression of p-JAK2 increased significantly, Moreover, the concentration of arsenic exposure was greater than 10μmol m−3, arsenic inhibited the expression of p-JAK2. Besides, according to the results, when the arsenic exposure concentration is less than 5μmo m−3, the expression of p-STAT3 increases significantly with the gradual increase of the arsenic concentration, but the expression of p-STAT3 was decreased by arsenic as the exposure concentration was greater than 5μmol m−3.
[image: ]
Fig3.Dose-effect meta-analysis of the effect of arsenic on IL-6/STAT3. A: Dose-effect meta-analysis of arsenic on IL-6; B: Dose-effect meta-analysis of arsenic on p-JAK2; C: Dose-effect meta-analysis of arsenic on STAT3; D: Dose-effect meta-analysis of arsenic on p-STAT3;
[bookmark: _Hlk68077316]3.5. Subgroup analysis of the effect of arsenic on IL-6/STAT3 pathway
[bookmark: _Hlk76377776]    Studies have reported that arsenic exposure doses can cause double-sidedness of STAT3. Therefore, based on the characteristics of the included literature, we conducted a subgroup analysis of arsenic exposure doses (≤5μmol m−3), time(≤12h) and the type of cell (immortalized cells or normal cell). As shown in supplementary Fig 2, low-concentration arsenic exposure could promote IL-6 expression, increase the expression level of p-JAK, and activate STAT3 phosphorylation, which induces increased expression of VEGF. Based on the subgroup-analysis of arsenic exposure dose showed that the I2 (p-STAT3) value decreased from 68% to 55% (p<0.05), which suggested that the arsenic exposure dose may be one of the heterogeneous sources. Prolonged arsenic exposure (>12h) will increase the release of inflammatory factor IL-6 and phosphorylate STAT3. The combined effect was 2.78 (0.64, 4.93), which was statistically significant. In addition, the results of cell types showed that the effect of arsenic on JAK2 is significantly different in the two cell types (p<0.05). This suggests that cell type may be one of the sources of heterogeneity in the analysis of the influence of arsenic on JAK2.
3.6. Meta-regression analysis of the effect of arsenic on IL-6/STAT3 pathway
The above subgroup analysis results suggest that arsenic exposure dose, exposure time and cell type may be the source of heterogeneity in this study. We used meta- regression to explore the influence of the above factors on arsenic on IL-6/STAT3. As shown in Table 2, the arsenic exposure dose is related to the differential expression of p-STAT3 (adjust R2=24.95%), and the differential expression of IL-6 is related to the arsenic exposure dose (adjust R2=98.17%) and the arsenic exposure time (adjust R2=78.94 %) is significantly related, and the type of research object is closely related to the differential expression of JAK2 (adjust R2=68.93%). Therefore, arsenic exposure dose, time, and type of study may be the source of heterogeneity in this study.
Table 2 Univariate meta regression analysis of the effect of arsenic on JAK2/STAT3 signaling pathway
	
	Coefficient
	SE
	t
	P value
	95%CI

	p-STAT3
	
	
	
	
	

	
	Dose (reference≤5μmol m−3)
	
	
	
	
	

	
	>5μmol m−3L
	-18.901
	8.394
	-2.250
	0.040
	-36.904~-0.898

	
	Time(reference>12h)
	
	
	
	
	

	
	≤12h
	-6.085
	6.319
	-0.960
	0.345
	-19.100~6.930

	
	Cell model (reference normal cell line)
	
	
	
	
	

	
	Immortalized cells
	15.150
	11.427
	1.330
	0.206
	-9.359~39.659

	STAT3
	
	
	
	
	

	
	Dose (reference≤5μmol m−3)
	
	
	
	
	

	
	>5μmol m−3
	0.224
	0.703
	0.320
	0.753
	-1.234~1.682

	
	Time (reference >12h)
	
	
	
	
	

	
	≤12h
	-1.363
	1.176
	-1.160
	0.258
	-3.789~1.063

	
	Cell model (reference normal cell line)
	
	
	
	
	

	
	immortalized cells
	0.888
	0.982
	-0.90
	0.381
	-2.994~1.217

	IL-6
	
	
	
	
	

	
	Dose (reference≤5μmol m−3)
	
	
	
	
	

	
	>5μmol m−3
	7.325
	2.241
	3.270
	0.014
	2.028~12.622

	
	Time(reference>12h)
	
	
	
	
	

	
	≤12h
	-6.671
	2.312
	-2.880
	0.034
	-12.615~-0.726

	JAK2
	
	
	
	
	

	
	Dose (reference≤5μmol m−3)
	
	
	
	
	

	
	>5μmol m−3
	-2.372
	2.266
	-1.050
	0.326
	-7.598 ~2.8532

	
	Cell model (reference normal cell line)
	
	
	
	
	

	
	immortalized cells
	-7.891
	2.896
	-2.720
	0.042
	-15.335~-0.447

	p-JAK2
	
	
	
	
	

	
	Dose (reference≤5μmol m−3)
	
	
	
	
	

	
	>5μmol m−3
	1.762
	2.441
	0.720
	0.491
	-3.867~7.390

	VEGF
	
	
	
	
	

	
	Dose (reference≤5μmol m−3)
	
	
	
	
	

	
	>5μmol m−3
	-2.957
	3.109
	-0.950
	0.385
	-10.948~5.035


3.7. Publication bias analysis of the effect of arsenic on p-STAT3.
Stata SE 12.0 was used to analyze the publication bias of this study by Begg's and Egger's tests. as shown by supplementary Fig3 there was no publication bias in the included literature.
3.8. Sensitivity analysis of the effect of arsenic on p-STAT3
A total of 16 studies were included to explore the effect of arsenic on p-STAT3. As shown in the Fig4, if any one of the studies is removed, the predicted effect size does not exceed the 95CI% range of the overall effect size around the overall predicted effect size, which is statistically significant. The results of this study are relatively stable.
[image: ] 
Fig4 Sensitivity analysis of the effect of arsenic on p-STAT3
4.Discussion
[bookmark: _Hlk76058763]Malignant cell proliferation is one of the important stages of arsenic-induced carcinogenesis. Studies have found that STAT3 plays a role in many pathways regulating cell proliferation. In recent years, a large number of researchers have devoted themselves to explore the role of STAT3 in arsenic-induced malignant proliferation through experimental studies. In the process, Zhou et al (13) found that arsenic exposure promoted STAT3 phosphorylation, while another study (15) implied that arsenic exposure reduced STAT3 phosphorylation. It can be seen that the mechanism of the effect of arsenic on STAT3 remains to be further discussed. Therefore, this study uses meta-analysis at the cellular level to explore the role of STAT3 in arsenic-induced cell proliferation. It was found that arsenic exposure induced malignant proliferation by activating IL-6/STAT3 signaling pathway to regulate downstream proliferation-related proteins such as VEGF, Vimentin, E-cadherin and so on. In addition, there was a dose-effect relationship between arsenic IL-6 and JAK2/STAT3 pathway. These results provided a basis for further elucidating the carcinogenic mechanism of arsenic.
STAT3 exists widely in the cytoplasm and is the key downstream effector protein of cytokines and growth factors. A large number of studies have shown that STAT3 can inhibit cell apoptosis and promote cell proliferation. JAK2/STAT3 signal pathway is the classic pathway in the process of STAT3 regulating cell proliferation (28). Zhou et al (13) and Li et al (5) showed that arsenic exposure could regulate cell proliferation by up-regulating p-STAT3. In this study, we found that arsenic exposure could significantly increase the expression of p-STAT3 by promoting JAK2 phosphorylation, thereby regulating VEGF and Vimentin, E-cadherin to cause malignant cell proliferation. MicroRNAs are a class of small non-coding RNAs that can participate in the regulation of cell physiological and pathological processes through single or combined forms (29). Recently, a lot of studies have shown that STAT3 can specifically regulate the expression of miR-21, miR301a. Xu et al (11) found that arsenic exposure can increase the expression of STAT3 in HBE cells, promote the transfer of miR-21 into adjacent HBE cells through exosomes, and lead to cell proliferation. In addition, Sun et al (9) and Huang et al (10) also found that arsenic exposure can act on PI3K/Akt and the anti-apoptotic protein Bcl-6 to promote malignant cell proliferation through STAT3. This shows that STAT3 plays an important role in the malignant proliferation of arsenic-induced cells. IL-6 is a pleiotropic inflammatory factor. Many studies have shown that arsenic exposure can regulate the release of IL-6 from cells, thereby participating in the induction of cell inflammatory damage, cell proliferation and other biological processes (24). Kimura, A et al (26) used IL-6 knockout mice and mProx24 cells for arsenic exposure and found that IL-6 can promote the expression of JAK2/STAT3, thereby inhibiting the activation of ERK and inhibiting the occurrence of ACD. In this study, we also found that arsenic exposure can activate the JAK2/STAT3 pathway by promoting the expression of IL-6. When anti-IL-6 is used to inhibit IL-6 expression, the ability of arsenic to induce JAK2/STAT3 activation is significantly inhibited.  IL-6 is an important target of NF-κB involved in regulating tumor growth and invasion (30). Studies have found that when arsenic exposure inhibits the expression of NF-κB p65 and p50 in HCC cells, the expression level of STAT3 is also significantly inhibited (31). In addition, a large number of studies have found that Suppressor of cytokine signaling (SOCS) proteins are induced by cytokines and play a negative feedback regulatory role in a variety of cytokine-mediated pathways (32). Studies have shown that IL-6 and other inflammatory factors can induce the production of SOCS (33). SOCS1 can bind to JAK2 to inhibit the phosphorylation of STAT3 (34,35). However, studies have also found that when JAK2/STAT3 was activated, SOCS1 was reduced, and cell viability significantly increased (36). Interestingly, it has been discovered that SOCS is also stimulated by a variety of environmental compounds. Arsenic exposure in U266 cells can inhibit SOCS1 methylation, promote SOCS1mRNA and protein expression, and inhibit cancer cell ability (37). Therefore, NF-κB and SOCS1 may be the target factors for arsenic to regulate STAT3 through inflammatory factors. Moreover, JNK is a member of the MAPK family Some study showed that when the expression of JNK is inhibited, p-STAT3 is significantly inhibited. Mao et al (15) found that arsenic could increase the expression of JNK and then promote the expression of p-STAT3, thereby regulating the expression of its downstream target genes miR-21, Spry2, and Akt to regulate cell proliferation. This suggests that JNK may play an important role in the regulation of cell proliferation by arsenic through JAK2/STAT3 (12). However, the dose-effect analysis found that low-dose arsenic exposure could promote the expression of IL-6 and activate JAK2/STAT3 pathway, but high-dose arsenic could promote the release of IL-6 and inhibit the expression of JAK2/STAT3, suggesting that there may be many ways for arsenic to regulate JAK2/STAT3. One such molecule is SHP-1, which can inhibit tyrosine kinases by dephosphorylation. In the process of arsenic treatment of gastric cancer, high-dose arsenic exposure can dephosphorylate STAT3 by activating SHP-1 thereby inactivating JAK2/STAT3(38). Moreover, Wei-Chun Hu et al (39) also found that the combination of As/CDPP can inhibit the expression of STAT3 by activating AMPK and participate in the regulation of autophagy. Therefore, these studies suggest that NF-κB, SHP-1, JNK and AMPK may play an important role in the activation of JAK2/STAT3 induced by arsenic (Fig5).
The subgroup analysis and Meta-regression, showed that arsenic exposure dose was the main source of heterogeneity in exploring the effects of arsenic on IL-6, JAK2 and STAT3. The meta-analysis of dose-response relationship, showed that when the arsenic exposure dose was less than 5μmol m−3, the expression level of IL-6 and JAK2/STAT3 increased significantly with the increase of dose, but when the exposure dose of arsenic was more than 5μmol m−3, the expression level of JAK2/STAT3 decreased significantly with the increase of dose. Sensitivity analysis and publication bias showed that the results of this study were stable. However, according to the literature quality evaluation, during the cell experiment, blind grouping is not clear risk, which still need to be further improved.
In summary, from the cell level, this study that low-dose arsenic could promote JAK2/STAT3 expression and induce cell proliferation through IL-6, There is a dose-effect relationship among them, but high-dose arsenic exposure will inhibit JAK2/STAT3 expression. However, the mechanism of the effect of high-dose arsenic on JAK2/STAT3 still needs to be further studied. In addition, this study has not explored the role of JAK2/STAT3 in arsenic poisoning through in vivo and population epidemiological investigations. STAT3 is the intersection of multiple signal pathways, and SOCS1 and JNK play an important role in the regulation of JAK2/STAT3. Studies have also shown that SOCS1 and JNK may be affected during high arsenic exposure. Therefore, we will study the effects of arsenic on SOCS1 and JNK and the role of SOCS1 and JNK in arsenic regulation of JAK2/STAT3 should be further study to improve the mechanism of arsenic inducing malignant cell proliferation through JAK2/STAT3.
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Fig5 The role of JAK2/STATS3 in arsenic-induced malignant cell proliferation
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Fig2 Meta-analysis of the role of JAK2/STAT3 in arsenic-induced malignant proliferation
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Fig3 Dose-effect meta-analysis of the effect of arsenic on IL-6/STAT3 signaling pathway




