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Abstract 

As a well-known carcinogen, chronic arsenic exposure has shown relationship with lung 
cancer occurrence in China. The mechanism of EGFR pathway activation by levels of 
arsenic exposure was investigated with BEAS-2B cells. In vitro cell migration studies 
were applied to study if the increased EGFR expression speed up the cell migration and 
could be a potential cause of cancer metastasis. A Xenografted NSCLC mouse model was 
established to investigate the effect of arsenic exposure on the increase of tumor 
metastasis. Because of lab shutdown resulted from pandemic spread, I assumed possible 
results of each experiment, which provide basic preparation for future work. 
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1. Introduction 

Inorganic arsenic is a global issue which influences millions of people annually. It is showed in the 

epidemiology research that chronic arsenic exposure brought by the contaminated drinking water has 

a close relationship with the occurrence and development of numerous diseases, especially cancer 

diseases [1, 2]. The most wide-spread arsenic forms in the natural environment are pentavalent 

arsenate and trivalent arsenite. After invading human body, pentavalent arsenate enters cell through 

cell membrane transporter, such as aquaporins and inorganic phosphate transporters [3]. Arsenate can 

be reduced to trivalent arsenite by reductase in mammal organs and environmental bacteria [4]. As a 

process in cell detoxification, arsenite and its methylated conjugates mix with bile through liver cell 

in the form of glutathione conjugate. With high activity, mono- and di-methylated arsenite that leave 

the liver can cause damage in various organs, including lung [5]. 

Measurement of arsenic concentrations in the nail clipping and urinary inorganic arsenic metabolites 

in the lung cancer patients has shown a relevance between increased lung cancer incidence and arsenic 

exposure [1, 6]. Lung cancer is the leading cause of cancer related mortality in China, representing 

almost 27% of all cancer related deaths [7]. Non-small cell lung cancer (NSCLC) occupied around 

85% of newly diagnosed lung cancer cases [8]. In some cases, increased morbidity in NSCLC patients 

has association with metastasis from lung to other tissues. Metastasis were usually found when many 

NSCLC patients are diagnosed, the 5-year survival rate of NSCLC is only around 15-17%, indicating 

the need to understand the metastasis mechanism of NSCLC.  

The epidermal growth factor receptor (EGFR) is a tyrosine kinase transmembrane receptor expressed 

on the surface of epithelial cells [9]. Especially, the overexpression and hyperactivation of the EGFR 

is observed in up to 89% of NSCLC [10]. A previous study demonstrated EGFR activation in lung 

cells at 500μm of arsenite [11]. Besides that, a study also investigated an overexpression of EGFR in 

lung epithelial cells caused by the chronic arsenic exposure, which can potentially contribute to lung 

cancers [12]. However, while evidence suggesting that EGFR acts as a critical role in NSCLC cell 

proliferation, the cancer metastasis during chronic exposure to environmental toxicants, especially 

inorganic arsenite, is still unknown.  
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I hypothesize that chronic arsenic exposure enhances the migration potential of lung epithelial cells 

with hyperactivation and overexpression of EGFR, which potentially contribute to NSCLC metastasis. 

In this study, I examined the effect of chronic arsenic exposure on BEAS-2B cells at different 

concentrations and different period to see if it enhanced cell migration and invasion. A xenograft 

mouse model was also used to investigate how the chronic arsenic exposure affect the cancer 

metastasis potential. 

2. Materials and methods 

2.1 Cell Culture 

Human bronchial epithelial cells (BEAS-2B) were grown in LHC-9 growth media on a matrix of 

fibronectin and collagen. Cells were treated with sodium arsenite at different concentrations: 0, 

100nM, 200nM, 300nM, respectively. All cells were cultured at 37 °C in a humidified atmosphere of 

5% CO2 [13]. Cultures with different arsenic concentrations were maintained separately for 0, 3, 6, 

9, 12 weeks. All above samples were made into three biological replicates. Cells were lysed in the 

phosphate-buffered saline by passing through a needle. Proteins were precipitated by addition of 

ammonium sulfate, collected by centrifugation, resuspended in lysis buffer, and dialyzed to 

equilibrium in buffer as described before [14]. 

2.2 Immunoblotting 

Added SDS buffer containing 10% of βME into the cell lysates to give the proteins a uniform negative 

charge. Heated the lysates at 95 °C for 3 min to denature the proteins present. Same amounts of 

sample were separated by SDS-PAGE and electroblotted onto a nitrocellulose membrane. Stained the 

membranes with the following antibodies according to manual directions: EGFR and α-tubulin (as 

internal reference). Immunoreactive proteins were visualized by incubation with horseradish 

peroxidase-conjugated secondary antibody and enhanced chemiluminescence signal. Images were 

detected and immunoreactive bands were quantified [12]. 

2.3 Wound Closure Assay 

100,000 BEAS-2B cells treated with 0, 100, 200, 300nM of arsenic were seeded in 24-well plate 24 

hours prior to the wound generation and grown to 100% confluence. In a sterile environment, use a 

pipette tip to press against the top of the culture plate and quickly make a wound (approximately 

700um wide) down through the cell layer. Take an initial picture of the wound. Place the culture plate 

in 5% CO2 at 37 °C for 24 h . At predetermined time points, remove the plate from the incubator and 

check the wound closure over time under a microscope [15]. BEAS-2B cells without arsenic treatment 

was used as a negative control group. 

2.4 Transwell assay 

100,000 BEAS-2B cells treated with various concentration (100 nM, 200nM, 300nM) of arsenic were 

added in the upper chamber, and incubated serum-free media with the specific concentrations of EGF 

added in the lower chamber. The cells were allowed to migrate in 5% CO2 at 37 °C for 24 h. The cells 

that migrated into lower chamber were quantified by counting under a microscope [15]. Cells without 

arsenic treatment were applied as a negative control. 

2.5 NSCLC mouse model 

Xenografted NSCLC mouse model was established as described previously [16]. Matrigel was 

thawed and mixed with Lewis lung carcinoma (LLC) cells. Indicated amount of Matrigel containing 

LLC were injected subcutaneously at the back of male mice. Forty-two mice were randomly divided 

into two groups. The test group were provided drinking water containing sodium arsenate 300nM 

daily. Another group were provided with commercially bottled drinking water as a control. Tumor 

width and length were measured every four days and tumor volume were calculated. In this study, 

mice (n=3) were sacrificed every four days in each group. Organs (brain, liver, lungs, spleen, lymph 

node, kidneys) were collected from the mice and fixed in 10% formalin. Hematoxylin & Eosin (H&E) 

https://en.wikipedia.org/wiki/Horseradish_peroxidase
https://en.wikipedia.org/wiki/Horseradish_peroxidase
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staining were performed for tissue sections after paraffin embedding. Microscopic observations were 

carried out to check if the tumor metastasis happened.  

3. Possible results 

3.1 Increased EGFR expression by chronic arsenic exposure 

A previous study demonstrated that HeLa cells exposed to high level (5–15 μM) of arsenic increases 

EGFR protein expression [14]. In order to simulate environmental arsenic exposure level more 

accurately, the lung epithelial cell line, BEAS-2B cells, were exposed to various arsenic 

concentrations (100nM, 200nM, 300nM), which is often measured in the plasma of individuals that 

consume arsenic-contaminated drinking water for a long term. In the culturing process and 

propagation of the cells, BEAS-2B cells treated without arsenic acted as a negative control. During 

the course of 12 weeks of arsenic treatment, we sampled at predetermined time points (0, 3, 6, 9, and 

12 weeks) to measure the EGFR expression on BEAS-2B cells.  

Possible result 1: According to the results of SDS-PAGE, it was observed that Arsenic treated cells 

displayed wider and darker EGFR strip along with the increase of arsenic concentration within 0 – 

300nM, indicating an increased EGFR expression with increased concentration of arsenic exposure. 

Similarly, the EGFR expression also increased along with the time duration (0-12 weeks) of arsenic 

exposure. 

Possible result 2: According to the results of SDS-PAGE, at the first half of this study, it was observed 

that cells treated with Arsenic for longer duration displayed wider and darker EGFR strips, indicating 

an increased EGFR expression with prolonged duration of arsenic exposure. However, width of 

EGFR strips displayed by cells sampled after 9 weeks didn’t increase as much as it did during the 

first 9 weeks of observations, indicating that EGFR expression didn’t increase linearly with time 

duration. 

Possible result 3: According to the results of SDS-PAGE, it was observed that cells treated with 

200nm and 300nm Arsenic displayed EGFR strips with similar width and darkness, indicating that 

EGFR expression wasn’t linearly correlated with arsenic concentration. 

Possible result 4: According to the results of SDS-PAGE, it was observed that cells in treatment 

group displayed narrower and lighter EGFR strips, indicating that EGFR expression decrease with 

arsenic exposure. 

3.2 The effect of chronic arsenic exposure on cell migration in BEAS-2B cells 

In this study, both wound closure assay and transwell assay were used to examine the effect of arsenic 

on migration of BEAS-2B cells.  

3.2.1 Wound closure assay 

Wound width at different time points were shown in Table 1. The wound closure speed of cells in 

different treatment controls was calculated using the wound width vs. time. 

Possible result 5: The wound closure speed of all cells treated with arsenic was significantly faster 

than that of cells without arsenic treatment. The wound closure speed increases along with both the 

duration and the concentration of arsenic treatment. 

Possible result 6: The wound closure speed of all cells treated with arsenic was significantly faster 

than that of cells without arsenic treatment. The wound closure speed wasn’t linearly correlated with 

the duration of arsenic exposure.  

Possible result 7: The wound closure speed of all cells treated with arsenic was significantly faster 

than that of cells without arsenic treatment. The wound closure speed wasn’t linearly correlated with 

the concentration of arsenic treatment. 

Possible result 8: The wound closure speed of cells treated with arsenic at low concentration was 

nearly the same as that of cells without arsenic treatment. The wound closure speed of cells treated 

with high-concentration arsenic was significantly faster than that of negative control. 
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Possible result 9: The wound closure speeds of all cells, regardless of treatment controls or negative 

controls, were nearly the same.  

3.2.2 Transwell assay 

Possible result 10: Microscopic observation of migrated cells in lower chamber revealed that the 

levels of cell migration of treatment control were significantly higher than that of negative control 

and were linearly related to both duration and concentration of arsenic treatment. These results were 

consistent with those of a wound-healing assay.   

Possible result 11: Microscopic observation of migrated cells in lower chamber revealed that the 

levels of cell migration of treatment control were significantly higher than that of negative control 

and were not linearly related to both duration and concentration of arsenic treatment.  

Possible result 12: Microscopic observation of migrated cells in lower chamber revealed that the 

levels of cell migration of treatment control were significantly higher than that of negative control. 

However, in the previous wound closure assay, treatment controls had nearly the same wound closure 

speed as negative control. 

Possible result 13: The levels of cell migration in lower chambers, regardless of treatment controls 

or negative controls, were nearly the same. 

3.3 The effect of arsenic treatment on tumor metastasis in a mouse xenograft model  

Xenografted NSCLC mouse model is useful for investigate the in vivo tumor growth and metastasis. 

Data about tumor size and tumor metastasis over time were recorded in Table 2. In this study, mice 

(n=3) were sacrificed every four days in each group. Histological tissue sections with H&E staining 

were observed under microscope. 

Possible result 14: The tumor migrated much faster in mice took arsenic-containing water than that 

in negative control mice group. By the end of the 28-day observation, cancer cells in both treatment 

group and negative group had migrated to same organs in their bodies. 

Possible result 15: Besides faster migratory speed, the tumor migrated to more organs in mice of 

treatment group than that in negative control group.  

Possible result 16: The tumor migration in mice took arsenic-containing water was almost the same 

as that in negative control mice group.  

4. Discussion 

The role of chronic arsenic exposure in the occurence and progression of lung cancer has been well 

investigated in previous study. However, the mechanisms underlying chronic arsenic-induced 

metastasis in molecular level still remain relatively unknown [17]. This study examined the effect 

that chronic arsenic exposure generated on cell metastatic potential via EGFR pathway and further 

investigated about the relationship between arsenic exposure and transformation of malignant lung 

epithelial cells. 

Based on the association between EGFR overexpression and lung cancer, we demonstrated increased 

EGFR expression upon 12-weeks of low-level arsenic exposure in non-malignant human BEAS-2B 

cells. However, the SDS-PAGE tests of samples taken at different time under various concentrations 

of arsenic might have several possible results. In possible result 1, EGFR expression increased 

linearly with the increase in duration and concentration of arsenic exposure, indicating that EGFR 

expression was a dose-dependent and time-dependent process within predetermined range and 

directly supporting my hypothesis. In possible result 2, EGFR expression started to increase in a lower 

speed after 9 weeks, which is what I believe the consequence of saturation of EGFR on the treated 

cells after 9 weeks of increase in EGFR expression caused by arsenic exposure. In possible result 3, 

EGFR expressions of cells treated with 200nm and 300nm Arsenic were nearly the same. I think this 

is because increase of EGFR expression had already achieved its maximum speed at a concentration 

of 200nm Arsenic. Consequently, when the Arsenic concentration increased to 300nm, there was no 
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significant difference of EGFR expression compared to that when arsenic concentration was 200nm. 

These two results partially support my hypothesis. Possible result 4 showed an inverse relationship 

between EGFR expression and arsenic exposure, which is unlikely to happen in real world settings.                                                                                                                

Detailed information of cell migratory behaviors was investigated by the cell culture wound closure 

assay and the transwell cell migration assay, which can be used to investigate the molecular 

mechanisms of cell migration [18]. Both assays intended to explore the relationship between EGFR 

expression caused by chronic arsenic treatment and the cell migration, an indicator of tum on the or 

metastasis. In this study, the cell wound closure assay examined the ability of BEAS-2B cells to 

migrate throughout the body. In wound closure assay, cells’ migration potential was represented by 

their ability to close a wound made in a confluent plate of cells. In possible result 5, all the BEAS-2B 

cells treated with various concentrations of arsenic displayed a faster wound closure speed compared 

with the negative control and the wound closure process speeded up when exposed to higher arsenic 

concentration (0-300nM), fully supporting my hypothesis. Considering the cells with arsenic 

treatment overexpressed EGFR in a dose-dependent model within certain range (possible result 1), it 

is reasonable to speculate that arsenic exposure can enhance the cell motility potential and contribute 

to the metastasis of cancer via EGFR pathway. In possible result 6 and 7, the wound closure speed 

wasn’t linearly correlated with the duration and concentration of arsenic exposure though the wound 

of treated cells did shrink faster than that of negative cells. From these results I speculate that arsenic 

did contribute to the metastasis of cells via EGFR but expression of EGFR on some treated cells got 

saturated with certain duration and concentration of arsenic exposure, causing cells’ metastasis not 

linearly related to arsenic treatment. Therefore, the possible result 6 and 7 of wound closure assay 

were likely to occur along with the possible result 2 and 3 of the SDS-PAGE test. In possible result 

8, the wound closure speed of cells treated with arsenic at low concentration was nearly the same as 

that of cells without arsenic treatment, indicating that low concentration of arsenic might fail to 

generate a significant impact on cell metastasis. Therefore, maybe only arsenic exposure at above a 

certain concentration will enhance cell metastasis. In possible result 9, cells in both treatment controls 

and negative controls had nearly the same wound closure speeds, suggesting that arsenic exposure 

and EGFR overexpression are not related to cell metastasis.  

The transwell cell migration assay provides thorough analysis of the ability of cells to directionally 

respond to chemo-attractants (EGF in this study). It may also assess differential migratory ability due 

to the over-expression of receptor (EGFR in this study). In possible result 10, more cells with arsenic 

treatment crossed the membrane than negative control, and migration level was linearly related to 

both duration and concentration of arsenic treatment indicating the over-expressed EGFR on the 

treated cells were attracted by the EGF and modulated the cell migration behavior dramatically. In 

possible result 11, arsenic treatment showed certain but not linear relationship with cell migration 

level, which might be also resulted from the saturation of EGFR. Therefore, it may be likely to occur 

along with possible result 2 and 3 for SDS-PAGE test. In possible result 12, treatment group show 

better cell migration ability in transwell assay but ordinary wound closure speed in would closure 

assay. This might be because sample cell metastasis potential is only triggered by certain substances, 

such as EGF ligand. Therefore, in wound healing assay with no presence of such substances, treatment 

group had similar wound closure speed to control group. In Possible result 13, the cell migration level 

in lower chambers were nearly the same in both treatment controls and negative controls, suggesting 

that arsenic exposure and EGFR overexpression are not related to cell metastasis and contradicting 

to my hypothesis. 

Besides in vitro cell migration studies, in vivo xenografted lung cancer model was built in mice to 

investigate the role of arsenic exposure in tumor metastasis. In possible result 14, although tumor 

metastasis was discovered in both treatment group and the negative control group, tumor in negative 

control group developed on new sites in a much slower speed compared with treatment group. Since 

chronic arsenic exposure induced EGFR overexpression, it is reasonable to speculate that EGFR may 

increase the cell and, thus, tumor metastasis potential. Increased cell metastasis might be caused by 

in vivo EGF’s attraction to the overexpressed EGFR on mouse cells. In possible result 15, tumor 
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migrated to more organs in mice from treatment group than that from negative control group. This 

can be explained by the faster cell metastasis speed of mice in treatment group. Since cells of mice in 

treatment group could migrate in a faster speed, they naturally gained more opportunities to migrate 

into more organs. In possible result 16, the tumor migration in treatment group was almost the same 

as that in negative control mice group, suggesting that arsenic treatment didn’t generate any impact 

on tumor migration in mice and contradicting to my hypothesis. 

5. Conclusion 

This study explored the relationship between EGFR overexpression brought by chronic arsenic 

exposure and cancer cell migration ability, which is a potential reason of cancer metastasis. The 

results of this study will indicate whether arsenic exposure will cause the transformation of cancer 

cells through EGFR pathway. 
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