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Abstract 

 

Project Code : TRG5680007 

Project Title :  The effects of chlorpyrifos and its metabolite on colon and liver cancer cell  
growth, survival and migration: Role of non-neuronal cholinergic system 

Investigator : Dr.Tawit Suriyo Chulabhorn Research Institute 

E-mail Address : tawit@cri.or.th 

Project Period : 03/06/2013 – 03/06/2015   

Apart from the effects on neuronal cholinergic system, the epidemiological study 
suggests the association of chlorpyrifos exposure and cancer risk. This in vitro study examined 
the effects of chlorpyrifos (CPF) and its toxic metabolite, chlorpyrifos oxon (CPF-O), on the 
growth of human colorectal adenocarcinoma H508, normal colon epithelial CCD841, liver 
hepatocellular carcinoma HepG2, and normal liver hepatocyte THLE-3 cells. The results 
showed that CPF (0.1-100 µM) not CPF-O concentration dependently increased viability of 
H508 and CCD841 cells in serum free condition, and this increasing effect was not found in 
HepG2 and THLE-3 cells. Meanwhile, CPF-O (50-100µM) reduced the viability of all cell lines. 
The cell cycle analysis showed the induction of cell in the S phase, and the EdU incorporation 
assay revealed the induction of the DNA synthesis in CPF-treated H508 cells.   Even though, 
the inhibitory effect on the acetylcholinesterase activity and the stimulating effect on the 
generation of reactive oxygen species (ROS) were observed in CPF treatment but atropine 
which is a non-selective muscarinic acetylcholine receptor antagonist, and N-acetylcysteine 
(NAC), which is an antioxidant,  did not reverse the growth promoting effect of CPF. 
Furthermore, CPF increased the phosphorylation of epidermal growth factor receptor (EGFR) 
and its downstream effector, extracellular signal regulated kinase (ERK1/2) in H508 cells. 
Moreover, AG-1478, a specific EGFR tyrosine kinase inhibitor, and U0126, a specific MEK 
inhibitor, completely mitigated the growth promoting effect of CPF.  All together, these results 
suggest that CPF promotes the growth of colorectal adenocarcinoma H508 cells through the 
activation of EGFR/ERK1/2 signaling pathway.  

Keywords : Chlorpyrifos, chlorpyrifos oxon, colon cancer, cancer cell growth, EGFR, H508 cells 
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 นอกเหนือไปจากความเป็นพษิต่อระบบประสาทคอลเินอรจ์กิแลว้ การศกึษาทางระบาดวทิยายงั
ชีใ้หเ้หน็ถงึความสมัพนัธก์นัระหว่างการไดร้บัสมัผสัยาฆ่าแมลงคลอรไ์พรฟิอสและความเสีย่งของการ
เป็นมะเรง็ การศกึษาวจิยัในหลอดทดลองนี้มวีตัถุประสงคเ์พื่อศกึษาผลของคลอรไ์พรฟิอสและอนุพนัธท์ี่
มพีษิของมนัซึง่ไดแ้ก่ คลอรไ์พรฟิอสออกซอน ต่อการเจรญิเตบิโตของเซลลม์ะเรง็ล าไสใ้หญ่ชนิด H508 
เซลลม์ะเรง็ตบัชนิด HepG2 เซลลผ์นงัล าไสใ้หญ่ปกตชินิด CCD841 และเซลลต์บัปกตชินิด THLE-3 
จากผลการทดลองพบว่า คลอรไ์พรฟิอสทีค่วามเขม้ขน้ 0.1-100 ไมโครโมลาร ์สามารถเพิม่จ านวนการมี
ชวีติของเซลลล์ าไสใ้หญ่ H508 และ CCD841 ไดใ้นสภาวะทีไ่มม่ซีรีมัในอาหารเลีย้งเซลล์ โดยการ
ตอบสนองนี้จะแปรผนัตรงกบัความเขม้ขน้ของคลอรไ์พรฟิอส ทัง้นี้ผลของคลอรไ์พรฟิอสต่อการเพิม่
จ านวนการมชีวีติของเซลลน์ี้ไมส่ามารถตรวจพบไดใ้นเซลลต์บั HepG2 และ THLE-3 ในขณะทีค่ลอรไ์พ
รฟิอสออกซอนจะท าใหเ้กดิการลดลงของการมชีวีติของเซลลท์ัง้ 4 ชนิดทีใ่ชใ้นการศกึษานี้ จาก
การศกึษาวฏัจกัรของเซลลแ์สดงใหเ้หน็ว่ามกีารเพิม่ขึน้ของเซลลท์ีอ่ยูใ่นช่วงแบ่งเซลล ์ และยงัพบว่ามี
การสรา้งสายพนัธุกรรมใหม่เพิม่ขึน้ในเซลลม์ะเรง็ล าไสใ้หญ่ H508 ทีไ่ดร้บัคลอรไ์พรฟิอสทีค่วามเขม้ขน้ 
50-100 ไมโครโมลาร ์ และแมว้่าจะตรวจพบว่าคลอรไ์พรฟิอสสามารถยบัยัง้การท างานของเอมไซมอ์ะ
ซติวิโคลนีเอสเตอรเ์รสและกระตุน้การสรา้งสารอนุมลูอสิระได้ แต่อะโทรปีนซึง่เป็นสารปิดกนัการท างาน
ของตวัรบัสญัญาณมสัคารนิิกและสารเอน็อะซติวิซสีทอีนีซึง่เป็นสารตา้นอนุมลูอสิระไมส่ามารถทีจ่ะ
ยบัยัง้ฤทธิใ์นการกระตุน้การเจรญิเตบิโตของคลอรไ์พรฟิอสได ้ นอกเหนือไปจากน้ียงัพบว่าคลอรไ์พริ
ฟอสสามารถกระตุ้นการท างานของตวัรบัสญัญาณ EGFR และโปรตนีรบัสญัญาณ ERK1/2 ไดอ้กีดว้ย 
และพบว่าสารยบัยัง้การท างานของตวัรบัสญัญาณ EGFR ซึง่ไดแ้ก่ AG-1478 และสารยบัยัง้การท างาน
ของโปรตนี MEK ซึง่ไดแ้ก่ U0126 สามารถยบัยัง้ฤทธิใ์นการกระตุน้การเจรญิเตบิโตของคลอรไ์พรฟิอส
ได ้ กล่าวโดยสรปุไดว้่าคลอรไ์พรฟิอสสามารถกระตุน้การเจรญิเตบิโตของเซลลม์ะเรง็ล าไสใ้หญ่ชนิด 
H508 ไดโ้ดยผ่านทางการกระตุน้ของตวัรบัสญัญาณ EGFR และการส่งต่อสญัญาณของ ERK1/2 

ค าหลกั : ยาฆา่แมลง คลอรไ์พรฟิอส เซลลม์ะเรง็ล าไส ้คอลเินอรจ์กิ 



 

 

เน้ือหางานวิจยั 

Introduction 

Chlorpyrifos [O,O-diethyl-O-(3,5,5-trichloro-2-pyridyl)-phos-phorothioate]  (CPF) is the 

most extensively used broad-spectrum organophosphate insecticide that has been widely 

applied to agricultural crop over more than 100 countries, such as Unite State, Canada, the 

United Kingdom, Spain, France, Italy, Australia, and Thailand (Colt et al., 2004; Panuwet et al., 

2008). Although, the U.S. Environmental Protection Agency banned CPF for residential pest 

control uses in 2001, however many countries still use CPF for that purpose. The primary target 

of CPF toxicity is both the central and peripheral cholinergic neural systems, due to its ability to 

inhibit the acetylcholinesterase (AChE) activity (Mileson et al., 1998). CPF itself is a weak anti-

AChE compound and in order to exert this inhibitory effect, CPF has to undergo an oxidation 

desulfuration to its oxygen (oxon) analogue, chlorpyrifos oxon (CPF-O), by the cytochrome 

P450 monooxygenase system, which is highly prevalent in the liver (Sultatos et al., 1984).  It 

has been reported that CPF-O inhibited AChE activity up to 28 and 180 orders of magnitude 

more potent than the parent compound CPF in the immature and differentiated brain cells, 

respectively (Monnet-Tschudi et al., 2000). As a result of the irreversibly binding of CPF and 

CPF-O to the active site of AChE, the enzyme ability to hydrolyze neurotransmitter 

acetylcholine (ACh) is defected which causes an accumulation of ACh  at the neuronal 

cholinergic synapses, over-activation of cholinergic signaling, and results in cholinergic toxicity 

(Howard et al., 2007).   

It is well established that non-neuronal cholinergic system is functionally present on 

certain types of cancer cells including of lung (Song and Spindel, 2008), colon (Cheng et al., 

2008b; Novotny et al., 2011; Pettersson et al., 2009), liver (Zhao et al., 2011), prostate (Rayford 

et al., 1997), cervical (Parnell et al., 2012) and breast cancers (Espanol et al., 2007; Negroni et 

al., 2010). The non-neuronal cholinergic system plays a key role in the regulation of important 

cell functions including proliferation, differentiation, migration, secretion, organization of the 

cytoskeleton,  cell-to-cell communication, and  other features critical for cancer progression 

(Paleari et al., 2008; Schuller, 2009; Shah et al., 2009).  Recent study has shown that the 



 

 

expression of AChE is often down-regulated in hepatocellular carcinoma and it functions as a 

tumor growth suppressor in regulating cell proliferation and increases the drug sensitivity via its 

enzymatic activity (Zhao et al., 2011). In addition, for example, human colon cancer cell can 

increase physiological responses; invasion, migration and proliferation via cholinergic 

muscarinic receptor activation (Belo et al., 2011; Cheng et al., 2008a). It has been 

demonstrated that the expression of anti-apoptotic protein, Bcl-2, can be induced by cholinergic 

muscarinic receptor signaling resulting in elevating the cell viability and hindering cell death 

(Budd et al., 2003). 

The evidences that CPF contributes to cancer are still limited. Up to now, the 

International Agency for Research on Cancer (IARC) has not evaluated the carcinogenicity of 

CPF (IARC, 2010). Furthermore, the weight of biological evidences reviewed by the 

Environmental Protection Agency of the United State (U.S.EPA) and Canadian Pest 

Management Regulatory Agency (PMRA) do not suggest that CPF is a carcinogenic pesticide 

(Health Canada, 2003; Smegal, 2002). However, the epidemiological studies related to 

occupational pesticide exposures and cancer incidences in the Agricultural Health Cohort Study 

(AHS) showed that pesticide applicators with the highest lifetime exposure-days for CPF had 

increased colorectal and lung cancer risk with a significant exposure-response relationship 

relative to non-exposed applicators (Lee et al., 2007; Lee et al., 2004).  Furthermore, a recent 

study demonstrated the action of CPF as an environmental breast cancer risk factor due to its 

effects on the mechanisms that modulate breast cancer cell proliferation (Ventura et al., 2012). 

However, it is difficult to conclude at this time regarding the causal nature of these associations, 

therefore, further studies are required.  

 It is well known that CPF causes ACh accumulation in the neuronal cholinergic 

synapses leading to over stimulation of cholinergic receptors (Howard et al., 2007). Together 

with cholinergic receptor activation, CPF causes non-neuronal cholinergic cancer cell 

proliferation especially colorectal and liver cancer (Cheng et al., 2008a; Paleari et al., 2008; 

Zhao et al., 2011). We hypothesize that as a result of AChE inhibiting action of CPF and CPF-



 

 

O, an accumulation of ACh in cancer cell is occurred and further causes cancer cell growth 

through an activation of cholinergic signaling.  

 

Objectives 

This in vitro study examined the effects of CPF and CPF-O on the growth of human 

colorectal adenocarcinoma H508, normal colon epithelial CCD841, liver hepatocellular 

carcinoma HepG2, and normal liver hepatocyte THLE-3 cells. Role of the non-neuronal 

cholinergic signaling and oxidative stress in the growth promoting effect of CPF were studied. 

The mechanistic effect of CPF in the growth promoting effect was also investigated. 

 

Materials and Methods 

Chemicals and reagents 

 Chlorpyrifos (diethyl 3,5,6-trichloro-2-pyridyl phosphorothionate) (CPF; purity 99.9%) was 

purchased from Sigma-Aldrich (St. Louis, MO, USA). Chlorpyrifos oxon (CPF-O; purity 98.9%) 

was ordered from Chem Service (West Chester, PA, USA). Epidermal growth factor (EGF) was 

obtained from BD Biosciences (Bedford, MA, USA). Carbamoylcholine chloride (carbachol), 

atropine sulfate, mecamylamine hydrochloride, dimethylsulfoxide (DMSO), and N-acetylcysteine 

(NAC) were purchased from Sigma-Aldrich (St. Louis, MO, USA).  A specific EGFR tyrosine 

kinase inhibitor, tyrphostin AG-1478, was purchased from Calbiochem (Germany). A selective 

MEK1/2 inhibitor, U0126, was ordered from Cell Signaling Technology (Beverly, MA, USA). The 

stock solutions of CPF and CPF-O were prepared in ethanol (Sigma-Aldrich, St. Louis, MO, 

USA) at the concentration of 100 mM. Carbachol, mecamylamine, atropine, EGF, and NAC 

were freshly prepared by dissolved in sterile water at the concentrations of 1 M, 100 mM, 10 

mM, 100 µg/ml, and 100 mg/ml, respectively. AG-1478 and U0126 were prepared as a stock 

solution in DMSO at the concentration of 30 mM and 10 mM, respectively.   

 

 



 

 

Cell lines 

Cell lines including Hep-G2 cell line (a human epithelial hepatocellular carcinoma), 

THLE-3 cell line (a human normal liver epithelial-immortalized with SV40 large T-antigen), NCI-

H508 cell line (a human epithelial colorectal adenocarcinoma), and CCD-841-Con cell line (a 

human normal colon epithelial-immortalized with SV40 large T-antigen) were purchased from 

American Type Culture Collection (ATCC, Rockville, MD, USA). Hep-G2 cells were cultured in 

minimum essential medium (MEM) (Gibco, Carlsbad, CA, USA) supplemented with 2 mM L-

glutamine (Gibco, Carlsbad, CA, USA), 1.0 mM sodium pyruvate (Sigma-Aldrich, St. Louis, MO, 

USA), 0.1 mM nonessential amino acids (Sigma-Aldrich, St. Louis, MO, USA), 100 unit/ml 

penicillin, 100 µg/ml streptomycin (Gibco, Carlsbad, CA, USA), and 10% (vol/vol) fetal bovine 

serum (FBS) (JR Scientific, Woodland, CA, USA). THLE-3 cells were grown in Dulbecco's 

modified Eagle's medium (DMEM) (Gibco, Carlsbad, CA, USA) supplemented with 10% FBS, 25 

mM HEPES (Sigma-Aldrich, St. Louis, MO, USA), 100 unit/ml of penicillin and 100 µg/ml 

streptomycin. NCI-H508 cells were maintained in RPMI-1640 medium (Gibco, Carlsbad, CA, 

USA) supplemented with 2 mM L-glutamine, 1.0 mM sodium pyruvate, 4.5 g/l glucose (Sigma-

Aldrich, St. Louis, MO, USA), 100 unit/ml of penicillin, 100 µg/ml streptomycin and 10% FBS. 

CCD-841-Con cells were cultured in DMEM supplemented with 10% FBS, 100 unit/ml of 

penicillin and 100 µg/ml streptomycin. All cells were maintained at 37ºC in a saturated humidity 

atmosphere containing 95% air and 5% CO2.  

 

Cell viability assay 

Cell viability were measured by PrestoBlue™ cell viability assay (Molecular Probes, 

Invitrogen, Carlsbad, CA, USA) showing metabolically active cells and a quantitative colorimetric 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide) assay (Sigma-Aldrich, St. 

Louis, MO, USA)  showing the mitochondrial activity of living cells.  Cells were seeded in a 96-

well plate (1104 cells/well) and cultured overnight for attachment. On the next day, cells were 

starved by incubating in serum free medium for 24 hr. The starving cells were treated with 

various concentrations of CPF or CPF-O (0.1-100 µM) for 48 hr. The final concentration of 

ethanol in the medium was 0.1% which did not affect the cell viability in control plates. At the 



 

 

end of the respective incubation period, 10 µl of PrestoBlue™ cell viability reagent was added to 

each well, and cells were further incubated at 37ºC for 30 min. The fluorescence intensity was 

determined at 560 nm for excitation and 590 nm for emission using microplate scanning 

spectrophotometer (SpectraMax® M3, Molecular Devices, Sunnyvale, CA, USA). After that, 

medium with PrestoBlue™ reagent was removed, and then 100 µl of MTT (500 µg/ml MTT in 

serum free medium) was added to each well. Cells were incubated further for 4 hr at 37oC for 

color development, then MTT medium was removed and cells were lysed with dimethylsulfoxide 

(DMSO) (Sigma-Aldrich, ST. Louis, MO, USA). Following solubilization, the absorbance at 570 

nm with reference wavelength at 650 nm was measured using microplate scanning 

spectrophotometer. 

 

Cell cycle assay 

The cells (5106 cells) were seeded in a 100 mm plate and processed as previous cell 

viability assay.  After 48 hr incubation with CPF, the cells were analyzed for the distribution of 

G1, S, and G2/M phases of cell cycle by flow cytometer with propidium iodide (PI) staining. 

Briefly, the medium was removed, and the then cells were harvested with trypsin (Gibco, 

Carlsbad, CA, USA)  and the supernatant was removed by centrifugation at 500  g, 4°C for 

5 min. Cell pellets were washed with phosphate buffer saline (PBS) (Gibco, Carlsbad, CA, USA)  

and fixed in 70% ethanol overnight at -20oC. Then the cells were washed with cold PBS and 

stained with PI solution containing 50 g/ml of PI (Sigma-Aldrich, St. Louis, MO, USA) and 

0.5 g/ml of RNAse (Sigma-Aldrich, St. Louis, MO, USA) at ambient temperature for 15 min. 

The cell cycle stages were measured by flow cytometer (BD FACSCanto, BD Biosciences, 

Franklin Lakes, NJ, USA) and the data was analyzed by Modfit LT software (Verity House 

Software, Topsham, ME, USA). 

 

Cell proliferation assay 

Cell proliferation was determined by the incorporation of 5-ethynil-2-deoxyuridine (EdU) 

into newly synthesis DNA stand using Click-iT® EdU microplate assay (Molecular probes, 

Invitrogen, Carlsbad, CA, USA). Briefly, cells were processed as previous cell viability assay. At 



 

 

the end of the respective incubation period, a working stock of 10X EdU in pre-warmed 

complete media was added to each well at final concentration of 10 µM and further incubated at 

37°C for 3 hr. The incorporated EdU in DNA was coupled with Oregon Green-azide dye, and 

then subsequently incubated with horseradish peroxidase-labeled anti-Oregon Green antibody, 

Amplex® UltraRed, and N-acetyl-3, 7-dihydroxyphenoxazine. The fluorescence intensity was 

determined at 490 nm for excitation and 585 nm for emission using microplate scanning 

spectrophotometer. 

 

Enzymatic activity of acetylcholinesterase assay 

 Acetylcholinesterase (AChE) enzymatic activity in cells were determined by the Ellman 

method (Ellman et al., 1961) adapted for use with microplate. Briefly, cells were processed as 

previous cell cycle assay. After 48 hr incubation with CPF, cells were washed with cold PBS 

and lysed in lysis buffer containing 10 mM Tris-HCl pH 7.4 (Sigma-Aldrich, St. Louis, MO, 

USA), 150 mM NaCl (Sigma-Aldrich, St. Louis, MO, USA), 1% triton X-100 (Bio-Rad, Hercules, 

CA, USA), 0.1 mM PMSF (Sigma-Aldrich, St. Louis, MO, USA), 1 mM Na3VO4 (Sigma-Aldrich, 

St. Louis, MO, USA), 20 mM NaF (Sigma-Aldrich, St. Louis, MO, USA), and protease cocktail 

inhibitor (Calbiochem, Germany). Cell lysates were sonicated and incubated at 4°C for 30 min 

then centrifuged at 16,000  g for 15 min at 4°C. The concentration of protein was determined 

by Bradford assay (Bio-Rad, Hercules, CA, USA). Then, 100 µl of protein sample containing 

300 µg proteins was mixed with 50 µl of dithiobisnitrobenzoate (DTNB) solution (1.25 mM 

DTNB (Sigma-Aldrich, St. Louis, MO, USA), 0.1875 mg/ml NaHCO3 (Sigma-Aldrich, St. Louis, 

MO, USA) in 0.1 M PBS pH 8.0). The mixture was allowed to stand for 5 min at room 

temperature, and then 50 µl of acetylcholine iodine (ATCI) substrate solution (1.87 mM ATCI 

(Sigma-Aldrich, St. Louis, MO, USA) in 0.1 M PBS pH 8.0) was added.  The product 

absorbance increase was monitored for 2 min intervals for 12 min at 410 nm, 25°C using 

microplate scanning spectrophotometer. In each case the rate of absorbance increase was 

corrected by subtracting the rate observed for a reagent blank. AChE activity was extrapolated 

from standard curve of standard AChE (Sigma-Aldrich, St. Louis, MO, USA). 

 



 

 

Western immunoblotting assay 

 The cells were processed as previous cell cycle assay. . At the end of the respective 

incubation period, the total protein cell lysates were prepared as previous AChE enzymatic 

activity assay. Then, the protein (50 µg) was mixed with  Laemmli loading buffer (Bio-Rad, 

Hercules, CA, USA) and boiled at 95°C for 5min. The proteins were separated by 7.5% SDS-

polyacrylamide gel electrophoresis in a Mini-PROTEAN II system (Bio-Rad, Hercules, CA, 

USA). The separated protein bands were transferred onto a nitrocellulose membrane (GE 

Healthcare, United Kingdom). The membrane was incubated in blocking buffer containing 5% 

non-fat dry milk in TBST buffer (10mM Tris-HCl pH 8.0, 150mM NaCl, and 0.05% Tween-20) 

for 1 h at room temperature followed by overnight incubation at 4°C with the primary antibody. 

The antibodies against AChE, phosphorylated EGFR at tyrosine 1173 residue, and total EGFR 

were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The antibodies against 

phosphorylated ERK1/2, total ERK1/2, and β-actin were obtained from Cell Signaling 

Technology (Cell Signaling, Beverly, MA, USA). After washing with TBST buffer, the membrane 

was incubated with horseradish-peroxidase conjugated secondary antibodies (GE Healthcare, 

United Kingdom) for 2 hr at room temperature. The protein bands stained by the antibody were 

visualized by using enhanced chemiluminescence (GE Healthcare, United Kingdom) followed 

by exposure to x-ray films (Pierce-Perbio, Brazil). Relative protein expressions were calculated 

from band intensities using computerized densitometry with ImageQuantTL software (GE 

Healthcare, United Kingdom).  

 

Reactive Oxygen Species (ROS) Assay 

        The cells were seeded in a 6-well plate (7105 cells/well) and cultured overnight for 

attachment. After serum withdraw for 24 hr, the growth medium was removed and the cells 

were treated with 10-100 µM of CPF for 24-48 hr. The cells were incubated with 25 µM of 

H2DCF-DA (Sigma-Aldrich, St. Louis, MO, USA) for 15 min before the end of treatment. The 

treated cells were trypsinized and centrifuged at 2,300  g for 5 min to remove the treatment 

medium and the excessed H2DCF-DA dye. Then cells were re-suspended with cold PBS. The 



 

 

fluorescence was measured using BD LSRFortessaTM Flow cytometer (BD Biosciences, 

Franklin Lakes, NJ, USA). 

  



 

 

Results 

1. Chlorpyrifos increases the viability of normal colon epithelial CCD841 cells and 

colorectal adenocarcinoma H508 cells 

After treatment with CPF and CPF-O in a serum free condition for 48 hr, cell viability 

was subsequently assessed by PrestoBlue™ and MTT metabolic activity assays. The results of 

MTT assay showed that 5 and 10 µM of CPF significantly increased the viability of normal 

colon epithelial CCD841 cells but this increasing response slightly drops down at higher 

concentrations of CPF (Fig. 1A). Interestingly, CPF (0.1-100 µM) concentration dependently 

increased the viability of colorectal adenocarcinoma H508 cells (Fig. 1B). Note that the 

significant difference from the control was started at 10 µM of CPF treated group. Furthermore, 

at the tested concentration range (0.1-100 µM), the viability of normal hepatocyte THLE3 cells 

and hepatocellular carcinoma HepG2 cells did not be affected by CPF (Fig. 1C&D). Meanwhile, 

CPF-O at the two highest tested concentrations (50 and 100 µM) dramatically reduced the cell 

viability of all tested cell lines, while CPF-O at lower concentrations (0.1-10 µM) did not affect 

the cell viability. Note that, the liver cell lines (THLE-3 and HepG2) are likely more sensitive to 

the toxic effect of CPF-O than the colon cell lines (CCD841 and H508). 

For comparison, the results of PrestoBlue™ assay showed similar pattern of MTT assay 

with a higher sensitivity in all cell lines except H508 cells (Fig. 2).  PrestoBlue™ cell viability 

assay showed that CPF-O (0.1-100 µM) concentration dependently increased the viability of 

H508 cells. Surprisingly, at the two highest tested concentrations of CPF (50 and 100 µM), MTT 

assay showed the reduction of H508 cell viability whereas PrestoBlue™ assay showed the 

opposite results. Notably, an observation in phase contrast microscopy revealed that cells 

treated with these high concentrations of CPF-O (50 and 100 µM) were detached from the plate 

and reduced in cell size (data not shown). Altogether, these results suggested that CPF 

increased CCD841 and H508 cell viability in serum free condition. 

 

 



 

 

 

Figure 1: Effects of chlorpyrifos (CPF) and chlorpyrifos oxon (CPF-O) on the viability of (A) 

normal colon epithelial CCD841 cells, (B) colorectal adenocarcinoma H508 cells, (C) normal 

hepatocyte THLE3 cells, and (D) hepatocellular carcinoma HepG2 cells. Cells were starved in 

serum free condition for 24 hr, and then treated with 0.1- 100 µM of CPF or CPF-O in serum 

free condition for another 48 hr.    Cell viability was assessed by MTT assay. Each data point 

represents the mean±standard error of three independent experiments and expressed as a 

relative to control. * represents statistically significant difference from the control (0.1% ethanol) 

at P< 0.05. 
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Figure 2: Effects of chlorpyrifos (CPF) and chlorpyrifos oxon (CPF-O) on the viability of (A) 

normal colon epithelial CCD841 cells, (B) colorectal adenocarcinoma H508 cells, (C) normal 

hepatocyte THLE3 cells, and (D) hepatocellular carcinoma HepG2 cells. Cells were starved in 

serum free condition for 24 hr, and then treated with 0.1- 100 µM of CPF or CPF-O in serum 

free condition for another 48 hr.    Cell viability was assessed by PrestoBlue™ cell viability 

assay. Each data point represents the mean±standard error of three independent experiments 

and expressed as a relative to control. * represents statistically significant difference from the 

control (0.1% ethanol) at P< 0.05. 
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2. Chlorpyrifos stimulates growth of colorectal adenocarcinoma H508 cells 

 Our previous results revealed that CPF increased H508 cell viability in serum free 

condition. Further study was conducted to investigate the effect of CPF on cell cycle and DNA 

synthesis of H508 cells. Cell cycle was measured by flow cytometry with propidium iodide (PI) 

staining. The results indicated that CPF concentration dependently increased the percentage of 

cells in the S phase (Fig. 3).  The percentage of H508 cells in the S phase increased from 

8.44% as the control to 9.92-17.10% for cells treated with 1-100 µM of CPF and the significant 

differences from the control were observed at 50 and 100 µM of CPF treated groups. 

Furthermore, the increases of cells in S phase were accompanied with the decreased 

percentage of cells in G0/G1 phase. Note that in the positive control group (10 ng/ml of EGF), 

there was a significantly increased in the percentage of cells in the S and G2/M phases with 

the decreased percentage of cells in G0/G1 phase.   

Next, the EdU incorporation assay was utilized to determine the cell proliferation by 

measuring the rate of DNA synthesis during S phase of cell cycle. CPF at concentrations of 10 

and 50 µM induced cell proliferation by activation of DNA synthesis, significantly higher than the 

control about 108.7 and 164.7%, respectively (Fig. 4). Notably, the positive control (10 ng/ml of 

EGF) also dramatically activated cell proliferation by 372.4% compared to the control. Together, 

these results suggested that CPF stimulated colorectal adenocarcinoma H508 cell growth.  

 

 

 

 

 



 

 

        
Figure 3: Effects of chlorpyrifos (CPF) on colorectal adenocarcinoma H508 cell cycle. Cells 

were starved in serum free condition for 24 hr, and then treated with 1-100 µM of CPF or 10 

ng/ml of epidermal growth factor (EGF) (positive control) in serum free condition for another 48 

hr. Cell  cycle phase distribution was measured by flow cytometry with propidium iodide 

staining. The data are the percentage mean of each cell cycle phase±standard error of three 

independent experiments. * represents statistically significant difference from the control (0.1% 

ethanol) at P< 0.05. 
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Figure 4: Effects of chlorpyrifos (CPF) on the proliferation of colorectal adenocarcinoma H508 

cells. Cells were starved in serum free condition for 24 hr, and then treated with 10 or 50 µM of 

CPF or 10 ng/ml of epidermal growth factor (EGF) (positive control) in serum free condition for 

another 48 hr. Cell proliferation was measured by Click-iT® EdU cell proliferation assay. Each 

data point represents the mean±standard error of three independent experiments and 

expressed as a relative to control. * represents statistically significant difference from the control 

(0.1% ethanol) at P< 0.05. 
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3.  Non-neuronal cholinergic system does not involve in chlorpyrifos-stimulated growth of 

colorectal adenocarcinoma H508 cells  

  It is well established that non-neuronal cholinergic system plays an important role in 

colon epithelial tumorigenesis (Novotny et al., 2011). Next, we studied the role of non-neuronal 

cholinergic system in CPF-induced H508 cell growth. Initial experiment was performed to 

measure the effects of CPF on the protein expression and enzymatic activity of 

acetylcholinesterse (AChE). Cells were treated with 1-50 µM of CPF in serum free medium for 

24 and 48 hr, the protein expression of AChE was measured by Western immunobloting assay 

and AChE enzymatic activity in cells was determined by the modified Ellman method. The 

results showed that CPF did not alter the protein expression level of AChE either 24 or 48 hr 

(Fig 5A), meanwhile it decreased AChE enzymatic activity in a concentration dependent 

manner (Fig. 5B). Note that the significant differences from the control were observed at 10 and 

50 µM of CPF-treated groups.  

 To examine whether the growth stimulating effect of CPF is related to the non-neuronal 

cholinergic system, cells were pretreated for 30 min with specific cholinoceptor antagonists, 

including 10 µM of atropine (a non-selective muscarinic acetylcholine receptor antagonist) or 

100 µM of mecamylamine (a non-selective nicotinic acetylcholine receptor antagonist), and then 

cells were further incubated with 1-50 µM of CPF or 1 mM of carbachol (a cholinoceptor 

agonist) in serum free medium for 48 hr. The results of PrestoBlue™ assay showed that either 

mecamylamine or atropine failed to attenuate the growth promoting effect of CPF (Fig. 6). 

Notably, the positive control, carbachol, significantly stimulated growth of H508 cells and 

atropine but not mecamylamine completely blocked this growth promoting effect.  

 



 

 

  

Figure 5:  Effects of chlorpyrifos (CPF) on the expression and enzymatic activity of 

acetylcholinesterse (AChE). Cells were starved in serum free condition for 24 hr, and then 

treated with 1, 10 or 50 µM of CPF in serum free condition for another 24-48 hr. Protein 

expression of AChE was measured by Western immunobloting assay and AChE enzymatic 

activity was determined by the modified Ellman method. (A) Representative immunoblots band 

of AChE. The β-actin was used to ensure equal amount of loaded protein. (B) Enzymatic 

activity of AChE. Each data point represents the mean±standard error of three independent 

experiments and expressed as a relative to control. * represents statistically significant 

difference from the control (0.1% ethanol) at P< 0.05. 
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Figure 6: Effects of cholinoceptor antagonists on the growth promoting effect of chlorpyrifos 

(CPF). Colorectal adenocarcinoma H508 cells were starved in serum free condition for 24 hr. 

Starved cells were pre-treated for 30 min with 10 µM of atropine or 100 µM of mecamylamine 

and then further incubated with 1-50 µM of CPF or 1 mM of carbachol (positive control) in 

serum free medium for 48 hr. Cell growth was assessed by PrestoBlue™ cell viability assay. 

Each data point represents the mean±standard error of three independent experiments and 

expressed as a relative to control (0.1% ethanol + 0.1% water). * represents statistically 

significant difference from the control and # represents statistically significant difference from 

the control vehicle (0.1% ethanol + 1mM carbachol) at P< 0.05.      
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4. Chlorpyrifos induces colorectal adenocarcinoma H508 cell growth via an activation of 

EGFR/ERK1/2 signaling pathway 

 The epidermal growth factor receptor (EGFR) is over-expressed in colorectal cancer 

patient populations and it is recognized as an important player in colon cancer initiation and 

progression (Sasaki et al., 2013; Spano et al., 2005). We determined the expression level of 

EGFR in colon and liver cell lines. The results showed that the background levels of the total 

and active/phospholylated forms of EGFR were varying among colon and liver cell lines.    

H508 and THLE-3 cells highly expressed the total form of EGFR when compared to HepG2 

and CCD841 cells (Fig. 7). Interestingly, the basal background level of the 

active/phosphorylated form of EGFR at tyrosine 1178 in colon cells especially H508 cells were 

higher than in the tested liver cells.  

Next, we studied the effects of CPF on EGFR signaling in H508 cells. Cells were 

treated with 1-50 µM of CPF in serum free medium for 24 and 48 hr, the activation of EGFR 

and its downstream signaling cascade were determined by Western immunobloting assay. The 

results of 24 hr incubation period showed that CPF increased the expression level of 

active/phosphorelated EGFR at tyrosine 1173 residue in a concentration dependent manner 

with a significant difference from the control started at 10 µM of CPF (Fig. 8B). On the contrary, 

the results of  48 hr incubation period showed that the expression level of active EGFR 

concentration dependently reduced by CPF treatment. Extracellular signal regulated kinase 

(ERK1/2) which is one of the most important downstream effectors of EGFR activation, was 

slightly activated by CPF treatment at 24 hr exposure period (Fig. 8C). Furthermore, the 

activation of ERK1/2 was dramatically increased by CPF treatment at 48 hr exposure period.  

In order to determine the role of EGFR/ERK1/2 signaling in CPF-induced H508 cell 

growth, cells were pretreated with 0.1-1 µM of AG-1478 (a specific EGFR tyrosine kinase 

inhibitor) or 1-5 µM of U0126 (a specific MEK inhibitor) for 30 min before co-treatment with CPF 

for 48 hr. The PrestoBlue™ viability assay revealed that the growth promoting effect of CPF 

was completely mitigated by pre- and co-treatment with 1 µM of AG-1478 (Fig. 9A). For MEK 

inhibitor, the growth stimulating effect of CPF was also completely attenuated by pre- and co-

treatment with 5 µM of U0126 (Fig. 9B). Note that both of 1 µM of AG-1478 and 5 µM of U0126 



 

 

by themself did not affect the viability of H508 cells but they significantly attenuated the growth 

stimulating effect of 10 and 100 ng/ml of EGF, respectively.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
Figure 7: Background expression levels of the total and active/phosphorylated forms of 

epidermal growth factor receptor (EGFR) in liver (THLE-3 and HepG2) and colon (CCD841 and 

H508) cell lines. Expression of active/phosphorylated EGFR at tyrosine 1173 (p-EGFR), and 

total EGFR were measured by Western immunoblotting assay.  



 

 

 
Figure 8: Effects of chlorpyrifos (CPF) on the activation of epidermal growth factor receptor 

(EGFR) and extracellular signal regulated kinase (ERK1/2). Colorectal adenocarcinoma H508 

cells were starved in serum free condition for 24 hr and then further incubated with 1-50 µM of 

CPF in serum free medium for 24-48 hr. Expression of phosphorylated EGFR (p-EGFR), total 

EGFR, phosphorylated ERK1/2 (p-ERK1/2), and total ERK1/2 were measured by Western 

immunoblotting assay. (A) Representative immunoblots band of p-EGFR, total EGFR, p-

ERK1/2, and total ERK1/2. The β-actin was used to ensure equal amount of loaded protein. 

(B) Ratio of relative expression of p-EGFR to total EGFR proteins. (C)  Ratio of relative 

expression of p-ERK1/2 to total ERK1/2 proteins. Data are the mean±standard error of three 
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independent experiments and expressed as a relative to the control (0.1% ethanol) of 24 hr 

exposure. * represents statistically significant difference from the control of 24 hr exposure at 

P< 0.05.      

  



 

 

  
Figure 9: Effects of epidermal growth factor receptor (EGFR) and MEK inhibitors on the growth 

promoting effect of chlorpyrifos (CPF). Colorectal adenocarcinoma H508 cells were starved in 

serum free condition for 24 hr. Starved cells were pre-treated for 30 min with (A) 0.1- 1 µM of 

AG-1478 (a specific EGFR tyrosine kinase inhibitor)  or (B) 1- 5 µM of U0126 (a specific MEK 

inhibitor) and then further co-incubated with 1-100 µM of CPF or 10-100 ng/ml of epidermal 

growth factor (EGF) (positive control) in serum free medium for 48 hr. Cell growth was 
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assessed by PrestoBlue™ cell viability assay. Each data point represents the mean±standard 

error of three independent experiments and expressed as a relative to the control (0.1% ethanol 

+ 0.1% DMSO). * represents statistically significant difference from the control group and # 

represents statistically significant difference from the control vehicle at the same concentration 

of CPF at P< 0.05.      

 

  



 

 

5. Chlorpyrifos stimulates reactive oxygen species in colorectal adenocarcinoma H508 but 

this effect does not involved in the growth promoting effect of chlorpyrifos  

Reactive oxygen species (ROS), such as hydrogen peroxide (H2O2), have been shown 

to induce phosphorylation of EGFR, in part, due to its protein-tyrosine phosphatase inhibition 

(Kamata et al., 2000). Since, it has been shown that CPF generated oxidative stress by 

inducing the production of ROS (Ki et al., 2013), next we determined the effect of chlorpyrifos 

on the ROS level in H508 cells. The results showed that 24 and 48 hr exposure of CPF (10-

100 µM) concentration dependently increased ROS in H508 cells (Fig 10A). Pretreatment the 

cells with 50 mM of H2O2 for 15 min (positive control) also significantly increased the level of 

ROS when compared to the control. Moreover, the involvement of oxidative stress in CPF-

induced growth of H508 cells was also determined. The cells were pretreated with 2-4 mM of 

the antioxidant, NAC, for 30 min before co-treatment with CPF or EGF for 48 hr.  The MTT 

viability assay revealed that pre- and co-treatment with NAC did not reduce the growth 

promoting effect of CPF. As expected, NAC also did not mitigate the growth promoting effect of 

EGF (Fig. 10B).  
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Figure 10: (A) Effect of chlorpyrifos (CPF) on the production of reactive oxygen species (ROS). 

Colorectal adenocarcinoma H508 cells were starved in serum free condition for 24 hr. Starved 

cells were treated with 10-100 µM of CPF in serum free medium for 24-48 hr or  50 mM of 

hydrogen peroxide (H2O2) for 15 min (positive control). ROS were stained with H2DCF-DA dye 

and measured by flow cytometer.  Each data point represents the mean±standard error of three 

independent experiments and expressed as a fold of the control.  (B) Effects of antioxidant on 

the growth promoting effect of CPF. Serum starved cells were pre-treated for 30 min with 2- 4 
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mM of NAC and then further co-incubated with 1-100 µM of CPF or 100 ng/ml of epidermal 

growth factor (EGF) (positive control) in serum free medium for 48 hr. Cell growth was 

assessed by MTT cell viability assay. Each data point represents the mean±standard error of 

three independent experiments and expressed as a relative to the control . * represents 

statistically significant difference from the control group at P< 0.05.      

 

 

 

  



 

 

Discussion 

The Agricultural Health Study (AHS) which is a largest perspective cohort study has 

identified an association between exposure to CPF and increased lung, brain, and colorectal 

cancer risk in pesticide applicators (Weichenthal et al., 2010). However, the carcinogenic 

mechanisms of CPF remain unclear. The present study provides the novel information on the 

carcinogenic effect of CPF in colorectal cancer. This study showed the growth promoting effect 

of CPF in colorectal adenocarcinoma H508 cells through the activation of EGFR/ERK1/2 

signaling pathway. 

The present study showed that CPF at the concentration up to 100 µM did not affect 

the viability of normal hepatocyte THLE-3 and hepatocellular carcinoma HepG2 cells. Previous 

study demonstrated that CPF at the concentration of 25-200 µM, concentration dependently 

reduced the viability of human neuroblastoma SH-SY5Y cells (Ki et al., 2013). Furthermore, it 

has been shown that CPF significantly increased cytotoxicity and the IC50 value (the 

concentration that inhibited 50% growth) at 24 hr for CPF was about 100 µM in human neuron 

PC12 (Lee et al., 2012) and SH-SY-5Y cells (Park et al., 2013).   The difference in sensitivity 

among cell lines to CPF could be explained in part due to the difference in molecular 

characteristics of the different cancer cells especially anti-oxidant capacity, since it has been 

shown that oxidative stress is involved in CPF-induced apoptosis (Ki et al., 2013; Ventura et al., 

2015). Note that, glutathione system including glutathione, glutathione reductase, glutathione 

peroxidases and glutathione S-transferases, which is one of an important anti-oxidant 

enzymatic system, is particularly at high level in hepatocytes (Hayes et al., 2005).  The viability 

assay also showed that CPF-O at the concentration of 50-100 µM demonstrated more toxic 

http://en.wikipedia.org/wiki/Glutathione_reductase
http://en.wikipedia.org/wiki/Glutathione_peroxidase
http://en.wikipedia.org/wiki/Glutathione_peroxidase
http://en.wikipedia.org/wiki/Glutathione_S-transferase


 

 

effect to reduce the cell viability than it parent compound. Since, CPF-O is about 28-180 orders 

of magnitude more potent than CPF in inhibition of brain AChE activity (Monnet-Tschudi et al., 

2000), suggesting the involvement of an over activation of cholinergic signaling by the inhibition 

of AChE on the cytotoxic toxic effect of CPF-O. However, previous study suggested that CPF-

O-induced apoptosis in rat cortical neurons may occur independently of AChE inhibition 

(Caughlan et al., 2004). It will be interesting to investigate if there is any correlation between 

AChE inhibition and the cytotoxic effect of CPF-O. Furthermore, the present study showed that 

PrestoBlue™ metabolic activity assay showed similar pattern of MTT metabolic activity assay 

with a higher sensitivity.  However, opposite result was observed only in CPF-O-treated H508 

cells. The cytotoxic effect of CPF-O in H508 cells had been evidenced by MTT assay and cell 

morphology under microscope observation.  The fault positive result on the induction of cell 

viability in CPF-O-treated H508 cells had been found by PrestoBlue™ assay. Further study 

should be conducted to understand this specific fault positive result in this cell line.  

Interestingly, the present study found that CPF at the concentration range 10-100 µM 

significantly increased the viability of normal colon epithelial CCD841 and colorectal 

adenocarcinoma H508 cells. The cell cycle analysis showed the induction of cell in the S 

phase, and the EdU incorporation assay revealed the induction of the DNA synthesis in CPF-

treated H508 cells. These results demonstrated the growth promoting effect of CPF in H508 

cells.   Previous study also demonstrated that CPF at very low concentration (0.05 µM) 

promoted cell proliferation in the hormone-dependent breast cancer MCF-7 cells through  

estrogen receptor (ER) signaling pathway but higher concentrations of this insecticide caused 

cell death (Ventura et al., 2012).  Furthermore, CPF showed a strong aryl hydrocarbon receptor 



 

 

(AhR) agonistic activity compared to other pesticides, including methiocarb, chlorothalonil, 

tribenuron-methyl, paclobutrazol and tolchlofos-methyl (Long et al., 2003). In addition, Src-

mediated cross-talk between AhR and EGFR signaling pathways strongly activate proliferation 

of H508 cells (Xie et al., 2012). However, we found that pretreatment either with a specific AhR 

antagonist, CH223191 (100 nM), or a high affinity ER antagonist, ICI182780 (10 µM), failed to 

attenuate the CPF-induced H508 cell growth (data not show). Even though, the inhibitory effect 

on the AChE activity was observed, atropine, which is a muscarinic receptor antagonist, or 

mecamylamine, which is a nicotinic receptor antagonist, did not antagonize the growth 

promoting effect of CPF. This may be partially due to the concentrations of ACh in the cells 

may not be high enough to activate cholinergic receptors and activate cellular responses. 

Altogether, these results suggested that AhR, ER, or cholinergic receptors did not involve in the 

growth promoting effect of CPF in H508 cells in the experimental condition of this study.  

Furthermore, the results of this study showed that CPF caused an activation of EGFR 

by increasing the phosphorylation of EGFR at tyrosine 1173 residue after 24 h incubation 

period. However, the reduction of the phosphorylation of EGFR at tyrosine 1173 residue was 

observed after 48 h incubation period. This dynamic status of EGFR activation is possible in 

response to high activation of EGFR. This carboxy terminal tyrosine residue on EGFR is the 

major sites of autophosphorylation, which occurs as a result of ligand binding, and have been 

shown to play a critical role in the activation of the MAPK cascade following EGF stimulation 

(Schmidt-Ullrich et al., 1997; Sturla et al., 2005). In line with the activation of EGFR, CPF also 

increased the phosphorylation of ERK1/2 which is one of the most important downstream 

effectors of EGFR activation, after 48 h incubation period. Importantly, the present study 

provide a new evidence that CPF induces H508 cell growth via an activation of EGFR/ERK1/2 



 

 

signaling pathway, since EGFR antagonist (AG1478) and MAK inhibitor (U0126) completely 

mitigated CPF-mediated H508 cell growth. Note that, there are no studies reported that CPF 

elicited ability to interact with EGFR or activate EGFR/ERK1/2 signaling pathway which lead to 

the proliferation of the cancer cells.    Furthermore, many studies revealed that activation of 

MAPK signaling pathways are involved in regulating CPF-induced apoptosis. For example, CPF 

(100 µM) induced apoptosis involving the activation of MAPK pathways including JNK, ERK1/2, 

and p38 MAPK, through oxidative stress in human neuroblastoma SH-SY5Y cells (Ki et al., 

2013). A recent study also demonstrated that CPF (50 µM) inhibited cell proliferation in breast 

cancer MCF-7 and MDA-MB-231 cells through an increment of phosphorylation of p-ERK1/2 

levels mediated by oxidative stress (Ventura et al., 2015). Even though the increase in the 

production of ROS by CPF treatment was observed in this study, oxidative stress may not be 

involved in the growth promoting effect of CPF in H508 cells, since antioxidant NAC could not 

reverse CPF-induced H508 cell growth.  

The growth promoting effect of CPF seems to be cancer and tissue specific in that 

colon cancer cells were relatively response to CPF than normal colon epithelial cells or other 

type of cancers. The difference in the response of CPF among cell lines could be explained in 

part due to the difference in molecular characteristics of the different cells especially the basal 

background level of phosphorylated/activated form of EGFR or the mutation of EGFR. It has 

been shown that the increase in basal phosphorylation of EGFR was evidenced when tyrosine 

1173 was mutated (Sturla et al., 2005). Even though, the mutation in EGFR in H508 cells was 

not reported (Ahmed et al., 2013; Yeh et al., 2009), this study found that the basal background 

level of phosphorylated/activated form of EGFR at tyrosine 1173 residue was very high in H508 

cells.  This may explain the finding on the growth promoting effect of CPF likely specific to the 



 

 

colon especially in H508 cells but not liver cells. However, this hypothesis need further study to 

clarify.  

Although, CPF is highly metabolized and quickly detoxified in human, normal colon 

epithelial cells or colon cancer cells which line in the inner layer of the colon can directly 

contact with CPF. Following oral intake of CPF by rat, 90% was removed in the urine as 

metabolized forms and 10% was excreted in the feces as an unchanged form (Smith et al., 

1967). Furthermore, the growth promoting concentration of CPF in this study was started at 5 

µM which is not too high and may be possibly found in the gut.  

In conclusion, the present study found that CPF promoted the growth of colorectal 

adenocarcinoma H508 cells via EGFR/ERK1/2 signaling pathway. Even though, the inhibition of 

AChE was evidenced, non-neuronal cholinergic system did not involve in the growth promoting 

effect of CPF in this cholinergic-responded cancer cells. It should be noted that this study is a 

preliminary in vitro study; further study regarding the colorectal cancer promotion of CPF should 

be conducted. For example, the growth promoting effect of CPF in the other type of colorectal 

cancer cell line should be investigated. Importantly, animal study should also be carried out to 

verify this carcinogenic effect of CPF. 
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Abstract 

Aside from the effects on neuronal cholinergic system, epidemiological 

studies suggest an association between chlorpyrifos (CPF) exposure and 

cancer risk. This in vitro study examined the effects of CPF and its toxic 

metabolite, chlorpyrifos oxon (CPF-O), on the growth of human colorectal 

adenocarcinoma H508, normal colon epithelial CCD841, liver hepatocellular 

carcinoma HepG2, and normal liver hepatocyte THLE-3 cells. The results 

showed that CPF (0.1-100 µM) concentration-dependently increased viability of 

H508 and CCD841 cells in serum-free conditions. This increasing trend was not 

found in HepG2 and THLE-3 cells. In contrast, CPF-O (50-100µM) reduced the 

viability of all cell lines. Cell cycle analysis showed the induction of cells in the S 

phase, and EdU incorporation assay revealed the induction of DNA synthesis in 

CPF-treated H508 cells indicating that CPF promotes cell cycle progression.   

Despite the observation of acetylcholinesterase inhibition and reactive oxygen 

species (ROS) generation, atropine (a non-selective muscarinic acetylcholine 

receptor antagonist) and N-acetylcysteine (a potent antioxidant) failed to inhibit 

the growth-promoting effect of CPF. CPF increased the phosphorylation of 

epidermal growth factor receptor (EGFR) and its downstream effector, 

extracellular signal regulated kinase (ERK1/2), in H508 cells. AG-1478 (a 

specific EGFR tyrosine kinase inhibitor) and U0126 (a specific MEK inhibitor) 

completely mitigated the growth promoting effect of CPF. Altogether, these 

results suggest that CPF promotes the growth of colorectal adenocarcinoma 

H508 cells through the activation of EGFR/ERK1/2 signaling pathway.  

 

Keywords: Chlorpyrifos, chlorpyrifos oxon, colon cancer, cancer cell growth, 

EGFR, H508 cells 
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Introduction 

Chlorpyrifos [O,O-diethyl-O-(3,5,5-trichloro-2-pyridyl)-phos-phorothioate]  

(CPF) is the most extensively used broad-spectrum organophosphate insecticide 

and has been widely applied in agriculture throughout the world (Colt et al., 2004; 

Panuwet et al., 2008). Although the U.S. Environmental Protection Agency (EPA) 

banned CPF for residential pest control due to health effects, many other 

countries still heavily use CPF (Panuwet et al., 2008). The primary target of CPF 

toxicity is both the central and peripheral cholinergic neural systems, due to its 

ability to inhibit acetylcholinesterase (AChE) activity (Mileson et al., 1998). CPF is 

a weak anti-AChE compound. To inhibit AChE activity, CPF must undergo an 

oxidation desulfuration to become its oxygen (oxon) analogue, chlorpyrifos oxon 

(CPF-O). This biotransformation is executed by the cytochrome P450 

monooxygenase system, which is found in the liver with a high level (Sultatos et 

al., 1984).  It has been reported that CPF-O-induced inhibition of AChE activity is 

up to 28 and 180 orders of magnitude more potent than the parent compound, 

CPF, in immature and differentiated brain cells, respectively (Monnet-Tschudi et 

al., 2000). As a result of irreversible binding of CPF and CPF-O to the active site 

of AChE, the enzyme’s ability to hydrolyze neurotransmitter acetylcholine (ACh) 

becomes defective, which causes an accumulation of ACh at the neuronal 

cholinergic synapses and over-activation of cholinergic signaling, resulting in 

cholinergic adverse effects (Howard et al., 2007).   

The major function of non-neuronal cholinergic system in certain cancers 

is well documented, including lung (Song and Spindel, 2008), colon (Cheng et 

al., 2008b; Novotny et al., 2011; Pettersson et al., 2009), liver (Zhao et al., 

2011), prostate (Rayford et al., 1997), cervical (Parnell et al., 2012) and breast 

cancers (Espanol et al., 2007; Negroni et al., 2010). The non-neuronal 

cholinergic system plays a key role in regulation of important cell functions, 

including proliferation, differentiation, migration, organization of the cytoskeleton, 

cell-to-cell communication, and other features critical for cancer progression 

(Paleari et al., 2008; Schuller, 2009; Shah et al., 2009).   A recent study has 

shown that the expression of AChE is often down-regulated in hepatocellular 

carcinoma and functions as a tumor growth suppressor in regulating cell 
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proliferation and increasing drug sensitivity via its enzymatic activity (Zhao et al., 

2011). Additionally, for example, human colon cancer cell can increase 

physiological responses, invasion, migration and proliferation via cholinergic 

muscarinic receptor activation (Belo et al., 2011; Cheng et al., 2008a). It has 

been demonstrated that the expression of anti-apoptotic protein, Bcl-2, can be 

induced by cholinergic muscarinic receptor signaling, resulting in elevating the 

cell viability and hindering cell death (Budd et al., 2003). 

The evidence that CPF is involved in carcinogenesis is still scarce. Up to 

now, the International Agency for Research on Cancer (IARC) has not evaluated 

the carcinogenicity of CPF (IARC, 2010). Furthermore, the weight of biological 

evidence reviewed by the U.S. EPA and Canadian Pest Management 

Regulatory Agency (PMRA) do not suggest that CPF is a carcinogenic pesticide 

(Health Canada, 2003; Smegal, 2002). However, epidemiological studies related 

to occupational pesticide exposures and cancer incidences in the Agricultural 

Health Cohort Study (AHS) showed that pesticide applicators with the highest 

lifetime exposure-days for CPF had increased colorectal and lung cancer risk 

with a significant exposure-response relationship relative to non-exposed 

applicators (Lee et al., 2007; Lee et al., 2004).  Furthermore, a recent study 

demonstrated action of CPF as an environmental breast cancer risk factor due 

to its effects on the mechanisms that modulate breast cancer cell proliferation 

(Ventura et al., 2012). However, it is difficult to conclude, based on limited 

evidence at this time, the causal nature of these associations. Therefore, further 

studies are strongly needed.  

 It has long been known that CPF causes ACh accumulation in the 

neuronal cholinergic synapses leading to overstimulation of cholinergic 

receptors (Howard et al., 2007). Together with cholinergic receptor activation, 

CPF causes non-neuronal cholinergic cancer cell proliferation, particularly 

colorectal and liver cancers (Cheng et al., 2008a; Paleari et al., 2008; Zhao et 

al., 2011). We hypothesize that as a result of AChE inhibiting action of CPF and 

CPF-O, an accumulation of ACh in cancer cell occurs and further causes cancer 

cell growth through activation of cholinergic signaling. This in vitro study 

examined the effects of CPF and CPF-O on the growth of human colorectal 
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adenocarcinoma H508, normal colon epithelial CCD841, liver hepatocellular 

carcinoma HepG2, and normal liver hepatocyte THLE-3 cells.  

 

Materials and Methods 

Chemicals and reagents 

 Chlorpyrifos (diethyl 3,5,6-trichloro-2-pyridyl phosphorothionate) (CPF; purity 

99.9%) was purchased from Sigma-Aldrich (St. Louis, MO, USA). Chlorpyrifos oxon 

(CPF-O; purity 98.9%) was ordered from Chem Service (West Chester, PA, USA). 

Epidermal growth factor (EGF) was obtained from BD Biosciences (Bedford, MA, 

USA). Carbamoylcholine chloride (carbachol), atropine sulfate, mecamylamine 

hydrochloride, N-acetylcysteine (NAC) and tyrphostin AG-1478 were purchased from 

Sigma-Aldrich (St. Louis, MO, USA).  The stock solutions of CPF and CPF-O were 

prepared in ethanol at the concentration of 100 mM (Sigma-Aldrich, St. Louis, MO, 

USA). EGF, carbachol, mecamylamine, and atropine were freshly prepared by 

dissolved in sterile water at the concentrations of 100 µg/ml, 1 M, 100 mM, and 10 mM, 

respectively. Tyrphostin AG-1478 was prepared as a stock solution in ethanol at the 

concentration of 30 mM.  

 

Cell lines 

Cell lines including Hep-G2 cell line (a human epithelial hepatocellular 

carcinoma), THLE-3 cell line (a human normal liver epithelial-immortalized with SV40 

large T-antigen), NCI-H508 cell line (a human epithelial colorectal adenocarcinoma), 

and CCD-841-Con cell line (a human normal colon epithelial-immortalized with SV40 

large T-antigen) were purchased from American Type Culture Collection (ATCC, 

Rockville, MD, USA). Hep-G2 cells were cultured in minimum essential medium (MEM) 

(Gibco, Carlsbad, CA, USA) supplemented with 2 mM L-glutamine (Gibco, Carlsbad, 

CA, USA), 1.0 mM sodium pyruvate (Sigma-Aldrich, St. Louis, MO, USA), 0.1 mM 

nonessential amino acids (Sigma-Aldrich, St. Louis, MO, USA), 100 unit/ml penicillin, 

100 µg/ml streptomycin (Gibco, Carlsbad, CA, USA), and 10% (vol/vol) fetal bovine 

serum (FBS) (JR Scientific, Woodland, CA, USA). THLE-3 cells were grown in 

Dulbecco's modified Eagle's medium (DMEM) (Gibco, Carlsbad, CA, USA) 

supplemented with 10% FBS, 25 mM HEPES (Sigma-Aldrich, St. Louis, MO, USA), 

100 unit/ml of penicillin and 100 µg/ml streptomycin. NCI-H508 cells were maintained 
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in RPMI-1640 medium (Gibco, Carlsbad, CA, USA) supplemented with 2 mM L-

glutamine, 1.0 mM sodium pyruvate, 4.5 g/l glucose (Sigma-Aldrich, St. Louis, MO, 

USA), 100 unit/ml of penicillin, 100 µg/ml streptomycin and 10% FBS. CCD-841-Con 

cells were cultured in DMEM supplemented with 10% FBS, 100 unit/ml of penicillin and 

100 µg/ml streptomycin. All cell lines were maintained at 37ºC in a humidified 

atmosphere containing 95% air and 5% CO2.  

 

Cell viability assay 

Cell viability was measured by PrestoBlue™ cell viability assay (Molecular 

Probes, Invitrogen, Carlsbad, CA, USA) or a quantitative colorimetric MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide) assay (Sigma-Aldrich, St. Louis, 

MO, USA) which both assays detecting metabolically active cells.  Cells were seeded 

in 96-well plate (1104 cells/well) and cultured overnight to allow attachment. After 

incubation, cells were starved by maintaining in serum free medium for 24 hr. The 

starving cells were treated with various concentrations of CPF or CPF-O (0.1-100 µM) 

for 48 hr. The final concentration of ethanol in all treatment conditions was 0.1%, which 

did not affect the cell viability in control plates. At the end of the respective incubation 

period, 10 µl of PrestoBlue™ cell viability reagent was added directly to each well, and 

cells were further incubated at 37ºC for 30 min. The fluorescence intensity was 

determined at 560 nm for excitation and 590 nm for emission using microplate-

scanning spectrophotometer (SpectraMax® M3, Molecular Devices, Sunnyvale, CA, 

USA). For MTT assay, 100 µl of MTT (500 µg/ml MTT in serum free medium) was 

added to each well. Cells were incubated for 4 hr at 37oC for formazan formation, MTT 

was removed and formazan was dissolved with dimethylsulfoxide (DMSO) (Sigma-

Aldrich, ST. Louis, MO, USA). After formazan solubilization, the plate was measured at 

the absorbance of 570 nm with reference wavelength of 650 nm using microplate-

scanning spectrophotometer. 

 

Cell cycle assay 

The cells (5106 cells) were seeded in a 100 mm plate and processed as 

previously described in the cell viability assay.  After 48 hr incubation with CPF, the 

cells were analyzed for the distribution of G1, S, and G2/M phases of cell cycle by flow 

cytometer with propidium iodide (PI) staining. Briefly, the medium was removed, and 
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cells were harvested with trypsinization (Gibco, Carlsbad, CA, USA). Cell suspension 

was centrifuged at 500  g, 4°C for 5 min. Cell pellets were washed with phosphate 

buffer saline (PBS) (Gibco, Carlsbad, CA, USA) and subsequently fixed in 70% ethanol 

overnight at -20oC. After fixing with 70% ethanol, the cells were washed with cold PBS 

and incubated with 50 µg/ml of PI (Sigma-Aldrich, St. Louis, MO, USA) and 0.5 µg/ml 

of RNAse (Sigma-Aldrich, St. Louis, MO, USA) at ambient temperature for 15 min to 

stain nucleic acids and digest RNA, respectively. The cell cycle stages were measured 

by flow cytometer (BD FACSCanto, BD Biosciences, Franklin Lakes, NJ, USA) and the 

data was analyzed by Modfit LT software (Verity House Software, Topsham, ME, 

USA). 

 

Cell proliferation assay 

Cell proliferation was determined by the incorporation of 5-ethynil-2-

deoxyuridine (EdU) into newly synthesis DNA stand using Click-iT® EdU microplate 

assay (Molecular probes, Invitrogen, Carlsbad, CA, USA). Briefly, cells were seeded in 

96-well plate (1104 cells/well) and processed as previously described in the cell 

viability assay. At the end of the respective incubation period, a working stock of 10X 

EdU in pre-warmed complete media was added to each well at final concentration of 

10 µM and further incubated at 37°C for 3 hr. The incorporated EdU in DNA was 

coupled with Oregon Green-azide dye, and then subsequently incubated with 

horseradish peroxidase-labeled anti-Oregon Green antibody, Amplex® UltraRed, and 

N-acetyl-3, 7-dihydroxyphenoxazine. The fluorescence intensity was determined at 490 

nm for excitation and 585 nm for emission using microplate-scanning 

spectrophotometer. 

 

Enzymatic activity of acetylcholinesterase assay 

 Acetylcholinesterase (AChE) enzymatic activity in cells was determined 

by the Ellman method (Ellman et al., 1961) modified for use with microplate. 

Briefly, cells (5106 cells) were seeded in a 100 mm plate processed as 

previously described in the cell viability assay. After 48 hr incubation with CPF, 

cells were washed with cold PBS and lysed in lysis buffer containing 10 mM 

Tris-HCl pH 7.4 (Sigma-Aldrich, St. Louis, MO, USA), 150 mM NaCl (Sigma-

Aldrich, St. Louis, MO, USA), 1% triton X-100 (Bio-Rad, Hercules, CA, USA), 0.1 
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mM PMSF (Sigma-Aldrich, St. Louis, MO, USA), 1 mM Na3VO4 (Sigma-Aldrich, 

St. Louis, MO, USA), 20 mM NaF (Sigma-Aldrich, St. Louis, MO, USA), and 

protease cocktail inhibitor (Calbiochem, Germany). Cell lysates were sonicated 

and incubated at 4°C for 30 min then centrifuged at 16,000  g for 15 min at 4°C. 

The concentration of protein was determined by Bradford assay (Bio-Rad, 

Hercules, CA, USA). Afterwards, 100 µl of protein sample containing 300 µg 

proteins was mixed with 50 µl of dithiobisnitrobenzoate (DTNB) solution (1.25 

mM DTNB (Sigma-Aldrich, St. Louis, MO, USA), 0.1875 mg/ml NaHCO3 (Sigma-

Aldrich, St. Louis, MO, USA) in 0.1 M PBS pH 8.0). The mixture was allowed to 

sit at room temperature for 5 min, and then 50 µl of acetylcholine iodine (ATCI) 

substrate solution (1.87 mM ATCI (Sigma-Aldrich, St. Louis, MO, USA) in 0.1 M 

PBS pH 8.0) was added.  The absorbance was monitored every 2 min intervals 

for 12 min at 410 nm at 25°C using microplate-scanning spectrophotometer. The 

absorbance was corrected by subtracting the absorbance observed in a blank. 

AChE activity was extrapolated from standard curve of the purified AChE 

standard (Sigma-Aldrich, St. Louis, MO, USA). 

 

Western immunoblotting assay 

 The cells (5106 cells) were seeded in a 100 mm plate and  processed as 

previously described in the cell viability assay. At the end of the respective 

incubation period, the total protein cell lysates were prepared as previously 

described in AChE enzymatic activity assay. The protein (50 µg) was mixed with 

Laemmli loading buffer (Bio-Rad, Hercules, CA, USA) and boiled at 95°C for 5 

min. The proteins were separated by 7.5% SDS-polyacrylamide gel 

electrophoresis in a Mini-PROTEAN II system (Bio-Rad, Hercules, CA, USA). 

The separated protein bands were transferred onto a nitrocellulose membrane 

(GE Healthcare, United Kingdom). The membrane was incubated in blocking 

buffer containing 5% non-fat dry milk in TBST buffer (10mM Tris-HCl pH 8.0, 

150mM NaCl, and 0.05% Tween-20) for 1 h at room temperature followed by 

overnight incubation at 4°C with primary antibodies. The antibodies against 

AChE, phosphorylated EGFR at tyrosine 1173 residue, and total EGFR were 

purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The 

antibodies against phosphorylated ERK1/2, total ERK1/2, and β-actin were 



9 
 

obtained from Cell Signaling Technology (Cell Signaling, Beverly, MA, USA). 

After washing with TBST buffer, the membrane was incubated with horseradish-

peroxidase conjugated secondary antibodies (GE Healthcare, United Kingdom) 

for 2 hr at room temperature. The protein bands stained by the antibody were 

visualized by using enhanced chemiluminescence (GE Healthcare, United 

Kingdom) followed by exposure to x-ray films (Pierce-Perbio, Brazil). Relative 

protein expressions were calculated from band intensities using computerized 

densitometry with ImageQuantTL software (GE Healthcare, United Kingdom).  

 

Reactive Oxygen Species (ROS) Assay 

         The cells were seeded in a 6-well plate (7105 cells/well) and processed 

as previously described in the cell viability assay. The cells were incubated with 

25 µM of H2DCF-DA (Sigma-Aldrich, St. Louis, MO, USA) for 15 min before the 

end of treatment. The treated cells were trypsinized and centrifuged at 2,300  g 

for 5 min to remove excessed H2DCF-DA dye. Then cells were re-suspended 

with cold PBS. The fluorescence was measured using BD LSRFortessaTM Flow 

cytometer (BD Biosciences, Franklin Lakes, NJ, USA). 

 

Statistical analysis 

Data was expressed as the means ± standard error of at least three 

independent experiments.  Statistical analysis was performed using one-way 

analysis of variance (ANOVA), followed by the Fisher's Least Significant 

Difference (LSD) test. A two-tailed p-value less than 0.05 was considered as a 

statistically significant difference. 

 

  

https://www.google.co.th/url?q=http://www.graphpad.com/guides/prism/6/statistics/stat_fishers_lsd.htm&sa=U&ei=SCOMU46fKZLp8AX4zoKYAg&ved=0CCAQFjAA&usg=AFQjCNEkeRxVG7plT7Gpo9dpQfQbnHP6uQ
https://www.google.co.th/url?q=http://www.graphpad.com/guides/prism/6/statistics/stat_fishers_lsd.htm&sa=U&ei=SCOMU46fKZLp8AX4zoKYAg&ved=0CCAQFjAA&usg=AFQjCNEkeRxVG7plT7Gpo9dpQfQbnHP6uQ
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Results 

1. Chlorpyrifos increases the viability of normal colon epithelial CCD841 

cells and colorectal adenocarcinoma H508 cells 

After treatment with CPF and CPF-O in a serum free condition for 48 hr, 

cell viability was assessed by PrestoBlue™ or MTT metabolic activity assays. 

The results from MTT assay showed that 5 and 10 µM of CPF significantly 

increased the viability of normal colon epithelial CCD841 cells but this 

increasing response slightly decreased at higher concentrations (Fig. 1A). CPF 

(0.1-100 µM) concentration-dependently increased the viability of colorectal 

adenocarcinoma H508 cells (Fig. 1B). The significant differences from the 

control occurred at 10, 50, and 100 µM of CPF treated groups. At the tested 

concentration range (0.1-100 µM), the viability of normal hepatocyte THLE3 

cells and hepatocellular carcinoma HepG2 cells were not affected by CPF (Fig. 

1C and 1D). Meanwhile, CPF-O at two highest tested concentrations (50 and 

100 µM) dramatically reduced the cell viability of all tested cell lines, but not in 

H508 cell line while CPF-O at lower concentrations (0.1-10 µM) did not affect 

the cell viability. It should be noted that, the liver cell lines (THLE-3 and HepG2) 

are more likely to be sensitive to the toxic effect of CPF-O than the colon cell 

lines (CCD841 and H508). 

For comparison, the results of PrestoBlue™ assay showed similar pattern 

with MTT assay, but higher sensitivity in all cell lines except H508 cells (Fig. 2).  

PrestoBlue™ cell viability assay showed that CPF-O (0.1-100 µM) concentration 

dependently increased the viability of H508 cells. In contrast, at the two highest 

tested concentrations of CPF (50 and 100 µM), the MTT assay showed the 

reduction of H508 cell viability. Observation under phase contrast microscopy 

revealed that cells treated with these high concentrations of CPF-O (50 and 100 

µM) were detached from the plate and reduced in cell size (data not shown). 

These results suggested that CPF increased CCD841 and H508 cell viability in 

serum-free condition. 
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2. Chlorpyrifos stimulates growth of colorectal adenocarcinoma H508 cells 

 Further study was conducted to investigate the effect of CPF on cell cycle 

and DNA synthesis of H508 cells. Cell cycle was measured by flow cytometry 

with propidium iodide (PI) staining. The results indicated that CPF concentration 

dependently increased the percentage of cells in the S phase (Fig. 3).  The 

percentage of H508 cells in the S phase increased from 8.44% for the control to 

9.92-17.10% for cells treated with 1-100 µM of CPF. Significant differences from 

the control were observed at 50 and 100 µM of CPF treated groups in the S 

group. Furthermore, the increased percentage of cells in S phase was 

accompanied with the decreased percentage of cells in G0/G1 phase. The 

positive control (10 ng/ml of EGF) significantly increased the percentage of cells 

in the S and G2/M phases, while decreasing the percentage of cells in G0/G1 

phase.   

Next, the EdU incorporation assay was utilized to determine the 

proliferation by measuring the rate of DNA synthesis during S phase of cell 

cycle. CPF at concentrations of 10 and 50 µM induced proliferation by activation 

of DNA synthesis, significantly higher than the control about 108.7 and 164.7%, 

respectively (Fig. 4). Notably, the positive control (10 ng/ml of EGF) also 

dramatically activated cell proliferation by 372.4% compared to the control. 

These results suggested that CPF stimulated colorectal adenocarcinoma H508 

cell growth.    

 

3.  Non-neuronal cholinergic system does not involve in chlorpyrifos-

stimulated growth of colorectal adenocarcinoma H508 cells  

  It is well established that non-neuronal cholinergic system plays an 

important role in colon epithelial tumorigenesis (Novotny et al., 2011). We 

studied the role of non-neuronal cholinergic system in CPF-induced H508 cell 

growth. Initial experiment was performed to measure the effects of CPF on the 

protein expression and enzymatic activity of acetylcholinesterse (AChE). Cells 

were treated with 1-50 µM of CPF in a serum free medium for 24 and 48 hr, the 

protein expression of AChE was measured by Western immunobloting assay. 

The AChE enzymatic activity in cells was determined by the modified Ellman 
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method. The results showed that CPF did not alter the protein expression level 

of AChE in either 24 or 48 hr (Fig 5A); meanwhile, it decreased AChE enzymatic 

activity in a concentration-dependent manner (Fig. 5B). Note that the significant 

differences from the control were observed at 10 and 50 µM of CPF-treated 

groups.  

 To examine whether the growth stimulating effect of CPF is related to the 

non-neuronal cholinergic system, cells were pretreated for 30 min with specific 

cholinoceptor antagonists, including 10 µM of atropine (a non-selective 

muscarinic acetylcholine receptor antagonist) or 100 µM of mecamylamine (a 

non-selective nicotinic acetylcholine receptor antagonist), and then cells were 

further co-treated with 1-50 µM of CPF or 1 mM of carbachol (a cholinoceptor 

agonist) in serum free medium for 48 hr. The results of PrestoBlue™ assay 

showed that either mecamylamine or atropine failed to attenuate the growth 

promoting effect of CPF (Fig. 6). Notably, the positive control, carbachol, 

significantly stimulated growth of H508 cells and atropine, but not 

mecamylamine, which completely blocked this growth promoting effect.  

 

4. Chlorpyrifos induces colorectal adenocarcinoma H508 cell growth via 

an activation of EGFR/ERK1/2 signaling pathway 

 The epidermal growth factor receptor (EGFR) is over-expressed in 

colorectal cancer patient populations and it is recognized as an important player 

in colon cancer initiation and progression (Sasaki et al., 2013; Spano et al., 

2005). We determined the expression level of EGFR in colon and liver cell lines. 

The results showed that the background levels of the total and 

active/phospholylated forms of EGFR were varying among colon and liver cell 

lines.    H508 and THLE-3 cells highly expressed the total form of EGFR when 

compared to HepG2 and CCD841 cells (Fig. 7). Interestingly, the basal 

background level of the active/phosphorylated form of EGFR at tyrosine 1178 in 

colon cells especially H508 cells were higher than the tested liver cells.  

We studied the effects of CPF on EGFR signaling in H508 cells. Cells 

were treated with 1-50 µM of CPF in serum free medium for 24 and 48 hr. The 

activation of EGFR and its downstream signaling cascade were determined by 

Western immunobloting assay. The results of 24 hr incubation period showed 
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that CPF increased the expression level of active/phosphorelated EGFR at 

tyrosine 1173 residue in a concentration-dependent manner with a significant 

difference from the control at 10 and 50 µM of CPF (Fig. 8B). In contrast, the 

results of 48 hr incubation period showed that the expression level of active 

EGFR concentration dependently reduced by CPF treatment. Extracellular 

signal regulated kinase (ERK1/2), which is one of the most important 

downstream effectors of EGFR activation, was slightly (though, non-significantly) 

activated by CPF treatment at 24 hr exposure period (Fig. 8C). Furthermore, the 

activation of ERK1/2 was significantly increased by CPF treatment at 48 hr 

exposure period.  

In order to determine the role of EGFR/ERK1/2 signaling in CPF-induced 

H508 cell growth, cells were pretreated with 0.1-1 µM of AG-1478 (a specific 

EGFR tyrosine kinase inhibitor) or 1-5 µM of U0126 (a specific MEK inhibitor) for 

30 min before co-treatment with CPF for 48 hr. The PrestoBlue™ viability assay 

revealed that the growth promoting effect of CPF was significantly mitigated by 

pre- and co-treatment with 1 µM of AG-1478 (Fig. 9A). For MEK inhibitor, the 

growth stimulating effect of CPF was also significantly attenuated by pre- and 

co-treatment with 5 µM of U0126 (Fig. 9B). Though the 1 µM of AG-1478 and 5 

µM of U0126 did not affect the viability of H508 cells, but they significantly 

attenuated the growth-stimulating effect of 10 and 100 ng/ml of EGF, 

respectively.   

 

5. Chlorpyrifos stimulates reactive oxygen species in colorectal 

adenocarcinoma H508 but this effect does not involved in the growth 

promoting effect of chlorpyrifos  

Reactive oxygen species (ROS), such as hydrogen peroxide (H2O2), 

have been shown to induce phosphorylation of EGFR, in part, due to its protein-

tyrosine phosphatase inhibition (Kamata et al., 2000). Since, it has been 

reported that CPF can generate oxidative stress by inducing the production of 

ROS (Ki et al., 2013), we determined the effect of CPF on the level of ROS in 

H508 cells. The results showed that 24 and 48 hr exposure of CPF (10-100 µM) 

concentration dependently increased ROS in H508 cells (Fig 10A). Pretreatment 

the cells with 50 mM of H2O2 for 15 min (positive control) also significantly 
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increased the level of ROS when compared to the control. Moreover, the 

involvement of oxidative stress in CPF-induced growth of H508 cells was also 

determined. Cells were pretreated with 2-4 mM of the antioxidant N-

acetylcysteine (NAC) for 30 min before co-treatment with CPF or EGF for 48 hr.  

The MTT viability assay revealed that pre- and co-treatment with NAC did not 

reduce the growth promoting effect of CPF. As expected, NAC also did not 

mitigate the growth promoting effect of EGF (Fig. 10B).  

 

Discussion 

The Agricultural Health Study (AHS) which is a largest perspective cohort 

study has identified an association between exposure to CPF and increased 

lung, brain, and colorectal cancer risk in pesticide applicators (Weichenthal et 

al., 2010). However, the carcinogenic mechanisms of CPF remain unclear. The 

present study provides the novel information on the carcinogenic effect of CPF 

in colorectal cancer. This study showed the growth promoting effect of CPF in 

colorectal adenocarcinoma H508 cells through the activation of EGFR/ERK1/2 

signaling pathway. 

The present study showed that CPF at the concentration up to 100 µM 

did not affect the viability of normal hepatocyte THLE-3 and hepatocellular 

carcinoma HepG2 cells. A previous study demonstrated that CPF at the 

concentration of 25-200 µM, concentration dependently reduced the viability of 

human neuroblastoma SH-SY5Y cells (Ki et al., 2013). Furthermore, it has been 

shown that CPF significantly increased cytotoxicity and the IC50 value (the 

concentration that inhibited 50% growth) at 24 hr for CPF was about 100 µM in 

human neuron PC12 (Lee et al., 2012) and SH-SY-5Y cells (Park et al., 2013). 

The difference in sensitivity among cell lines to CPF could be explained in part 

due to the differences in molecular characteristics of the different cancer cells, 

especially anti-oxidant capacity, since oxidative stress is involved in CPF-

induced apoptosis (Ki et al., 2013; Ventura et al., 2015). The glutathione system 

including glutathione, glutathione reductase, glutathione peroxidases, and 

glutathione S-transferases are particularly at high level in hepatocytes (Hayes et 

al., 2005).  The viability assay showed that CPF-O at concentrations of 50-100 

µM demonstrated more toxic effects in reducing cell viability than its parent 

http://en.wikipedia.org/wiki/Glutathione_reductase
http://en.wikipedia.org/wiki/Glutathione_peroxidase
http://en.wikipedia.org/wiki/Glutathione_S-transferase
http://en.wikipedia.org/wiki/Glutathione_S-transferase
http://en.wikipedia.org/wiki/Glutathione_S-transferase
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compound. CPF-O is about 28-180 orders of magnitude more potent than CPF 

in inhibiting brain AChE activity (Monnet-Tschudi et al., 2000), suggesting over-

activation of cholinergic signaling from CPF-O-induced AChE inhibition. 

However, a previous study suggested that CPF-O-induced apoptosis in rat 

cortical neurons may occur independently of AChE inhibition (Caughlan et al., 

2004). Further research should investigate potential correlations between AChE 

inhibition and the cytotoxic effect of CPF-O. The present study showed that 

PrestoBlue™ metabolic activity assay showed similar patterns of MTT 

mitochondrial metabolic activity assay with higher sensitivity.  Contrasting results 

were observed only in CPF-O-treated H508 cells. The cytotoxic effect of CPF-O 

at the high concentrations in H508 cells had been demonstrated by the MTT 

assay and cell morphology observations under phase contrast microscope.  The 

fault positive result on the induction of cell viability in CPF-O-treated H508 cells 

had been found by PrestoBlue™ assay. Further study need to be further 

investigated to better understand this specific fault positive result.  

The present study found that CPF at the concentration range 10-100 µM 

significantly increased the viability of normal colon epithelial CCD841 and 

colorectal adenocarcinoma H508 cells. The cell cycle analysis showed the 

induction of cells in the S phase, and the EdU incorporation assay revealed the 

induction of the DNA synthesis in CPF-treated H508 cells. These results 

demonstrated the growth-promoting effect of CPF in H508 cells. A previous 

study also demonstrated that low-levels of CPF (0.05 µM) promoted cell 

proliferation in the hormone-dependent breast cancer MCF-7 cells through  

estrogen receptor (ER) signaling pathway, but higher concentrations of this 

insecticide caused cell death (Ventura et al., 2012).  Furthermore, CPF showed 

a strong aryl hydrocarbon receptor (AhR) agonistic activity compared to other 

pesticides, including methiocarb, chlorothalonil, tribenuron-methyl, paclobutrazol 

and tolchlofos-methyl (Long et al., 2003). In addition, Src-mediated cross-talk 

between AhR and EGFR signaling pathways strongly activate proliferation of 

H508 cells (Xie et al., 2012). However, we found that pretreatment either with a 

specific AhR antagonist, CH223191 (100 nM), or a high affinity ER antagonist, 

ICI182780 (10 µM), failed to attenuate the CPF-induced H508 cell growth (data 

not shown). Even though the inhibitory effect on the AChE activity was 
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observed, atropine (a muscarinic receptor antagonist) or mercamylamine (a 

nicotinic receptor antagonist) did not inhibit the growth-promoting effect of CPF. 

This may be partially due to insufficient concentrations of ACh in the cells to 

activate cholinergic receptors and cellular responses. Altogether, these results 

suggested that AhR, ER, or cholinergic receptors are not involved in the growth 

promoting effect of CPF in H508 cells in our experimental condition.  

Furthermore, the results of this study showed that CPF caused an 

activation of EGFR by increasing the phosphorylation of EGFR at tyrosine 1173 

residue after 24 h incubation period. However, the reduction of EGFR 

phosphorylation at tyrosine 1173 residue was observed after 48 h incubation 

period. This dynamic nature of EGFR activation is possibly due to the high 

activation of EGFR. The carboxy terminal tyrosine residue on EGFR is the major 

site of autophosphorylation, which occurs as a result of ligand binding. The 

autophosphorylation plays a critical role in the activation of the MAPK cascade 

following EGF stimulation (Schmidt-Ullrich et al., 1997; Sturla et al., 2005). In 

line with the activation of EGFR, CPF also increased the phosphorylation of 

ERK1/2, which is one of the most important downstream effectors of EGFR 

activation, after 48 h incubation period.  

To the best of our knowledge, this is the first study to report new evidence 

showing that CPF induces H508 cell growth via activation of the EGFR/ERK1/2 

signaling pathway, since EGFR antagonist (AG1478) and MAK inhibitor (U0126) 

completely mitigated CPF-mediated H508 cell growth. It is worth noting that, 

there are no studies reporting the CPF-elicited ability to interact with EGFR or 

activate EGFR/ERK1/2 signaling pathway, which leads to the proliferation of the 

cancer cells.    Many studies revealed that activation of MAPK signaling 

pathways are involved in regulating CPF-induced apoptosis (CITATION?). For 

example, CPF (100 µM) induced apoptosis involving the activation of MAPK 

pathways including JNK, ERK1/2, and p38 MAPK, through oxidative stress in 

human neuroblastoma SH-SY5Y cells (Ki et al., 2013). A recent study also 

demonstrated that CPF (50 µM) inhibited cell proliferation in breast cancer MCF-

7 and MDA-MB-231 cells through an incremental phosphorylation of p-ERK1/2 

levels mediated by oxidative stress (Ventura et al., 2015). Even though the 

increase in the production of ROS by CPF treatment was observed in this study, 
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oxidative stress may not be involved in the growth-promoting effect of CPF in 

H508 cells, since antioxidant NAC did not reverse CPF-induced H508 cell 

growth.  

The growth promoting effect of CPF seem to be cancer and tissue 

specific in that colon cancer cells were relatively response to CPF than normal 

colon epithelial cells or other type of cancers. The difference CPF responses 

among cell lines could be explained in part due to the molecular characteristics 

of the different cells, especially in the background level of 

phosphorylated/activated form of EGFR or the mutation of EGFR. It has been 

shown that the increase in basal phosphorylation of EGFR was evidenced when 

tyrosine 1173 was mutated (Sturla et al., 2005). Even though the mutation in 

EGFR in H508 cells was not reported (Ahmed et al., 2013; Yeh et al., 2009), this 

study found that the basal background level of phosphorylated/activated form of 

EGFR at tyrosine 1173 residue was very high in H508 cells.  This may explain 

the finding on the growth-promoting effect of CPF is likely specific to the colon, 

especially in H508 cells but not liver cells. However, this hypothesis needs 

further study to clarify. 

Although, CPF is highly metabolized and quickly detoxified in human, 

normal colon epithelial cells or colon cancer cells which line in the inner layer of 

the colon may directly contact with CPF. Following oral intake of CPF by rat, 

90% was removed in the urine as metabolized forms and 10% was excreted in 

the feces as an unchanged form (Smith et al., 1967). Furthermore, the growth 

promoting concentration of CPF in this study was started at 5 µM which is not 

too high and may be possibly found in the gut. 

In conclusion, the present study found that CPF promoted the growth of 

colorectal adenocarcinoma H508 cells via EGFR/ERK1/2 signaling pathway. 

Even through the inhibition of AChE was evidenced, non-neuronal cholinergic 

system was not involved in the growth-promoting effect of CPF in cholinergic-

responded cancer cells. 
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Figure Caption 

 

Figure 1: Effects of chlorpyrifos (CPF) and chlorpyrifos oxon (CPF-O) on the 
viability of (A) normal colon epithelial CCD841 cells, (B) colorectal 
adenocarcinoma H508 cells, (C) normal hepatocyte THLE3 cells, and (D) 
hepatocellular carcinoma HepG2 cells. Cells were starved in a serum free 
condition for 24 hr, and treated with 0.1- 100 µM of CPF or CPF-O in a serum 
free condition for 48 hr.    Cell viability was assessed by MTT assay. Each data 
point represents the mean±standard error of three independent experiments and 
expressed as a relative to control. * represents statistically significant difference 
from the control at p< 0.05. 
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Figure 2: Effects of chlorpyrifos (CPF) and chlorpyrifos oxon (CPF-O) on the 
viability of (A) normal colon epithelial CCD841 cells, (B) colorectal 
adenocarcinoma H508 cells, (C) normal hepatocyte THLE3 cells, and (D) 
hepatocellular carcinoma HepG2 cells. Cells were starved in a serum free 
condition for 24 hr, and then treated with 0.1- 100 µM of CPF or CPF-O in a 
serum free condition for another 48 hr.    Cell viability was assessed by 
PrestoBlue™ cell viability assay. Each data point represents the mean±standard 
error of three independent experiments and expressed as a relative to control. * 
represents statistically significant difference from the control at P< 0.05. 
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Figure 3: Effects of chlorpyrifos (CPF) on colorectal adenocarcinoma H508 cell 
cycle. Cells were starved in a serum free condition for 24 hr, and then treated 
with 1-100 µM of CPF or 10 ng/ml of epidermal growth factor (EGF) (positive 
control) in a serum free condition for 48 hr. Cell cycle phase distribution was 
measured by flow cytometry with propidium iodide staining. The data are the 
percentage mean of each cell cycle phase±standard error of three independent 
experiments. * represents statistically significant difference from the control at 
P< 0.05. 
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Figure 4: Effects of chlorpyrifos (CPF) on the proliferation of colorectal 
adenocarcinoma H508 cells. Cells were starved in serum free condition for 24 
hr, and then treated with 10 or 50 µM of CPF or 10 ng/ml of epidermal growth 
factor (EGF) (positive control) in serum free condition for 48 hr. Cell proliferation 
was measured by Click-iT® EdU cell proliferation assay. Each data point 
represents the mean±standard error of three independent experiments and 
expressed as a relative to control. * represents statistically significant difference 
from the control at P< 0.05. 
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Figure 5:  Effects of chlorpyrifos (CPF) on the expression and enzymatic activity 
of acetylcholinesterse (AChE). Cells were starved in a serum free condition for 
24 hr, and then treated with 1, 10 or 50 µM of CPF in a serum free condition for 
another 24-48 hr. Protein expression of AChE was measured by Western 
immunobloting assay and AChE enzymatic activity was determined by the 
modified Ellman method. (A) Representative immunoblots band of AChE. The β-
actin was used to ensure equal amount of loaded protein. (B) Enzymatic activity 
of AChE. Each data point represents the mean±standard error of three 
independent experiments and expressed as a relative to control. * represents 
statistically significant difference from the control at P< 0.05. 
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Figure 6: Effects of cholinoceptor antagonists on the growth promoting effect of 
chlorpyrifos (CPF). Colorectal adenocarcinoma H508 cells were starved in a 
serum free condition for 24 hr. Starved cells were pre-treated for 30 min with 10 
µM of atropine or 100 µM of mecamylamine and then further co-treated with 1-
50 µM of CPF or 1 mM of carbachol (positive control) in serum free medium for 
48 hr. Cell growth was assessed by PrestoBlue™ cell viability assay. Each data 
point represents the mean±standard error of three independent experiments and 
expressed as a relative to control. * represents statistically significant difference 
from the control and # represents statistically significant difference from the 
control vehicle at P< 0.05.  
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Figure 7: Background expression levels of the total and active/phosphorylated 
forms of epidermal growth factor receptor (EGFR) in liver (THLE-3 and HepG2) 
and colon (CCD841 and H508) cell lines. Expression of active/phosphorylated 
EGFR at tyrosine 1173 (p-EGFR), and total EGFR were measured by Western 
immunoblotting assay.  
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Figure 8: Effects of chlorpyrifos (CPF) on the activation of epidermal growth 
factor receptor (EGFR) and extracellular signal regulated kinase (ERK1/2). 
Colorectal adenocarcinoma H508 cells were starved in serum free condition for 
24 hr and then further incubated with 1-50 µM of CPF in serum free medium for 
24-48 hr. Expression of phosphorylated EGFR (p-EGFR), total EGFR, 
phosphorylated ERK1/2 (p-ERK1/2), and total ERK1/2 were measured by 
Western immunoblotting assay. (A) Representative immunoblots band of p-
EGFR, total EGFR, p-ERK1/2, and total ERK1/2. The β-actin was used to 
ensure equal amount of loaded protein. (B) Ratio of relative expression of p-
EGFR to total EGFR proteins. (C)  Ratio of relative expression of p-ERK1/2 to 
total ERK1/2 proteins. Each data point represents mean±standard error of three 
independent experiments and expressed as a relative to the control of 24 hr 
exposure. * represents statistically significant difference from the control of 24 hr 
exposure at P< 0.05.      
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Figure 9: Effects of epidermal growth factor receptor (EGFR) and MEK inhibitors 
on the growth promoting effect of chlorpyrifos (CPF). Colorectal adenocarcinoma 
H508 cells were starved in a serum free condition for 24 hr. Starved cells were 
pre-treated for 30 min with (A) 0.1- 1 µM of AG-1478 (a specific EGFR tyrosine 
kinase inhibitor) or (B) 1- 5 µM of U0126 (a specific MEK inhibitor) and then 
further co-incubated with 1-100 µM of CPF or 10-100 ng/ml of epidermal growth 
factor (EGF) (positive control) in a serum free medium for 48 hr. Cell growth was 
assessed by PrestoBlue™ cell viability assay. Each data point represents the 
mean±standard error of three independent experiments and expressed as a 
relative to the control. * represents statistically significant difference from the 
control group and # represents statistically significant difference from the control 
vehicle at the same concentration of CPF at P< 0.05.      
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Figure 10: (A) Effect of chlorpyrifos (CPF) on the production of reactive oxygen 
species (ROS). Colorectal adenocarcinoma H508 cells were starved in serum 
free condition for 24 hr. Starved cells were treated with 10-100 µM of CPF in 
serum free medium for 24-48 hr or  50 mM of hydrogen peroxide (H2O2) for 15 
min (positive control). ROS were stained with H2DCF-DA dye and measured by 
flow cytometer.  Each data point represents the mean±standard error of three 
independent experiments and expressed as a fold of the control.  (B) Effects of 
antioxidant on the growth promoting effect of CPF. Serum starved cells were 
pre-treated for 30 min with 2- 4 mM of NAC and then further co-incubated with 
1-100 µM of CPF or 100 ng/ml of epidermal growth factor (EGF) (positive 
control) in serum free medium for 48 hr. Cell growth was assessed by MTT cell 
viability assay. Each data point represents the mean±standard error of three 
independent experiments and expressed as a relative to the control. * 
represents statistically significant difference from the control group at P< 0.05.      
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