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1  |   INTRODUCTION

According to World Health Organization report, cancer is a 
major health problem worldwide and second leading cause 
of casualties (8.8 million) during 2015.1 The factors re-
sponsible for cancer are oncogenic viruses, ionizing radia-
tions, and environmental pollutants, such as xenobiotics. 
Xenobiotics exposure causes numerous medical problems 
such as Parkinson’s disease, diabetes, autoimmune disorders, 
and cancer.2-5 Epidemiological and animal studies have es-
tablished the role of pesticides, polycyclic aromatic hydrocar-
bons, mycotoxins, and heavy metals in causing cancer. It has 

been reported that the interaction of these xenobiotics with 
self-molecules, such as DNA, proteins, and lipids, alters vari-
ous cellular processes. The genetic and epigenetic changes in 
the cellular processes can instigate cancer.6

Majority of xenobiotics are detoxified and excreted out 
from the body. Liver is the central organ to metabolize xe-
nobiotics. Xenobiotics can be converted into their reactive 
derivatives by the action of various metabolizing enzymes, 
such as cytochromes-P450, glutathione-S-transferases, and 
glucuronosyl transferases, etc.7 Other organs such as kidney, 
lung, and skin provide a site for xenobiotics exposure and me-
tabolism. Further, innate immune cells such as monocytes, 

Received: 20 June 2018  |  Revised: 13 August 2018  |  Accepted: 14 August 2018

DOI: 10.1002/cam4.1773

O R I G I N A L  R E S E A R C H

Low prevalence of anti-xenobiotic antibodies among the 
occupationally exposed individuals is associated with a high risk 
of cancer

Mohammad Sajid1  |  Javed N. Agrewala1,2

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original 
work is properly cited.
© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

1Immunology Laboratory, CSIR-Institute of 
Microbial Technology, Chandigarh, India
2Indian Institute of Technology, Ropar, 
India

Correspondence
Javed N. Agrewala, Indian Institute of 
Technology, Ropar, India.
Email: jagrewala@iitrpr.ac.in

Funding information
Council of Scientific & Industrial Research 
(CSIR), India, Grant/Award Number: GAP-
0173

Abstract
Cancer is one of the major health problem globally, responsible for high morbidity 
and mortality. Exposure of humans to xenobiotics is associated with the development 
of cancer. Further, these xenobiotics may combine with the body proteins and can act 
as a hapten and elicit an antibody response. In this study, we examined whether the 
regular exposer to xenobiotics evokes anti-xenobiotic antibodies and the presence of 
these antibodies have any correlation with the prevention of cancer. Interestingly, we 
noticed that the healthy household contacts showed significantly greater titers of 
anti-xenobiotic antibodies, as compared to cancer patients. Consequently, suggesting 
that the higher level of anti-xenobiotic antibodies may be responsible for neutralizing 
the effect of xenobiotics in the healthy subjects. Thereby, preventing the individuals 
from disease. In contrast, the presence of a significantly lower level of anti-xenobiotic 
antibodies in the cancer patients may be a causative factor for disease infliction. In 
conclusion, immunotherapy employing anti-xenobiotic antibodies may provide a 
prudent remedial measure to clear xenobiotics from the body of the individuals and 
thereby protecting from cancer.
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macrophages, dendritic cells, and polymorphonuclear cells 
play a fundamental role in xenobiotics metabolism. The 
metabolic conversion of xenobiotics was observed in der-
mal Langerhans cells (immature dendritic cells), which con-
tains the cytochrome P4501A (CYP1A) enzyme. After the 
conversion by CYP1A enzyme, xenobiotics form a complex 
with self-proteins, which are processed and presented in con-
text with MHC class-I and MHC class-II molecules.8 The 
xenobiotic-protein complex presented by antigen presenting 
cells (APCs) is subsequently recognized by T cells, which 
provides help to B cells for antibody (Ab) production.9,10

The conjugation of xenobiotics to self-proteins makes 
them highly immunogenic and therefore elicits the produc-
tion of anti-xenobiotic Abs.11-14 Generation of anti-xenobiotic 
Abs have a physiological role in the clearance of xenobiotics 
from the body. The anti-xenobiotic Abs bind to xenobiotics, 
and these antibodies can block cancer provoking property of 
xenobiotics. Formation of immune complexes between xeno-
biotics and anti-xenobiotic Abs helps in increasing the clear-
ance of xenobiotics from the body.15

Punjab is a leading state of India for agricultural farming. 
The farmers in this area use pesticides extensively. Cancer 
prevalence in the people of this region is significantly higher, 
as compared to other parts of the country. Based on the above-
mentioned studies, we propose that the individuals that are 
regularly exposed to xenobiotics may elicit the generation of 
anti-xenobiotic Abs in their body. Further, we want to test 
whether these Abs play any fundamental role in preventing 
or provoking cancer. Interestingly, we observed a high titer 
of anti-xenobiotic Abs in the serum of healthy household 
contacts. In contrast, low level of Abs was detected in the 
cancer patients. Thus, this study illustrates that the high titer 
of anti-xenobiotic Abs in healthy subjects may play a role in 
protection against cancer.

2  |   MATERIALS AND METHODS

2.1  |  Chemicals
Bovine serum albumin (BSA), rabbit serum albumin (RSA), 
ovalbumin (OVA), 3,4-dichloroaniline, atrazine desethyl (6
-Chloro-N,N-dimethyl-1,3,5-triazine-2,4-diamine), N-(1-
naphthyl)-ethylene-diamine, 2-benzimidazole propionic 
acid, aflatoxin-BSA conjugate (hapten density of 8-12), N-
hydroxysuccinimide (NHS) ester, O-phenylenediamine di-
hydrochloride (OPD), 2-(N-morpholino) ethanesulfonic acid 
(MES), and dimethylformamide were purchased from Sigma-
Aldrich (St. Louis, MO). Goat anti-human IgG+IgM+IgA-
HRP labeled Abs were purchased from Abcam (Cambridge, 
MA). Vacutainer tubes were obtained from BD Diagnostics 
(Franklin Lakes, NJ). EDC [1-ethyl-3-(3-dimethyl amino-
propyl) carbodiimide] and Nunc maxiSorp flat-bottom plates 

were purchased from Thermo Fisher Scientific (Waltham, 
MA). All the reagents and solvents were of analytical grade.

2.2  |  Study population and ethical clearance
Blood samples of 75 cancer patients and 30 healthy 
household contacts were acquired from the Advanced 
Cancer Centre, Guru Govind Singh Medical College, 
Faridkot, Punjab, India. The study population includes 
agricultural farmers involved in the cultivation and har-
vesting of crops. These farmers handled, sprayed, and 
stored various pesticides for crops protection. The writ-
ten informed consent was obtained from the participants 
of this study. Ethical clearance was approved by the 
Department of Family and Health, Punjab, India (No. 
5/59/13-HB4/1891). The blood samples (4-5 mL) were 
collected in EDTA-coated serum separator vacutainer 
tubes. The blood containing tubes were centrifuged at 
847 × g for 20 minutes, and the serum was separated and 
frozen (−80°C), until subsequent analysis. The details of 
cancer patients and healthy individuals are provided in 
Table S1. The use of toxic chemicals was approved by the 
Institutional Biosafety Committee of the CSIR-Institute 
of Microbial Technology, Chandigarh, India (IMTECH/
IBSC/2013/5).

2.3  |  Conjugation of xenobiotics to the 
carrier proteins
The xenobiotic molecules having a carboxylic (–COOH) and 
amine (-NH2) groups were used for conjugation with the pro-
tein molecules or vice versa. Briefly, bovine serum albumin 
(BSA) (0.15 mmol/L) in MES buffer (100 mmol/L, pH 4.5) 
was mixed with 1-ethyl-3-(3-dimethyl aminopropyl) carbodi-
imide (EDC) (75 μmol/L) and N-hydroxysuccinimide (NHS) 
(75 μmol/L). The mixture was incubated for 15 minutes at 
room temperature followed by centrifugation at 15160 ×g for 
20 minutes at 4°C. The supernatant was collected and fur-
ther mixed with different molar ratio of xenobiotics prepared 
in dimethylformamide, and the volume was raised to 1 mL 
using borate buffer (50 mmol/L, pH 9.2). The mixtures were 
incubated overnight at 4°C on a rotator. Different mixtures of 
xenobiotic-BSA conjugates were centrifuged at 15160 ×g for 
20 minutes at 4°C. The supernatants were collected and dia-
lyzed against phosphate buffer saline (PBS) for 40 hours with 
a change of buffer three times. The conjugates were stored 
in the deep freezer (−80°C) till subsequent use. Similar to 
BSA, dichloroaniline was conjugated to RSA and OVA, as 
described above. The emission spectra were recorded at a 
scan rate of 5 nm/s using a fluorescence spectrophotometer 
(Varian Cary Eclipse, Santa Clara, CA). Further, MALDI-
TOF spectroscopy was performed for mass determination of 
all conjugates.
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2.4  |  Determination of specificity of Ab 
against xenobiotics
Sera of 8 different individuals that were tested positive for 
anti-diuron Abs were monitored for the presence of Abs 
against diuron conjugated to carrier proteins BSA, RSA and 
OVA. Briefly, 96-well ELISA plates (Nunc maxiSorp flat 
bottom) were coated with 100 μL of 10 μg/mL of diuron-
BSA, diuron-RSA, and diuron-OVA prepared in carbonate/
bicarbonate buffer (200 mmol/L, pH 9.6). The plates were 
incubated overnight at 4°C. The plates were then washed 
three times with PBS containing 0.05% Tween-20 (PBST-
20). The unbound sites were blocked (200 μL/well) with de-
fatted skimmed milk (5.0%) in PBS for 2 hours at 37°C. The 
plates were subsequently washed thoroughly with PBST-20 
(4 times). Different dilutions of serum samples were pre-
pared in PBST-20+ defatted skimmed milk (2%) solution 
to avoid cross-reactivity. The serum dilutions were added 
(50 μL/well) to the respective wells and incubated overnight 
at 4°C. The plates were washed five times with PBST-20. 
The secondary Ab, goat anti-human IgG+IgM+IgA labeled 
with HRP (horseradish peroxidase) was prepared in PBST-
20+ defatted skimmed milk (2%) solution and added to the 
wells (100 μL/well) with appropriate dilution (1:5000). All 
dilutions were thoroughly standardized beforehand. The 
plates were then incubated for 45 minutes at 37°C followed 
by washing with PBST-20 six times. Finally, for color devel-
opment, OPD (10 mg/10 mL) and 30% H2O2 (10 μL/10 mL) 
prepared in citrate buffer (pH 5) was added (100 μL/well) 
to each well and incubated for 15 minutes. The reaction was 
stopped by adding 1 mol/L H2SO4 (50 μL/well), and absorb-
ance was measured at 490 nm using ELISA reader (Synergy, 
Biotek, Mumbai, India). To identify nonspecific bindings, 
several control wells with all reagents except human serum 
were used in each assay. To establish the specificity of the 
anti-xenobiotic Abs, the control wells were coated with 
carrier only proteins BSA, RSA, and OVA. The control 
wells were also coated with carbonate/bicarbonate buffer. 
Correspondingly, antibody response against different xenobi-
otics, viz. atrazine, carbendazim, naphthalene, and aflatoxin 
was determined in the serum of cancer patients and healthy 
household contacts by ELISA, as described above.

2.5  |  Serial dilution assay and 
measurement of Ab titer
The specificity of anti-xenobiotic Abs was determined by 
serial dilutions of serum samples (log10 dilution). The serial 
dilution curve was made after completion of the ELISA assay 
to determine the titer of Abs for subsequent analysis of all the 
serum samples. In order to obtain the Abs response against 
the xenobiotics alone and not the carrier protein, the back-
ground of the Ab response obtained against the carrier BSA 

protein was subtracted from the xenobiotics-BSA conjugates. 
For Ab titer calculation against the xenobiotics, 0.2 optical 
density (OD) was used as a cutoff (to overcome background). 
The titer against specific xenobiotics was calculated by plot-
ting Ab dilutions on a log scale (x-axis) against the OD in a 
linear scale (y-axis). The Ab titer is the dilution factor of the 
serum at which the OD of the sample is equal to the cut-off 
OD.

2.6  |  Statistical analysis
The data are represented as the mean ± standard error. The 
statistical analysis was performed using nonparametric test 
Mann-Whitney U test to evaluate the significance of differ-
ences between a pair of data sets. A P-value of ≤0.05 was 
considered to be statistically significant.

3  |   RESULTS

3.1  |  Conjugation of xenobiotics to BSA 
causes quenching of tryptophan fluorescence of 
BSA
We performed fluorescence spectroscopy to determine the 
spectra of xenobiotic-BSA conjugates. The change in tryp-
tophan fluorescence intensity was used to monitor ligand–
protein interaction.16 For characterization of xenobiotic-BSA 
conjugates, tryptophan fluorescence emission spectra were 
taken after excitation at 290 nm.17 A novel derivative of diu-
ron, that is, dichloroaniline (DCA) was conjugated to BSA 
with increasing molar ratios (Figure 1A). The emission inten-
sity of tryptophan of BSA was progressively quenched, with 
the increase in the molar concentration of DCA molecules. 
There was a significant decrease in the emission maxima 
of tryptophan residues of DCA-BSA, as compared to BSA 
(Figure 1A). Maximum inhibition of fluorescence intensity 
of tryptophan residues caused by DCA attached to BSA was 
observed at a ratio of 1:240. Consequently, a decrease in the 
fluorescence emission of tryptophan residues of BSA denoted 
that DCA molecules were attached to BSA. Therefore, the in-
crement in the concentration of DCA signifies more number 
of DCA coupled to BSA (Figure 1A). Similarly, a deriva-
tive of atrazine known as atrazine desethyl (AD) was con-
jugated to BSA with the different molar ratios (Figure 1B). 
BSA showed maximum fluorescence intensity at 340 nm. 
However, the emission maxima of tryptophan fluorescence 
were found to be progressively quenched with an increase in 
the number of AD linked to BSA. The maximum inhibition 
of fluorescence intensity of tryptophan residue caused by AD 
bonding to BSA was observed at a ratio 1:100 (Figure 1B). 
The decrease in the fluorescence intensity of tryptophan 
residues was due to the linkage of the AD to BSA. The suc-
cessive decline in the fluorescence intensity corresponds to 
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      |  249SAJID and AGREWALA

F I G U R E   1   Conjugation of xenobiotics causes quenching of tryptophan fluorescence of BSA. The xenobiotic molecules were conjugated to 
BSA with increased molar ratios. The fluorescence emission spectra (300-570 nm) of xenobiotic-BSA conjugates were measured after excitation 
at 290 nm. The fluorescence emission spectra of BSA was measured for each BSA-xenobiotic conjugates, as indicated in the figures for the: 
(A) dichloroaniline (DCA); (B) atrazine desethyl (AD); (C) benzimidazole propionic acid (BPA); (D) naphthylethylenediamine (NED). The 
fluorescence of NED alone (10 μg/mL) was depicted as a violet line. The fluorescence of BSA was taken as a control (black line)
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enhancement in the conjugation frequency of AD to BSA 
(Figure 1B). Likewise, a carbendazim derivative, that is, 
benzimidazole propionic acid (BPA) was conjugated to BSA 
at various molar ratios (Figure 1C). The major decrease in 
the fluorescence intensity of tryptophan fluorescence of BSA 
was noticed due to attachment of BPA molecules to BSA. 
The maximum inhibition of fluorescence intensity of trypto-
phan residue caused by BPA bonding to BSA was observed 
at a ratio of 1:100 (Figure 1C). The fluorescence intensity of 
BSA tryptophan moiety was progressively inhibited due to an 
increase in the number of BPA molecules attached to BSA. 
Lastly, a derivative of naphthalene, that is, N-(1-naphthyl)-
ethylenediamine (NED) was conjugated to BSA at different 
molar ratios (Figure 1D). The fluorescence of BSA showed 
emission maxima at 340 nm. However, it was observed that 
the fluorescence intensity of BSA was gradually reduced 
with the increase in the molar ratio of NED (Figure 1D). 
Another emission spectrum was observed in a range of 350-
570 nm, which matched with the emission spectra of NED 
(Figure 1D). Therefore, emission observed by NED-BSA 
conjugates in the range of 350-570 nm established that NED 
was conjugated to BSA. Consequently, we observed that the 
emission intensity of tryptophan residues of BSA was pro-
gressively quenched with an increase in the molar ratio of 
xenobiotic molecules. The decrease in the fluorescence emis-
sion of tryptophan residues of BSA denoted that xenobiotics 
were attached to BSA. Therefore, the increment in the con-
centration of xenobiotics signifies enhancement in the num-
ber of xenobiotics coupled to BSA (Figure 1A-D).

The level of conjugation was determined by observing 
the molecular mass of each BSA-xenobiotics conjugate 

compared to BSA by mass spectroscopy. Two peaks were 
observed in the mass spectrum, which represents states 
of charge on protein due to the ionization. One state was 
singly charged (M+H)+ while other was doubly charged 
(M+2H)++. The actual molecular mass of BSA and each 
BSA-xenobiotic conjugate was represented by a centroid of 
doubly charged state peak, that is, (M+2H)++, as determined 
by another study.18 The increase in the concentration of xe-
nobiotic leads to an augmentation in the molecular mass 
of BSA-xenobiotic conjugates. This signifies a linkage be-
tween BSA and number of the xenobiotic molecules. The 
DCA molecules were conjugated to BSA, as evidenced by 
an increase in the molecular mass of DCA-BSA (Figure S1). 
A maximum number of DCA molecules (~16) conjugated 
to BSA was found at 1:240 (Table S2). The ratios 1:180 and 
1:200 showed approximately 9 and 12 molecules of DCA 
were attached to BSA, respectively (Table S2). The conju-
gation of the AD to BSA resulted in an expansion in the 
molecular mass of AD-BSA conjugates. The increased mass 
of each AD-BSA conjugate was observed by a peak (doubly 
charged) obtained in the mass spectra (Figure S2). The dif-
ference in the molecular mass due to the incorporation of the 
AD to BSA corresponds to the number of AD molecules cou-
pled to a single BSA. A significant number of AD molecules 
(~45) were conjugated per BSA molecule at a ratio 1:100 
(Table S3). Further, we observed that the molecular mass of 
each BPA-BSA conjugate was increased due to attachment 
of BPA to BSA (Figure S3). The higher molar ratio of BPA 
resulted in a remarkable increase in the molecular mass of 
BPA-BSA conjugates. The molecular mass analysis showed 
a maximum number (~60) of BPA molecules conjugated to 

F I G U R E   2   Conjugation of dichloroaniline (DCA) causes quenching of fluorescence of tryptophan residue of RSA and OVA. Different 
molar ratios: 1:10 to 1:80 of DCA were used to conjugate with RSA and OVA. The fluorescence emission spectra (300-450 nm) of (A) RSA-DCA; 
(B) OVA-DCA conjugates were measured after excitation at 290 nm. The fluorescence of RSA and OVA alone was taken as a control (black line)
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each BSA at a ratio 1:100 (Table S4). Furthermore, the intact 
mass of NED-BSA was determined by mass spectroscopy. 
The conjugate density was determined by observing the im-
provement in a molecular mass of NED-BSA compared to 
BSA (Figure S4). A maximum number of NED molecules 
(~14) conjugated to each BSA molecule was found to be at 
a ratio 1:100 (Table S5). Therefore, an enhancement in the 
molecular mass corresponds to the increase in the number of 
xenobiotic molecules per BSA.

3.2  |  Conjugation of dichloroaniline causes 
quenching of fluorescence of tryptophan 
residue of RSA and OVA
Like BSA, DCA was conjugated to RSA and OVA at an in-
creased molar ratio (Figure 2). The fluorescence emission 
spectra of DCA-RSA and DCA-OVA were recorded in the 
range of 300-450 nm, after excitation at 290 nm. The quench-
ing of fluorescence intensity of RSA and OVA designated their 

F I G U R E   3   The antibody response 
detected is specific to diuron. The diuron 
was conjugated to three different carrier 
molecules BSA, RSA, and OVA. Antibody 
titer against diuron was estimated in the 
serum of 8 individuals that showed high Ab 
titer by ELISA. (A) Ab titer against BSA, 
diuron-BSA conjugate and diuron alone; 
(B) Ab titer against RSA, diuron-RSA and 
diuron alone; (C) Ab titer against OVA, 
diuron-OVA, and diuron alone; (D) The 
average Ab titer (conjugate minus protein) 
against diuron linked to BSA, RSA, and 
OVA, respectively, is depicted in the figure. 
The data represented as mean ± SEM 
are shown in the form of dot plots. Each 
dot signifies one individual. *p < 0.05, 
**p < 0.01
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252  |      SAJID and AGREWALA

conjugation with DCA (Figure 2A,B). There was a gradual re-
duction in the fluorescence intensity of RSA and OVA with an 
increase in the concentration of DCA. The fluorescence spec-
tra of RSA and OVA were taken as controls (Figure 2A,B). 
Further, the molecular mass of DCA-RSA and DCA-OVA was 
determined by mass spectroscopy. The mass spectra analysis 
determined the extent of conjugation of DCA to RSA and OVA 
(Figures S5 and S6). The maximum number of DCA molecules 
conjugated to RSA and OVA were 8 and 5, respectively (Tables 
S6 and S7).

3.3  |  Antibody response observed was 
specific to xenobiotic, irrespective of its 
conjugation with different carrier proteins
The specificity of serum antibodies against diuron linked 
with three different carrier molecules BSA, RSA, and OVA 
were determined. The hapten density of diuron molecules on 
BSA, RSA, and OVA was 10, 8, and 5, correspondingly. A 
normalized number (~10) of diuron molecules on carrier pro-
tein was calculated. Accordingly, ELISA plates were coated 

F I G U R E   4   Cancer patients exhibited a significantly lower level of anti-xenobiotic Abs, as compared to their healthy household contacts. 
Ab response against xenobiotics was estimated by ELISA in the serum of cancer patients and their healthy household contacts. Ab response was 
monitored against (A) diuron; (B) atrazine; (C) carbendazim; (D) naphthalene; (E) aflatoxin. The data of the Ab titer against xenobiotics are 
expressed in the form of box plots. The background Ab titer against the carrier protein BSA was subtracted from the Ab titer of BSA-xenobiotics. 
Each box represents the total number of individual (number of contacts: 30, number of patients: 75). **p < 0.01, ***p < 0.001
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with the three conjugates on the basis of molar concentra-
tion. Antibody titer was determined against diuron-BSA, 
diuron-RSA, and diuron-OVA. The BSA, RSA, and OVA 
were taken as controls. The sera of the individuals that tested 
positive for anti-diuron Abs were selected for the experiment. 
There was a significant (p < 0.01) increase in the Ab titer 
of all the tested 8 subjects against BSA-diuron conjugate, 
as compared to BSA alone. Further, the figure depicts the 
Ab response against “diuron,” as well (Ab titer of conjugate 
minus protein). Therefore, suggesting the specificity of Abs 
against diuron and not BSA (Figure 3A). Similar to BSA, 
we observed a substantial increase in the Ab titer against 
RSA-diuron conjugate (p < 0.01) and OVA-diuron conju-
gate (p < 0.01), when compared to RSA and OVA alone, 
respectively (Figure 3B,C). Further, to establish the affin-
ity of Abs against diuron, the average Ab titer (conjugate 
minus protein) against diuron was observed, that is, 7696, 
5907, and 2805, when linked to BSA, RSA, and OVA, re-
spectively (Figure 3D). There was no significant difference 
in the Ab titer against diuron, when they were coupled with 
different carrier molecules. This clearly demonstrates that the 

Ab response was specific against diuron, irrespective of the 
carrier molecules.

3.4  |  Cancer patients show a significantly 
lower level of anti-xenobiotics Abs, as 
compared to their healthy household contacts
Serum samples from cancer patients and their healthy house-
hold contacts were tested for the presence of anti-xenobiotic 
Abs. Diuron, a derivative of phenyl urea, is a herbicide that 
is widely used in agriculture to control a broad variety of 
weeds.19,20 The United States Environmental Protection 
Agency (USEPA) classifies diuron as a “known/likely” 
carcinogen to humans.21 Intriguingly, the cancer patients 
showed significantly (p < 0.001) lower Ab titer, as compared 
to their healthy household contacts (Figure 4A).

Atrazine is a triazine herbicide used worldwide to con-
trol the growth of broadleaf weeds. Several investigators 
have confirmed the contamination of drinking water with 
atrazine.22 The higher level of atrazine was detected in in-
dividuals who work in agricultural fields or live nearby, 

F I G U R E   5   Naphthalene shows maximum Ab titer compared to diuron, atrazine, carbendazim, and aflatoxin. Ab response against diuron, 
atrazine, carbendazim, naphthalene, and aflatoxin was estimated by ELISA in the serum of (A) healthy individuals; (B) cancer patients. Each 
dot represents a single individual. The background Ab titer against the carrier protein BSA was subtracted from the Ab titer of BSA-xenobiotics. 
*p < 0.05, **p < 0.01,***p < 0.001
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as compared to the urban population.23 Epidemiological 
studies have observed a correlation between atrazine expo-
sure and an increase of premature delivery of babies, birth 
defects, and induction of cancer.24-26 The epidemiological 
studies have shown the role of atrazine in inducing Non-
Hodgkin lymphoma.27 Further, it is a high threat for pros-
tate cancer,28 as well as ovarian cancer.29 Like diuron, the 
cancer patients showed remarkably (p < 0.001) lower Ab 
titer against atrazine, as compared to their healthy house-
hold contacts (Figure 4B).

Carbendazim (methyl-2-benzimidazole carbamate) is a 
broad-spectrum benzimidazole fungicide used in agricul-
tural industry. It has been shown to induce hepatocarcinoma 
as well as produces teratogenic effects.30,31 Carbendazim 
can produce aneuploidy by inhibiting the formation of mi-
crotubules during cell division.32,33 The cancer patients 
exhibited sufficiently (p < 0.001) lower Ab titer against 
carbendazim, as compared to their healthy household con-
tacts (Figure 4C).

Besides pesticides, we also monitored the Ab response 
against polycyclic aromatic hydrocarbon, naphthalene. 
Industrial wastes, biomass burning, tailpipes emission, and 
cigarettes smoke are the major source of naphthalene caus-
ing pollution to the environment. Naphthalene is used as an 
insect repellent and fumigant.34 Naphthalene exposure is 
linked to various health hazards, including nasal tumors.35 
We distinguished that cancer patients exhibited signifi-
cantly (p < 0.01) reduced Ab titer against naphthalene, as 
compared to their healthy household contacts (Figure 4D).

Aflatoxins are the most potent natural carcinogens 
produced by Aspergillus spp. Aflatoxin exposure through 
crops leads to serious health hazard to humans.36 Aflatoxins 
have carcinogenic properties and toxic effect on the liver.37 
Among all the natural aflatoxins (B1, B2, G1, and G2), afla-
toxins-B1 is a most potent natural carcinogen and induces 
inflammatory responses.36,38 Although we could notice the 
generation of Abs against aflatoxin in the serum of both 
patients and healthy individual, there was no statistically 
significant difference between the two groups (Figure 4E). 
However, anti-aflatoxin Abs were absent in majority of 
the cancer patients. Currently, it is difficult to explain the 
reason for this discrepancy with other xenobiotics but it 
appears that the percentage of low Abs level is higher in 
the patients.

These results signify that the presence of higher level of 
anti-xenobiotic Abs in the healthy household contacts may 
be responsible for neutralizing the toxic effects of xenobiot-
ics. The Abs generated may help in clearing off xenobiotics 
from the body of healthy individuals, thus protecting them 
from cancer. On the contrary, the lower occurrence of anti-
xenobiotic Abs in the serum of cancer patients may not be 
sufficient to eliminate xenobiotics. Hence, these xenobiotics 
retained in the body may be responsible for triggering cancer.

3.5  |  Highest Ab response was observed 
against naphthalene in the serum of cancer 
patients and their healthy household contacts
We next did a comparative analysis of Ab titers of the diu-
ron, atrazine, carbendazim, naphthalene, and aflatoxin. It 
was observed that the healthy household contacts showed 
the highest Ab titer against naphthalene. This difference was 
significant (p < 0.01), as compared to aflatoxin (Figure 5A). 
After naphthalene, the Ab response against atrazine was 
also considerably high, when compared with carbendazim 
(p < 0.001), aflatoxin (p < 0.001), and diuron (p < 0.01). 
The healthy household contacts also possess high anti-diuron 
Abs and anti-carbendazim Abs, in contrast to anti-aflatoxin 
Abs (p < 0.01 and p < 0.05, respectively). Among the cancer 
patients, the highest Ab titer was observed against naphtha-
lene, followed by atrazine, aflatoxin, diuron, and least re-
sponse was observed in the case of carbendazim (Figure 5B).

3.6  |  Breast cancer patients showed lower 
anti-xenobiotics Ab titers, as compared to their 
healthy household contacts
The balanced endocrine system is responsible for normal 
growth and function of the mammary glands. Xenobiotics 
have been reported to disturb the hormonal homeostasis by 
interfering with their functions.39 Thus, disturbance in the 
endocrine hormonal balance increases the risk of develop-
ment of breast cancer. Xenobiotics such as organochlorine 
pesticides (OCPs) and polychlorinated biphenyls (PCBs) 
were found to be potent endocrine distressing molecules.40,41 
The OCPs showed endocrine disturbing property by vari-
ous mechanisms such as mimicking endogenous hormones, 
competitive inhibition by binding to endocrine receptors 
and disturbing metabolism and transport of hormones.42 A 
human study has established a link between OCPs exposure 
and increased risk of breast cancer.43 Therefore, we evalu-
ated the correlation of anti-xenobiotics Ab and their preva-
lence with the incidences of breast cancer. We observed a 
significant (p < 0.01) decrease in the Ab titer against diuron 
in the breast cancer patients, as compared to their healthy 
household contacts (Figure 6A). Further, female breast can-
cer patients exhibited considerably (p < 0.05) lower Ab titer 
against diuron, as compared to their healthy household coun-
terparts (Figure 6B). The diminished level of anti-diuron 
Ab titer among the cancer patients can be correlated with a 
higher prevalence of breast cancer in the patients of Punjab 
province of India.44 It may be interpreted from these results 
that low level of anti-diuron Abs may be one of the reasons 
for disease progression in breast cancer patients. However, 
healthy household contacts remain protected due to the clear-
ance of diuron from the body via high level of anti-diuron 
Abs. We also observed a significant (p < 0.001) decrease in 
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the Ab titer against atrazine in the breast cancer patients, as 
compared to their healthy household contacts (Figure 6C). 
Atrazine has been reported to provoke breast cancer.45,46 
In addition, breast cancer patients showed lower Ab titer 
(p < 0.05) against atrazine, as compared to their healthy fe-
male household contacts (Figure 6D). We hypothesized that 
the low level of anti-atrazine Ab in the serum of breast cancer 
patients could be one of the reasons for the development of 
breast cancer.

3.7  |  Distinct Ab titer against xenobiotics in 
cancer patients and their healthy subjects
We next categorized the patients and healthy individuals on 
the basis of low (titer <100), moderate (titer 100-1000) and 

high (titer >1000) anti-xenobiotic Ab titers. It is worth to 
mention here that the percentage of low Ab titer was maxi-
mum in the cancer patients, irrespective of the xenobiotics 
tested. In contrast, it was highest in the healthy household 
contacts (Figure 7). About 74% of cancer patients demon-
strated low anti-diuron Ab (titer <100), as compared to 40% 
of household contacts (Figure 7A). About 26% of cancer pa-
tients showed moderate anti-diuron Ab titers (titer 100-1000), 
as compared to 50% of household contacts. However, only 
10% of household contacts showed high anti-diuron Ab titer  
(titer >1000) but could not be detected in the serum of any pa-
tient. Correspondingly, 40% of cancer patients displayed low 
anti-atrazine Ab titer (titer <100), as compared to only 10% 
in healthy household contacts (Figure 7B). Whereas 33.3% 
of household contacts exhibited high anti-atrazine Ab titer 

F I G U R E   6   Breast cancer patients 
exhibited a lower level of anti-xenobiotic 
Abs, as compared to their healthy household 
contacts. Ab response against (A, B) diuron; 
(C, D) atrazine was estimated by ELISA 
in the serum of breast cancer patients and 
healthy household contacts. Comparative 
analysis of Ab titer against diuron in the 
serum of (A) breast cancer patients (n: 22) 
vs healthy household contacts (n: 30); (B) 
breast cancer patients (n: 22) vs healthy 
female household contacts (n: 8). Abs 
response was determined against atrazine 
in the serum of (C) breast cancer patients 
(n: 22) vs healthy household contacts (n: 
30); (D) breast cancer patients (n: 22) vs 
sex-matched healthy household contacts 
(n: 8). The data shown as mean ± SEM 
of the Ab titer are expressed in the form 
of dot plots. Each dot is symbolized 
as a single individual. *p < 0.05, 
**p < 0.01,***p < 0.001
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(titer >1000), as compared to cancer patients (6.6%). Further, 
64.2% of cancer patients showed lower anti-carbendazim Ab 
titer (titer <100), as compared to 27.6% of the household 
contacts (Figure 7C). About 72.4% of household contacts 
showed moderate anti-carbendazim Ab titer (titer 100-
1000) compared to 35.8% of cancer patients (Figure 7C). 
Furthermore, low level of anti-naphthalene Abs (titer <100) 
was detected in the 57.4% of cancer patients, when com-
pared to 36.7% of the household contacts (Figure 7D). About 
29.3% of cancer patients showed moderated anti-naphthalene 
Ab titer (100-1000), as compared to 36.7% of household con-
tacts. The 26.6% of the household contacts showed high anti-
naphthalene Abs titer (titer >1000) as compared to cancer 
patients (13.3%). It may be concluded that the prevalence of 
high anti-xenobiotic Abs in healthy household contacts may 
possibly be one of the rationales for neutralizing the effect of 
xenobiotics and clearing them from the body through anti-
xenobiotic Abs immune complexes. On the other hand, the 
low level of anti-xenobiotics Abs in cancer patients could be 
a probable factor for induction of cancer.

4  |   DISCUSSION

Regular application of xenobiotics in a particular niche can 
increase its level in the environment and ultimately exposure 

to all the organisms present in the vicinity. Majority of xe-
nobiotics are catabolized and excreted out of the body but 
some show resistance toward metabolism and excretion path-
ways. Hence, they accumulate in various tissues of the body. 
Adipose tissues analysis reveals that it contains a diversity 
of xenobiotics.47 The human breast milk was found to be 
contaminated with the xenobiotics bisphenol-A, phthalates, 
polycyclic aromatic hydrocarbons, polychlorinated biphe-
nyls, dichlorophenylchloroethane (DDT), dioxins, organo-
chlorines, organophosphates, and several heavy metals.48 
Among agricultural workers, xenobiotics exposure was not 
only found to induce the high risk of cancer but also high 
mortality rate.49

Due to small size, xenobiotics are generally nonimmuno-
genic. However, it has been reported that some xenobiotics 
have an ability to directly conjugate with the body proteins.9 
Consequently, they can elicit an immune response and ac-
tivate T cells and B cells. Further, nonreactive xenobiotics 
can be converted to their reactive derivatives by the vari-
ous xenobiotic metabolism pathways of the host. These re-
active haptenic xenobiotics can, as well conjugate with the 
body proteins. These xenobiotic–protein complexes can act 
as an immunogen and generate anti-xenobiotic Ab response. 
One such example is the production of anti-drug Abs after 
long-term drug therapy. These anti-drug Abs were found 
to neutralize the efficacy of the drugs.12,50 Detection of 

F I G U R E   7   The cancer patients show low Ab titer against xenobiotics. The percentage of individuals was categorized on the basis of three 
different Ab titer ranges, that is, high (>1000), moderate (100-1000) and low (<100) for the (A) diuron; (B) atrazine; (C) carbendazim; (D) 
naphthalene. The percentage was calculated taking into consideration a total number of individuals in each group divided by the number of subjects 
showing either low or moderate or high Ab titer and represented in a form of double donuts diagram. The numbers of cancer patients involved in the 
study were 75 and healthy household contacts were 30. “C” indicates controls and “P” patients
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anti-xenobiotic Abs in the serum of agriculture and indus-
trial worker was described as a biomarker for exposure to 
xenobiotics. Anti-morphine Abs were detected in the serum 
of workers involved in narcotics manufacturing.51 Similarly, 
the anti-benzo(a)pyrene Abs were detected in the serum of 
children that were dermatologically exposed to the coal tar.52

In India, pesticides level has been found to be highest in 
the Punjab region, as compared to other states. The injudi-
cious use of the pesticides causes contamination of the envi-
ronment. After the green revolution, a drastic change has been 
observed in the health of people living in Punjab with a mani-
fold increase in the number of cancer patients.53 In 2013, data 
from Department of Health and Family Welfare indicated 
that the cancer dominance in the Malwa province of Punjab 
is highest (1089/million), as compared to India’s national av-
erage cancer prevalence rate of 800/million. Malwa region is 
termed as “cancer bowl” of the country. Several studies have 
correlated the high frequency of cancer in Punjab due to the 
elevated level of pesticides present in the environmental, as 
well as human body.53-55 High rate of DNA damage was ob-
served among the farmers that were occupationally exposed 
to pesticides in various districts of Punjab.56 These genetic 
defects were observed more in the cotton, paddy, and wheat 
growers, due to excessive use of pesticides.

In view of the above-mentioned facts, we investigated the 
presence of antibodies in the serum of farmers suffering from 
cancer and their healthy household contacts against xenobi-
otics diuron, atrazine, carbendazim, naphthalene, and afla-
toxin. Further, we correlated the occurrence of Abs against 
xenobiotics in the serum of cancer patients and their healthy 
household contacts with the prevention of cancer. Following 
major findings have emerged from the study: (a) significantly 
weak Ab titer was noticed in the cancer patients, as compared 
to healthy subjects; (b) the difference in the Ab level was ob-
served irrespective of the xenobiotics tested; (c) the highest 
difference was observed in the breast cancer patients; (d) low-
est titer of Abs were detected in the cancer patients, contrary 
to highest Ab concentration among healthy volunteers; (e) 
the Abs response evaluated was specific to xenobiotics. The 
presence of the Abs in the serum is an indicator of the expo-
sure to xenobiotics. Xenobiotics have a considerable role in 
the induction of cancer. Therefore, it was critical to monitor 
the level of the anti-xenobiotic Abs in the serum of cancer pa-
tients. The elevated level of Abs was predominantly found in 
the serum of healthy household contacts but to a lesser extent 
in the cancer patients against pesticides diuron, atrazine, and 
carbendazim. These pesticides are extensively applied to the 
crops cultivated in Malwa, Punjab. Thus, agricultural farmers 
were more susceptible to the exposure of these pesticides due 
to spraying, careless handling, and inappropriate storage of 
pesticides.57 The constant exposure of these pesticides might 
led to cancer in the patients. However, elevated levels of Abs 
in the serum of healthy household contacts can be considered 

as one of the prominent explanation for being protected from 
cancer. Even though healthy individuals might have been 
equally exposed to xenobiotics, as compared to the cancer 
patients due to equal hours devoted in the agricultural fields, 
the cancer patients showed significantly lower Ab titers.

Among various cancers, breast cancer patients are highest 
in the Punjab.44 We observed in our study that breast cancer 
patients exhibited a significant decrease in the anti-xenobiotic 
Abs, when compared to their healthy household contacts. 
Further, similar results were noted in the case of their sex-
matched female healthy household contacts. Atrazine pro-
vokes mammary tumors by disrupting endocrine activities 
in the patients.58 Thus, the existence of a low level of anti-
atrazine Abs can be very well correlated with the high prev-
alence of breast cancer in Punjab. Alternatively, the presence 
of high level of the anti-atrazine Abs can play a preventive 
role against the cancer induction in the household contacts. 
To date, no such study has demonstrated a link between car-
bendazim exposures with breast cancer.

Next, we categorized patients and healthy subjects on the 
basis of low, moderate, and high titers of anti-xenobiotics Abs 
in the serum. The majority of cancer patients exhibited low 
anti-xenobiotic Abs level. In contrast, the household contacts 
showed a higher level of anti-xenobiotics Ab titers. These re-
sults further indicate that the increased rate of cancer may be 
due to a lower level of anti-xenobiotic Abs among the cancer 
patients. Further, household contacts may be protected be-
cause of the high level of anti-xenobiotic Abs.

In this study, we have found overlapping Abs response in 
a few cancer patients and healthy household contacts. Some 
individuals in household contacts showed a low level of anti-
xenobiotic Abs in their serum. These individuals in household 
contacts might be at a risk of developing cancer. This requires 
follow-up studies and therefore can be an interesting line of 
future investigation. On the other hand, there are few individ-
uals in the cancer patients that showed high anti-xenobiotic 
Ab response in their serum. This may be due to the recovery 
of patients from cancer after anti-cancer therapies.

Genetic makeup, as well as environmental factors, con-
tributes to cancer induction. Based on existing results, it is 
difficult to conclude that higher titer of anti-xenobiotics Abs 
may be the sole cause of prevention against cancer. There 
may be several other factors that may determine the suscepti-
bility to the disease. There are many causes that can contrib-
ute to cancer like an infection of some viruses and bacteria, 
radiations, spontaneous mutations.

We propose that the prevention against exposure to xe-
nobiotics can substantially reduce cancer. Ab-based thera-
pies can be an admirable option to diminish a possibility of 
cancer in the individuals that are constantly exposed to the 
xenobiotics. In many diseases, neutralizing Abs can provide 
protection against many pathogens, which are responsible 
for diseases such as measles, diphtheria, botulism, hepatitis, 
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tetanus, rabies, vaccinia, AIDS, etc.59,60 More importantly, a 
strategy employing xenobiotic–carrier complex as a vaccine 
to immunize individuals living in a high xenobiotic exposure 
zone can be used to protect them against cancer. Such im-
munization will elicit anti-xenobiotic Abs in the individuals. 
Therefore, any exposure to xenobiotic will be eliminated by 
the preformed Abs against the xenobiotics.

Based on our observations, we conclude that the preva-
lence of high level of anti-xenobiotic Abs in healthy individ-
uals may be one of the causes for protecting them from cancer 
by neutralizing the effect of xenobiotics present in the body. 
In contrast, the low titer of Abs may be inefficient in clearing 
the xenobiotics and therefore these chemicals get adequate 
opportunity to inflict people with their carcinogenic proper-
ties. We suggest that administration of anti-xenobiotic Abs 
may be a prudent prophylactic approach to prevent people 
suffering from xenobiotic-induced cancer. Furthermore, de-
velopment of vaccines against xenobiotics can be a cardinal 
prophylactic measure to considerably control the xenobiotics 
propagated diseases.

ACKNOWLEDGMENTS

We are grateful to Dr. Gurpreet Kaur, Indian Institute of 
Technology, Ropar, India for critically evaluating the manu-
script. This work was supported by the Council of Scientific 
& Industrial Research (CSIR), India (GAP-0173). MS is 
thankful to the University Grant Commission, India for the 
fellowship.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

ORCID

Javed N. Agrewala   http://orcid.
org/0000-0001-6786-3239  

REFERENCES

	 1.	 WHO. Cancer fact sheet. World Health Organization. 2017.
	 2.	 Liu X, Ma T, Qu B, Ji Y, Liu Z. Pesticide-induced gene muta-

tions and Parkinson disease risk: a meta-analysis. Genet Test Mol 
Biomarkers. 2013;17(11):826‐832.

	 3.	 Vojdani A, Pollard KM, Campbell AW. Environmental triggers 
and autoimmunity. Autoimmune Dis. 2014;2014:798029.

	 4.	 Poirier MC. Chemical-induced DNA damage and human cancer 
risk. Discov Med. 2012;14(77):283‐288.

	 5.	 Zeliger HI. Lipophilic chemical exposure as a cause of type 2 
diabetes (T2D). Rev Environ Health. 2013;28(1):9‐20.

	 6.	 Sadikovic B, Al-Romaih K, Squire JA, Zielenska M. Cause and 
consequences of genetic and epigenetic alterations in human can-
cer. Curr Genomics. 2008;9(6):394‐408.

	 7.	 Xu C, Li CY, Kong AN. Induction of phase I, II and III drug 
metabolism/transport by xenobiotics. Arch Pharm Res. 
2005;28(3):249‐268.

	 8.	 Martin SF, Esser PR, Schmucker S, et  al. T-cell recognition of 
chemicals, protein allergens and drugs: towards the development 
of in vitro assays. Cell Mol Life Sci. 2010;67(24):4171‐4184.

	 9.	 Pallardy M, Bechara R. Chemical or drug hypersensitiv-
ity: is the immune system clearing the danger? Toxicol Sci. 
2017;158(1):14‐22.

	 10.	 Amali MO, Sullivan A, Jenkins RE, et  al. Detection of drug-
responsive B lymphocytes and antidrug IgG in patients with beta-
lactam hypersensitivity. Allergy. 2017;72(6):896‐907.

	 11.	 Lecoeur S, Andre C, Beaune PH. Tienilic acid-induced auto-
immune hepatitis: anti-liver and-kidney microsomal type 2 au-
toantibodies recognize a three-site conformational epitope on 
cytochrome P4502C9. Mol Pharmacol. 1996;50(2):326‐333.

	 12.	 Agrewala JN, Sinha S, Ghei SK, Sengupta V, Katoch K, Girdhar 
BK. Demonstration of antidapsone antibody in leprosy patients. 
Int J Lepr Other Mycobact Dis. 1989;57(3):687‐690.

	 13.	 Bluth MH, Beleza P, Hajee F, et  al. IgE-mediated hyper-
sensitivity after ibuprofen administration. Ann Clin Lab Sci. 
2007;37(4):362‐365.

	 14.	 Park HS, Lee SK, Kim HY, Nahm DH, Kim SS. Specific im-
munoglobulin E and immunoglobulin G antibodies to toluene 
diisocyanate-human serum albumin conjugate: useful markers for 
predicting long-term prognosis in toluene diisocyanate-induced 
asthma. Clin Exp Allergy. 2002;32(4):551‐555.

	 15.	 Moots RJ, Xavier RM, Mok CC, et al. The impact of anti-drug 
antibodies on drug concentrations and clinical outcomes in rheu-
matoid arthritis patients treated with adalimumab, etanercept, or 
infliximab: results from a multinational, real-world clinical prac-
tice, non-interventional study. PLoS ONE. 2017;12(4):e0175207.

	 16.	 Chi Z, Liu R, Teng Y, Fang X, Gao C. Binding of oxytetracycline 
to bovine serum albumin: spectroscopic and molecular modeling 
investigations. J Agric Food Chem. 2010;58(18):10262‐10269.

	 17.	 Levi V, González Flecha FL. Labeling of proteins with fluores-
cent probes: photophysical characterization of dansylated bovine 
serum albumin. Biochem Mol Biol Educ. 2003;31(5):333‐336.

	 18.	 Adamczyk M, Gebler JC, Mattingly PG. Characterization of 
protein-hapten conjugates. 2. Electrospray mass spectrometry 
of bovine serum albumin-hapten conjugates. Bioconjug Chem. 
1996;7(4):475‐481.

	 19.	 Field JA, Reed RL, Sawyer TE, Griffith SM, Wigington PJ Jr. 
Diuron occurrence and distribution in soil and surface and ground 
water associated with grass seed production. J Environ Qual. 
2003;32(1):171‐179.

	 20.	 Giacomazzi S, Cochet N. Environmental impact of diuron trans-
formation: a review. Chemosphere. 2004;56(11):1021‐1032.

	 21.	 USEPA. Carcinogenicity peer review of Diuron. US 
Environmental protection agency: office of prevention, pesti-
cides and toxic substances. Memorandum from Linda Taylor 
and Esther Rinde to Phillip Errico and Larry Schnaubelt. 
Chemicals Evaluated for Carcinogenic Potential, Washington, 
DC; 1997.

	 22.	 Barbash JE, Thelin GP, Kolpin DW, Gilliom RJ. Major herbicides 
in ground water. J Environ Qual. 2001;30(3):831‐845.

 20457634, 2019, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.1773 by N
ational M

edical L
ibrary T

he D
irector, W

iley O
nline L

ibrary on [18/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://orcid.org/0000-0001-6786-3239
http://orcid.org/0000-0001-6786-3239
http://orcid.org/0000-0001-6786-3239


      |  259SAJID and AGREWALA

	 23.	 Gammon DW, Aldous CN, Carr WC Jr, Sanborn JR, Pfeifer KF. 
A risk assessment of atrazine use in California: human health and 
ecological aspects. Pest Manag Sci. 2005;61(4):331‐355.

	 24.	 Alavanja MC, Hoppin JA, Kamel F. Health effects of chronic 
pesticide exposure: cancer and neurotoxicity. Annu Rev Public 
Health. 2004;25:155‐197.

	 25.	 Goodman M, Mandel JS, DeSesso JM, Scialli AR. Atrazine 
and pregnancy outcomes: a systematic review of epidemi-
ologic evidence. Birth Defects Res B Dev Reprod Toxicol. 
2014;101(3):215‐236.

	 26.	 Winchester PD, Huskins J, Ying J. Agrichemicals in surface 
water and birth defects in the United States. Acta Paediatr. 
2009;98(4):664‐669.

	 27.	 De Roos AJ, Zahm SH, Cantor KP, et al. Integrative assessment 
of multiple pesticides as risk factors for non-Hodgkin’s lym-
phoma among men. Occup Environ Med. 2003;60(9):1‐9.

	 28.	 MacLennan PA, Delzell E, Sathiakumar N, et  al. Cancer inci-
dence among triazine herbicide manufacturing workers. J Occup 
Environ Med. 2002;44(11):1048‐1058.

	 29.	 Young HA, Mills PK, Riordan DG, Cress RD. Triazine herbicides 
and epithelial ovarian cancer risk in central California. J Occup 
Environ Med. 2005;47(11):1148‐1156.

	 30.	 Sitarek K. Embryolethal and teratogenic effects of carbendazim 
in rats. Teratog Carcinog Mutagen. 2001;21(5):335‐340.

	 31.	 Peyre L, Zucchini-Pascal N, de Sousa G, Luzy AP, Rahmani R. 
Potential involvement of chemicals in liver cancer progres-
sion: an alternative toxicological approach combining bio-
markers and innovative technologies. Toxicol In Vitro. 2014; 
28(8):1507‐1520.

	 32.	 Parry JM, Sors A. The detection and assessment of the aneugenic 
potential of environmental chemicals: the European Community 
Aneuploidy Project. Mutat Res. 1993;287(1):3‐15.

	 33.	 de Stoppelaar JM, van de Kuil T, Verharen HW, et  al. In vivo 
cytokinesis blocked micronucleus assay with carbendazim in rat 
fibroblasts and comparison with in vitro assays. Mutagenesis. 
2000;15(2):155‐164.

	 34.	 Jia C, Batterman S. A critical review of naphthalene sources and 
exposures relevant to indoor and outdoor air. Int J Environ Res 
Public Health. 2010;7(7):2903‐2939.

	 35.	 Stohs SJ, Ohia S, Bagchi D. Naphthalene toxicity and antioxidant 
nutrients. Toxicology. 2002;180(1):97‐105.

	 36.	 Roze LV, Hong SY, Linz JE. Aflatoxin biosynthesis: current fron-
tiers. Annu Rev Food Sci Technol. 2013;4:293‐311.

	 37.	 Hamid AS, Tesfamariam IG, Zhang Y, Zhang ZG. Aflatoxin 
B1-induced hepatocellular carcinoma in developing countries: 
geographical distribution, mechanism of action and prevention. 
Oncol Lett. 2013;5(4):1087‐1092.

	 38.	 Qian G, Tang L, Guo X, et al. Aflatoxin B1 modulates the expres-
sion of phenotypic markers and cytokines by splenic lymphocytes 
of male F344 rats. J Appl Toxicol. 2014;34(3):241‐249.

	 39.	 Nadal A, Quesada I, Tudurí E, Nogueiras R, Alonso-Magdalena 
P. Endocrine-disrupting chemicals and the regulation of energy 
balance. Nat Rev Endocrinol. 2017;13:536.

	 40.	 DeCastro BR, Korrick SA, Spengler JD, Soto AM. Estrogenic ac-
tivity of polychlorinated biphenyls present in human tissue and 
the environment. Environ Sci Technol. 2006;40(8):2819‐2825.

	 41.	 Mnif W, Hassine AIH, Bouaziz A, Bartegi A, Thomas O, Roig B. 
Effect of endocrine disruptor pesticides: a review. Int J Environ 
Res Public Health. 2011;8(6):2265‐2303.

	 42.	 Soto AM, Sonnenschein C, Chung KL, Fernandez MF, Olea N, 
Serrano FO. The E-SCREEN assay as a tool to identify estrogens: 
an update on estrogenic environmental pollutants. Environ Health 
Perspect. 1995;103(Suppl 7):113‐122.

	 43.	 Xu X, Dailey AB, Talbott EO, Ilacqua VA, Kearney G, Asal 
NR. Associations of serum concentrations of organochlorine 
pesticides with breast cancer and prostate cancer in U.S. adults. 
Environ Health Perspect. 2010;118(1):60‐66.

	 44.	 Bal MS, Bodal VK, Kaur J, Kaur M, Sharma S. Patterns of can-
cer: a study of 500 Punjabi patients. Asian Pac J Cancer Prev. 
2015;16(12):5107‐5110.

	 45.	 Kettles MK, Browning SR, Prince TS, Horstman SW. Triazine 
herbicide exposure and breast cancer incidence: an eco-
logic study of Kentucky counties. Environ Health Perspect. 
1997;105(11):1222‐1227.

	 46.	 Pinter A, Torok G, Borzsonyi M, et al. Long-term carcinogenic-
ity bioassay of the herbicide atrazine in F344 rats. Neoplasma. 
1990;37(5):533‐544.

	 47.	 La Merrill M, Emond C, Kim MJ, et al. Toxicological function 
of adipose tissue: focus on persistent organic pollutants. Environ 
Health Perspect. 2013;121(2):162‐169.

	 48.	 Picone S, Paolillo P. Chemical contaminants in breast milk. Early 
Human Dev. 2013;89(Supplement 4):S117‐S118.

	 49.	 Koutros S, Alavanja MCR, Lubin JH, et al. An update of cancer 
incidence in the agricultural health study. J Occup Environ Med. 
2010;52(11):1098‐1105.

	 50.	 Karmiris K, Paintaud G, Noman M, et  al. Influence of trough 
serum levels and immunogenicity on long-term outcome of 
adalimumab therapy in Crohn’s disease. Gastroenterology. 
2009;137(5):1628‐1640.

	 51.	 Biagini RE, Klincewicz SL, Henningsen GM, et  al. Antibodies 
to morphine in workers exposed to opiates at a narcotics man-
ufacturing facility and evidence for similar antibodies in heroin 
abusers. Life Sci. 1990;47(10):897‐908.

	 52.	 Borsky P, Andrys C, Krejsek J, et al. Serum level of antibodies 
(IgG, IgM) against Benzo[a]pyrene-7,8-diol-9,10-epoxide-DNA 
adducts in children dermatologically exposed to coal tar. Acta 
Medica (Hradec Kralove). 2017;60(1):27‐31.

	 53.	 Mittal S, Kaur G, Vishwakarma GS. Effects of environmen-
tal pesticides on the health of rural communities in the Malwa 
Region of Punjab, India: a review. Hum Ecol Risk Assess Int J. 
2014;20(2):366‐387.

	 54.	 Thakur JS, Rao BT, Rajwanshi A, Parwana HK, Kumar R. 
Epidemiological study of high cancer among rural agricultural 
community of Punjab in Northern India. Int J Environ Res Public 
Health. 2008;5(5):399‐407.

	 55.	 Mathur H, Agarwal H, Johnson S, Saikia N. Analysis of pesticide 
residues in blood samples from villages of Punjab. 2005.

	 56.	 Kaur R, Kaur S, Lata M. Evaluation of DNA damage in ag-
ricultural workers exposed to pesticides using single cell 
gel electrophoresis (comet) assay. Indian J Hum Genet. 
2011;17(3):179‐187.

	 57.	 Damalas C, Koutroubas S. Farmers’ exposure to pesticides: toxic-
ity types and ways of prevention. Toxics. 2016;4(1):1‐10.

	 58.	 O’Connor JC, Plowchalk DR, Van Pelt CS, Davis LG, Cook JC. 
Role of prolactin in chloro-S-triazine rat mammary tumorigene-
sis. Drug Chem Toxicol. 2000;23(4):575‐601.

	 59.	 Mascola JR, Haynes BF. HIV-1 neutralizing antibodies: under-
standing nature’s pathways. Immunol Rev. 2013;254(1):225‐244.

 20457634, 2019, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.1773 by N
ational M

edical L
ibrary T

he D
irector, W

iley O
nline L

ibrary on [18/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



260  |      SAJID and AGREWALA

	 60.	 Keller MA, Stiehm ER. Passive immunity in prevention 
and treatment of infectious diseases. Clin Microbiol Rev. 
2000;13(4):602‐614.

SUPPORTING INFORMATION

Additional supporting information may be found online in 
the Supporting Information section at the end of the article.       

How to cite this article: Sajid M, Agrewala JN. Low 
prevalence of anti-xenobiotic antibodies among the 
occupationally exposed individuals is associated with a 
high risk of cancer. Cancer Med. 2019;8:246–260. 
https://doi.org/10.1002/cam4.1773

 20457634, 2019, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.1773 by N
ational M

edical L
ibrary T

he D
irector, W

iley O
nline L

ibrary on [18/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/cam4.1773

