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ABSTRACT

Background: An increased incidence of non-Hodgkin’s lymphoma (NHL) has been reported in farmers and
other occupational groups working with pesticides. In these individuals, an increased prevalence of the
chromosomal translocation t(14;18)(q32;q21), one of the most common chromosomal abnormalities in
NHL, has been detected in peripheral blood lymphocytes. This translocation juxtaposes the antiapoptotic
BCL2 protein to the immunoglobulin heavy chain gene locus (IGH) leading to overexpression of BCL2.
This causes an increase in cell survival, paving the way for malignant transformation.
Aim of the study: The present study aimed to evaluate the association between the occurrence of the
chromosomal translocation t(14;18) and occupational exposure to pesticides among a group of Jordanian
farmers.
Methods: A total of 192 male subjects including 96 agricultural workers and 96 control subjects partici-
pated in this study. BCL2-IGH t(14;18) fusions were detected by a nested polymerase chain reaction (PCR)
assay targeting the major breakpoint region (MBR).
Results: We found that occupational exposure to pesticides in open-field farming and insecticide used
on animals increased the frequency of the chromosomal translocation t(14;18). Farmers occupationally
exposed to pesticides and insecticide were 13.5 times more likely to harbor t(14;18). 63.5% (61 of 96)
of farmers compared to 11.5% (11 of 96) of controls carried the translocation (odds ratio: 13.5; 95%
confidence interval (CI)=6.3-28.6). We ruled out the influence of possible confounding factors such as
age, duration of sun exposure, alcohol intake, smoking, and use of personal protective equipment.
Conclusion: Our results indicate that pesticides increased the frequency of chromosomal translocation in
the 14q32 region. Accordingly, the presented data agrees with previous suggestions from the literature
that pesticides might be involved in the development of NHL through the t(14;18) pathway.

© 2016 Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The chromosomal translocation t(14;18)(q32;g21) is one of the
most common chromosomal abnormalities in NHL, which occurs

Non-Hodgkin’s lymphoma (NHL) is a heterogeneous group in 70-90% of cases of follicular lymphoma (FL), 20-30% of diffuse

of Lymphoproliferative malignancies that can arise from B- or
T-lymphocytes. B-cell NHLs are primarily most abundant in adult-
hood. Follicular lymphoma is one of the most common types of
B-cell derived NHL in western countries [1]. However, in Jordan, it
only accounts for 8.1% of cases of diagnosed B-cell lymphoma, with
the majority being attributed to Diffuse Large B-cell lymphoma [2].
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large B-cell lymphoma, and 5-10% of other less common subtypes
[3]. This translocation involves 2 specific loci; the immunoglobu-
lin heavy chain (IgH) locus on chromosome 14q32 and the B-cell
leukemia/lymphoma-2 (BCL-2) locus on chromosome 18q2l [4].
During the typical translocation process, the BCL2 gene located
on chromosome 18 is juxtaposed to the transcriptionally active
IgH gene on chromosome 14 resulting in over expression of the
former. Consequently, the heightened anti-apoptotic function of
BCL2 increases cell survival, which represents an early step in the
malignant process of NHL [4-6].

2214-7500/© 2016 Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Pesticides are substances or mixture of substances used for pre-
venting, destroying, repelling, or mitigating pests, which include
insects, rodents, weeds, as well as other unwanted organisms.
Most commonly, they are classified relying on the target species
they act on such as insecticides, herbicides, or fungicides [7]. Pes-
ticides may cause a variety of acute and delayed adverse health
effects in those who are exposed. Acute effects range from simple
skin and eyes irritation to general malaise, while chronic long-
term effects encompass cancer and adverse reproductive outcomes
[8]. Carcinogenic pesticides exist among insecticides, herbicides,
and fungicides as well as in several chemical classes such as tri-
azines, organophosphates and organochlorines [8-10]. Pesticides
may exert their carcinogenic effects through a variety of mecha-
nisms including genotoxicity [9].

An increased incidence of NHL has been reported among farm-
ers and other occupational groups working with pesticides [9].
Furthermore, an increased prevalence of the chromosomal translo-
cation t(14;18)(q32;921) has been detected in peripheral blood
lymphocytes from individuals occupationally exposed to pesticides
[11]. To date, the relationship between pesticide exposure and
occurrence of t(14;18) chromosomal translocation in farmers from
Jordan, where FL is not common, has not been investigated.

The aim of this study is to evaluate if occupational expo-
sure to pesticides among farmers in Jordan may contribute as a
risk factor to the occurrence of the chromosomal translocation
t(14;18)(q32;q21). We detected the translocation t(14;18) by a
nested polymerase chain reaction (PCR) assay targeting the major
breakpoint region (MBR) from peripheral blood lymphocytes of a
group of farmers. We assessed pesticide exposure in detail taking
into account potential confounding factors including smoking, sun-
light, and age. To the best of our knowledge, this is the first study
in Jordan and the Middle East region to address this issue.

2. Materials and methods
2.1. Study subjects

Study subjects were selected from the Jordanian Ghor region,
the northern part of the Jordan Valley, a key agricultural area in the
country. 96 farmers occupationally exposed to pesticides and 96
control individuals not exposed to pesticides were recruited from
the town of Deir Alla. All subjects signed informed consent forms
to participate in this study. Two farms were included: The Jor-
dan University Agricultural Research Center Farm and The National
Center for Agricultural Research and Extension (NCARE). In Both
farms, agricultural activities consisted of open field farming, green
house farming as well as cattle and poultry breeding. Inclusion cri-
teria for cases were as follows: Jordanian males, age > 18 years,
direct exposure to pesticides including one or more of the fol-
lowing: using pesticides on open field crop, using insecticides on
animals, or using herbicides. Agricultural workers with less than 6
months of pesticide exposure, or indirect exposure, were excluded.
Inclusion criteria for controls were as follows: Jordanian males,
age > 18 years, never undertaken work related to farming. Subject
were interviewed face-to-face and given a comprehensive ques-
tionnaire detailing age, tobacco use, alcohol consumption, medical
history—especially haemolymphatic cancer, agricultural practices,
personal use pesticides, type(s) of pesticides used, years of expo-
sure, use of protective equipment, and sunlight exposure.

2.2. Sample collection and DNA preparation

Peripheral blood samples (10 ml/subject) were collected in
Vacutainer tubes EDTA (K2) collection tubes (BD Bioscience). DNA
was extracted from buffy coat peripheral blood lymphocytes using

Table 1
Primer sequences.

3-Globin primers

B-Globin F Forward: 5'-CAA CTT CAT CCA CGT TCA CC-3’
R-Globin R Reverse: 5-GAA GAG CCA AGG ACA GGT AC-3’
t(14;18) MBR, first round primers

MBR-1 Forward: 5'- CAGCCTGAAACATTGATGG-3'
JH-1 Reverse: 5'- ACCTGAGGAGACGGTGACC-3'
t(14;18) MBR, second round primers

MBR-2 Forward: 5-TATGGTGGTTTGACCTTTAG-3'
JH-2 Reverse: 5'- ACCAGGGTCCCTTGGCCCCA-3'

Wizzard Genomic DNA Purification Kit (Promega, USA) according
to the manufacturer’s protocol. DNA concentration and purity was
measured using UV spectrophotometry (Bio-Rad, SmartSpec plus,
USA). All samples had OD260/0D280 ratio values of 1.7-2.0. A
working dilution for DNA samples of 100 ng/l was prepared in
nuclease-free water and stored at —20 °C for analysis.

2.3. PCR and nested-PCR

The B-globin gene was used an internal gene control for DNA
integrity (primer sequences are shown in Table 1) [12]. The PCR
mixture contained 300ng of genomic DNA, 1X Green GoTaq®
Reaction Buffer (Promega, USA), 2.5U GoTaq® DNA Polymerase
(Promega, USA), 10 mM dNTPs Mix (Promega, USA) and 20 pmol
oligonucleotide primer (Invitrogen, USA) in a final volume of 50 1.
The PCR conditions were an initial denaturation step at 94°C for
1 min, followed by 35 cycles of 94°C for 30s, 57°C for 45s and
72°C for 60s, then a final extension step at 72 °C for 5 min. A neg-
ative control was included in each run, whereby no DNA template
was added.

For BCL2-IGH t(14;18) fusions nested PCR amplification, we
used specific primers for the major breakpoint region (MBR) in
combination with JH consensus primers as described in Gribben
etal.[12,13] (Table 1). For each individual, 2-3 technical replicates
were utilized in both rounds of the nested-PCR. Almost all replicates
were homogeneous with respect to the observed PCR products,
showing either a band of the expected size or not displaying a PCR
product. Where replicates did not show that same result, be it pos-
itive or negative, the reaction was repeated. The PCR mixture for
each sample contained 1 g of genomic DNA, 1X Green GoTaq®
Flexi Buffer (Promega, USA), 2.5U GoTaq® Hot Start Polymerase
(Promega, USA), 2.5 mM MgCl; (Promega, USA), 10 mM dNTPs Mix
(Promega, USA) and 20 pmol oligonucleotide primer (Midland oli-
gos, USA) in a final volume of 50 pl. The reaction conditions for
the first round of nested PCR were as follows: an initial denatura-
tion step at 94 °C for 7 min, followed by 35 cycles of 94 °C for 30s,
58°C for 455, 72°C for 60s, with a final extension step at 72°C
for 5min. One micro liter of the first round PCR product was re-
amplified under the same conditions for 30 additional cycles in the
second round. Both negative (no template) and positive controls
were added in each PCR round. The positive controls used were
plasmid DNA (Nanogen Advance Diagnostic, Italy) containing the
MBR region within the BCL2-IGH rearrangement. Amplified PCR
products, t(14;18) fusions, were analyzed on 3% agarose gel elec-
trophoresis containing ethidium bromibe (1 pg/ml) and visualized
under UV light, using gel documentation system (UVP, USA).

2.4. Statistical analysis

Data were summarized as average +SD and range for con-
tinuous variables (age, duration of pesticides use and sunlight
exposure) or counts (percentages) for categorical variables
(smoking, alcohol consumption, pesticides use, insecticides use,
herbicides use and protective clothing). Normality was checked
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Table 2

General characteristics of farmers and controls.
Characteristics Farmers (n=96) Controls (n=96) p Value
Mean age + SD [min-max] 31.8+8.8[19-69] 36.1+10.7[18-67] 0.003
Smoking (n) 67.70% (65) 64.60% (62) 0.65"
Alcohol consumption (n) 16.70% (16) 6.30% (6) 0.023
" <0.05.
" <0.01.

Table 3

Occupational characteristics of farmers.

Characteristics Farmers (n=96)

Mean duration of pesticide use (years + SD) [min-max] 10.9+7.9[1-40]
Pesticide use on open fields 80.2% (77)
Insecticide use on animals 47.9% (46)

Herbicide use
Protective clothing

95.8% (92)

Mask only (n) 2.1%(2)
Mask +gloves (n) 27.1%(26)
Mean of sunlight exposure (hours/day + SD) [min-max] 59+1.6 [2-9]

by Kolmogorov-Smirnov test (K-S test) and homogeneity of vari-
ance by Levene’s test. Normally distributed continuous variables
were analyzed using independent t-test, otherwise Mann-Whitney
U test was used for variables with skewed distribution. Pearson Chi-
square or Fisher’s exact test were used as appropriate to determine
occupational exposure to pesticides and risk of developing t(14;18)
translocation: the occurrence of BCL2-IGH t(14;18) translocation
among farmers compared to the control group and within sep-
arate groups. Logistic regression was utilized to discern the true
association between exposure to pesticides and development of
genetic translocation in the presence of unequal distribution of
confounders (age, smoking, sunlight exposure, and alcohol con-
sumption). Mantel Hanzel statistics were utilized to calculate odds
ratio and 95% confidence interval (OR, 95% CI). p values < 0.05 were
considered significant. All the statistical analyses were performed
using Statistical Package for Social Sciences (SPSS Inc., Chicago, Illi-
nois) version 16.0 software for windows. Figures were compiled in
GraphPad Prism 6.0 and Microsoft Powerpoint.

3. Results
3.1. Characteristics of the study subjects

Baseline characteristics of the study cohort; age, smoking and
alcohol consumption are shown in Table 2. Farmers were slightly
older than controls (mean age 31.8 vs 36.1 years old, respec-
tively; p=0.003) and had a higher alcohol consumption percentage
(p=0.023). No difference was detected between the two groups in
smoking status (67.7% vs 64.6%, respectively; p=0.65). Table 3 illus-
trates agricultural practices and exposures for farmers recruited in
the study. Whereas 80.2% of farmers used pesticides in open fields
(77 out of 96) and 95.8% used herbicides (92 out of 96), only 47.9%
of them used insecticides on animals (46 out of 96). The average
duration of pesticide use 10.9 years, with a range of 1-40 years.
Only a minority used protective clothing.

3.2. The frequency of t(14;18) translocation in farmers and
controls

BCL2-IGH t(14;18) fusions were detected using nested PCR tar-
geting the MBR region, with specific products measuring from 80 to
300 base pairs as shown in Fig. 1A. Representative PCR reactions for
the internal control 3-Globin are shown in Fig. 1B. The frequency of
BCL2-IGH t(14;18) translocation in farmers occupationally exposed
to pesticides was 63.5% (61 of 96) vs 11.5% (11 of 96) in the con-

Pesticide
exposure: + + + +

Negative Positive
+ - = Control  Control

A

Negative

Representative samples
l p P Control

*kkk

C

Il {(14:18) positive
[ t(14:18) negative

Percentage of
subjects

Farmers

Controls

Fig. 1. Nested polymerase chain reaction (n-PCR) detection of t(14:18) IGH:BCL2
in DNA from farmers and controls. (A) Representative electrophoretic separation of
PCR products from the second round of n-PCR using primers specific to the major
break point (MBR) region. The primers detect products ranging from 80 to 300 base
pairs (bp) in the MBR region. Products are seen in 4 out of 5 samples from farmers
and the positive control, but not in the negative control or control samples. (B)
Representative electrophoretic separation of PCR products from participant samples
and water (negative) control for internal control 3-Globin. A band measuring 268 bp
is seen for the participant samples but not the negative control. (C) Quantification of
the percentage of t(14:18) IGH:BCL2 positivity showing a significant increase in the
percentage of t(14:18) IGH:BCL2 positivity in farmers (63.5%) compared to controls
(11.5%), with an odds ratio (OR) =13.5; 95%, and a confidence interval (CI)=6.3-28.6.
***¥p <0.0001 calculated using Pearson Chi-Square test.

trol group. Farmers occupationally exposed to pesticides were 13.5
times more likely to bear the chromosomal translocation t(14;18)
compared to the control group (p<0.0001; odds ratio (OR)=13.5;
95% confidence interval (CI)=6.3-28.6) Fig. 1C.In sum, these results
show a significant association between occupational exposure to
pesticides and an increased frequency of the chromosomal translo-
cation BCL2-IGH t(14;18) in farmers.

Next, we assessed the frequency of t(14;18) in relation to the
type of pesticide used, duration of pesticide use, and individual
protective clothing within the farmers group. We found signifi-
cant associations with pesticide use on open field crops (OR=3.0,
95% Cl=1.1-8.5, p=0.03) and insecticides on animals (OR = 2.4, 95%
Cl=1.02-5.7, p=0.043). No significant associations were observed
with herbicides use (OR=0.57, 95% CI=0.06-5.7, p=0.627), indi-
vidual protective clothing (Mask only; OR=0.7, 95% CI=0.04-0.7,
p=0.99. Mask and gloves; OR=2.3, 95% CI=0.8-6.6, p=0.15), and
mean duration of pesticide use (mean + standard deviation (SD);
BCL2-IGH t(14:18) positive 10.6 & 7.9 years vs negative 11.7 8.2
years, p=0.51).

3.3. The occurrence of t(14;18) and the influence of confounding
factors

We assessed the effect of age, smoking, and alcohol
consumption—factors known to influence the risk of NHL—as
confounding factors on the frequency of BCL2-IGH t(14;18) in
all study subjects. Initially, we examined whether there was a
difference in age between t(14;18) positive and negative cases in
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Fig. 2. Evaluation of the contribution of confounding factors to t(14:18) IGH:BCL2 detection in farmers. t(14:18) IGH:BCL2 positivity was tested against age (A), sunlight
exposure (B), smoking (C) and alcohol intake (D) in the farmers group (n=96). There was no significant difference between t(14:18) IGH:BCL2 positive and negative groups
with respect to age (p=0.92), sunlight exposure (p=0.43), smoking (OR=1.2, 95% Cl=0.5-2.8, p=0.752), or alcohol intake (OR=1.3, 95% CI=0.4—4.2, p=0.78). Significance

was tested for using Independent t-test (A, B), and Pearson Chi-Square test for (C, D).

the pooled population of farmers and control. The mean age of the
t(14;18) positive and negative cases was not significantly different
(mean4+SD: 32.3+£8.9 in positive cases; 34.9+10.5 in negative
cases; p=0.077). Additionally, the proportion of t(14;18) positive
cases who smoked was not different from that in t(14;18) negative
cases (66.7% in positive cases; 65.8% in negative cases; p=0.9).
Similarly, alcohol intake was not significantly different between
positive and negative cases (16.7% in positive cases; 8.3% in
negative cases; p=0.08). Finally, we examined the influence of the
aforementioned confounders in farmers and controls separately.
We did not detect any significant associations between BCL2-IGH
t(14;18) frequency and age, sunlight exposure, smoking status, or
alcohol intake, in the farmers group (Fig. 2) or the control group
(data not shown). Therefore, we convincingly show that the risk of
BCL2-IGH t(14;18) is related to pesticide exposure in open fields
and insecticide use on animals, but not to age, smoking, alcohol
intake, or sunlight exposure.

4. Discussion

Follicular lymphoma is closely associated with BCL2-IGH
t(14;18) translocation [14] which increases survival of B-cells that
harbor the translocation [5], paving the way for malignant trans-
formation [15]. We previously found that BCL2-IGH t(14;18) can
be detected in 95% of FL cases using a very nested PCR assay,
and that it occurs at the major breakpoint region (MBR) in 81% of
cases, whereas only 3.5% and 10.5% of cases are attributed to the
minor cluster region (mcr) and intermediate cluster region (icr),
respectively [6]. We therefore focused on MBR detection in healthy
individuals for this study.

We note the limitations of our study; first, our method discounts
detection of icr and mcr positive translocations. Second, we did
not quantify the levels of t(14;18) detected in peripheral blood and
therefore cannot infer the frequency of t(14;18) positive lympho-
cytes. Finally, it is difficult to comment on potential dose-response
relationships, since information relating to accurate amounts of
pesticide used or post-exposure blood levels is lacking.

Despite the aforementioned limitations, our findings support
the association between pesticide exposure and increased fre-
quency of BCL2-IGH t(14;18) translocation detection described by
others [11,16,17]. The association was evident for exposure to pes-
ticides in open-field farming and use of insecticides on animals,
but not for the use of herbicides, possibly due to the low number
of farmers who used herbicides (4 out 96). The use of protective
gloves and masks did not show a reduction in detection frequency.
This might be explained by the fact that only 2.1% of farmers used
masks, and 27.1% used masks and gloves, reducing the power of the
study to detect statistical differences. This is an alarming fact that
puts the health of Jordanian farmers at risk, and warrants immedi-
ate action by the Ministry of Agriculture to protect farmers against
potential pesticide-related ill effects. Further studies are required
to assess whether personal protective equipment can reduce the
detection frequency of t(14;18) in farmers exposed to pesticides.

We assessed the effects of potential confounding factors on
the frequency of BCL2-IGH t(14;18) translocation detection. Firstly,
alcohol consumption did not contribute to the frequency of detec-
tion, potentially due to the low rate of alcohol consumption in our
study group (16.7% for the farmers group and 6.3% for the control
group). Additionally, we did not detect an association between the
age participants and the frequency of BCL2-IGH t(14;18) transloca-
tion detection, consistent with Roulland et al. [11], and contrary to
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what was described by others [18,19]. Both our study and Roulland
etal.[11]included subjects with median ages less than 50 years old,
where as association with age was detected only in samples older
than 60 [19] and 70 years [ 18] of age. Moreover, cigarette smoking
did not increase the frequency of BCL2-IGH t(14;18) translocation
detection in our study sample, consistent with a previous report
[18]. Of note, cigarette smoking was not found to be associated with
t(14:18)-positive and negative NHL in men [20,21]. Furthermore,
sunlight exposure did not show an effect on t(14:18) detection
frequency, consistent with what others have shown [11]. Finally,
we did not find a correlation between the duration of pesticide
exposure and detection frequency. It was shown than cumulative
exposure to pesticides increases the frequency of t(14:18) bearing
cells in the blood [17], we did not, however, quantify the frequency
of t(14:18) positive cells in this study. It is therefore possible that
individuals with longer exposure periods might have more translo-
cation bearing cells.

Previous studies detected the BCL2-IGH t(14;18) translocation
in the peripheral blood and reactive lymph nodes of healthy cancer-
free individuals [11,16,17,21-24]. A recent study by Roulland et al.
[25] incriminates positivity for t(14:18) as a predictive marker of
and a risk factor for FL. The authors found increased risk for FL with
high frequency of t(14:18) positive cells (>1 x 10* cells). Despite
the relatively low frequency of FL in Jordanians, pesticide exposure
increased t(14;18) detection in farmers, making the link between
pesticide exposure and lymphoma-genesis stronger. Therefore, we
posit that pesticides contribute to promoting t(14;18) transloca-
tion regardless of the population of study. Finally, given the low
cost, rapidity, high sensitivity and specificity of our nested-PCR
assay in detecting t(14;18), coupled with the aforementioned evi-
dence incriminating the translocation in lymphoma-genesis, it may
therefore be important and feasible to screen and monitor farmers
occupationally exposed to pesticides for the presence and levels of
t(14:18) bearing cells over the period of exposure.

5. Conclusion

Our study is the first in Jordan and the Middle East to docu-
ment the association between occupational exposure to pesticides
and insecticides, and increased detection frequency of BCL2-IGH
t(14;18) translocation in healthy farmers. We show that pesticides
are important contributing factors to chromosomal translocations
in the region 14q32, which is directly relevant to lymphoma-
genesis.
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