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Abstract
Previous studies suggest that 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) exposuremay be associated with

non-Hodgkin lymphoma (NHL) but findings remain inconclusive. There is a need for mechanistic studies to

evaluate the biologic plausibility of this association. In this cross-sectional study, we investigated changes in

plasma levels of interleukin 1 receptor antagonist (IL1RA) and soluble (s)CD27 and sCD30 which have been

found to be predictive of lymphoma, amongworkers of a cohort occupationally exposed to TCDD. Eighty-five

workers who had been exposed to TCDD more than 30 years before blood collection were included in the

current investigation. Plasma level of the markers was measured by ELISA. Current plasma levels of TCDD

were determined by high-resolution gas chromatography/isotope dilution high-resolution mass spectrom-

etry. TCDD blood levels at time of last exposure were estimated using a one-compartment first order kinetic

model. Exposure-response analyses showed no significant association between blood levels of sCD27, and

sCD30 and current and estimated TCDD levels at time of last exposure. IL1RA showed a borderline significant

decrease with increasing plasma TCDD levels (P ¼ 0.07), which reached formal statistical significance when

excluding subjects with chronic diseases. In conclusion, no clear dose–response relationship was observed

between the measured markers and TCDD level. However, there was a suggestion that markers in particular

IL1RA tended to decrease with increasing TCDD levels. This observation is consistent with our earlier

observation on decreasing cytokine levels, suggesting immunosuppression, with increasing exposures. These

findings possibly provide new insights in the etiology of NHL and the mechanisms through which TCDD can

increase lymphoma risk. Cancer Epidemiol Biomarkers Prev; 22(12); 2420–4. �2013 AACR.

Introduction
Recent prospective studies have shown a possible asso-

ciation between blood levels of selected cytokines and
small cell-signaling protein molecules and future risk of
non-Hodgkin lymphoma (NHL; refs. 1–6). Most notably
soluble(s) CD30 has been found to be associated to lym-
phoma in three prospective studies (1, 3, 4). In addition
sCD27 has been associated with lymphoma in the largest
prospective studies to date (1, 3). Interleukin 1 receptor
antagonist (IL1RA) has been linked to lymphoma risk in
genetic studies (7) and in experimental and case–control
studies (8, 9).As the immune systemplays a pivotal role in

lymphomagenesis, it is hypothesized that risk factors of
lymphoma such as environmental andoccupational expo-
sures operate through deregulation of the immune sys-
tem, which may be reflected by perturbations in these
prediagnostic markers.

Exposure to phenoxy herbicides, which are often con-
taminated with dioxins such as 2,3,7,8-tetrachlorodi-
benzo-pdioxin (TCDD), has been linked to several cancers
among which NHL (10–13). However, few epidemiologic
studies have evaluated the possible effects of TCDD on
markers of the immune system among which cytokines
and chemokines. These studies have provided some evi-
dence for a downregulation of the immune system but
evidence is still limited (14–17). To date, no study has
examined effects of TCDD exposure on blood soluble
immune markers.

In our previous study (17), we showed that plasma
levels of a large panel of cytokines, chemokines, and
growth factors among workers occupationally exposed
to TCDD tended to show a decrease with increasing
TCDD levels. Here, we extend these analyses to the
evaluation of TCDD exposure on blood levels of IL1RA
and soluble markers of sCD27 and sCD30, two members
of the tumor necrosis factor (TNF) receptor superfamily
that play an important role in regulating cellular activity
in subsets of T, B, and natural killer cells. Study subjects
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comprised a subset of a retrospective cohort of Dutch
workers from two chlorophenoxy herbicide producing
factories, part of the IARCmultinational study of workers
exposed to chlorophenoxy herbicides, chlorophenols, and
dioxins during their working life (10, 18, 19).

Materials and Methods
Study population
A detailed description of the cohort study design and

exposure assessment can be found elsewhere (18, 19).
Current analyses utilized a subset of workers from one
factory (labeled "A" in previous publications) who were
exposed to TCDD as a byproduct of production of 2,4,5-
trichlorophenoxyacetic acid and 2,4,5-trichlorophenol
during 1953 to 1969, and/or during an occupational
accident in 1963 (17). Subjects were selected for blood
collection based on stratified sampling of (assumed) high-
exposed and low-exposed workers. A-priori exposure
status was based on a detailed occupational history
including periods of employment in different depart-
ments and positions held and a detailed industrial
hygiene evaluation of jobs and departments (17). Fifty
high-exposed workers who had been exposed due to the
industrial accident (both factory workers and contract
workers involved in the clean-up after the accident) or
working in departments of main production and 43 low-
exposed workers employed in non-production depart-
mentswhowerematched by factory, sex, age, and current
residence were selected for blood collection. All study
subjects were male. Written informed consent was
obtained from each study subject after the study was
explained. Participants were asked to complete a self-
administered questionnaire, which included questions on
occupational and medical history, lifestyle factors and
anthropometric characteristics (17, 19).

Blood markers measurements
Plasma level of sCD27, sCD30, and IL1RA was mea-

sured by ELISA (Bender Medsystems: BMS286INST,
BMS240, and BMS2080 kits respectively). A subset of
samples (n ¼ 68; 34 high-exposed and 34 low-exposed)
was analyzed in duplicate. The median coefficient of
variation was 7.01%, 4.05%, and 7.14% for sCD30, sCD27
and IL1RA respectively. Intraclass of correlation coeffi-
cients (ICC)was 0.95, 0.99, and 0.99 for sCD30, sCD27, and
IL1RA, respectively. IL1RA measurement was below the
limit of detection for one subject and this value was

imputed based on min/H2.

Exposure measurements
Heparin plasma samples were analyzed for TCDD, at

the Centers for Diseases Control and Prevention (CDC)
using high-resolution gas chromatography/isotope-dilu-
tion high-resolution mass spectrometry. As we measured
current levels of TCDD (TCDDcurrent) approximately
35 years since last exposure (lag) and TCDD is highly

persistentwith a longhalf-life inbloodandhuman tissues,
a one-compartment first-order kinetic model with a
TCDD half-life (t1/2) of 7.1 years was used to estimate
TCDDblood levels at the time of last exposure (TCDDmax;
refs. 17, 19). Current TCDD levels and estimated maxi-
mum TCDD levels were subsequently used to investigate
exposure-response relations between TCDD levels and
sCD27, sCD30, and IL1RA. Individual TCDD levels
(high-exposed, n ¼ 15; low-exposed, n ¼ 20), which
were below the limit of detection, were imputed using a
maximum likelihood estimation method as previously
described (19).

Statistical analysis
The two-sample t test was used to test for statistical

significance of differences in the blood marker concen-
trations between high- and low-exposed subjects. Lin-
ear regression models adjusted for potential confoun-
ders, i.e., body mass index, alcohol intake, smoking
status, medication, and chronic and acute medical con-
ditions were used to explore exposure–response rela-
tions between sCD27, sCD30 and ILRA and TCDDcurrent

or TCDDmax. Moreover, exposure–response relations
were also investigated using subjects free of chronic
disease at the time of blood draw as a sensitivity anal-
ysis as previous analyses showed that subjects with
chronic disease unduly influenced the analyses. All
P values were two-sided, with P < 0.05 considered
statistically significant.

Results
After excluding two subjects with missing TCDD

results and 6 subjects with a previous (non-skin) cancer
diagnosis, a total of 85 subjectswere available for analysis.
High- (n ¼ 47) and low-exposed workers (n ¼ 38) had
identical distributions of covariate variables (Table 1)
except a significant higher alcohol consumption in low-
exposed workers compared with high-exposed workers
(P ¼ 0.05). Geometric mean of TCDDcurrent and TCDDmax

were significantly higher in high-exposed workers
(TCDDcurrent: 3.25 � 7.43 ppt; TCDDmax: 79.82 � 33.28
ppt) compared with low-exposed workers (TCDDcurrent:
1.07 � 6.42 ppt; TCDDmax: 7.53 � 32.14 ppt). Blood con-
centration of all markers did not significantly differ
between the two exposure groups althoughmarker levels
tended to be lower in high-exposed workers as compared
to low-exposedworkers (Table 2).We foundno significant
association between blood levels of sCD27, sCD30, and
IL1RA and TCDDcurrent (Table 2) or TCDDmax (data not
shown) in the confounder adjusted linear regression anal-
yses; although as previous indicated a tendency of lower
marker levels were found. Sensitivity analyses based on
subjects without chronic disease (n ¼ 41) showed signif-
icant association for IL1RA [Estimate ¼ �0.11, 95% con-
fidence interval (CI) ¼ �0.183–0.038; P ¼ 0.004, adjusted
for age, BMI, and alcohol). However, due to small sample
size, this finding should be interpreted with caution.
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Discussion
Both sCD27 and sCD30, members of the TNF receptor

superfamily, are considered markers of lymphocyte acti-
vation (20, 21). Studies have shown that levels of sCD27
and sCD30 decreased following chemotherapy, which
induces an immunosuppressive status (22–24). The
observed general reduction in blood levels of measured
markers with increasing TCDD levels is consistent with

the earlier observation among the same study subjects
that indicated a general decrease in most cytokine-, che-
mokine-, and growth factors levels with increasing
TCDD exposure levels (17) and provides more evidence
that TCDD exposure could lead to a general suppression
of the immune system. Therefore, given that immuno-
suppression is an established risk factor for NHL (25) and
given the suggested (animal, experimental, and human)

Table 1. General characteristics of high and low TCDD-exposed workers

High-exposed
(n ¼ 47)

Low-exposed
(n ¼ 38) P-valuef

Age, ya 69.07 (7.45) 68.55 (7.93) 0.75
Body mass index (kg/m2)a 27.33 (3.10) 26.65 (3.04) 0.31
Alcohol intake (units/week)a 11.48 (13.56) 17.26 (13.16) 0.05
Smoking status, N (%) 0.84
Current smoker 12 (25.5%) 8 (21.1%)
Former smoker 28 (59.6) 23 (60.5%)
Never smoker 7 (14.9%) 7 (18.4%)

Skin cancer, N (%) 4 (8.5%) 3 (7.9%) 0.92
Infectious disease in the past 4 weeks, N (%) 4 (8.7%) 4 (10.5%) 0.78
Chronic disease, N (%)b 24 (51.1%) 20 (52.6%) 0.89
Chronic inflammatory disease, N (%)c 13 (27.7%) 11 (28.9%) 0.90
Medication, N (%) 0.33
Immunosuppressant 5 (10.6%) 4 (10.5%)
NSAIDs 14 (29.8%) 6 (15.8%)
Antibiotics 0 1 (2.6%)

TCDDcurrent (ppt)
d 3.25 (7.43) 1.07 (6.42) 0.002

TCDDmax (ppt)
e 79.82 (33.28) 7.53 (32.14) 0.001

Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs.
aMean (SD).
bChronic diseases included: diabetes, coronary heart disease, and hypertension.
cChronic inflammatory diseases: chronic obstructive pulmonary disease, psoriasis, sarcoidosis, asthmatic bronchitis, rheumatoid
arthritis, liver failure, Crohn's disease, fibromyalgia, and allergy.
dCurrent levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDDcurrent) parts per trillion, geometric mean (geometric standard deviation).
eEstimated maximum levels of TCDD (TCDDmax) parts per trillion, geometric mean (geometric standard deviation).
fP values from t tests for continuous variables and x2 tests for categorical variables.

Table 2. Mean blood marker concentrations for the low and high TCDD-exposed groups and the linear
estimates of the association between blood markers and TCDDcurrent levels

High-exposed (n ¼ 47) Low-exposed (n ¼ 38) Multivariate linear modelb

GM (GSD) GM (GSD) Pa Estimates 95% CI

sCD30 23.95 (1.51) 24.55 (1.43) 0.77 �0.034 �0.083–0.014
sCD27 72.07 (2.11) 74.49 (1.40) 0.80 �0.053 �0.129–0.023
IL1RA 458.98 (1.88) 473.76 (1.93) 0.82 �0.074 �0.152–0.003

Abbreviations: GM, geometric mean; GSD, geometric standard deviation.
aP values are from t tests of natural log-transformed values.
bCovariates included in the multivariate models were age, body mass index, alcohol intake, smoking, chronic disease, chronic
inflammatory disease, infectious disease within 4 weeks before blood sampling, and medication. Linear estimates are based on log-
transformed values of blood markers and TCDD measurements.
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evidence for an association between TCDD exposure and
immune suppression (26, 27), these results support the
biologic plausibility that TCDD could be involved in the
development of lymphomas and might explain the
observed increased NHL risk in this cohort of workers
exposed to chlorophenoxy herbicides, chlorophenols, and
contaminants (19).
We found a significant negative association between

IL1RA and TCDD level among workers without chronic
disease. There were no significant differences between
workers with and without chronic diseases in TCDD
exposure levels and baseline characteristics except that
workers with chronic disease used more anti-inflam-
matory drugs (22.4% compared with 1.2%). The higher
use of inflammatory drugs among the subjects with
chronic diseases may have masked the observed
IL1RA-TCDD association that was observed among the
subjects without a chronic disease. IL1RA has been
shown to play a crucial role in the prevention of various
inflammatory diseases and counteract inflammatory
effects of IL1 family members (28). Moreover, chronic
inflammation has been linked to several cancers includ-
ing NHL, gastric cancer, hepatocellular carcinoma, and
adenocarcinoma of the large intestine (29). A recent
genetic study found IL1RN to be associated with NHL
risk (7). IL1RN is known to alter IL1b expression levels
(30), leading to a modulation of a variety of IL1–related
immune and inflammatory responses. In addition, a
case–control study showed that pretreatment serum
level of IL1RA was associated to increased risk of
diffuse large B-cell lymphoma and follicular lymphoma
(9). However, in a recent nested case-control study
examining IL1RA in prediagnosed blood samples, no
association was found between IL1RA and NHL (6).
However, taken together, it would suggest that inflam-

matory pathways may be another relevant mechanism
for the association between TCDD exposure and NHL
development.

Our study is the first investigation that examined the
effect of TCDD exposure on blood markers of sCD27,
sCD30, and IL1RA in human, markers that have been
linked to lymphoma risk (1–4, 7–9). Together with our
previous study on immune markers the results suggest a
decrease in several components of the immune system in
relation to TCDD exposure.
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