
This article was downloaded by: [University Library Utrecht]
On: 26 October 2012, At: 05:44
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer
House, 37-41 Mortimer Street, London W1T 3JH, UK

Veterinary Quarterly
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/tveq20

A review of the role of lymphoma markers and
occupational and environmental exposures
Fatemeh Saberi Hosnijeh a b , Dick Heederik a & Roel Vermeulen a
a Division of Environmental Epidemiology, Institute of Risk Assessment Sciences (IRAS),
Utrecht University, the Netherlands
b Epidemiology department, Medical faculty, Zanjan University of Medical Science,
Zanjan, Iran

Accepted author version posted online: 24 Jul 2012.Version of record first published: 24
Jul 2012.

To cite this article: Fatemeh Saberi Hosnijeh, Dick Heederik & Roel Vermeulen (2012): A review of the role of lymphoma
markers and occupational and environmental exposures, Veterinary Quarterly, 32:2, 61-73

To link to this article:  http://dx.doi.org/10.1080/01652176.2012.709362

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/tveq20
http://dx.doi.org/10.1080/01652176.2012.709362
http://www.tandfonline.com/page/terms-and-conditions


Veterinary Quarterly
Vol. 32, No. 2, June 2012, 61–73

REVIEW ARTICLE
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Immune deficiency and altered immunity are among the best characterized and strongest known risk factors
of non-Hodgkin lymphomas (NHL). For instance, chronic inflammation or certain disturbances in the immune
system are associated with an increased lymphoma risk. Occupational and environmental factors (i.e., dioxin)
as well as lifestyle factors (i.e., obesity) may contribute to these risk factors. The precise role of these factors in
the etiology of NHL, however, is still not entirely clear. Although the existing epidemiologic studies have not
revealed consistent patterns of perturbations of the immune system by these factors, the findings might suggest an
adverse impact on both the humoral and cell-mediated immune system.
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1. Introduction

Non-Hodgkin lymphomas (NHL), solid tumors of
lymphocyte origin, are the most common hematopoi-
etic cancers in both men and women in the developed
world (Jaffe et al. 2001; Muller et al. 2005). The
etiology of most NHL cases remains unclear, but the
strongest and most consistent risk factors are related to
altered immunity conditions. The overall aim of this
review article is to describe the possible perturbations
of the immune system preceding lymphomagenesis,
resulting from known occupational and environmental
risk factors of NHL. We will focus on dioxin exposure
and obesity.

2. Lymphomagenesis: the role of the immune system

Severe immunodeficiency, including both hereditary
immunodeficiency disorders and acquired conditions
such as those observed in patients infected with the
human immunodeficiency virus (HIV) and in trans-
plant patients receiving immunosuppressive drugs,
is a well-described and strong risk factor for NHL.
Moreover, individuals with auto-immune conditions,
such as rheumatoid arthritis, systemic lupus erythema-
tosis, Sjogren’s syndrome, Coeliac disease, and psori-
asis, are at a higher risk of developing NHL (Hoover
1992; Mariette 2001; Engels et al. 2005; Grulich et al.
2007; Tio et al. 2012). Additional evidence of the
integral role of the immune system in lymphomagen-
esis can be seen from epidemiologic studies that
examined polymorphisms in genes coding for cytokines
that modulate the inflammatory process or are linked
to B cell activation (Wang et al. 2007; Ambinder et al.
2010; Skibola et al. 2010). In addition, recent genome-
wide association studies (GWAS) of the follicular
subtype of NHL identified association with two

variants within the human leukocyte antigen (HLA)
region (Skibola et al. 2009; Smedby et al. 2011).

Given the central role of the immune system

in lymphomagenesis, it is hypothesized that moderate
perturbations of the immune system may be a risk
factor as well (Grulich et al. 2007).

3. Methodological issues

3.1. Complementary study designs: the ‘‘meet in the
middle’’ concept

The US National Institute for Environmental Health
Sciences (NIEHS) has suggested to integrate environ-

mental exposures within the study of the natural
history of disease. Indeed, the study of how an

environmental agent affects molecular targets, cellular
function, tissue function, and survival ultimately
informs us about the etiology, pathogenesis, and

distribution of the disease (Vineis and Perera 2007).
The recently introduced ‘‘meet in the middle
approach’’ has the potential to open new avenues for

prevention by identifying the specific environmental
factors involved in the disease process (Vineis and
Perera 2007). In this approach, the relationship

between putative intermediate markers and disease
outcome is explored. In parallel, associations between
exposure estimates and intermediate markers are

assessed as well. Subsequently, the overlap between
markers of exposure and predictive markers of disease
outcome would classify relevant intermediate markers

of environmental-driven diseases (Figure 1). An exam-
ple of this approach was recently published by

Chadeau-Hyam et al. (2011). They identified a dietary
colon cancer biomarker (a derivative of benzoic acid
produced by fiber-digesting gut bacteria) by correlating
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a prospectively measured metabolic profile with both
dietary fiber intake and reduced colon cancer risk.

Prospective studies which study the disease process
from exposure to preclinical response and subsequently
to a clinically diagnosed disease are conceptually
suitable for the identification of new biomarkers of
both exposure and early biological effect, since they
are based on pre-clinical biological samples that are
not influenced, if the disease occurs years later, by the
inherent metabolic changes due to the disease itself.
However, one prospective sample might not reflect
both the exposure and outcome of interest in an
optimal way. Moreover, exposure measurements
cannot be optimized in prospective studies due to
some inherent limitations including (1) if the exposure
does not occur in isolation from other hazardous
exposures; (2) if a sufficient induction period since
exposure has not yet passed; or (3) if the observed
biomarker does not reflect the exposure of interest due
to the short half-life of the marker. Therefore, use of
other study designs with optimally designed exposure
measurements (i.e., cross-sectional or semi-longitudi-
nal molecular epidemiological studies) combined
with prospective studies has been recommended
(Vlaanderen et al. 2010).

3.2. Use of biomarkers in cross-sectional molecular
epidemiological studies

Cross-sectional studies can be used to evaluate inter-
mediate biologic effects from a wide range of exposures
in the diet, environment and lifestyle factors. Results of
these studies are interpreted based on the assumption
that the intermediate endpoints reflect biologic changes
considered relevant to a particular disease development
(Marchand 2005). However, these studies are not
capable of directly establishing or refuting a causal
relation between an exposure or a level of exposure and
risk for developing a disease. Cross-sectional studies
could, however, provide mechanistic insight into well-
established exposure–disease relations and supplement
suggestive but inconclusive evidence of the carcinoge-
nicity of an exposure. For intermediate endpoints
with etiologic fractions (proportion of cases that the
marker or the pathway that is reflected by the marker
had played a causal role in its development) that are
close to 1.0, either positive or negative results
are particularly informative, while for intermediate
endpoints linked to the risk of developing cancer
but with a substantially lower etiologic fraction, the

interpretation is more circumspect. Specifically, a
positive association between an exposure and an inter-
mediate biomarker is informative, but a null associa-
tion does not rule out that the exposure is carcinogenic
as the exposure may act through a mechanism not
reflected by the particular endpoint under study
(Garcia_Closas et al. 2006).

Given the limitations in both the cross-sectional
and prospective ‘‘meet in the middle’’ study designs,
it seems that more than one study design is warranted
for biomarker discovery in environmentally driven
diseases. As a consequence, combination of these two
different approaches to study the possible perturba-
tions of the immune system by occupational and
environmental risk factors of NHL seems appropriate
and can yield new relevant information.

4. Predictive blood markers of lymphomas

Current advances in the understanding of the patho-
genesis of hematopoietic malignancies and the intro-
duction of high-throughput technologies facilitate
translational research toward the discovery, develop-
ment, and clinical validation of novel biomarkers for
the early detection as well as for disease progression
and recurrence (Lotze and Rees 2004). As early
detection of hematopoietic malignancies has been
shown to improve the survival rates, there is an
obvious benefit from early identification of at-risk
individuals for disease development (Swerdlow 2003).
Early studies that examined pre-diagnosis materials for
lymphoma biomarkers are those among HIV patients
who due to severe immunosuppression were found at
high risk of lymphoma development.

4.1. Lymphoma blood biomarkers among
HIV patients

The CD4þ lymphocyte count was among the first
biomarkers that have been studied in relation to AIDS-
NHL. Early studies suggested that nadir (lowest ever)
CD4þ lymphocyte count was an important predictor
of acquired immunodeficiency syndrome related to
non-Hodgkin lymphoma (AIDS-NHL) (Ambinder
et al. 2010). Two recent studies reported that the
most recent CD4þ lymphocyte count, rather than the
nadir lymphocyte count, is predictive of AIDS-NHL
(Bower et al. 2009; Zoufaly et al. 2009). Interestingly,
it has been shown that HIV viremia was related to
NHL risk independently of CD4þ lymphocyte count

Exposure Biomarkers of
exposure 

Intermediate
–omics
biomarkers 
of early effects

Disease 

Figure 1. The ‘‘meet in the middle approach’’ concept.
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(Zoufaly et al. 2009; Engels et al. 2010). HIV virions
that carry the CD40 ligand, an activator of induced
cytidine deaminase (AID), might stimulate polyclonal
B cell activation and generate the molecular lesions
that contribute to the development of NHL (Ambinder
et al 2010).

Early studies among HIV patients have shown that
serum levels of some cytokines and chemokines,
including interleukin (IL) 6 (Pluda et al. 1993; Breen
et al. 1999), IL10 (Breen et al. 2003), and C-X-C motif
chemokine 13 (CXCL13)(Widney et al. 2005), are
related to the occurrence of lymphoma among HIV
patients. Recent studies not only confirm these previ-
ous findings of IL6 (Epeldegui et al. 2007; Breen et al.
2011; Rabkin et al. 2011), IL10 (Breen et al. 2011), and
CXCL13 (Hussain et al. 2010), but also reported
associations for other cytokines. Rabkin et al. (2011)
reported significant associations between elevated
levels of several cytokines, including IL1�, IL4, IL5,
IL6, IL8, IL12p70, IL13, granulocyte-macrophage
colony-stimulating factor (GMCSF), transforming
growth factor alpha (TGF-�), vascular endothelial
growth factor (VEGF), and interferon-induced protein
10 (IP10) measured in pre-diagnostic blood samples
of HIV patients and the risk of developing NHL.
They concluded that cytokine-mediated hyperstimula-
tion of B cell proliferation (T helper 2 cytokines) may
play a role in AIDS-NHL.

Moreover, in several studies elevated levels of
soluble CD23 (a B cell activation molecule) (Yawetz
et al. 1995; Schroeder, Saah, Ambinder, et al. 1999;
Schroeder, Saah, Hoover, et al. 1999; Epeldegui et al.
2007; Breen et al. 2011), sCD27 (Widney et al. 1999;
Epeldegui et al. 2007; Breen et al. 2011), sCD30 (Breen
et al. 2006, 2011; Epeldegui et al. 2007), and sCD44
(Breen et al. 2005; Epeldegui et al. 2007) were reported
in prospective blood samples of AIDS-NHL patients
as compared with HIVþ control and/or with AIDS
control patients. Soluble CD30 level is indicative of a
type 2 T cell and/or cytokine response, which would be
expected to contribute to chronic B cell stimulation.
Both sCD27 and sCD30, as a biomarker of immune
activation, are members of the TNF receptor family,
while sCD44 is a cell-surface adhesion molecule
involved in inflammatory cell function as well as
tumor cell growth and metastasis (Breen et al. 2005).

Abnormal blood levels of some immunoglobulins
(Ig) due to B cell dysfunction also have been reported
in some studies. These studies showed an association
with either high levels of serum globulin (Grulich et al.
2000), IgE (Yawetz et al. 1995) and free light chains of
kappa (�) and lambda (�) or a decreased level of IgG
(Breen et al. 2006) with increased risk of AIDS-NHL,
while other studies did not show changes in IgE (Breen
et al. 2011), IgG, IgM, and IgA levels prior to the
development of AIDS-NHL (Landgren et al. 2010).

Overall, the findings of studies on HIV patients
support the idea that chronic B cell activation is
preceding the AIDS-NHL occurrence. It has been
shown that the B-cell activation is associated with

DNA-modifying processes, including Ig class switch
recombination (CSR) in Ig heavy chain genes (IgH)
and somatic hypermutation (SHM) (Vendrame and
Martinez-Maza 2011). Moreover, higher levels of
cytidine deaminase, a DNA-mutating enzyme that
plays a role in both IgH CSR and SHM, have been
found to be related to AIDS-NHL development
(Epeldegui et al. 2007). Therefore, it can be concluded
that chronic-sustained B-cell stimulation leads to the
accumulation of genetic changes implicated in B-cell
lymphomagenesis (Breen et al. 2006).

4.2. Lymphoma blood biomarkers among the general
population

Recently, the observations on the importance of
chronic-sustained B-cell activation in AIDS-NHL led
to subsequent studies investigating the possible role
of B-cell activation pathways in lymphoma risk in the
general population.

In a nested case-control study within the Italian
European Prospective Investigation into Cancer and
Nutrition cohort (EPIC-Italy) (Saberi Hosnijeh, Krop,
Scoccianti, et al. 2010), a significant association was
observed between NHL risk and lower plasma levels
(collected on average 4.5 years prior to NHL diagno-
sis) of IL2 and tumor necrosis factor alpha (TNF-�)
and higher levels of inter-cellular adhesion molecule
(ICAM), which remained significant after excluding
cases diagnosed within 2 years of follow-up. In another
nested case-control study within the New York
University – Women’s Health Study cohort, 15 cyto-
kines measured in blood samples collected a median
8.2 years prior to the NHL diagnosis were investigated.
The results showed that increased serum levels of
IL13 were associated with decreased NHL risk while
elevated levels of soluble IL2 receptor (sIL2R) were
associated with increased risk of NHL (Gu et al. 2010).
They also reported a marginally positive association
between TNF-� and sTNF-R2 and B-NHL as well as
a negative association for IL5.

A recent case-control study, nested within the
Prostate, Lung, Colorectal, and Ovarian (PLCO)
Cancer Screening Trial with a median length of 5
years follow-up from blood collection to case diagno-
sis, conducted by Purdue et al. (2011) showed that
elevated sTNF-R1 and sCD27 levels were associated
with higher risk of developing NHL. These associa-
tions remained significant in analyses of cases diag-
nosed longer than 6 years following blood collection.
They also reported that elevated levels of IL10, TNF-�,
and sTNF-R2 were significantly associated with
increased risk of NHL overall, but these associations
weakened with increasing time from blood collection
to case diagnosis and were null for cases diagnosed
longer than 6 years post collection. Both sTNF-R1 and
sTNF-R2 bind with TNF-� and may play a regulatory
role by limiting its circulating levels in the blood.
Moreover, an elevated level of sCD27, a member of the
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TNF receptor superfamily, involved in activation of
both T-cells and B-cells, has been observed in relation
with many infectious and autoimmune diseases and
has been proposed as a marker of immune activation.
These findings support the concept that sub-clinical
inflammation and chronic B cell stimulation might
play a role in lymphomagenesis in the general
population.

Purdue et al. (2009) also reported on the associa-
tion between elevated circulating sCD30 levels in pre-
diagnostic serum of healthy subjects and NHL risk.
A recent replication study within the EPIC-Italy
cohort (Vermeulen et al. 2011) provided support for
an elevated risk of lymphoma with increasing plasma
sCD30 levels. Soluble CD30 is cleaved from the cell
surface of activated B- and T-cells during the process
of immune activation and can be detected at low levels
in normal serum. Most B-cell NHL tumors do not
express CD30, and therefore sCD30 levels may serve
as a surrogate for the activation status of the immune
system, rather than reflecting tumor burden. As sCD30
is expressed by activated B-cells and the type 2 subset
of T-cells that secrete B-cell stimulatory cytokines,
increase in serum sCD30 might indicate increased
B-cell activation as well as an immune environment
conducive to chronic B-cell stimulation.

Although these studies have shown that dysregula-
tion of cytokine production may precede the develop-
ment of NHL in immunocompetent people, a clear
pattern has not yet been established. Additional
evidence from large prospective studies is therefore
needed to clarify the relationship with NHL risk for
these markers and related cytokines. However, taken
together, findings to date provide considerable evi-
dence that B-cell activation, chronic inflammation,
and/or a shift in the balance of Th1/Th2 cytokines are
important phenomena in NHL development.

5. Effect of possible environmental/occupational

lymphomagens on blood immune markers of

lymphomas

It has been postulated that possible risk factors of
lymphoma, such as environmental and occupational
exposures, may operate through perturbations of the
immune system. Here, the possible effects of two
potential risk factors of lymphoma – occupational expo-
sure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
and a lifestyle risk factor (obesity) on (validated)
markers of the immune system – will be discussed.
A possible association between TCDD exposure and
NHL risk is supported by several studies among
occupationally and environmentally exposed individ-
uals (Fingerhut et al. 1991; Bertazzi et al. 1993;
Kogevinas et al. 1997; Hooiveld et al. 1998; Boers
et al. 2010). In addition, recent studies have suggested
that modifiable lifestyle factors such as obesity
(Wolk et al. 2001; Skibola 2007; Willett et al. 2008)
may have contributed to the rising rates of NHL.

5.1. TCDD exposure

We assessed a broad range of immunologic parame-
ters directed toward detecting changes in both the
humoral and cellular arms of the immune system
among Dutch workers occupationally exposed to
high levels of TCDD approximately 35 years after
last exposure (Saberi Hosnijeh et al. 2011; Saberi
Hosnijeh, Boers, et al. 2012; Saberi Hosnijeh, Lenters,
et al. 2012). The Dutch herbicide cohort consists
of workers from two chemical factories in the
Netherlands involved in the production and formula-
tion of chlorophenoxy herbicides (Hooiveld et al.
1998). In factory A (workers employed between 1955
and 1985), one of the main products was 2,4,5-
trichlorophenoxyacetic acid (2,4,5-T). Other pesticides
manufactured in factory A were 2,4,5-trichlorophenol
(2,4,5-TCP), lindane, dichlobenil, and tetradifon.
Contamination with TCDD and other dioxins is
possible during the production of 2,4,5-T and 2,4,5-
TCP. In March 1963, an uncontrolled reaction
occurred in an autoclave in factory A where 2,4,5-
TCP was synthesized at the time. After the explosion,
the contents of the autoclave were released into the
factory hall, including dioxins such as TCDD. In
factory B (workers employed between 1965 and 1986),
the main products were 4-chloro-2-methylphenoxya-
cetic acid (MCPA), 4-chloro-2-methylphenoxy propa-
noic acid (MCPP), and 2,4-dichlorophenoxyacetic
acid (2,4-D), which are unlikely to be contaminated
with TCDD (Boers et al. 2010). Increased risks of all
cancer mortality and NHL were reported previously
by Hooiveld et al. (1998) for factory A. A possible
association between TCDD exposure and NHL risk
was recently confirmed in a follow-up of this cohort
(Boers et al. 2010). It was found that most lympho-
cyte subsets, in particular the B cell compartment,
decreased in absolute counts with increasing TCDD
exposure levels (Saberi Hosnijeh, Lenters, et al. 2012).
Moreover, blood levels of most cytokines, chemo-
kines, and growth factors had a negative association
with TCDD levels with a formal statistical signifi-
cance for fractalkine, transforming growth factor
alpha (TGF-�), and fibroblast growth factor 2
(FGF2) (Saberi Hosnijeh, Boers, et al. 2012). These
changes were independent from the described changes
in blood cell counts. As such, TCDD exposure in
humans seems to influence both function and the
number of immune cells.

In addition, possible changes in immunoglobulins
and complement factors in relation to plasma TCDD
levels were reported. Plasma TCDD levels were not
associated with markers of humoral immunity with the
possible exception of a borderline significant decrease
in complement factor 4 (C4) levels (Saberi Hosnijeh
et al. 2011). Overall, these findings support that dioxin
exposure could have an adverse impact on the immune
system, in particular indicative of a suppression of the
immune system. Moreover, these results provided
support to the hypothesis that changes in cell-mediated
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immunity by TCDD may play a role in TCDD toxicity
and associated health effects.

The studied participants were among the highest
exposed occupational individuals, based on blood
TCDD concentrations, and certainly higher than the
levels that have been found in environmental settings
(Saberi Hosnijeh et al. 2011; Saberi Hosnijeh, Boers,
et al. 2012; Saberi Hosnijeh, Lenters, et al. 2012).
The main findings of the relevant published studies
that investigated immunological changes in relation to
dioxin exposure are summarized in Table 1.

5.1.1. Studies on industrial workers and/or exposed
subjects of industrial accidents

A study on persons exposed to TCDD due to an
industrial accident in England (17 years after exposure)
reported no differences between exposed workers
and controls in T- and B-cell lymphocyte counts and
subsets, but the number of natural killer cells was
significantly higher in exposed workers (Jennings et al.
1988). Another study among workers exposed to
TCDD in Germany (more than 35 years before blood
collection) showed a non-significant decrease of lym-
phocyte counts, B-, T-, and T-helper cells and a
significant increase of IgA, IgG, and C4 for exposed
workers compared to a reference group (Ott et al.
1994). Results of a study on TCDD-exposed subjects
of Seveso, Italy, 20 years after the industrial accident,
showed that plasma IgG levels of a random sample
of the population in the most highly exposed zones
decreased with increasing TCDD plasma concentra-
tion, but IgM, IgA, C3, and C4 plasma concentrations
did not exhibit any consistent association with TCDD
levels (Baccarelli et al. 2002). Nagayama et al. (2001)
reported no significant changes on serum levels of IgG,
IgA, and IgM and lymphocyte subsets in exposed
subjects of the Yusho industrial accident.

Neubert et al. (1993) reported no significant change
in immunological cell subsets and multiple monoclonal
antibody markers among workers exposed to poly-
chlorinated dibenzo-p-dioxins (PCDD)/polychlori-
nated dibenzofurans (PCDFs) in a German study on
workers involved in the decontamination of a chemical
plant, who had moderately increased dioxin body
burdens. However, in a follow-up study, they reported
a significant decrease in plasma concentrations
of IgG1 in exposed workers (Neubert et al. 2000). No
differences were reported for other immunoglobulins
(IgM, IgA, IgD, IgG2, IgG3, and IgG4) and cytokines
of IL1�, IL1ß, IL6, and TNF-�. No significant
differences could be detected between 11 exposed
workers and 10 age-matched, healthy controls for
lymphocyte subsets in another study among German
industrial workers exposed to high levels of TCDD
20 years before blood collection (Tonn et al. 1996).
Halperin et al. (1998) reported a decrease in CD26þ
cells (activated T-cells) among subjects occupationally
exposed to TCDD compared to a non-exposed refer-
ence group. Phenotype analysis of peripheral blood

mononuclear cells revealed no significant differences
in the proportion of CD3þ, CD4þ, CD8þ T lympho-
cytes, CD16þ natural killer cells, or CD19þ
B lymphocytes of industrial workers exposed to high
concentration of TCDD in another independent study
(Ernst et al. 1998). A study among former workers
of a pesticide-producing plant exposed to PCDDs
and PCDFs in Germany showed that all blood cell
counts, IgA, IgG, and IgM, were not significantly
correlated with exposure to PCDD/PCDF (Jung
et al. 1998). However, another study among workers
exposed to TCDD during the manufacture of trichlor-
ophenol (TCP) showed that the level of gamma
globulins decreased with increasing TCDD concentra-
tion (Jansing and Korff 1994).

5.1.2. Studies on Vietnam War veterans exposed
to Agent Orange

In a study on US Air force veterans of the Vietnam
War, who were exposed to herbicides contaminated
with TCDD, Michalek et al. (1999) reported no
significant differences in lymphocyte/subsets counts
and immunoglobulin levels (IgA, IgG, and IgM)
among a high-exposed group as compared to a non-
exposed control group. However, a non-significant
decrease in most lymphocyte subsets was reported
among the high-exposed group. Another study among
VietnamWar Korean veterans conducted by Kim et al.
(2003) showed lower plasma IgG levels as compared to
controls, with a significant decrease in the IgG1 levels.
In contrast, increased plasma levels of IgE were
observed among exposed veterans.

5.1.3. Studies on waste incineration workers

A study in South Korea investigated the effects of
dioxin exposure on three different immune parameters:
leukocyte sub-populations (CD3þ, CD4þ, CD8þ,
CD19þ, and CD69þ), plasma immunoglobulin levels
(IgA, IgG, IgM, and IgE), and cytokines (IL4 and
Interferon gamma (INF-�)) among waste incineration
workers. There was no significant difference in T- and
B-cell profiles between waste incineration workers
and control subjects. However, T-cell activation was
found to be significantly higher in the waste inciner-
ation workers than in the control subjects, but B-cell
activation did not exhibit this trend. Immunoglobulins
and cytokines were found in lower amounts in the
waste incineration workers, but this difference was not
statistically significant except for IL4 (Oh et al. 2005).

5.1.4. Studies on a population at risk from environ-
mental contamination of TCDD

A study among Missouri residents (Times beach area)
exposed to TCDD-contaminated soil reported no
significant changes in T-cell numbers, T-helper cells,
T-suppressor cells, and T4þ/T8þ ratio. However,
there were a greater percentage of individuals with a
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T4þ/T8þ ratio �1 in the high-exposed group
(Knutsen 1984). Studies on community residents of
Quail Run Mobile Home Park (Missouri residents,
USA), environmentally exposed to contaminated
industrial sludge, showed a significantly decreased
percentage of lymphocytes expressing CD3þ, CD4þ,
and CD2þ, but the mean numbers of each of the T-cell
subsets was comparable between the groups (Hoffman
et al. 1986; Knutsen et al. 1987). Subsequent studies
(Evans et al. 1988; Webb et al. 1989) showed signif-
icant increases associated with higher concentrations of
TCDD for IgG, %CD3þ, %CD8þ, number of T-cells,
percentages of CD2þ, and CD4þ/Leu-8 position.

Svensson et al. (1994) indicated that high con-
sumption of fatty fish from the Baltic Sea, contami-
nated with persistent organochlorine compounds,
is associated with lower number of natural killer
cells. Another study among employees who worked
in day-care centers where the floor had been treated
with wood preservatives containing pentachlorophenol
(PCP) and �-hexachloro-cyclohexane (contaminated
with PCDD and furans) showed no association
between inhalation dioxin exposure and the number
of peripheral CD4, CD8 cells, or their ratio (Wolf and
Karmaus 1995).

All together, the existing epidemiologic studies
in humans have not revealed consistent patterns of
perturbations of the immune system by TCDD
(Table 1). This can be due to several factors that
affected the results of the above-mentioned studies,
including: (1) the effect assessment of acute exposure
in some studies compared to the effects of long-term
(chronic) exposure to TCDD, (2) heterogeneity of the
applied exposure assessment methods (lack of individ-
ual quantification of the body burden), (3) different
statistical analysis (between-group differences instead
of dose–effect or dose–response relationship), (4) dif-
ferences in time between blood measurements and
exposure, (5) differences in the magnitude of the
exposure, (6) correlated (confounding) exposures,
(7) residual confounding, and (8) survival bias.

Nevertheless, taken together, the observed findings
might suggest that dioxin exposure can have an adverse
impact on both the humoral and cell-mediated immune
system and as such may provide support for lympho-
magenesis of TCDD.

According to the ‘‘meet in the middle’’ concept, the
overlap between the observed markers of TCDD
exposure and the putative markers of NHL could
identify relevant intermediate markers. However, to
date, most of the markers have not been validated in
relation to NHL risk in prospective studies (Saberi
Hosnijeh, Krop, Scoccianti, et al. 2010; Gu et al. 2010;
Purdue et al. 2009, 2011). Therefore, the value of these
observations is not clear. Nevertheless, the possible
effects of TCDD on suppression of the immune system
(Saberi Hosnijeh et al. 2011; Saberi Hosnijeh, Boers,
et al. 2012; Saberi Hosnijeh, Lenters, et al. 2012)
cannot be excluded, a process which has been linked to
NHL in prospective studies (Grulich et al. 2007).

5.2. Obesity

Results of our study within the EPIC-Italy (Taghavi
Azar Sharabiani et al. 2011) suggested that IL8, IL10,
IFN-�, and IP10 are related to obesity (Body mass
index; BMI). Among these predictors, IP10 had the
highest prognostic value for obesity. Changes in these
immunological factors are likely to be mediated by
leptin and adiponectin. There is evidence that leptin
may promote an optimal pro-inflammatory response
because, on one hand, it plays a pivotal role in the
systemic inflammatory response and, on the other
hand, restrains the inflammatory response via IL10
production (Bracho-Riquelme et al. 2008).

Results of previous studies have also shown that
obesity causes alterations to the immune system
(Table 2). A community-based cross-sectional study
showed that obesity is linked to elevated leukocyte and
lymphocyte subsets, IL6 and IL1� levels (Nieman et al.
1999). Two other cross-sectional studies showed that
the levels of C-reactive protein (CRP), and concentra-
tions of the pro-inflammatory cytokines IL6 and TNF-
�, were related to all measures of obesity (Yudkin et al.
1999; Park et al. 2005). In a study on 189 untreated
asymptomatic men in Canada, IL6 appeared to be
clearly associated with visceral adiposity while TNF-�
showed an association with indices of total body
fatness (Cartier et al. 2008). Elevated CRP levels were
associated to obesity among participants of the Third
National Health and Nutrition Examination Survey
(Visser et al. 1999). In addition, an association between
IL8, (Straczkowski et al. 2002; Kim et al. 2006), sTNF-
R2 (Straczkowski et al. 2002), MCP-1 (Kim et al.
2006), and BMI has been reported. In another cross-
sectional study among 148 non-diabetic subjects,
serum concentrations of sCD40L, an inflammatory
marker, were significantly higher in obese subjects
compared to normal weight subjects (Unek et al. 2010).
In contrast, Ciftci et al. (2004) showed that serum IL6
and TNF-� levels were not correlated with BMI in
both patients and controls of a case-control study.
Results of the Acute Respiratory Distress Syndrome
Network (ARDSNet) trials showed that plasma IL6
and IL8 levels were inversely related to BMI, and that
white blood cell count increased proportionally with
BMI (Stapleton et al. 2010).

Recently, adipose tissue is recognized as an endo-
crine organ that secretes adipokines, including cyto-
kines and chemokines (Mohamed-Ali et al. 1998;
Antuna-Puente et al. 2008). Both IL6 and TNF-�,
which are of the most important pro-inflammatory
cytokines, are expressed in adipose tissues (Yudkin
et al. 1999). Overall, obesity seems to promote
chronic inflammation and increased production of
pro-inflammatory cytokines (Skibola 2007).

An important issue in analyzing immune function/
parameters in obese individuals is that the effect of
obesity itself on the immune system can be confounded
by nutritional status, physical activity, and the
coexistence of metabolic conditions.
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Our studies (Saberi Hosnijeh, Krop, Scoccianti,
et al. 2010; Taghavi Azar Sharabiani et al. 2011) are
among the first studies that used prospectively col-
lected samples, thus avoiding inverse causation bias in
that some biomarkers might be affected by the disease
process or treatment of the disease. These studies only
had one prospectively collected blood sample for
each individual to characterize their immune profile.
To increase the accuracy of the biomarker assessment,
repeated measures of the biomarkers might be neces-
sary, because biomarker levels may vary substantially
from day to day. However, when the inter- and intra-
individual variability in cytokine levels was considered
(Saberi Hosnijeh, Krop, Portengen et al. 2010), it was
found that cytokine levels did not vary much over
time within an individual as compared to the variance
between individuals over at least a 2-week period.
Therefore, in this particular context, a single cytokine
measurement is expected to represent an individual’s
immune profile adequately.

In the two studies described previously (Saberi
Hosnijeh, Krop, Scoccianti, et al. 2010; Taghavi Azar
Sharabiani et al. 2011), no overlap was observed
between marker levels of obesity and NHL (as based
on the original concept of ‘‘meet in the middle’’
approach). However, a potential role of obesity in
lymphomagenesis cannot be excluded because, on one
hand, several studies showed that obesity is a low-
grade chronic inflammatory state and, on the other
hand, a chronic inflammatory condition has been
linked to NHL risk in previous epidemiological studies
(Smedby et al. 2011). It therefore seems that a broader
investigation of markers of the immune system, such
as, for instance, markers of chronic B cell activation
(sCD30), might be warranted to further investigate the
possible immune mediated association between obesity
and NHL.

6. Next steps in environmental lymphoma research

Biomarkers have contributed greatly to our under-
standing of mechanistic pathways from early exposures
to cancer development as well as early detection of
cancers. Although these findings are informative on the
immunological changes that precede the development
of lymphomas and their possible relations with puta-
tive lymphomagens, the precise role of each individual
biomarker in the etiology of these cancers is still not
completely clear. More studies with larger sample sizes
are needed to confirm the clinical relevance of the
observed changes in biomarkers.

As many large prospective cohort and case-control
studies with biologic samples have now been estab-
lished, more-and-more biomarkers are becoming avail-
able for epidemiologic studies. The first challenge,
that molecular epidemiology faces, is standardization
of biomarker measurement including standardization
of sample collection, processing, banking, and analysis.
Proper handling of biological samples from the time

of collection to the analysis protects the quality of the
specimens and the validity of the results (Holland et al.
2003). Standard procedures and quality check schemes
are necessary because there is a lack of definition
to guarantee reproducibility of new procedures
(Gallo et al. 2011). Second, standardization of expo-
sure measurements across studies is of critical impor-
tance. Misclassification of exposure can severely affect
estimates of disease risks, and even in some extreme
situations, cause misleading interpretations about
exposure–disease associations. Accurate assessment
of exposure to occupational and environmental risk
factors is needed to ensure that epidemiological studies
meet their objectives in investigating the exposure–
disease relationship.
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