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Background: Polychlorinated biphenyls (PCBs) are persistent organic pollutants that bioaccumulate in adipose
tissue, disturbing its metabolism and the balance of adipokines, related to obesity. The altering secretion pattern
of adipokines from the adipose tissue and the increasing mechanical load in weight-bearing joints presented in
obesity condition, are risk factors for osteoarthritis development. The most prevalent rheumatic diseases, osteo-
arthritis and rheumatoid arthritis, are chronic conditions that target the whole joints, leading to increasing dis-
ability and health care cost. The goal of this focused review is to summarize the current knowledge on the role
of PCBs in osteoarthritis and rheumatoid arthritis pathogenesis.
Search strategy:A PubMed searchwasmanaged using keywords as “rheumatic diseases”, “polychlorinated biphe-
nyls”, “obesity” and “endocrine disruption”.
Main results of the review: The incidence of rheumatoid arthritis has been reported to be increased especially in
urban areas in industrialized countries, emphasizing the importance of environment in the pathogenesis of rheu-
matic diseases. Analysis of two cohorts exposed to PCBs food contamination showedhigh incidence of arthritis. In
addition, PCBs in serum correlated positively with the prevalence of self-reported arthritis. Few studies support
the hypothesis that osteoarthritis development could be related to PCBs induction of chondrocytes apoptosis.
Conclusion: Evidences have emerged for a relationship between PCBs and development of several types of arthri-
tis. Further research is encouraged to determine the correlation between PCBs exposure and the development of
rheumatic diseases.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Rheumatic diseases represent a multitude of degenerative, inflam-
matory and auto-immune conditions that targets the joints, affecting a
significant portion of the population and leading to increasing disability
and health care costs. Themost prevalent rheumatic diseases are osteo-
arthritis (OA) and rheumatoid arthritis (RA) [1]. (See Table 1.)

OA is a disease that affects thewhole joint, with an irregular cartilage
structure characterized by a reduction in the number of chondrocytes,
loss of extracellular matrix, synovial inflammation and remodeling of
subchondral bone with formation of osteophytes [2,3]. On the other
side, RA is a chronic, systemic autoimmune disease characterized by in-
flammation and hyperplasia of the synovium, which is the result of an

imbalance between proliferation and apoptosis of resident cells, includ-
ing fibroblast-like synoviocytes. RA also results in destruction of carti-
lage and bone [4]. Unlike in RA, osteoarthritic cartilage contains a
higher percentage of chondrocytes undergoing apoptosis than normal
cartilage. This is believed to be due to the increased production of nitric
oxide (NO) by OA chondrocytes as a consequence of the up-regulation
of NO synthase (NOS) induced by pro-inflammatory factors [5,6].

While the underlyingmechanisms in pathogenesis of OA and RA are
not fully understood, it is generally accepted that the interplay between
genetic predisposition and environmental factors contributes to the de-
velopment of these two common types of arthritis [7]. For instance, the
increasing prevalence of OA in the United States is likely attributable, at
least in part, to the increasing aging population and obesity [8]. Excess of
body weight may lead to cartilage degeneration by increasing the me-
chanical forces across weight bearing joints. Nevertheless, metabolic
factors produced by white adipose tissue (WAT), may also be responsi-
ble for the high prevalence of OA among overweight and obese people
[9]. Adipocyte-derived molecules, better known as “adipokines”, are
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likely to be important mediators linking obesity and adiposity with in-
flammation and OA [10]. Since the world-wide incidence of RA has
markedly increased in recent years, especially in urban areas, it is plau-
sible that this increase in the prevalence of RA could be attributed, at
least partly, to increased exposure to various environmental factors.

The present paper reviews recent lines of evidence of the role played
by environmental pollutants PCBs in the development of rheumatic dis-
eases, especially OA and RA.

2. Search strategy

Papers discussed in this Reviewwere identified fromMEDLINE data-
basewith searches on PubMed and online journals. Only peer-reviewed,
English-language journals were included in the search. Papers pub-
lished after 2006 were preferentially selected, but relevant papers pub-
lished earlier were also included [11]. The following search terms were
used in various combinations: “rheumatic diseases”, “osteoarthritis”,
“rheumatoid arthritis”, “matrix degradation”, “systemic lupus erythe-
matosus”, “chondrocytes”, “environmental pollutants”,
“polychlorinated biphenyls”, “obesity”, and “endocrine disruption”.

3. Polychlorinated biphenyls (PCBs)

Polychlorinated biphenyls (PCBs) are aromatic, synthetic chemicals
which do not occur naturally in the environment. They consist of the

biphenyl structure with two linked benzene rings in which some or all
of the hydrogen atoms have been substituted by chlorine atoms (Fig.
1). They have been employed in the industry on a large scale during
the first half of the last century as dielectric and coolant fluids, i.e., in ca-
pacitors, transformers and electric motors. Due to their toxicity and per-
sistency in the environment, PCBs production was forbidden by USA in
1979 and by the StockholmConvention on Persistent Organic Pollutants
(POPs) in 2001. Despite the adoption of restrictive rules, to date, certain
levels of PCBs are still detected in outdoor air, seawater and sediments
of waterways, although concentrations had dropped to one quarter or
less of their levels in the late 70s [12].

These pollutants, due to their high chemical stability and lipophilic-
ity, tend to bioaccumulate mainly in lipid-rich tissues, as well as to
biomagnify in the food chain (Fig. 2) [13]. Ingested sources account for
the bulk of human exposure. Occupational exposure affects only a lim-
ited slice of the population, but accidental exposure rarely occurs. In-
deed the daily human exposure is, in 90% of cases, due to
contaminated foods (90% of animal origin, especially fish and dairy
products) [14]. An estimate of adult human PCB exposure is 2–6 ng/
kg/day via food [15]. However, lighter congeners can also be volatile
and inhaled. The improper efficiency for the incineration of municipal
solid waste (MSW), such as incomplete combustion of the waste,

Table 1
Summary of findings of cohort studies.

Country Type of study Participants Assessment Result Ref.

Japan Retrospective (from
2001 to 2004)

501 from Yusho cohort PCB blood
concentration
Medical/laboratory
examination

Positive correlation between PCB serum levels and arthralgia [46]

Taiwan Follow-up (14 years) 795 from Yucheng
cohort

Phone interview High prevalence of reported arthritis in Yucheng men [48]

USA Cross-sectional 1721 from NHANES
(1999–2002)

PCB blood
concentration
Self-reported arthritis

Positive association between PCB serum levels and self-reported arthritis, mainly
rheumatoid arthritis, in women

[49]

Fig. 1. Chemical structure of PCBs. The common structure of PCBs consists of biphenyl
structure with chlorine substitution. Dioxin like-PCBs (DL-PCBs) do not present ortho-
chlorine and adopt a coplanar structure. Non-dioxin like-PCBs (NDL-PCBs) present, at
least, two chlorine substitutions on ortho- positions (red square), and they have non-
coplanar structure.

Fig. 2. Biomagnification of PCBs. PCBs are released from multiple sources. Due to their
lipophilicity, these chemicals tend to bioaccumulate in lipid-rich tissues and to
biomagnify in the food chain.
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