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The accumulating epidemiological evidence of elevated cancer risk associated with cancer risk, primarily in case–control studies (OR =

and mortality in individuals exposed to polychlorinated biphenyls
(PCBs) led to their recent classification as human carcinogen by the
International Agency for Research on Cancer (IARC) (International
Agency for Research on Cancer (IARC), 2015). However, themechanisms
by which PCBs are linked to cancer are still unclear.

In this issue, Scinicariello and Buser (Scinicariello, 2015) conducted a
study of the association between leukocyte telomere length (LTL) and
PCB blood levels in a nationally representative sample of the civilian
US adult population using data from the National Health and Nutrition
Examination Survey (NHANES). The authors showed that higher PCB
blood levels were associated with longer LTL, and hypothesized that
there could be a link to PCB-related carcinogenesis. A separate study
reported similar relationships between LTL and PCB blood levels in a
subset of NHANES participants (Mitro et al., 2015). However, a small
study of healthy Koreans (Shin et al., 2010) showed that this relation-
ship was only present at low PCB levels. In contrast, short LTL has
been associated with a number of environmental or occupational expo-
sures including particulatematter, black carbon, benzene, toluene, poly-
cyclic aromatic hydrocarbons, N-nitrosamines, pesticides, and lead
(reviewed in Zhang et al., 2013), all of which may contribute to PCB
blood levels. Telomere shortening in response to chemical exposures
may be explained, at least in part, by the induction of an oxidative stress
DNA damage response (Zhang et al., 2013).

Telomeres, the long (TTAGGG)n nucleotide repeats and an associated
protein complex at chromosome ends, are essential for maintaining
chromosomal stability. They shorten with each cell division and there-
fore are markers for cellular replicative capacity, cellular senescence,
and aging. Telomere shortening and chromosomal instability has been
described at early stages of carcinogenesis, suggesting a role of telomere
dysfunction in cancer initiation (Ferguson et al., 2015).

Cancer epidemiology studies have shown relationships with short
LTL, but differences by cancer site and study design were noted. In a
meta-analysis of 27 reports (Wentzensen et al., 2011), short LTL was
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2.9 in case–control studies vs. 1.2 in prospective studies). This suggests
that short LTL is a disease marker rather than a risk factor.

Recently, a large study linked long LTL to melanoma risk (Iles et al.,
2014). The spectrum of cancers associated with long LTL is not clear
yet, but suggested to include lung and Non-Hodgkin's lymphoma
(NHL). It is of interest that cutaneous melanoma and possibly NHL
are the main cancers associated with excess risk in PCBs exposed
individuals (International Agency for Research on Cancer (IARC),
2015), suggesting a possible contribution of LTL in PCB-related
carcinogenesis.

The large sample size, the national representation, and thewealth
of collected information NHANES offers are among the strengths of
this study. On the other hand, the cross-sectional design restricted
its ability to establish a causal inference between LTL, PCB exposure,
and cancer risk. The one-time measurement of PCB blood level and
LTL may not reflect the full spectrum of the association. Information
on the duration and dose of exposure to PCBs would have been useful
(reviewed in Zhang et al., 2013) Short-term exposure to ambient
particulate matter was associated with long LTL, while longer expo-
sures were associated with short LTL. Exposure dose in relation to
LTL was noted in other environmental exposures. For example, expo-
sure to low dose of arsenic resulted in telomerase overexpression and
telomere elongation in cord blood cells, while exposure at large doses
suppressed telomerase, shortened telomeres, and induced apoptosis. A
recent study (Andreotti et al., 2015) evaluating the association
between LTL and pesticide exposure suggested a differential effect
on LTL in long-term versus recent exposures for certain pesticides.

While LTL may present a good surrogate for telomere length in
other tissues, it is not clear how good of a surrogate it is for tissues
affected by chemical exposures. Measuring telomere length in
organs directly affected by PCB exposure, and comparing this to LTL
may explain the role telomeres may play in PCB-related carcinogen-
esis. Also, LTL measurement obtained by quantitative polymerase
chain reaction (qPCR) assay may be affected by the cell composition
of the sample since telomere length differs by peripheral blood cell
subtype. Using a leukocyte cell-type specific TL measurement assay
such as flow FISH may provide better insights into such association.
Important considerations in epidemiological studies of telomere
length are discussed in details elsewhere (Bodelon et al., 2014).
tp://creativecommons.org/licenses/by/4.0/).
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In conclusion, the mechanism behind PCB-related carcinogenesis
is still unknown. The similarity between cancer sites associated
with long LTL, and cancers linked with PCBs provides an interesting
hypothesis to test. A large prospective study with serial LTL
and PCBs level measurements is required to better understand this
relationship.

References

Andreotti, G., Hoppin, J.A., Hou, L., et al., 2015. Pesticide use and relative leukocyte
telomere length in the agricultural health study. PLoS One 10 (7), e0133382.

Bodelon, C., Savage, S.A., Gadalla, S.M., 2014. Telomeres inmolecular epidemiology studies.
Prog. Mol. Biol. Transl. Sci. 125, 113–131.

Ferguson, L.R., Chen, H., Collins, A.R., et al., 2015. Genomic instability in human cancer:
molecular insights and opportunities for therapeutic attack and prevention through
diet and nutrition. Semin. Cancer Biol. 35, S5–S24 (Suppl).
Iles, M.M., Bishop, D.T., Taylor, J.C., et al., 2014. The effect on melanoma risk of genes
previously associated with telomere length. J. Natl. Cancer Inst. 106 (10).

International Agency for Research on Cancer (IARC), 2015. Polychlorinated biphenyls and
polybrominated biphenyls. IARC monographs on the evaluation of carcinogenic risks
to humans vol. 107.

Mitro, S.D., Birnbaum, L.S., Needham, B.L., Zota, A.R., 2015. Cross-sectional associations
between exposure to persistent organic pollutants and leukocyte telomere length
among U.S. adults in NHANES, 2001–2002. Environ. Health Perspect.

Scinicariello, F., Buser, M.C., 2015. Polychlorinated biphenyls and leukocyte telomere
length: an analysis of NHANES 1999–2002. EBioMed 2, 1974–1979.

Shin, J.Y., Choi, Y.Y., Jeon, H.S., et al., 2010. Low-dose persistent organic pollutants increased
telomere length in peripheral leukocytes of healthy Koreans. Mutagenesis 25 (5),
511–516.

Wentzensen, I.M., Mirabello, L., Pfeiffer, R.M., Savage, S.A., 2011. The association of
telomere length and cancer: a meta-analysis. Cancer Epidemiol. Biomark. Prev. 20
(6), 1238–1250.

Zhang, X., Lin, S., Funk, W.E., Hou, L., 2013. Environmental and occupational exposure
to chemicals and telomere length in human studies. Occup. Environ. Med. 70 (10),
743–749.

http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0005
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0005
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0010
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0010
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0015
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0015
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0015
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0020
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0020
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0025
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0025
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0025
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0030
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0030
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0030
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0035
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0035
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0035
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0040
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0040
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0040
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0045
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0045
http://refhub.elsevier.com/S2352-3964(15)00191-7/rf0045

	Polychlorinated Biphenyls and Cancer: Are Telomeres to Blame?
	References


