G Model
YSCBI-1283; No.of Pages17

Seminars in Cancer Biology xxx (2017) XXX—XXX

Contents lists available at ScienceDirect

Seminars in Cancer Biology

journal homepage: www.elsevier.com/locate/semcancer

Review

Environmental carcinogenesis and pH homeostasis: Not only a matter
of dysregulated metabolism

Kévin Hardonniére®°, Laurence Huc®¢, Odile Sergent®", Jarn A. Holme ¢,
Dominique Lagadic-Gossmann -

2 Institut national de la santé et de la recherche médicale (Inserm), Institut de recherche en santé, environnement et travail (Irset - Inserm UMR 1085),
F-35043 Rennes, France

b Université de Rennes 1, Structure fédérative de recherche Biosit, UMS CNRS 3480/US Inserm 018, F 35043 Rennes, France

¢ INRA UMR 1331 ToxAlim (Research Center in Food Toxicology), University of Toulouse ENVT, INP, UPS, 180 Chemin de Tournefeuille, F-31027, France
d Domain of Infection Control, Environment and Health, Norwegian Institute of Public Health, Oslo, Norway

ARTICLE INFO ABSTRACT

Arfic{e history: According to the World Health Organization, around 20% of all cancers would be due to environmental
Received 29 November 2016 factors. Among these factors, several chemicals are indeed well recognized carcinogens. The widespread
Received in revised form 5 January 2017 contaminant benzo[a]pyrene (B[a]P), an often used model carcinogen of the polycyclic aromatic hydro-
Accepted 5 January 2017

carbons’ family, has been suggested to target most, if not all, cancer hallmarks described by Hanahan
and Weinberg. It is classified as a group I carcinogen by the International Agency for Research on Cancer;
however, the precise intracellular mechanisms underlying its carcinogenic properties remain yet to be
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gg:ﬁgrdnogenesis thoroughly defined. Recently, the pH homeostasis, a well known regulator of carcinogenic processes, was
Benzo[a]pyrene suggested to be a key actor in both cell death and Warburg-like metabolic reprogramming induced upon
Na+/H+ exchanger B[a]P exposure. The present review will highlight those data with the aim of favoring research on the
Apoptosis role of H* dynamics in environmental carcinogenesis.
Warburg effect © 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

An increased human lifespan along with the improvement of
screening and diagnostic methods cannot alone explain the increas-
ing incidence of certain types of cancers. Several studies have
pointed out that factors related to the so-called western lifestyle
such as a high-fat diet, alcohol consumption and cigarette smoking,
represent important risk factors with regard to the development
of several of these cancers. Some occupational activities are also
responsible for cancer development; in line with this, it is worth
noting that the chimney sweepers’ cancer, also called “soot wart”,
has been the first reported form of occupational cancer; this can-
cer targets the skin of scrotum, and was initially identified by
Percivall Pott in 1773 [1]. As a result of this knowledge and fol-
lowing restriction campaigns, smoking and for some countries also
alcohol consumption have been declining for several years, thus
leading to a decrease in the number of aero-digestive tract and
esophageal cancers. Regulations have also been set up to limit
or prevent the chemical exposure of workers. However, the inci-
dence of several other cancers including hepatocellular carcinoma
(HCC) (European Cancer Observatory, http://eu-cancer.iarc.fr) is
still increasing. Important risk factors notably for development of
HCC, in addition to those mentioned above, include infections like
Hepatitis C and B viruses, and natural compounds like the myco-
toxin aflatoxin B1 [2].

During the last decades, intensive chemical testing and regula-
tions have most probably reduced the likelihood of being exposed
to complete genotoxic chemical carcinogens. However, sponta-
neous DNA damage occurs in all tissues at a high frequency, and
various types of genetically predispositions exist. As cancer is due
to a combined action of several factors, there is a growing aware-
ness that chemically-induced DNA damage may not always be the
limiting factor for cancer development. Furthermore, we are still
exposed to an increasing amount of chemicals for which the com-
bined actions are often unknown. Thus, this type of involuntary
exposure could contribute to the increasing incidence of different
types of cancers in industrialized countries. Indeed, according to
data obtained through the World Health Organization, approxi-
mately 20% of cancer deaths would be due to environmental factors
[3].

The complete elimination of environmental chemicals, either
synthetic or natural, which contribute to the carcinogenic pro-
cesses, is technically unfeasible. In this context, human exposure
to toxic chemicals is therefore inevitable, particularly due to
food contamination and air pollution. Important combined fac-

tors associated with lifestyle are well identified and accessible to
epidemiological studies using traditional epidemiological meth-
ods. This is not the case for examination of the effects of low
doses of individual chemicals that may differentially be involved in
the carcinogenic process. Furthermore, as stated above, the com-
bined effects of environmental chemicals due to their diversity and
widespread distribution may potentially make an important con-
tribution to the overall process of cancer development. Hence, as
recently stressed by the Halifax project consortium [4,5], there is
an urgent need to develop studies on the biological and toxicologi-
cal effects of these contaminants to increase our knowledge about
their action mechanisms, notably with regard to carcinogenesis.

The precise sequencing of the carcinogenic process is still not
fully elucidated, and in a recent comprehensive review, the pro-
cess was suggested to include tumor initiation, tumor formation
and progression, matrix remodeling, intravasation, extravasation
and metastasis [4]. Important acquisition hallmarks are genetic
instability, tumor-promoting inflammation, sustained proliferative
signaling, insensitivity to antigrowth signals, replicative immortal-
ity, dysregulated metabolism, resistance to cell death, angiogenesis,
tissue invasion and metastasis [6]. One key parameter for the occur-
rence of several of these cancer hallmarks is intracellular pH (pH;)
[7-12]. Based upon the fact that alterations in cell H* homeostasis
could also result from exposure to environmental carcinogens, it is
important to review the role of these alterations in the occurrence
of some of the cancer hallmarks in order to bring some new clues to
the understanding of environmentally-linked cancer development.
This review will mainly focus on the impact of pH homeosta-
sis in polycyclic aromatic hydrocarbons (PAHs)-induced effects on
resistance to cell death and dysregulated metabolism/cellular ener-
getics.Indeed the PAHs are among the molecules worth considering
when focusing on the etiology of diverse cancers since they are
widespread in our environment and constitute the largest class of
environmental carcinogens. However, when necessary, reference
to other environmental carcinogens will also be made.

2. Generalities on the PAH family
2.1. Sources and exposure

PAHs are major environmental pollutants which are primar-
ily formed during incomplete combustion or pyrolysis of organic
material such as gasoline, diesel fuel, coal, oil, food (grilled, bar-
becued or smoked) and tobacco. These substances are therefore
found in polluted air, water, soil and food. In the air, they are often
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