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Abstract

Bile acids were first proposed to be carcinogens in 1939 and 1940. On the basis of later work with rodent models, bile acids
came to be regarded as cancer promoters rather than carcinogens. However, considerable indirect evidence, obtained more
recently, supports the view that bile acids are carcinogens in humans. At least 15 reports, from 1980 through 2003, indicate that
bile acids cause DNA damage. The mechanism is probably indirect, involving induction of oxidative stress and production of
reactive oxygen species that then damage DNA. Repeated DNA damage likely increases the mutation rate, including the
mutation rate of tumor suppressor genes and oncogenes. Additional reports, from 1994 through 2002, indicate that bile acids, at
the increased concentrations accompanying a high fat diet, induce frequent apoptosis. Those cells within the exposed population
with reduced apoptosis capability tend to survive and selectively proliferate. That bile acids cause DNA damage and may select
for apoptosis-resistant cells (both leading to increased mutation), indicates that bile acids are likely carcinogens. In humans, an
increased incidence of cancer of the laryngopharyngeal tract, esophagus, stomach, pancreas, the small intestine (near the
Ampulla of Vater) and the colon are associated with high levels of bile acids. The much larger number of cell generations in the
colonic (and, likely, other gastrointestinal) epithelia of humans compared to rodents may allow time for induction and selection
of mutations leading to cancer in humans, although not in rodents.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The bile acid, deoxycholic acid, was first proposed to
be a carcinogen in 1940 by Cook et al. [1], based on
induction of tumors in mice when injected, in their
flanks, with this bile acid. These authors also cite a 1939
meeting report by Vittorio Ghiron that “desoxycholic
acid elicited transplantable subcutaneous fibro-sarco-
mas in a high proportion of the mice and rats injected.
This is believed to be the first experimental production
of malignant growths with a compound that exists under
some conditions in the human body.” In a 1999 mouse
experiment, using mice with a germ line mutation in Apc
(Min/+) as a model of familial adenomatous polyposis,
administration of chenodeoxycholate increased duode-
nal tumors [2]. This increase occurred without addition
of a standard carcinogen such as MNNG, MNU or
azoxymethane, so that in Min/+ mice, the bile acid
chenodeoxycholate was a carcinogen.

In a number of rat experiments reported between
1974 and 1993, several bile acids were shown to be
promoters, increasing tumorigenesis by known carcino-

gens. However, the bile acids, by themselves, were not
carcinogens, failing to induce colon tumors. In
particular, in rats, the bile acids lithocholic, taurodeoxy-
cholic and deoxycholic acids had a promoting effect
on colon carcinogenesis after intrarectal instillation of
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) [3-5].
The bile acid, cholic acid, also had a promoting effect on
colon tumor formation in rats after intrarectal instilla-
tion of N-methyl-N-nitrosourea (MNU) [6] or sub-
cutaneous injection of azoxymethane [7]. The promot-
ing effect of cholic acid may have been due to the
formation of deoxycholic acid from cholic acid by
bacterial action in the colon [8]. Further, taurocholate, in
rats, enhanced the induction by MNNG of hyperplastic
and neoplastic lesions in stomach mucosa [9]. Based
largely on these experiments in non-mutated rat model
systems, it has been generally assumed that bile acids act
as promoters, but not as carcinogens, in humans.
Recently, however, considerable indirect evidence
and logical argument supports the view that bile acids
are carcinogens in humans. The evidence and
arguments are detailed below, and include evidence
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