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Abstract Colorectal cancer is a disease with a high
mortality rate and it has been increasing in prevalence
worldwide. Chemoprevention, as well as primary and
secondary prevention, for colorectal cancer have
attracted much attention. Many chemopreventive trials
have been performed, and several agents, including
nonsteroidal antiinflammatory drugs, such as aspirin
and sulindac, cyclooxygenase-2 selective inhibitors, such
as celecoxib, vitamin D, folate, and calcium, have been
shown to have some effect. In these chemopreventive
trials, the targeted lesions used for evaluation were
mainly polyps. However, the chemopreventive effects of
some agents on polyps may require several years to
evaluate. Further, larger polyps may not be susceptible
to chemopreventive agents. Aberrant crypt foci (ACF)
are tiny lesions at the earliest stage of colorectal carci-
nogenesis, which consist of large, thick crypts identified
by dense, methylene blue staining. We succeeded in
identifying human ACF in situ using magnifying
endoscopy and found that the number of ACF, partic-
ularly dysplastic ACF, increased significantly from
normal subjects to adenoma patients and then to cancer
patients. We also found that the number, size, and
dysplastic features of ACF are significantly correlated
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with the number of adenomas in adenoma patients.
Thus, it was surmised that ACF are precursor lesions of
the adenoma-carcinoma sequence in humans and that
ACF may be the most appropriate lesions as targets for
chemoprevention. We have shown that the number of
ACF was significantly reduced in patients treated with
sulindac. We are currently proceeding with a random-
ized, double-blind, chemopreventive trial targeting
ACF.
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Introduction

Colorectal cancer is the most common cause of cancer-
related death in the world, and its prevalence and
mortality have been increasing [1, 25]. The search for
effective modes of prevention is currently under way.
Two such modes are primary prevention, which involves
lifestyle modification, and secondary prevention such as
screening with fecal occult testing or endoscopy. Since
polyps are well-known precursor lesions of colorectal
cancer, endoscopic resection of polyps is performed
when they are found on colonoscopy. Another approach
to reduce mortality entails the use of oral agents that can
prevent cancer from developing in the colorectum. Such
pharmacological prevention is called chemoprevention,
and many studies using various compounds are cur-
rently being performed. However, no clearly effective
agents to prevent colon cancer have been reported.

We have been testing a new strategy for chemopre-
vention of colorectal cancer that targets small lesions in
the colorectum, aberrant crypt foci (ACF), with the aid
of magnifying endoscopy. We are also proceeding with
a randomized, double-blind, chemopreventive trial
targeting ACF.



Representative chemopreventive trials for colorectal
cancer

Colorectal cancer develops through a multistep process
characterized by histopathological precursor lesions and
molecular genetic alterations [20, 32]. This sequential
process of carcinogenesis provides good opportunities for
prevention of colorectal cancer. Many clinical trials of
chemoprevention for colorectal cancer have been docu-
mented. Representative trials and chemopreventive
agents are shown in Table 1; nonsteroidal antiinflamma-
tory drugs (NSAIDs), such as aspirin and sulindac[3, 6, 7,
10, 26], and cyclooxygenase-2 (COX-2) selective inhibi-
tors, such as celecoxib [28], vitamin D [5, 13], folate [8],
and calcium [2, 5, 13], have been reported to show
chemopreventive effects in human trials. In these trials,
the targeted lesions for evaluation were mainly polyps.
That is, the trials were to determine whether the number,
size, or incidence of polyps was reduced. However, in
using polyps as targets for chemoprevention, the follow-
ing problems have been raised: (1) polyps are too large to
be eradicated completely by chemopreventive agents; (2)
evaluation of chemopreventive effects on polyps generally
requires a long period; therefore compliance tends to
become low partly due to adverse effects. To overcome
these problems, lesions that appear earlier than polyps in
colorectal carcinogenesis should be used as targets.

Aberrant crypt foci

ACF were first described by Bird as lesions consisting of
large, thick crypts in methylene blue-stained specimens
of colon from mice or rats treated with a colorectal
carcinogen [4]. ACF similar to those in rodents have also
been reported in surgically resected colorectal mucosa in
humans [21, 22, 24]. We succeeded in identifying human
ACF using magnifying endoscopy (Fig. 1), and found
that the number of ACF, particularly dysplastic ACF,
increased significantly from normal subjects to adenoma
patients and then to cancer patients. We also found that
the number, size, and dysplastic features of ACF are
significantly correlated with the number of adenomas in
patients with adenoma. Moreover, in some patients we
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found that polyps overlapped ACF. Thus, we could
demonstrate that ACF are precursor lesions of the
adenoma-carcinoma sequence in humans [29].

It has been reported that K-ras mutations can be
detected in 57-80% of human sporadic ACF [23, 29, 33].
Smith et al. found no APC mutation in sporadic ACF,
but did detect the mutation in 7% of familial adeno-
matous polyposis (FAP) ACF [27]. Otori et al. found no
APC mutation in nondysplastic ACF, but did detect the
mutation in 30% of dysplastic ACF [18]. We found that
sporadic ACF are frequently positive for K-ras mutation
and negative for APC mutation, and conversely that
FAP ACF are positive for APC mutation and negative
for K-ras mutation, applying high sensitivity methods
[30]. These results support the notion that ACF are
precursor lesions of colorectal cancer in both sporadic
and FAP carcinogenesis, and that their mechanisms of
cancer development are not necessarily the same. Since
ACF are small lesions with a simple genetic alteration
(K-ras mutation or APC mutation), in contrast to pol-
yps with multiple gene abnormalities, and are identifi-
able by magnifying endoscopy, ACF should be
appropriate chemopreventive targets in colorectal can-
cer. The advantages of using ACF as targets over using
polyps are as follows: (1) short-term treatment for
evaluation; (2) fewer complications caused by drugs; (3)
good compliance. In fact, we have previously reported
that the number of ACF is markedly reduced after
treatment with sulindac for about 1 year [29]. Moreover,
we preliminarily administered sulindac to patients with
ACF for various periods (2-10 months) and examined
the number of ACF before and after treatment; the
results showed that most were eradicated within a few
months. We are currently proceeding with a random-
ized, double-blind trial targeting ACF, which consists of
a group receiving sulindac, a group receiving etodolac,
and a group receiving a placebo for 2 months.

Overexpression of glutathione S-transferase P1-1
as a target molecule in human colon carcinogenesis

Glutathione S-transferase (GST) P1-1, a GST isozyme,
is involved in detoxification [11, 19, 31]. GSTs are
known to be cytoprotective enzymes whose functions

Table 1 Representative

chemopreventive trials for Target Sporadic/FAP Agents Duration Result Reference
colorectal cancer (FAP familial
adenomatous polyposis) Polyps Sporadic Sulindac 4 months No change 10
FAP Sulindac 9 months 65% reduction 6
FAP Celecoxib 6 months 30% reduction 28
FAP Sulindac 4 months No change 7
Incidence of polyps Sporadic Aspirin 1 year 37% reduction 26
Sporadic Aspirin 1-3 years 17% reduction 3
Sporadic Calcium 4 years 15% reduction 2
Incidence of cancer Sporadic Vitamin D 6 years 32% reduction 13
Sporadic Calcium 6 years No change 13
Sporadic Vitamin D 4 years 26% reduction 5
Sporadic Calcium 4 years No change 5
Sporadic Folate 6 years 31% reduction 8
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Fig. 1 Endoscopic and histological findings of aberrant crypt foci
(ACF). Endoscopy with methylene blue staining reveals a small
focus consisting of several crypts (ACF). Histological examination
reveals slight enlargement, irregularity, and elongation of the crypts

include glutathione conjugation of xenobiotics, and
binding of bile acids and NSAIDs. GSTP1-1 has been
reported to be highly expressed in various cancers,
including colon cancer [9, 14, 17]. During colon carci-
nogenesis, GSTP1-1 overexpression has been found not
only in cancer, but also in polyps. We found GSTP1-1
overexpression in ACF as well as in adenoma and can-
cer. We also found that GSTP1-1 is coexpressed with
mutated K-ras in ACF, adenoma, and cancers. By
applying a transfection assay of various deletion
mutants of GSTP1-1 gene and a gel shift assay, we
showed that GSTPI1-1 overexpression is induced by
K-ras mutation through AP-1 activation [15].

Since GSTP1-1 sequestrates xenobiotics, such as bile
salts, it is plausible that GSTPI1-1 serves as a cytopro-
tective factor in ACF. To verify the role of GSTP1-1 in
colon carcinogenesis, experiments using GSTPI-1
knockout mice were conducted. We treated GSTP1-1
knockout mice and control mice with azoxymethane and
are currently analyzing their ACF and polyps.
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Fig. 2 Structure of GSTPI1-1 specific inhibitor, y-glutamyl

S-benzylcysteinyl phenylglycyl ethylester hexadecylester. This
inhibitor was synthesized by a conventional method for
peptide synthesis

If GSTP1-1 is a cytoprotective factor in colorectal
carcinogenesis, its inhibitor should inhibit colorectal
carcinogenesis, and would be an effective chemopre-
ventive agent. Recently we synthesized a GSTP1-1-spe-
cific inhibitor, y-glutamyl S-benzylcysteinyl phenylglycyl
ethylester hexadecylester from glutathione, a substrate
of GST (Fig. 2) [16]. It was designed to release an active
form, yp-glutamyl-S-benzylcysteinyl phenylglycine, when
it enters cells and the ester bonds are cleaved by esterase.
The active form has been proven to inhibit only GSTP1-
1 activity with high specificity, but not the activity of
other GST isozymes [12]. Currently, we are investigating
the chemopreventive effect of this agent using a rat
model of colorectal carcinogenesis. The data obtained so
far show that the number of ACF is significantly
reduced by the GSTPI-1 specific inhibitor. In the near
future, the effects of the inhibitor on ACF and polyps
will become evident.
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