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Introduction
In normal colorectal epithelium, apoptosis occurs at the surface
and proliferation is restricted to the lower base of the crypt.
Inversion of this compartmentalization is an early event during
the adenoma-carcinoma sequence (1).
FAP3 patients develop hundreds of adenomas and eventually colorectal carcinoma. The normal appearing colorectal
mucosa of FAP patients is marked by altered cell kinetics with
disturbance of the localization of proliferation and apoptosis (2,
3). Sulindac causes regression of adenomas in FAP patients (4),
presumably through induction of apoptosis. We reported previously that sulindac decreases the ratio between apoptosis at
the crypt base and at the surface apoptotic ratio (AR) in the
normal rectal mucosa of FAP patients with adenoma regression
on sulindac (5). One patient without reversal of the AR developed a “breakthrough carcinoma” during sulindac therapy, suggesting a potential role for this parameter as biomarker (5).
The hypothesis tested in the present study was that the
change in AR is useful as an intermediate biomarker for response to sulindac treatment and adenoma development in
presymptomatic FAP patients enrolled in a primary chemoprevention trial (6).

treatment were available from 32 patients. In the sulindac
group, 4 of 15 and 6 of 15 patients developed adenomas at
4 months and 2 years of treatment, respectively. In the placebo
group, 7 of 17 and 8 of 16 patients developed adenomas at
4 months and 2 years of treatment, respectively.
Apoptosis was assessed by one observer (J. J. K.) in a
blinded fashion, counting apoptotic bodies in H&E sections, as
described previously (5). The AI at the surface epithelium
(AIsurface) and at the crypt base (AIcrypt; from the lowermost
cell up to 20 cell positions along each side of the crypt) were
assessed by dividing the number of apoptotic bodies by the
number of cells. The AIoverall was calculated by adding the
number of apoptotic bodies in both compartments, and dividing
by the total number of cells. The AR was calculated as the
AIcrypt divided by the AIsurface. The change in AIsurface, AIcrypt,
AIoverall, and AR was expressed as [(post-treatment score
⫹1) ⫺ (pretreatment score ⫹1)]/(pretreatment score ⫹1).
Comparisons between groups were made using the MannWhitney test. The effect of treatment was evaluated using the
Wilcoxon test. All Ps were two-sided. A P ⬍ 0.05 was considered statistically significant. The sample size of the clinical
study was calculated (two-sided; 0.05 ␣; and 80% power) to
detect a difference of one SD in the number of polyps between
treatment groups.

Materials and Methods
In a randomized trial, 41 FAP patients (confirmed by APCmutational analysis) without colorectal adenomas were treated
with sulindac 75–150 mg twice a day (n ⫽ 21) or placebo (n ⫽
20; Ref. 6). The average age at enrollment was 14.3 years.
Informed consent was obtained in accordance with the Johns
Hopkins University Internal Review Board. At baseline and
every 4 months, patients underwent sigmoidoscopy, and biopsies were taken. Representative rectal biopsies from normal
mucosa, taken at baseline, and after 4 months and 2 years of

Results
In 88 biopsy samples of normal rectal mucosa, a total of 75,231
surface cells (mean, 854.9; SD, 367.0), 1,133 apoptotic bodies
at the surface (mean, 12.9; SD, 8.0), 52,804 crypt cells (mean,
600.1; SD, 230.9), and 327 apoptotic bodies at the crypt (mean,
3.7; SD, 2.4) were counted. At baseline, the AR, AIsurface,
AIcrypt, and AIoverall were not statistically significantly different
between sulindac and placebo groups. At 4 months and 2 years
of study, changes in these parameters were not significantly
different between treatment groups. Also, at 4 months and 2
years of evaluation, there were no statistically significant differences in the AR, AIsurface, AIcrypt, and AIoverall between
patients who developed colorectal adenomas and those who
remained adenoma-free.
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Discussion
Previously, we reported a relative increase in apoptosis at the
surface compared with the crypt base (decreased AR, defined
as: AIcrypt/AIsurface) in the normal rectal epithelium of FAP
patients treated with sulindac (5). We hypothesized that alterations in the AR could serve as an intermediate biomarker to
monitor sulindac treatment. However, the present investigation
revealed no change in the AR in rectal epithelium of presymptomatic FAP patients on sulindac. Furthermore, apoptotic parameters failed to predict polyp development in either of the
treatment arms.
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Fig. 1. Percentage change in AR
(⫽AIcrypt/AIsurface) in rectal epithelium of FAP patients after 4 months
and after 2 years treatment with sulindac or placebo. The changes in
AR of patients who developed adenomas are marked as 䡺; the changes
in AR of patients who did not develop adenomas are marked as x.

The discrepancy between our previous study and the current
investigation may be related to differences in study populations. In
the former study, older FAP patients who had already developed
adenomas were treated with sulindac, resulting in adenoma regression (4, 5). This investigation evaluated young, phenotypically
negative FAP patients. The intestinal mucosa of FAP patients with
adenomas harbors many macroscopically invisible dysplastic foci
and may be considered transitional mucosa in which cell kinetics
appear disturbed (2, 3). Our findings suggest that sulindac affects
apoptosis in this type of epithelium and not in the mucosa of FAP
patients without adenomas. However, neither macroscopic nor
microscopic differences were appreciated between normal appearing mucosa of symptomatic and asymptomatic FAP patients.
The small sample size in this investigation may be considered a limitation. However, in contrast with our previous
study, which evaluated fewer patients, the current investigation
even failed to reveal a trend toward significance. Furthermore,
using the above methodology, the observed heterogeneity in the
“apoptotic response” (Fig. 1) precludes the use of apoptosis as
a biomarker to monitor sulindac treatment or to predict adenoma development in presymptomatic FAP patients.
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