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A B S T RA C T In previous studies subjects with
familial polyposis, the autosomal dominant disease
leading to colon cancer, excreted higher levels of fecal
cholesterol than normal subjects, with decreased con-
version to degradation products. Findings suggested
fecal cholesterol degradation as a marker of hereditary
predisposition to colon cancer. Current measurements
now have shown that affected individuals and asympto-
matic progeny in a second population group with in-
herited predisposition to colon cancer are low con-
verters of fecal cholesterol. The latter group consisted of
highly colon cancer prone families without polyposis,
in which pattems of inheritance similar to the auto-
somal dominant pattern of familial polyposis were ob-
served. 24-h stool collections were obtained from 72
subjects who consumed mixed western diets. Mean
percent degradation of fecal cholesterol to coprostanol,
coprostanone, cholestanol, and cholestanone revealed
significant decreases in fecal cholesterol conversion in
affected and asymptomatic subjects in colon cancer
prone families without polyposis (P < 0.001) compared
to controls. This is in addition to those with familial
polyposis (P < 0.001), and extends this marker of colon
cancer susceptibility to a second population group with
hereditary predisposition to colonic neoplasia.
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INTRODUCTION

Subjects with the dominant inherited disease, familial
polyposis coli, excrete higher levels of fecal cholesterol
than normal subjects, and show decreased conversion
of fecal cholesterol to its degradation products (1-3).
Wenow have extended these observations to a second
population group at high risk for colon cancer, i.e.,
strongly colon cancer prone families in which in-
dividuals do not develop polyposis, and where the pat-
tern of cancer inheritance resembles the autosomal
dominant pattern of familial polyposis (4, 5). In this
second group, affected individuals and a high fraction
of asymptomatic progeny also had significantly in-
creased levels of fecal cholesterol with low choles-
terol conversion. This was in contrast to control sub-
jects in the general population.

METHODS

Three groups of volunteers from the New York metropolitan
area were studied.

Group 1. 23 volunteers in 10 familial polyposis (FP)
families, 9 volunteers had symptomatic polyposis of the colon
(FP,) and 14 volunteers were asymptomatic and at risk for
developing the disease (FPa).

Group 2. 18 volunteers from 6 familial colon cancer (FCC)
families without polyposis, 5 subjects were symptomatic since
they had a colon cancer followed by a curative segmental

'Abbreviations used in this paper: FCC, familial colon
cancer; FP, familial polyposis.
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resection of the affected portion of the colon (FCCs); 13
volunteers were asymptomatic and at risk for the develop-
ment of colon cancer (FCCa).

Group 3. 15 spouse controls and 16 volunteers from the
general population.

Examples of pedigrees in the FCCgroup are shown in Fig.
1. All subjects had been examined with colonoscopy, to
verify the presence of polyposis in the FP, group, and to
verify the absence of polyps and colon cancer in the other
groups. All subjects were consuming a mixed western diet,
and had not received antibiotics for 4 wk before the measure-
ments. Individual 24-h stool samples were collected and
analyzed in duplicate for cholesterol and its microbial
metabolites, using thin layer chromatographic and gas liquid
chromatographic methods as described (6).

RESULTS

Table I shows levels of fecal neutral sterols and deg-
radation products in the three groups. In controls,
the mean level of fecal cholesterol was 3.2+±0.50 mglg
SE dry feces; the mean percent cholesterol degrada-
tion to coprostanol, coprostanone, cholestanol, and
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FIGURE 1 Representative FCC pedigrees wvith percent
degradation of cholesterol indicated beloxw symbol for each
subject studied.

cholestanone was 85±2% SE. A tentative normal lower
limit of fecal cholesterol degradation, derived from the
mean value in the control group minus 2 SD, was 60%.

In the FPS group, most individuals had cholesterol
degradation <60%, and in one volunteer the percent
degradation was 69%. The mean level of fecal choles-
terol was 13.3±1.7 mg/g dry feces, and mean choles-
terol degradation for the group was 20±8%. Five
FPa volunteers had low cholesterol conversion; mean
level of fecal cholesterol in the subgroup of low con-
verters was 12.9±2.8 mglg dry feces, and mean choles-
terol degradation was 11±6%; nine volunteers were
high converters with mean fecal cholesterol of 1.6±0.2
mg/g dry feces and mean cholesterol degradation of
90±+-3%.

In the FCCSgroup, all volunteers previously affected
with colon cancer had cholesterol degradation below
the normal range, with mean fecal cholesterol 16.4±2.0
mg/g dry feces, and mean percent degradation of
33±8%. Nine of the FCCavolunteers were low choles-
terol converters with mean fecal cholesterol 15.3±1.9
mg/g dry feces and mean percent cholesterol degrada-
tion of 25±6%. Four of the FCCavolunteers were high
fecal cholesterol converters with mean cholesterol of
3.9+1.9 mg/g and mean percent degradation of 82±7%.
Although these individuals did not have adenomatous
polyposis, single adenomas were found in one volun-
teer in each of the FCCS and FCCa groups; a rela-
tionship between endoscopically visible adenomas and
cholesterol-conversion rate was not apparent.

DISCUSSION

The only well-defined population group at increased
risk for cancer of the large intestine previously char-
acterized by low fecal degradation of cholesterol, are

individuals affected with familial polyposis (1-3). Our
findings have now extended this observation to a

second high risk population group, namely affected
individuals and asymptomatic progeny in highly colon
cancer prone families who do not have polyposis; a

high fraction of these volunteers have now been found
with high levels of fecal cholesterol with little conver-

sion to cholesterol degradation products.
Familial aggregates in the FCC group are at high

risk for cancer of the large intestine, and often are

characterized by an extensive pattern of inheritance
resembling the autosomal dominant pattern found in
familial polyposis (4, 5). These families have a higher
incidence of colon cancer and generally earlier age of
onset, than reported in other series (7) where familial
associations have been noted. Individuals in the FCC
group, and individuals in the general population who
have first and second degree relatives with colon
cancer, are found with higher frequency than are in-
dividuals with familial polyposis coli (7, 8).
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TABLE I
Fecal Neutral Sterols in Subjects at High Riskfor Cancer of the Large Intestine and Controls Consuming a Mixed Western Diet

No. of Sex Fecal cholesterol degradation products
indi- Age % Degra-

Population group viduals range M F Cholesterol Coprostanol Coprostanone Cholestanol Cholestanone dation

mglg dry feces mglg dry feces

FP
Symptomatic 9 12-51 5 4 13.3+1.7 2.57±1.3 0.84±0.43 0.39±0.24 0.18+0.13 20±8*
At risk

Low con-
verters 5 17-46 3 2 12.9+2.8 1.22±0.65 0.10±0.04 0.23+0.08 0.0 11+6*

High con-
verters 9 12-23 5 4 1.6+0.2 16.9±4.3 3.09±0.70 1.48±0.17 0.0 90±3

FCC
Symptomatic 5 31-59 1 4 16.4±2.0 5.30±2.0 0.75±0.21 0.81±0.19 0.58±0.50 33±8*
At risk

Low con-
verters 9 7-43 2 7 15.3+1.9 4.60±1.2 0.32+0.11 0.52±0.14 0.17±0.12 25±6*

High con-
verters 4 23-59 1 3 3.9+1.9 12.1±+1.2 2.03±0.61 0.97+0.27 0.85±0.8 82±7

Controls 31 10-62 17 14 3.2±0.50 14.9±1.2 2.39±0.33 2.81±1.5 0.034±0.02 85±2

Average values (+SE) of cholesterol and degradation products in each population group are shown. In the last column for
each population group, the average percent degradation is shown where a given patient's percent degradation is defined
as degradation products divided by total neutral sterols x 100.
* Percent degradation of cholesterol in the group differs significantly from the controls (P < 0.001) with the Student's t test.
A tentative lower limit of 60% for degradation of cholesterol in the control group has been derived from the mean value
minus two standard deviations. Low converters have been defined as having percent degradation <60% and high converters
having values >60%.

Factors leading to decreased conversion of choles-
terol in fecal specimens of these colon cancer prone
subjects have not been elucidated. Possibilities that
have been considered include the microbial degrada-
tion of cholesterol which could differ in the two groups
(9, 10) and the metabolism of cholesterol in intestinal
cells which might be modified in these individuals with
hereditary predisposition to colon cancer.

Wilkins and Hackman (10) have shown that two pat-
terns of neutral steroid conversion exist in subjects in
the general population; a larger population group is
characterized by extensive conversion of cholesterol
to its degradation products, and a minor group is
characterized by little or no fecal conversion of choles-
terol. These patterns were generally found to be stable
over long periods of time, and the possibility that dif-
ferences in risk level for colon cancer might be asso-
ciated with cholesterol excretion has been con-
sidered (10, 11).

Previous studies also have indicated that fecal
cholesterol conversion patterns were equally dis-
tributed between males and females, were inde-
pendent of age (10), and increased after ileoproctos-
tomy (2); conversion rate was not directly related to
fecal transit time (10). Although dietary factors have
been shown capable of modifying fecal cholesterol

excretion (12-15), diets were generally comparable
in studies that identified high and low converter
groups (10). Fecal conversion patterns similar to those
observed for cholesterol also have been noted for the
plant steroids, sitosterol and campesterol (10). Of
further interest is the report that infants <1 yr of age
convert little or no cholesterol to coprostanol (16).

In attempts to improve the surveillance of in-
dividuals at high risk for cancer of the large intestine,
it is important to develop indices that will identify
these subjects before they develop advanced disease.
The observation of excess cholesterol in fecal contents
of individuals with inherited predisposition to colon
cancer suggests a new means of surveillance of these
subjects, and points to possible relationships between
cholesterol metabolites and mechanisms of colon car-
cinogenesis. Studies are now under way to develop
both of these areas further.
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