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The identification of high and low risk groups for colorectal cancer using
rectal mucosal crypt cell production rate (CCPR)
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Summary Rectal mucosal proliferation was measured in 116 individuals using the metaphase arrest technique
crypt cell production rate (CCPR). CCPR was found to be significantly elevated in individuals with adenomas
(n=42, CCPR= 13ccc-lh-1, range 7-25CI 10-15) compared with normals (n=21, CCPR= lOccc-lh-1
range 5-24 Cl 7-11, Mann-Whitney P = 0.001 z = 3.2). Mucosal proliferation was increased among individ-
uals who were undergoing adenoma follow up but in whom no further adenomas were found (n = 37
CCPR = 12 range 5-26cc c-h-' Cl 10-14) compared to controls (Mann-Whitney P = 0.0I z = 2.4) Pro-
liferation in vegetarians i.e. low risk (n = 16) was similar to controls.
Measurement of proliferative indices in rectal mucosa by the stathmokinetic technique CCPR can dis-

criminate between high and low risk groups for colorectal cancer.

There is evidence suggesting that there is a link between
mucosal proliferation and colorectal neoplasia (Deschner et
al., 1966; Bleiberg et al., 1972; Deschner & Lipkin 1975;
Deschner & Maskens 1982; Lipkin et al., 1983; Lipkin et al.,
1984). The value of measuring mucosal proliferation has
assumed further importance since dietary supplementation
with calcium was found to reduce the proliferative index in
groups of individuals at increased risk of colorectal cancer
(Lipkin & Newmark 1985; Rozen et al., 1989). A number of
methods are available to measure mucosal proliferation (Lip-
kin et al., 1983; Wilson et al., 1990; Risio et al., 1991; Potten
et al., 1992). In vitro labelling with tritiated thymidine is time
consuming and not suitable for large numbers of samples.
Wright proposed the stathmokinetic technique CCPR, as a
more suitable method for measuring mucosal proliferation.
The technique identifies the proliferative compartment in the
colonic crypt by arresting dividing cells in metaphase using
vincristine (Wright & Appleton, 1980). The technique
identifies the whole of the crypt so taking into account
compartment size and avoiding errors due sectioning found
in immunohistochemical techniques (Risio et al., 1991; Wil-
son et al., 1991). A recent report demonstrated that crypt cell
production rate could identify individuals with adenomas and
earlier Allan used the technique in measuring proliferative
changes in ulcerative colitis (Allan et al., 1985; Barsoum et
al., 1992).
The aim of the present study was to use measurements of

CCPR to determine individuals who may be at an increased
or decreased risk of colorectal neoplasia because of the
presence of adenomas.

Patients and methods

We studied 116 patients, 54 men, 62 women aged between
20-75 years (median 56 years). There were 42 individuals
with adenomas at the time of biopsy (24 newly diagnosed
and 18 having had previous adenomas), 37 asymptomatic
individuals undergoing colonoscopic surveillance for
adenomas who were found to be neoplasia free (median
adenoma free period 12 months (range 6-72)), 16 Vegetarian
asymptomatic volunteers of long standing (> 10 years) (14
lacto vegetarians and two vegans) with no family history or
personal history of colorectal cancer who did not undergo
colonoscopy and 21 individuals with no family history of

colorectal cancer who presented with symptoms of large
bowel disease (n = 11) or positive faecal occult bloods but
had a normal colonoscopy (n = 8) or only metaplastic polyps
(n = 2). This group represented a low risk group. No indivi-
dual in this study had colorectal cancer prior to or at the
time of biopsy. Ethical approval was given by the local
ethical committee.

Endoscopic rectal biopsies were taken from each patient
8 cm from the anal margin and at least 5 cm from any
macroscopic lesion. The standard bowel preparation used
was Klean Prep (polyethylene glycol, Norgine Ltd, UK)
because unlike senna preparations it has little effect on his-
tology and does not affect mucosal proliferation (Pockros &
Foroozan 1985; Fireman et al., 1989). Vegetarians did not
have any bowel preparation before the biopsy. Normal his-
tological mucosa was verified in every case; dysplasia and
type of adenoma were assessed without knowledge of pro-
liferation data. Where more than one adenoma was found
(n = 10) the largest was cited for statistical analysis. Assess-
ment of mucosal proliferation was carried out without
knowledge of colonoscopic or histological findings.

Samples were placed in culture medium, RPMI 1640,
Gibco Ltd and transferred to the laboratory. Tissue was
stored in supplemented RPMI 1640 and gentamycin 0.001%
(Nicholas Pharmaceuticals) for 16 h to avoid extraction
artefact (Finney et al., 1986; Appleton et al., 1991). At the
time of assay the culture medium was replaced with fresh
medium containing 1 ml of 5 jig ml- of vincristine. The
culture medium containing samples was incubated in an at-
mosphere of 5% carbon dioxide and 95% oxygen. The sam-
ples were removed from tissue culture at 25, 50 and 75 min
time points, fixed in Carnoy's solution and stained in Schiffs
reagent, a similar method to that of Barsoum (Barsoum et
al., 1992). The number of metaphase arrests was counted in
20-30 crypts per sample. CCPR was calculated from the
three time points by least squares regression analysis and
expressed in crypt cells per crypt per hour (cc c-'h

Statistical analysis

Proliferation data were compared using non-parametric
analysis, the Mann-Whitney U-test. Comparisons of age were
assessed by the unpaired Student's t-test. Confidence limits
were calculated at the 95% level.

Results

Biopsies were collected from 116 patients. Differences in
median CCPR are shown in Figure 1. Patients with
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Figure 1 Rectal mucosal proliferation in high and low risk groups for colorectal cancer. Adenoma FU: patients undergoing follow
up colonoscopy and found to be free of adenomas.

adenomas at the time of biopsy (n = 42) had a significantly
higher CCPR (median CCPR 13 cc c-'h-', range 6-25 Cl
10-15) than controls (n=21, median CCPR lOccc-lh-',
range 5-24 Cl 7-11, Mann-Whitney U-test P = 0.001
z = 3.2). It was also found that patients who had had an
adenoma but had none at follow up (n = 37) had significantly
higher CCPR (CCPR 12ccc-'h-', range 5-26CL 10-14)
than controls (n = 21 median 10 CCPRcc c-lh-', range
5-24 P = 0.01 z = 2.4 Mann-Whitney U-test). The CCPR in
the vegetarian group (median 9 cc c 'h-' range 2-17
CL 7-12) and the control group were similar. There were 21
tubular adenomas, 17 tubular villous adenomas, four villous
adenomas and there was no significant difference in CCPR
between any of these groups (Figure 2). There was no
significant difference in CCPR between those with more than
one adenoma (n = 10) and those with a solitary adenoma.
No significant correlation between the length of the adenoma
free period and CCPR in the 37 individuals who were
reviewed for adenoma surveillance was identified. There was
no correlation between size of adenoma and CCPR, or
between the presence of dysplasia and CCPR (Figure 3).
Among the control group there was no significant difference
in CCPR between those older or younger than the median
age of 57 years.

Discussion TA

Vogelstein postulated a genetic pathway for the transforma-
tion of normal flat mucosal to a neoplastic mucosa through
mutation of the APC gene or chromosome Sq in individuals
with familial polyposis. This pathway has received wide
acceptance and it has been suggested that similar changes
might take place in the genesis of sporadic colorectal cancers
(Fearon & Vogelstein, 1990). Measurement of rectal mucosal
proliferation is important as mucosal hyperproliferation
appears to be an early recognisable step in the pathway
toward neoplasia. Identification of mucosal hyperprolifera-
tion may lead to identification of individuals at risk and also
identify areas where this process may be modified by dietary
or pharmacological means and thus halt the progression to
neoplasia.

Proliferation was increased in both individuals with
adenomas at the time of biopsy and those who were under-
going adenoma follow up suggesting either a continuing
environmental stimulus or a genetic change which may ex-
plain why individuals continue to form new adenomas and
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Figure 2 CCPR and histological type of adenoma. TA: tubular
adenoma; TVA: tubulovillous adenoma; VA: villous adenoma.

some do not. Others have suggested that proliferation values
fall following removal of the neoplasm (Ponz de Leon et al.,
1988; Risio et al., 1991). This may be due to dietary variation
within the adenoma follow up group or may indeed represent
a change of diet by individuals as soon as a form of neop-
lasia was discovered. This study demonstrates that CCPR is
similar in those with and those who have had previous
adenomas, however temporal relationships of CCPR in the
adenoma follow up group could not be assessed because
sequential biopsies were not taken.
A number of individuals in both the adenoma and the

adenoma follow up group had low proliferation values. This
is possibly explained by dietary variation but could also be

0

0

30 -

25 -

20 -

°0 15 -

CC

10-

5-

0

0

0

0
S
0

0

0

0*
0

000*

0S@

000@
0*
0
0

0@

0

0

0-

I

173

0 0

000

0 a 0 0
0 * 0

0 *
0 0 a 0 0

0

00

0

0 * * 0

* 0

0
0 0 9 e



174 P.S. ROONEY et al

301

25 -

20 - 0*- *:~~~~

2015- 0 * 0
cc
C.) 0

-1 00 @00
o *@@
0 00

* 00
10- 0*

@0 00 0

00 @0

5

0 -

0.4-0.9 cm 1.0-1.9 cm > 2.0 cm
Adenoma size

Figure 3 CCPR and adenoma size.

explained by an unknown epithelial growth factor present in
the mucosa of some but not all individuals with adenomas.
The presence of such a factor may explain the distribution of
proliferation values in the adenoma groups (Figure 1.) There
was no relation to CCPR regarding the size, number or
histological type of adenoma. Others have found a relation-
ship with type of adenoma in that villous adenomas had
higher proliferation indices (Terpstra et al., 1987 & Ponz De
Leon et al., 1988). However only four individuals had villous
adenomas and it would be surprising to find a difference in
proliferation when such small numbers are involved. Equally,
if the development of mucosal hyperproliferation is an early
step there is no particular reason to expect a relationship
between size or type of adenoma.
The significance of the variation within the control group

is unclear. The degree of variation may in part be explained,
however, by overlooked adenomas as suggested in a series of
96 individuals where 14.7% of adenomas (8 mm or less) were
missed (Hixson et al., 1991). Other explanations of the varia-
tion may relate to the size of the control group or other
unknown dietary or genetic factors in this group. It is prob-
able that the control group represents a low risk group for
colorectal cancer, indeed lower than the population risk as a
normal colonoscopy should confer diminution of risk (Atkin
et al., 1992; Selby et al., 1992). Two individuals with meta-
plastic or hyperplastic polyps were included in the control
group because these are not premalignant lesions of the large
bowel and both subjects had a normal colonoscopy (Proven-
zale, 1990). Unlike Roncucci we found no relationship
between age and CCPR in our normal control group (Ron-
cucci et al., 1988). Our control group was smaller and on the
whole younger than that of the Italian group. There was less
variation of age within the group compared to that of Ron-
cucci who found a significant difference in mucosal prolifera-
tion in individuals who had a normal colonoscopy when
those above the age of 75 were compared to those below the
age of 50.
Lipkin reported low proliferative indices amongst the

Seventh Day Adventists, a mainly vegetarian religious sect
(Lipkin et al., 1985). This group of individuals also have low
rates of colorectal neoplasia (Philips, 1975; 1980). The pre-
sent study demonstrates mucosal proliferation amongst
vegetarians in Nottingham is similar to the control group
who ate mixed diets. It must be remembered however that
none of these individuals had been colonoscoped. Although
all had a normal rigid sigmoidoscopy, any interpretation of
these data should bear the caveat in mind that a number of
these individuals may harbour occult neoplasia. The
measurement of CCPR in rectal mucosa has discriminated
between those at high and those at low risk of colorectal
cancer. Further long term studies are required to define a
role for the measurement of colorectal proliferation indices
and the management of individuals. However, further studies
involving dietary manipulation of such indices seem neces-
sary and indeed desirable.
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