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Abstract
Background—Despite the recent discov-
ery of four genes responsible for up to 90%
of all cases of hereditary non-polyposis
colorectal cancer (HNPCC), there will
still be families in whom predictive testing
is not possible. A phenotypic biomarker
would therefore be useful. An upwards
shift of the proliferative compartment in
colonic crypts is reported to be one of the
earliest changes in premalignant mucosa.
Aims—To assess the role of crypt cell pro-
liferation as a phenotypic biomarker in
HNPCC.
Patients—Thirty five patients at 50% risk
of carrying the HNPCC gene (21 of whom
subsequently underwent predictive testing
and hence gene carrier status was known)
and 18 controls.
Methods—Crypt cell proliferation was
measured at five sites in the colon using
two diVerent techniques. Labelling index
was determined using the monoclonal
antibody MIB1 and whole crypt mitotic
index was measured using the microdis-
section and crypt squash technique. The
distribution of proliferating cells within
the crypts was also assessed.
Results—There were no significant diVer-
ences in the total labelling index or mean
number of mitoses per crypt, nor in the
distribution of proliferating cells within
the crypt, between the study and control
groups at any site. When the 21 patients in
whom gene carrier status was known were
analysed separately there were no signifi-
cant diVerences in the measured indices
of proliferation between the HNPCC gene
carriers and non-gene carriers.
Conclusion—Crypt cell proliferation is
not a discriminative marker of gene
carriage in HNPCC.
(Gut 1998;43:85–92)
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In normal colonic mucosa the proliferative
compartment is confined to the lower half to
two thirds of the crypt. It has been suggested
that one of the earliest changes in premalignant
mucosa may be an extension of the proliferative
compartment towards the luminal surface.1

Lipkin reported extension of the proliferative
zone in the flat mucosa of patients with isolated
adenomatous polyps, familial adenomatous
polyposis (FAP), and “hereditary precancerous
disease” using autoradiographic techniques.1

Other workers have subsequently reported
similar findings in patients with sporadic
adenomatous polyps, colorectal cancers, and
FAP.2–14 These studies suggested that the whole
of the colonic mucosa expresses proliferative
abnormalities—that is, there is a field change
rather than a focal change.8 14–16

Hereditary non-polyposis colorectal cancer
(HNPCC) is an autosomal dominant condi-
tion characterised by the development of
colorectal cancer at an early age (mean age 44
years), an excess of synchronous and meta-
chronous tumours, and a preponderance
(70%) of right sided tumours.17 Unlike FAP,
HNPCC gene carriers have no phenotypic fea-
tures, so identification of probands has relied
on the accurate documentation of family histo-
ries. Colorectal cancers in HNPCC develop
from benign adenomatous polyps but the pro-
gression to malignancy seems to be much more
rapid than in sporadic cancers.18 This is due to
a germline mutation in one or more of several
DNA mismatch repair genes. Four genes
involved in mismatch repair have recently been
identified.19–22 hMSH2 and hMLH1 are
thought to account for 70–90% of all cases of
HNPCC. hPMS1 and hPMS2, together with
possibly other as yet unidentified DNA mis-
match repair genes, will probably account for
the remainder.23 As families will remain in
whom linkage analysis proves unsuccessful or
in whom a mutation cannot be identified, a
phenotypic biomarker would be a useful
adjunct in risk assessment.
Early studies in patients with a germline

mutation of one of the mismatch repair genes
suggested that in order for tumorigenesis to
occur a second mutation was probably re-
quired to inactivate the normal wild type allele.
Parsons et al showed that lymphoblastoid cells
from an HNPCC patient, whose colorectal
cancer showed multiple replication errors, were
repair proficient.24 More recently, however,
Parsons et al have looked again at the
non-neoplastic cells of patients with HNPCC
for mismatch repair defects using more sensi-
tive methods.25 They found evidence of micro-
satellite instability in non-neoplastic cells in a
subset of patients with HNPCC. They postu-
lated that this may be due to inherited
mutations of other genes that participate in
mismatch repair, with multiple germline muta-
tions leading to a reduction of mismatch repair
activity. An alternative hypothesis is that
mismatch repair gene mutations are acting in a
“dominant negative” fashion; the product of
the abnormal allele interferes with the function
of the normal protein. If this is the case
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mutations could accumulate in the “normal”
colonic mucosa in patients with HNPCC. This
may trigger apoptosis, as a means of protecting
the tissue, which would lead to increased cell
loss. To maintain normal tissue homoeostasis,
this increased cell loss by apoptosis could, in
turn, lead to an increase in cell proliferation.
This study investigated the role of crypt cell

proliferation as a phenotypic biomarker in
HNPCC. Crypt cell proliferation was meas-
ured in random colonic biopsy specimens from
known HNPCC family members who had an
aVected first degree relative and thus a 50%
chance of having inherited the HNPCC gene.
Gene carrier status became known in some of
these individuals enabling comparison of the
results between known gene carriers and
known non-gene carriers. The control group
comprised symptomatic individuals who were
referred for colonoscopy but were found to
have endoscopically and histologically normal
colonic mucosa and a clinical diagnosis of non-
specific abdominal pain or irritable bowel syn-
drome.

Methods
SUBJECTS AND COLLECTION OF BIOPSY SPECIMENS

Thirty five patients (mean age 43.9 years, range
17–71 years) from four well documented
HNPCC families were studied. All were
asymptomatic and had macroscopically and
histologically normal colonic mucosa. The
majority of individuals in this group were from
two large HNPCC pedigrees in whom the
mutations have been identified recently.26 27

The remaining patients came from two smaller
pedigrees, both fulfilling the Amsterdam
criteria,28 but neither of whom have, as yet,
undergone linkage studies or mutation analy-
sis. Hence no data were available on their gene
status. There were 18 patients in the control
group (mean age 52.2 years, range 21–80).
All colonoscopies were performed using

either an Olympus CF IT200L or Olympus CF
IT20L videoscope, between 9 00 am and 3 00
pm. The bowel preparation was standardised
(one sachet of sodium picosulphate (Picolax)
in the morning and a further sachet in the late
afternoon on the day before colonoscopy). Two
mucosal biopsy specimens were taken at
colonoscopy, from each of five sites along the
length of the colon (ascending, transverse,
descending, sigmoid, and rectum). The biopsy
specimens were spread out flat on cellulose
acetate paper, mucosal side up, and then fixed
immediately, one in formalin forMIB1 staining
and one in Carnoy’s fluid for microdissection.
The latter samples were transferred to 70%
ethanol for storage.

ASSESSMENT OF CRYPT CELL PROLIFERATION

Two techniques were used to assess crypt cell
proliferation: immunohistochemistry using the
monoclonal antibody MIB1,29 30 and microdis-
section and mitosis counting in whole crypts.31

MIB1
The biopsy specimens for MIB1 immunohisto-
chemistry were fixed overnight prior to dehy-
dration, embedding, and sectioning. They were

dewaxed, rehydrated, and endogenous peroxi-
dase activity was blocked using methanol and
hydrogen peroxide. The slides were then
placed in sodium citrate buVer at pH 6.0 in a
750W domestic microwave oven for 2 × 5 min-
utes, to unmask the antigenic sites. An indirect
immunoperoxidase technique was employed
using a streptavidin-biotin-peroxidase com-
plex. The peroxidase activity was developed
with diaminobenzadine (DAB) prior to coun-
terstaining with haematoxylin. Negative con-
trols were prepared in exactly the same way but
the primary antibody was omitted. Each biopsy
specimen was viewed under a compound light
microscope and optimally sectioned hemi-
crypts, visible from base to luminal surface,
were counted using the ×40 objective lens. The
number of labelled cells per hemicrypt and the
total number of cells per hemicrypt were
recorded. The labelling index per hemicrypt
(LI) was then calculated (number of labelled
cells per total number of cells). There was no
significant diVerence in the mean number of
cells per hemicrypt in the HNPCC group and
the control group (78 (0.82) and 76 (1.0),
respectively). Each crypt was also divided into
five equal compartments, from base (compart-
ment 1) to luminal surface (compartment 5),
using an eye piece graticule, and the LI per
compartment was also recorded. Ten crypts
were counted per intestinal site.

Microdissection and mitosis counting
For microdissection and mitosis counting the
biopsy specimens were rehydrated in 50%
ethanol for 10 minutes, followed by 25% etha-
nol for 10 minutes. They were then hydrolysed
in 1 M HCl at 60°C for seven minutes. The
tissue was stained using the Feulgen reaction
by placing in SchiV’s reagent for 45 minutes;
the tissue turned a deep magenta colour.31 A
portion of the stained tissue was placed on a
microscope slide, covered with a drop of 45%
acetic acid, and placed under a dissecting
microscope. Two 20 gauge needles, mounted
on 1 ml insulin syringes, were used to tease
apart the tissue, separating out clumps of two
to three crypts. A coverslip was then gently
placed over the tissue to help separate the
crypts. The number of mitoses per crypt was
counted, using a compound light microscope
and a ×40 objective lens, by racking up and
down through the field. Strict criteria were
applied to define mitoses, counting only
distinct late prophases, metaphases, anaphases,
and early telophases. Ten crypts were counted
per biopsy specimen and the mean number of
mitoses per crypt was recorded. Again, each
crypt was divided into five equal compartments
by length and the mean number of mitoses per
compartment was recorded.

STATISTICAL ANALYSES

Data were analysed using the Minitab statisti-
cal package, version 9.2.32

Comparison of the two techniques
The two techniques used to measure cell
proliferation, MIB1 and microdissection and
mitosis counting, were compared by plotting
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the MIB1 LI against number of mitoses per
crypt and calculating the correlation coef-
ficient.

DiVerences in cell proliferation according to site
and patient group
Overall analysis of variance was performed for
the control and HNPCC 50% risk groups con-
sidering all sites. Site was considered as a co-
variate in this analysis, allowing for the order of
the sites throughout the colon and rectum.

DiVerences in cell proliferation at individual sites
according to patient group
Further analysis on patient groups was per-
formed for the individual sites, again using
analysis of variance, as there were significant
diVerences in proliferation indices between the
five sites (see Results). This was performed for
both the total labelling indices and the
compartmental labelling indices. It has been
emphasised, by other workers, that it is the
upper 40% of the crypt that is important in
detecting compartmental shifts in at risk
individuals5; therefore, for the purpose of
analysis, compartments 1, 2, and 3 were
grouped together and compartments 4 and 5
together.
A p value of less than 0.05 was considered

significant but where analysis was repeated for
each of the five sites, p<0.01 was considered a
significant result, to minimise the problems
associated with repeated significance testing.

DiVerences in cell proliferation according to gene
carrier status
Within the HNPCC 50% risk group a separate
analysis was performed on total and compart-
mental proliferation indices according to gene
carrier status and individual sites. The same
method of analysis was used as above, except
that gene status was considered instead of
patient group.

Results
COMPARISON OF THE TWO TECHNIQUES

Comparison of the MIB1 LI and number of
mitoses per crypt showed a highly significant
correlation between the two techniques al-
though there was wide variation (r=0.57,
p<0.0001) (fig 1).

DIFFERENCES IN CELL PROLIFERATION

ACCORDING TO SITE AND PATIENT GROUP

MIB1
When both patient groups were considered
together there was a highly significant linear
trend across the five colonic sites (p=0.001),
with the mean LI being greatest in the ascend-
ing colon and lowest in the rectum (fig 2).
Having adjusted for this variation between
intestinal sites, the diVerence in LI between the
HNPCC 50% risk group and control group
was not significant (p=0.06).

Microdissection and mitosis counting
When both patient groups were considered
together, there was again a significant linear
trend across the five colonic sites (p=0.02)
with the mean number of mitoses being lowest

Figure 1 Comparison of the MIB1 labelling index with the mean number of mitoses per
crypt (265 points plotted represent data for 53 patients from five sites).
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Figure 2 MIB1 data—changes in the labelling index along the large bowel for the
HNPCC 50% risk group and control group.
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Figure 3 Microdissection data—changes in the mean number of mitoses per crypt along
the large bowel for the HNPCC 50% risk group and control group.
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in the rectum (fig 3). Having adjusted for
this variation between sites there were no
significant diVerences in the mean number of
mitoses per crypt between the HNPCC 50%
risk group and control group (p=0.51), in
agreement with the MIB1 data.

DIFFERENCES IN CELL PROLIFERATION ACCORDING

TO PATIENT GROUP AT THE INDIVIDUAL SITES

Mean total MIB1 LI and mean number of
mitoses per crypt
The mean total LI and the mean number of
mitoses per crypt at the individual sites tended
to be greater in the HNPCC 50% risk group
compared with the control group (table 1) but
these diVerences were not significant.

Compartmental MIB1 LI and mean number of
mitoses per compartment at the individual sites
There were no significant diVerences in the
mean labelling index or mean number of
mitoses in the lower 60% of the crypt
(compartments 1, 2, and 3) between the

HNPCC 50% risk group and control group at
any site (table 2). Likewise there were no
significant diVerences in the mean LI or mean
number of mitoses in the upper 40% of the
crypt (compartments 4 and 5) between the
HNPCC 50% risk group and control group at
any site (table 3), although again there was a
tendency for higher values in the HNPCC 50%
risk group.

DIFFERENCES IN CELL PROLIFERATION

ACCORDING TO GENE CARRIER STATUS AT THE

INDIVIDUAL SITES

Mean total MIB1 LI and mean total number of
mitoses per crypt
Within the HNPCC 50% risk group gene
carrier status was known in 21 of 35 patients.
Overall analysis of variance adjusting for any
variation due to site showed no significant
diVerence in the total mean LI or mean
number of mitoses between gene carriers and
non-gene carriers (p=0.13 and p=0.08
respectively). There were also no significant

Table 1 Mean LI (total) and mean number of mitoses per crypt for the control group and HNPCC 50% risk group at
each of the five sites

Controls HNPCC 50% risk p Value*

Site Mean LI Mean no of mitoses Mean LI Mean no of mitoses Mean LI Mean no of mitoses

Rectum 0.30 (0.02) 4.8 (0.56) 0.33 (0.02) 5.6 (0.59) 0.31 0.40
Sigmoid 0.34 (0.03) 6.9 (0.88) 0.37 (0.02) 6.8 (0.68) 0.39 0.98
Descending colon 0.34 (0.02) 6.2 (0.67) 0.40 (0.02) 6.5 (0.55) 0.07 0.75
Transverse colon 0.37 (0.02) 6.8 (0.70) 0.37 (0.02) 7.4 (0.53) 0.81 0.48
Ascending colon 0.39 (0.03) 6.2 (0.70) 0.40 (0.02) 6.5 (0.53) 0.77 0.73

Results are expressed as mean (SEM).
*Controls v HNPCC 50% risk. Due to concern related to repeated significance testing, p>0.01 was considered non-significant.

Table 2 Mean compartmental LI and number of mitoses (compartments 1, 2, and 3) for the control group and the
HNPCC 50% risk group at each of the five sites

Controls HNPCC 50% risk p Value*

Site Mean LI Mean no of mitoses Mean LI Mean no of mitoses Mean LI Mean no of mitoses

Rectum 1.15 (0.10) 4.5 (0.49) 1.25 (0.08) 5.1 (0.50) 0.45 0.40
Sigmoid 1.36 (0.11) 6.6 (0.78) 1.45 (0.08) 6.4 (0.59) 0.49 0.91
Descending colon 1.63 (0.07) 5.9 (0.64) 1.78 (0.07) 6.1 (0.53) 0.17 0.83
Transverse colon 1.27 (0.06) 5.9 (0.53) 1.51 (0.07) 5.9 (0.44) 0.06 0.98
Ascending colon 1.45 (0.12) 6.3 (0.63) 1.59 (0.08) 6.9 (0.49) 0.35 0.52

Results are expressed as mean (SEM).
*Controls v HNPCC 50% risk. Due to concern related to repeated significance testing, p>0.01 was considered non-significant.

Table 3 Mean compartmental LI and number of mitoses (compartments 4 and 5) for the control group and the HNPCC
50% risk group at each of the five sites

Controls HNPCC 50% risk p Value*

Site Mean LI Mean no of mitoses Mean LI Mean no of mitoses Mean LI Mean no of mitoses

Rectum 0.10 (0.02) 0.34 (0.10) 0.16 (0.03) 0.43 (0.13) 0.28 0.61
Sigmoid 0.12 (0.04) 0.31 (0.12) 0.16 (0.03) 0.32 (0.10) 0.54 0.92
Descending colon 0.12 (0.03) 0.31 (0.07) 0.18 (0.03) 0.41 (0.08) 0.25 0.37
Transverse colon 0.13 (0.03) 0.34 (0.13) 0.16 (0.03) 0.34 (0.08) 0.46 0.99
Ascending colon 0.15 (0.04) 0.43 (0.10) 0.25 (0.03) 0.48 (0.08) 0.05 0.71

Results are expressed as mean (SEM).
*Controls v HNPCC 50% risk. Due to concern related to repeated significance testing, p>0.01 was considered non-significant.

Table 4 Mean total LI and number of mitoses per crypt for known gene carriers and known non-gene carriers

Controls HNPCC 50% risk p Value*

Site Mean LI Mean no of mitoses Mean LI Mean no of mitoses Mean LI Mean no of mitoses

Rectum 0.33 (0.05) 5.7 (1.20) 0.33 (0.04) 4.6 (0.66) 0.97 0.36
Sigmoid 0.32 (0.03) 7.9 (2.17) 0.38 (0.05) 5.8 (0.77) 0.38 0.33
Descending colon 0.36 (0.04) 7.1 (1.30) 0.41 (0.04) 5.9 (0.87) 0.45 0.45
Transverse colon 0.34 (0.04) 7.0 (1.34) 0.39 (0.04) 5.5 (0.60) 0.40 0.29
Ascending colon 0.38 (0.04) 7.0 (0.89) 0.43 (0.04) 7.0 (0.93) 0.44 0.97

Results are expressed as mean (SEM).
*Controls v HNPCC 50% risk. Due to concern related to repeated significance testing, p>0.01 was considered non-significant.
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diVerences in the mean total LI or
mean number of mitoses at the individual
sites between those who had inherited the
mutation and those who had not (table 4,
fig 4).

Mean compartmental LI and mean number of
mitoses per compartment at the individual sites
The mean compartmental LIs and mean
number of mitoses for the lower 60% of the
crypt (compartments 1, 2, and 3) were similar
in those who had inherited the mutation and
those who did not carry the mutation (table 5).
The mean compartmental LIs in the upper
40% of the crypt (compartments 4 and 5) were
also similar in the gene carriers and non-gene
carriers (table 6). In the upper 40% of the crypt
the mean number of mitoses tended to be
greater in the gene carriers compared with the
non-gene carriers (table 6) but these diVer-
ences were not significant.

Discussion
Many criticisms have been levelled at cell
kinetic studies because of methodological
flaws.33–35 To minimise this problem two diVer-
ent techniques were used in this study.MIB1 is
rapidly gaining favour as a robust marker of cell
proliferation and is superseding the use of
Ki-67, which can only be used on snap frozen
or fresh tissue.29 36 Microdissection and mitosis
counting overcomes some of the criticisms lev-
elled at all immunohistochemical techniques—
for example, concomitant changes in the
denominator and pitfalls associated with scor-
ing crypt sections.33

As the two techniques used in this study
identify cells during diVerent parts of the cell
cycle (MIB1—throughout the cell cycle;
microdissection—M phase only) and results
for each are expressed on diVerent bases, the
absolute values obtained are obviously diVer-
ent. However, comparison of the two tech-
niques showed a significant correlation be-
tween MIB1 and microdissection and mitosis
counting but with considerable variation for
individual biopsy specimens. Potential sources
of variability are proliferation assay
reproducibility, variation in biopsy site, and
potential artefacts caused, for example, by
some bowel preparations.37 For the MIB1 pro-
liferation assay reproducibility was determined
by multiple counts on the same biopsy
specimens.DiVerences between average counts
for MIB1 were 1.8–4%. In assessing variability
between counts for microdissection and mito-
sis counting a fresh set of crypts had to be pre-
pared; thus variations in counting would be
confounded by true biological variations.
Hence variability between counts for microdis-
section and mitosis counting was greater
(7–16%).
Some variation may also occur between

biopsy specimens taken from the same region
of the colon but at a slightly diVerent site.
Alberts and Einspahr showed small diVerences

Figure 4 Mean labelling index for all five sites, according to gene carrier status.
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Table 5 Mean compartmental LI and number of mitoses (compartments 1, 2, and 3) for known gene carriers and known
non-gene carriers at each of the five sites

Controls HNPCC 50% risk p Value*

Site Mean LI Mean no of mitoses Mean LI Mean no of mitoses Mean LI Mean no of mitoses

Rectum 1.26 (0.17) 5.1 (0.82) 1.29 (0.16) 4.3 (0.62) 0.93 0.45
Sigmoid 1.27 (0.11) 7.2 (1.90) 1.47 (0.20) 5.7 (0.78) 0.48 0.44
Descending colon 1.64 (0.12) 6.6 (1.32) 1.80 (0.15) 5.8 (0.88) 0.46 0.60
Transverse colon 1.34 (0.15) 6.4 (1.24) 1.57 (0.14) 5.3 (0.59) 0.30 0.39
Ascending colon 1.49 (0.15) 6.5 (0.79) 1.68 (0.16) 6.5 (0.89) 0.42 0.99

Results are expressed as mean (SEM).
*Controls v HNPCC 50% risk. Due to concern related to repeated significance testing, p>0.01 was considered non-significant.

Table 6 Mean compartmental LI and number of mitoses (compartments 4 and 5) for known gene carriers and known
non-gene carriers at each of the five sites

Controls HNPCC 50% risk p Value*

Site Mean LI Mean no of mitoses Mean LI Mean no of mitoses Mean LI Mean no of mitoses

Rectum 0.24 (0.11) 0.68 (0.38) 0.12 (0.05) 0.27 (0.14) 0.27 0.27
Sigmoid 0.14 (0.05) 0.70 (0.34) 0.17 (0.34) 0.06 (0.02) 0.75 0.04
Descending colon 0.15 (0.07) 0.48 (0.17) 0.19 (0.07) 0.12 (0.04) 0.72 0.03
Transverse colon 0.20 (0.08) 0.59 (0.22) 0.16 (0.05) 0.19 (0.06) 0.64 0.06
Ascending colon 0.26 (0.04) 0.51 (0.18) 0.24 (0.05) 0.33 (0.12) 0.80 0.37

Results are expressed as mean (SEM).
*Controls v HNPCC 50% risk. Due to concern related to repeated significance testing, p>0.01 was considered non-significant.
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in mean LIs taken at the same level in the rec-
tum but from four diVerent quadrants.37

Several studies have examined the eVect of dif-
ferent bowel preparations on crypt cell
proliferation.38 39 All showed that the standard
bowel preparations, as used in this present
study, have no significant eVect on crypt cell
proliferation although enemas may induce an
increase in cell proliferation due to exfoliation
of cells from the mucosal surface. All patients
in this study received the same regime to avoid
any such artefactual variation.
The majority of human studies using prolif-

erative indices as a marker for neoplastic risk
have looked at rectal epithelial proliferation
only, or have not stated the site from which
biopsy specimens were taken. This may not
accurately reflect the picture elsewhere in the
colon. In this study proliferation was studied at
five sites along the colon. Previous studies of
diVerences in proliferative indices at diVerent
sites in the human large bowel have yielded
inconsistent observations.40–46 The significant
reduction in both the MIB1 LI and mean
number of mitoses per crypt as one moves cau-
dally along the colon, shown in this study,
underlines the importance of stating the site
from which biopsy specimens are taken for
comparative studies and illustrates a potential
source of error in previous studies on colonic
crypt cell proliferation.
The indices of crypt cell proliferation used in

this study showed no significant diVerences in
the total mean LI or the mean number of
mitoses per crypt between the HNPCC 50%
risk and control groups. This is in agreement
with previous studies both in patients with
sporadic colorectal adenomas or carcinomas
and patients at risk of HNPCC.6–8 47 48

There was no significant diVerence in the
distribution of proliferating cells within crypts
between the HNPCC 50% risk and control
groups. This is in contrast to the majority of
previous studies in patients with sporadic
adenomas or carcinomas and patients at risk of
HNPCC, which have reported a shift of the
proliferative compartment towards the luminal
surface.2–14 The reasons for this divergence in
results are not clear although, as already
discussed, they all used a single technique—
either autoradiography following the incorpo-
ration of tritiated thymidine or immunohisto-
chemistry using a monoclonal antibody—to
measure proliferation and some were per-
formed on rectal biopsy specimens alone.
Three studies have been published in which no
shift of the proliferative compartment in
patients with sporadic adenomas and carcino-
mas compared with controls was reported. The
first is that of Matthew et al in which the distri-
bution of proliferating cells (studied using the
microdissection and crypt squash technique)
was not significantly diVerent in patients with
adenomatous polyps compared with controls.49

Secondly Kashtan et al compared the thymi-
dine labelling index and spatial distribution of
rectal mitoses of adenoma patients with
controls but no diVerences could be detected.50

Finally Nakamura et al examined the labelling
distribution of colonic crypts using ex vivo

autoradiography.51 They studied patients with
sporadic colonic adenomas, sporadic adeno-
carcinomas, and patients with FAP. They
found similar labelling distributions and an
absence of upwards shift of the active prolifer-
ating zone in all three groups. They went on to
support their findings by investigating the
nuclear DNA content in the lower two thirds
and upper third of isolated crypts from the
same patients. The results showed that all
nuclei in the upper one third of crypts had a
normal diploid DNA content in both FAP and
sporadic colorectal cancer, indicating that none
of these cells was proliferating.52

In the present study gene carrier status was
known in 21 of 35 at risk patients and this
group was examined separately. Analysis of
variance showed no significant diVerence in
either the total LI, compartmental LI, total
number of mitoses, or distribution of mitoses
in this group compared with those who had not
inherited the gene. Only one other published
study has looked at crypt cell proliferation in
known HNPCC gene carriers.53 All other stud-
ies have looked at individuals “at risk” of
having inherited the genetic mutation. This
means that twice as many patients would be
needed to show any diVerence as 50% of those
studied would be normal (that is, not carry the
HNPCC gene). In this study Jass et al reported
no diVerence in either the labelling indices or
proliferative compartment locations between
the mutation positive patients and a control
group.53 Their numbers, however, were small
(n=4) and they lacked a proper control group.
Their control group consisted of individuals
with a history of colorectal cancer but lacking
the clinical and pathological features of
HNPCC.
Jass54 had previously questioned the model of

Fearon and Vogelstein which proposes a stage of
hyperproliferation preceding neoplastic
initiation.55 He has suggested that focal hyper-
proliferation is synonymous with microadenoma
and indeed identified a focal lesion composed of
dysplastic tubules in the illustrations from which
Fearon and Vogelstein developed their model of
the adenoma–carcinoma sequence. Vogelstein
has now replaced “hyperproliferation” with
“dysplastic aberrant crypt foci” in this model of
colorectal tumorigenesis.56 Recent evidence also
suggests that in HNPCC there is no increase in
the somatic mutation rate in the normal
mucosa,57 58 but that the HNPCC gene defect
acts at the level of the adenoma to promote
tumour progression,53 56 unlike the APC gene in
FAP which aVects the rate of tumour initiation.
This negates the proposed preneoplastic stage of
mucosal hyperproliferation throughout the
colon and supports the findings in this study.
The proposed link between cell proliferation

and susceptibility to colorectal cancer is further
questioned by the diVerences in the back-
ground proliferation indices in diVerent re-
gions of the intestinal tract42 59; cancers occur
more frequently in those segments with a rela-
tively low LI. In this study there was an
increased LI in both patient groups in the right
colon compared with the sigmoid colon and
rectum, where 60% of all colorectal cancers
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arise. Potten et al also reported a higher LI in
the ileum and colon compared with the
rectum, but from the duration of S phase they
were able to calculate the turnover time, which
was greater in the rectum.42 The longer the tis-
sue turnover time the greater the duration of
exposure to possible luminal carcinogens,
which may contribute to the increased inci-
dence of sporadic cancers in the distal colon
compared with the proximal colon.
Crypt cell proliferation is known to be

aVected by a wide variety of factors including
diet, drugs, age, bowel preparation, and
circadian rhythm.60–66 Methodological varia-
tions are also likely to occur even if strict crite-
ria are adhered to. Expansion of the prolifera-
tive compartment within normal flat colorectal
mucosa described by others may well, there-
fore, be a reflection of a non-specific response
to a variety of luminal factors or flawed
methodological techniques, rather than a
precursor of malignancy.
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