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Proliferative compartment deregulation in the
non-neoplastic colonic epithelium of familial
adenomatous polyposis
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Abstract
Previous work has shown abnormalities in
the proliferative activity of the colorectal
mucosa in familial adenomatous poly-
posis (FAP). Some doubts remain about
the validity of these findings because of
difficulties in excluding adenomatous
crypts, particularly in methods using
tritiated thymidine, bromodeoxyuridine,
and ornithine decarboxylase. The prolif-
erative activity of the epithelium in
colonic resections from 20 FAP patients
was compared with that of age, sex, and
site matched controls using a new mono-
clonal antibody MIB1 to assay the expres-
sion of Ki-67 antigen in routinely
processed tissue. The labelling indices
were very similar in the polyposis and
control cases (25.5 (1.4)% and 26-7 (1.7)%
respectively) but analysis of the distribu-
tion of labelled cells showed a significant
shift of the proliferative compartment
towards the luminal surface in the FAP
group. Specifically, the labelling index
was lower in the basal fifth ofthe polyposis
crypts and higher in the two fifths at the
luminal surface. These results show that
analysis of proliferative activity in FAP is
now achievable in routine histological
material and indicate deregulation of
proliferative control in the FAP colonic
crypt. This may form a useful diagnostic
adjunct to standard clinical and molecular
genetic techniques, particularly in view
of the current interest in dietary and
pharmacological intervention in sporadic
colorectal carcinoma.
(Gut 1995; 36: 391-394)
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The risk of colonic neoplasia may be related to
altered cellular proliferation within the
mucosal crypts. l In normal mucosa, basal stem
cells undergo mitosis producing daughter cells
that migrate up the crypt. Cells then exit the
cell cycle and a state of terminal differentiation
is reached. This results in a proliferative zone
limited to the basal two thirds of the crypt.2
Expansion of this zone has been shown in a
variety of preneoplastic conditions, most
notably familial adenomatous polyposis
(FAP).3 4 In addition, several studies have
suggested a return to normal of crypt cell
proliferation after treatment with agents

thought to be antineoplastic.5 6 These changes
may therefore identify both individuals at
increased risk of colorectal cancer and an early
effect of dietary or pharmacological agents
aimed at preventing this.
The most widely used method of estimating

crypt cell proliferation has required in vitro
incubation of tissue with tritiated thymidine
or bromodeoxyuridine.7 Studies using these
techniques may be criticised as it is difficult to
exclude microadenomas, and cell replication
in culture may not be representative of cell
behaviour in vivo. Direct immunohisto-
chemical demonstration of a cell cycle related
antigen became possible with a monoclonal
antibody to the Ki-67 antigen but this
required fresh or snap frozen tissue.8 More
recently, monoclonal antibodies have been
raised to the proliferating cell nuclear antigen
(PCNA) but this has a number of limitations
as a marker of proliferation.9 10 Although
direct mitosis counts are reliable and can be
performed on three dimensional crypts, these
are time consuming and are difficult to apply
to paraffin embedded tissue. Large scale
studies would be facilitated by a technique
that could easily be performed as part of
routine pathology services. A new monoclonal
antibody, MIB1, has recently been raised to
the Ki-67 antigen. This can be shown in
routinely processed, paraffin fixed tissue with
microwave pretreatment and is a robust
marker of proliferation.7 8 10 12-14 Described
here are the results of this monoclonal
antibody applied to archival paraffin blocks in
which adenomatous crypts can be confidently
excluded.

Methods
Archival paraffin block specimens were
collected for 20 FAP colectomy patients and
for 20 age, sex, and site matched controls
(Table I). The latter were right hemicolec-
tomy specimens performed for ileal Crohn's
disease in which the colon was histologically
normal and in which there had never
been clinically demonstrable colonic Crohn's
disease. Sections (4 ,um) were cut and

TABLE I Characteristics ofstudy and control groupsfrom
whom tissue blocks were obtained

Familial adenomatous
Controls polyposis

No 20 20
Age (y) (mean (range)) 34-7 (16-63) 34-8 (13-62)
Sex (M:F) 10:10 10:10
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TABLE II Total number of cells in crypt columns and number that stained positively for
MIBI in specimens from control andfamilial adenomatous polyposis (FAP) subjects

Controls FAP

No of cellsl No ofMIBI No of cells! No ofMIBI
hemicrypt cells hemicrypt cells

Absolute counts (mean (SEM)) 85-3 (2.4) 22-7 (1-4) 88-1 (2.2) 22-3 (1-3)
Labelling index (mean (SEM)) - 26-7 (1-7) - 25-5 (1-4)

dewaxed, and endogenous peroxidase was
blocked with 1% H202 for 30 minutes. Before
application of MIB1 primary antibody, the
sections were microwaved in 0.01 M citrate
buffer, pH 6 at 850 W for 20 minutes.
Immunoperoxidase detection was achieved
with the avidin-biotin conjugate method
followed by the diaminobenzidine with nickel
cobalt enhancement reaction. Counter
staining was performed with nuclear fast red.
Negative controls were prepared with omission
of the primary antibody.

All cell counting was performed by a single
blinded observer (SJM) according to strict
criteria. Care was taken to include only mor-
phologically normal, perfectly longitudinally
oriented crypts. In addition, crypts had to be
complete as defined by the base abutting on
the muscularis mucosae and the luminal sur-
face junction with the neighbouring crypt
being complete. The total number of cells in
each hemicrypt was counted, divided by five
and the number of stained cells in each
fifth was determined. Any degree of nuclear
staining was taken as positive. Every assessable
crypt column in each section was counted, a
mean of 14 crypt columns for each individual.
Intraobserver variation was assessed by
performing 10 recounts of the same two crypts
on different occasions.

Results
In this study the age of the blocks varied
from 1 to 11 years and all had been routinely
formalin fixed and paraffin embedded.
The quality of staining did not vary with
the age of the blocks and was uniformly good
and restricted to the cell nuclei. Assessment
was simplified by the ease of discriminating
between stained and unstained nuclei.
The length of the crypt columns was very
similar in the two groups (Table II) and
it was straightforward to ensure the inclusion
of morphologically normal crypts only,
excluding even unicryptal adenomas. The
mean coefficient of intraobserver variation
was 4.2%. The mean total labelling
indices were almost identical for both groups
and were normally distributed (Table II).

TABLE III Distribution of labelled cells expressed as a percentage of all labelled cells found
in each crypt compartment (CC) in controls and subjects with familial adenomatous poly-
posis (FAP)

Crypt base Crypt surface
CCI CC2 CC3 CC4 CCS

Control (mean (SEM)) 38-1 (1-5) 39.3 (0.8) 19-5 (1.1) 3.0 (0 8) 0.07 (0.06)
FAP (mean (SEM)) 34-1 (1-8) 38-2 (0.8) 21-8 (1-4) 5-6 (0.9) 0-5 (0-1)
p Value 0-08 0 35 0.19 0.04 0.005

Despite considerable interindividual varia-
tion, the pattern of staining was consistent
with labelled cells concentrated in the
lower part of the crypts. Crypt columns were
then divided into fifths as described above
where crypt compartment 1 is the crypt base
and crypt compartment 5 nearest the luminal
surface. Analysis of the results using an
unpaired Student's t test showed that the
labelling index was lower (p=0.08) at the
crypt base and higher (p=0.005) at the crypt
surface for the FAP colons (Table III and
Figure).

Discussion
A number of authors have suggested that the
proliferative compartment of the colonic
epithelium from FAP patients is expanded
compared with that of controls.' 3 4 15-18
However, there have been some discordant
reports,'9 20 which may reflect the technical
difficulties of the methods used. In this study
a robust immunohistological method has been
employed in good quality paraffin wax
sections. This has demonstrated unequivocally
a clear alteration of the proliferative compart-
ment in the non-neoplastic epithelium of FAP
colons.
The MIB 1 antibody has been shown to stain

comparably with Ki67 in fresh tissue and after
microwave oven pretreatment, in paraffin
sections.12 21 It is not known how microwave
heating results in the unmasking of epitopes
but it has been suggested that it changes the
cross linking effect of formaldehyde fixation.22
Fixation times in excess of 24 hours can be
corrected for by increasing the time in the
microwave and 20 minutes has been suggested
as an optimal heating time when fixation time
is not controlled.23
The specificity of the Ki-67 antigen for

proliferating cells has been established,'3
and expression correlates well with growth
fraction.'4 Although the role of this antigen in
cellular proliferation has yet to be defined,
considerable progress has been made recently
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Proportion of labelled cells situated in the luminal 40% of
the crypts (CC4+5) showing the 95% confidence interval
for the median for the control andfamilial adenomatous
polyposis (FAP) groups.
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in the characterisation of the antigen.
After immunoblot analysis, Ki67 antibody
recognised a double band of Mr 345 and 395
kD in lysates of proliferating cells but not their
non-proliferating counterparts.24 Gerde's
group went on to perform immunoscreening of
a Xgtl 1 human cDNA expression library with
Ki67 and obtained a 1095 base pair (bp)
partial clone containing three repetitive
sequences of 366 nucleotides. Once expressed,
these regions were found to react specifically
with Ki67 on SDS-PAGE suggesting that they
code for the epitope recognised by the Ki67
antibody.25 Using this 1095 bp partial clone
for chromosomal in situ hybridisation, the
gene has been mapped to 1 0q25 (ter) .26
Further characterisation of the gene has
revealed 16 of the repetitive 366 bp fragments
containing highly conserved 62 bp regions.27
On the basis of this evidence it has been
suggested that the function of the protein may
be maintaining higher order structure for DNA
during mitosis.28

In order to obtain age, sex, and site matched
controls, it was necessary to use specimens
removed for Crohn's disease. While these
cannot be considered entirely ideal controls,
none of these patients had colonic disease doc-
umented clinically or histopathologically. As
this is a segmental disease, we believe that
these specimens are the best obtainable
controls for patients in the age range of the
FAP patients.

Although there was considerable inter-
individual variation in the labelling indices,
the pattern of distribution of labelling was
consistent. In both groups, most labelled cells
were in the lower three fifths of the crypt.
Statistical analysis confirmed that there was
a shift in the proliferative compartment
towards the crypt surface in the FAP group.
The labelling index in these patients was
lower in the crypt base and higher at the crypt
surface. This confirms previous in vitro work
with tritiated thymidine, in which a similar
pattern of change was described as a stage II
abnormality (where stage I indicates an
extension of the compartment towards the
crypt surface and stage III an elevated overall
labelling index).29 The cellular mechanisms
regulating crypt cell renewal remain uncer-
tain but this spatial shift in the proliferative
compartment suggests deregulation of nor-
mal control mechanisms in FAP. Similar
changes have been found using a variety of
techniques in patients at high risk for colonic
neoplasia.16 30-33 It is possible that this
change represents an early event in neoplastic
transformation, although this view does not
go unchallenged.'9 An important application
of this putative intermediate biomarker for
neoplastic risk is in interventional studies.34
35 With the current interest in dietary and
pharmacological intervention in colorectal
carcinoma, an immunohistochemical tech-
nique applicable to routinely processed tissue
that may detect a preneoplastic abnor-
mality has obvious attractions and the MIB1
based procedure seems promising in this
regard.
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