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Assessment of proliferation of squamous, Barrett's
and gastric mucosa in patients with columnar lined
Barrett's oesophagus

S Y Iftikhar, R J C Steele, S Watson, P D James, K Dilks, J D Hardcastle

Abstract
There is no satisfactory biomarker yet
available for predicting the likelihood of pre-
malignant changes or carcinoma developing in
Barrett's or columnar lined oesophagus. In this
study we have evaluated the proliferation of
squamous epithelium, columnar epithelium
from columnar lined oesophagus and gastric
columnar epithelium from 23 Barrett's patients
using positive immunoreactivity with the
mouse monoclonal antibody Ki67 (which
recognises an antigen associated with pro-
liferative cells) with a view to using this para-
meter as a biomarker. Squamous epithelium
had significantly higher Ki67 immunostaining
as compared with columnar epithelium from
columnar lined oesophagus (when examining
the tissue with greater than 15% cells staining
positive for Ki67, Fisher's exact test p=0.004)
but there was no difference found between the
epithelium from the columnar lined oesopha-
gus and gastric columnar epithelium. There
was no correlation between histological
inflammation and Ki67 immunoreactivity of
Barrett's mucosa, and the Ki67 immunostain-
ing of two patients with dysplasia was no
different from the rest ofthe group. There was,
however, a significant correlation between
the Ki67 immunoreactivity of columnar
epithelium from columnar lined oesophagus
and columnar epithelium from the stomach
(correlation coefficient=044, p=003) sug-
gesting that epithelium from columnar lined
oesophagus behaves in a similar fashion to
gastric epithelium.
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Cell renewal in intestinal epithelium is an orderly
sequential process proceeding from proliferation
of cells in the basal layer through maturation of
the daughter cells to formation of the epithelial
cells lining the intestinal mucosa. This pattern is
altered in pathological states, which can be
characterised by an increased intestinal cell turn-
over rate.' For example, colonic epithelium in
ulcerative colitis is characterised by an increase
in the proportion of epithelial cells synthesising
DNA," and upward expansion of the prolifera-
tive zone.'-'

Gastrooesophageal refluxate causes cell
damage in the oesophageal mucosa and the
consequent reparative response also results in
just such proliferative alterations. In some

patients with chronic gastrooesophageal reflux,
metaplastic change in the oesophageal mucosa

also occurs and squamous is replaced by
columnar epithelium` resulting in 'Barrett's or

columnar lined oesophagus'. This columnar

epithelium has the potential for malignant
change,67 but although attempts have been made
to detect such transformation at a premalignant
stage, histological dysplasia remains the only
reliable index to date.' It is of interest, how-
ever, that in Barrett's epithelium, dysplasia is
sometimes associated with aneuploidy, and
occasionally aneuploidy is seen in the absence of
dysplasia. It has therefore been suggested that
ploidy status may be a marker for malignant
changes which precedes the development of
histological abnormalities.9
The proliferative activity of cells has been

evaluated in several pathological conditions,">"
and thymidine labelling index," bromode-
oxyuridine in situ labelling,' -6 DNA flow
cytometry,'7 and Ki67 immunohistochemistry
have been used to quantify the mitotic index in
malignant" "'` and benign disease. 22-2 This
approach has not, however, been evaluated in
columnar lined oesophagus.

Ki67 is a mouse monoclonal antibody that
recognises a nuclear antigen which is expressed
in all phases of the cell cycle except GO (the
quiescent phase), and is therefore associated
with cell proliferation."23 The existence of such
an antigen was originally suggested by Stein and
colleagues24 and subsequently Ki67 was obtained
in studies aimed at the production ofmonoclonal
antibodies to nuclear antigens specific to
Sternberg-Reed cells in Hodgkins disease.23 Pro-
liferative activity (Cell kinetics and mitotic
index) gives reliable information on stem cell
proliferation, and hence is used widely in the
assessment of tumour response to various treat-
ments. It is also particularly important as a
prognostic index in tumours such as lymphoma,
in which chemotherapy and radiotherapy are the
main modalities of treatment. " Proliferative
index has also been evaluated in other malig-
nancies.
The pattern of epithelial proliferation in

Barrett's epithelium is similar to that in other
gastrointestinal mucosa," but, Herbst and his
colleagues" have shown that incorporation of
thymidine in adenocarcinoma associated with
columnar lined oesophagus is similar to that in
adjacent non-neoplastic columnar lined oesopha-
gus, implying that surface labelling of non-
neoplastic columnar lined oesophagus may be
indicative of future development of carcinoma.
It is therefore possible that proliferative index as
measured by Ki67 immunoreactivity may be of
value in predicting malignant change.

In this study Ki67 immunoreactivity in
columnar epithelium of Barrett's oesophagus,
has been compared with that in normal oesopha-
geal squamous and gastric epithelium from the
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same patients. In addition, the proliferative
immunoreactivity of the Barrett's epithelium has
been compared with ploidy status as assessed by
DNA image cytometry in order to evaluate its
role as a possible biomarker for premalignant
change.

Methods

PATIENTS
Twenty three patients with a median age of 57.5
years (range 42-76) and with a histological
diagnosis of Barrett's oesophagus were entered
into this study. The mean length of columnar
lined oesophagus in this group was 7.0 (2.5) cm.

MEASUREMENT OF CELL PROLIFERATION WITH
Ki67 MONOCLONAL ANTIBODY
Endoscopic biopsies of columnar epithelium
from columnar lined oesophagus, gastric epithe-
lium, and normal squamous oesophageal mucosa
were taken from each patient. Multiple biopsies
from different areas of each epithelium were
taken and representative samples were processed
for routine histology. The biopsy material for
study was disaggregated enzymatically with
collagenase to achieve a single cell suspension.3'
The cell suspension was then fixed (10 minutes,
1% paraformaldehyde 4°C, followed by 10
minutes 70% ethanol, at 4°C). Dissaggregation
was checked microscopically as single cells are
required for the flow cytometric assessment, and
few cell clumps were present.
One hundred microlitres of the mouse mono-

clonal antibody, Ki67 (Dakopatts, Bucks, UK)
at 1:10 dilution was added to 2 x 105 cells and
incubated for five minutes at 30°C followed by 55
minutes at room temperature (22°C). The cells
were washed and antibody binding was detected
with an antimouse fluorescein isothiocyanate
conjugate (Dakopatts) used at a 1:80 dilution
(0 5 ml/2x 105 cells) with an incubation period of
30 minutes at room temperature. Cells were
analysed on a fluorescence activated cell sorter32
and the mean linear fluorescence/cell and per-
centage positive cells/population were analysed.
Normal mouse monoclonal (irrelevant) antibody
was used as a primary substitution antibody
control, and fluorescence achieved with this
control was subtracted from that achieved with
Ki67 stained cells. In addition, the primary
antibody was omitted to determine levels of
endogenous fluorescence which was generally
negligible.
The size of the gate was selected for epithelial

cell populations stained with an anticytokeratin
monoclonal antibody and gating set so that all
low fluorescence cells were excluded but high

TABLE I Ki67 immunoreactivity ofsquamous, Barrett's and
gastric mucosa in columnar lined oesophagus patients

Squamous Barrett's Gastric
epithelium epithelium epithelium

Mean 15-14 8-92 11-90
+SD 12-70 9-43 12-60
Range 0-48 30 0-35.60 0-4320
Median 11-60 6-20 7.40
Mann Whitney U-test NS NS

fluorescence cells included. Only cells staining
red with propidium iodine were analysed, thus
red blood cells and effete cells were excluded
from the analysis. Further gating was achieved at
the computer evaluation and this allowed exclu-
sion of lymphocytes and cell clumps, so that the
only potential contaminating cell type was
stromal (5% of cell population in gastric speci-
mens). 30000 cells were counted per analysis
and duplicate samples from each biopsy were
analysed.

DNA IMAGE CYTOMETRY
Nuclear DNA analysis was performed using a
Seescan 'Solitaire Plus' image processing system
which has integrated hardware and software for
rapid interactive nuclear DNA measurement.
Slides were visualised by a Leitz Dialux 20 E B
microscope (modified for stable illumination)
fitted with a black and white charge coupled
device (linear resolution) calibrated camera
inputed into the computer. Calibration for DNA
analysis was achieved using known standards
(chick erythrocyte cells) and biopsies with
known DNA values from a previous study.9
An internal diploid standard (2c) for each

biopsy was produced by counting at least 20
lymphocytes (coefficient of variation range 5
to 15, mean 9.5). The DNA content of at least
50 epithelial cells per biopsy was determined,
and nuclei were selected preferentially if they
appeared morphologically large or atypical.
Nuclei could be measured individually and
touching nuclei in close proximity could be
separated and measured by outlining the nuclei
with the aid of a 'mouse'. At least two levelled
sections from each biopsy were examined.
Aneuploid cells were identified where the DNA
content exceeded 5c and abnormal measure-
ments were repeated at least three times and
confirmed blind by two independent observers.
The practical protocol in this study was other-
wise identical to that previously published.9

Results

HISTOLOGY
Fourteen of the 23 sets of biopsies from the
Barrett's epithelium had specialised epithelium,
12 had fundic and 21 had junctional epithelium
whereas six had all three types of epithelium.
Four of the 23 subjects had histological evidence
of inflammation in the columnar epithelium and
two were diagnosed as having low grade dys-
plasia. In addition the squamous and columnar
nature of each upper oesophageal and gastric
biopsy was confirmed by histology.

Ki67 IMMUNOSTAINING
The mean % cells staining positive for Ki67 in
squamous epithelium was 15.14 (12.70) with a
median of 11.60 (range 0-48 30), whereas mean
% cells staining in oesophageal columnar and
gastric epithelium was 8.92 (9.43) and 11.90
(12.60) respectively. The median values for
columnar and gastric epithelium were 6.20
(range 0-35 60) and 7.40 (0-43-20) respectively
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Figure 1: Comparison ofKi67 immunostaining ofsquamous,
Barrett's and gastric columnar epithelium in patients with
Barrett's oesophagus.

TABLE II Ki67 immunoreactivity in squamous, Barrett's and
gastric mucosa

Squamous Barrett's Gastric
Cells staining positive mucosa mucosa mucosa
for Ki67 (%) (n=23) (n=23) (n=23)

1 <5 5 8 7
2 5-15 7 13 10
3 16-25 6 0 2
4 26-50 5 2 4

Fisher extact test.
Squamous v Barrett's. p=0 004 Df= 1
(3&4) (3&4)

(Table I, individual results shown in Figure 1).
When compared using the Mann Whitney U-test
there was no significant difference found
between % cells staining positive for Ki67 in
squamous epithelium, columnar epithelium
from Barrett's oesophagus and gastric epithe-
lium. When the percentage of cells staining
positive for Ki67 monoclonal antibody was sub-
divided into four groups, however - that is, <5%
cells staining positive, 5-15% cells staining
positive, 16-25% cells staining positive and 26-
50% staining positive, a significantly higher
number of squamous epithelia displayed more
than 15% of cells staining as compared to
Barrett's epithelium (Fisher's Exact test
p=0.004, df= 1) (Table II). No statistical differ-
ence was found when squamous and gastric
epithelium or Barrett's and gastric epithelium
were compared with each other. There was no
correlation found between the proliferation
(as assessed by Ki67 immunoreactivity) of
squamous and Barrett's epithelium. A statistic-
ally significant positive correlation, however,
between Barrett's and gastric epithelium was
found (Fig 2).

DNA IMAGE CYTOMETRY
Twenty one sets of biopsies of histologically
benign columnar epithelium from columnar
lined oesophagus of 21 patients and one set of
biopsy from a dysplastic columnar epithelium
from columnar lined oesophagus showed a
normal DNA profile. One patient with dys-
plasia, however, was found to have aneuploid
cells.

CORRELATION OF PLOIDY AND INFLAMMATION
WITH Ki67 IMMUNOREACTIVITY
The one patient with aneuploid cells had a Ki67
immunoreactivity value of 5.6%. This was not
markedly different to the Ki67 immunostaining
of its respective squamous and gastric epithe-
lium. Four patients who had histological
evidence of inflammation in the columnar lined
oesophagus did not have raised Ki67 immuno-
staining of their columnar epithelium as com-
pared with their squamous or gastric epithelium.

-5 0 10 20 30 40 50

% Cells staining positive for Ki67 in
gastric epithelium

Pearson's rank correlation coefficient = 0.440 p = 0-03

Figure 2: Correlation between Ki67 immunostaining ofBarrett's and gastric epithelium in

patients with Barrett's oesophagus.

Discussion
Several attempts have been made to identify a

biomarker which may identify a subgroup of
patients with Barrett's oesophagus who are likely
to develop carcinoma. Sulphomucin secretion
has been investigated but has been found to be a
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common feature of columnar lined oesophagus
and not sufficiently discriminatory to detect a
subgroup of patients at high risk of malignant
change.33 Similarly, differences in ornithine
decarboxylase activity in non-dysplastic and
dysplastic epithelium of columnar lined oeso-
phagus has not been observed.34
To date, several methods for the assessment

of cellular proliferation have been used in an
attempt to quantify various stages of the cell
cycle and to relate these to the biological
behaviour of the cell.35 In the present study,
the Ki67 mouse monoclonal antibody has been
used to determine the level of proliferation of
squamous, columnar and gastric epithelium
from patients with Barrett's oesophagus. The
squamous epithelium in these patients had a
higher level of proliferation than the Barrett's
epithelium, a finding in contrast with that of
Herbst and his colleagues30 who showed by the
indirect method of in vitro thymidine labelling
that cell turnover was much slower in the
squamous epithelium as compared with Barrett's
epithelium of patients with columnar lined
oesophagus.
No previous attempts have been made to

compare the proliferation of Barrett's epithelium
and gastric epithelium obtained from the same
patients. In this study no difference between the
proliferation of Barrett's epithelium and gastric
epithelium was found. One possible explanation
of higher Ki67 immunostaining in squamous
mucosa in these patients may be that this epithe-
lium bears the brunt of gastrooesophageal reflux
whereas Barrett's epithelium is more akin to
gastric epithelium and can withstand the harm-
ful effect of gastric juice. The Ki67 staining of
normal squamous epithelium has not been
studied, however, and although there is evidence
that in ulcerative colitis subjects there is
abnormal cell renewal' and higher proliferation
in inflamed mucosa, the inflamed Barrett's
mucosa in this study did not exhibit enhanced
levels of Ki67 immunostaining.
No correlation between the Ki67 immuno-

staining of the squamous and columnar epithe-
lium from columnar lined oesophagus subjects
was found, but a significant positive correlation
was found between the Barrett's epithelium and
gastric epithelium. This is in concordance with
the findings of Herbst and his colleagues30 and
Pellish and his colleagues29 who also found that
cell turnover of oesophageal columnar epithe-
lium was similar to other columnar epithelium of
the gastrointestinal tract. This significant corre-
lation of the proliferative indices of the oesopha-
geal and gastric columnar epithelium, however,
does raise the question as to what extent patients
with Barrett's oesophagus are prone to gastric
dysplasia and adenocarcinoma. No such evalua-
tion has yet been possible but studies are
required to answer this question.

In this study it has been shown that squamous
epithelium has a higher proliferative index than
Barrett's epithelium in columnar lined oesopha-
gus patients and that oesophageal columnar
epithelium behaves in similar fashion to gastric
columnar epithelium. Owing to small numbers
of dysplastic or aneuploid biopsies, however, it
has not been possible in this study to show that

Ki67 immunostaining is related to these histo-
logical or cytometric features. In addition any
value that it may have as a biomarker or in
defining a subgroup of patients who may be
prone to future development of dysplasia or
adenocarcinoma in their columnar lined oeso-
phagus can only be investigated by prolonged
follow up.
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