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Proliferating cell nuclear antigen in oesophageal
diseases; correlation with transforming growth factor
alpha expression

J Jankowski, R McMenemin, C Yu, D Hopwood, K G Wormsley

Abstract
This study was designed to correlate mucosal
proliferation in Barrett's oesophagus with
expression of a growth promoting peptide,
transforming growth factor alpha (TGFct).
Oesophageal mucosa was studied from 50
patients with oesophageal disease who had
been treated by oesophagectomy. Histological
analysis showed a range of oesophageal
pathology - 18 patients had gastric type
Barrett's mucosa, 18 had intestinal type
Barrett's mucosa, and 14 had oesophageal
adenocarcinomas. Sections were stained
immunohistochemically for proliferating cell
nuclear antigen (PCNA) (an index of cellular
proliferation) and TGFca. PCNA immuno-
staining was seen mainly in the basal cells of
the neck/foveolar epithelial compartment of
the glands in Barrett's oesophagus. However,
in mucosa with high grade dysplasia, the pro-
liferative compartment extended upwards into
the superficial layers of the glands. At least
2000 cells were counted in each patient to
determine the proportion with PCNA immuno-
reactivity (PCNA labelling index). The label-
ling index was highest in adenocarcinoma
(25%) and in Barrett's intestinal type mucosa

with high grade dysplasia (26%) compared with
intestinal type mucosa with no significant dys-
plasia (20%) and Barrett's gastric type mucosa
(12%). There was a significant positive correla-
tion between PCNA labelling indices and
TGFa expression in Barrett's mucosa

(p<O.Ol). In glands showing high grade dys-
plasia, TGFct immunoreactivity was seen in
the same regions of the glands as PCNA
immunoreactivity, indicating the possibility of
involvement of TGFca in (pre) neoplastic
proliferation in Barrett's oesophagus.
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In 1950, Norman Barrett drew attention to a

condition in which the lower portion of the
oesophagus was lined by columnar epithelium.'
Subsequently it has been recognised that
Barrett's mucosa has a 30-40 fold increased risk
of developing adenocarcinoma compared with
the normal oesophagus,2 while adenocarcinomas
arising in the oesophagus are mostly associated
with surrounding Barrett's columnar lined
mucosa.2 Moreover, it has been reported that the
incidence of oesophageal adenocarcinoma has
recently been increasing throughout Britain and
the USA.34 It seems possible that the process of
oesophageal carcinogenesis involves the replace-
ment of inflamed squamous mucosa by meta-
plastic columnar lined mucosa, with eventual
development of high grade dysplasia or car-
cinoma in situ (the metaplasia-dysplasia-

carcinoma sequence).56 However, it is not known
what factors determine the progression from
inflamed mucosa to metaplastic, dysplastic, and
frankly carcinomatous mucosal cells.

Until recently, proliferative indices have been
assessed by in vitro methods such as labelling
with tritiated thymidine or bromode-
oxyuridine.78 Recently, a new antibody to pro-
liferating cell nuclear antigen (PCNA), an auxil-
lary protein for DNA synthetase,9 has been
described.'°" This antibody, designated PC10,
allows ex-vivo proliferative indices to be assessed
in formalin fixed tissues.'2 13

Although the mechanisms underlying
oesophageal carcinogenesis are not known, it has
been reported previously that transforming
growth factor alpha (TGFct) exerts mitogenic
and oncogenic effects on the alimentary tract,
including the oesophagus, stomach, and
pancreas.'4'6 A further link with PCNA expres-
sion depends on the finding that growth factors
can induce PCNA mRNA stability, and conse-
quently, PCNA expression.`

In this study, therefore, our aim was to assess
proliferation in benign and malignant
oesophageal mucosa using PCNA immunostain-
ing as an index of proliferation, and to correlate
the latter with expression of one of the peptides,
TGFt, thought to be involved in mitogenesis
and carcinogenesis.

Patients and methods
Fifty patients who had undergone oesophageal
resection for oesophageal carcinoma, dysplasia
in Barrett's oesophagus, or benign peptic
strictures had serial 6 [im sections taken from
available paraffin embedded blocks.

Routine histological assessment was per-
formed on sections stained with haematoxylin
and eosin. The sections were graded for meta-
plasia and dysplasia according to the criteria of
Whitehead'7 and Riddell,'8 respectively. Sections
that had predominantly one type of metaplastic
epithelium, involving more than 95% of the
mucosal surface, were selected. Sections with
Barrett's epithelium were divided into three
groups: Barrett's gastric type mucosa (fundic or
cardiac); Barrett's intestinal type mucosa; and
adenocarcinoma arising in Barrett's oesophagus.
The monoclonal antibody, PC 10, was applied

to serial paraffin sections from the selected tissue
blocks as described previously.'9 All sections
were dewaxed and air dried at room temperature.
The antibody was used at a dilution of 1:200 with
overnight incubation. Immunoperoxidase stain-
ing was carried out by the modified streptavidine
sABC method. Sections of lymph nodes from
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Figure 1: PCNA labelling indices in different regions of the Barrett's glands.

patients with lymphoma were

positive controls.'3 The number
positive PCNA staining was count
mum of 2000 nucleated epithelial
mum of40 crypts) and expressed as
of the total number of cells cou

labelling index). The labelling
determined separately in each of th
in the glands - superficial cells,
compartment, and base of the glanc
labelling index for each gland was a

ucosa from the total number of positive cells in all three
levels, expressed as a percentage of all cells
counted. Additional serial sections from the
same blocks were stained immunohistochemi-

tinal type cally with a monoclonal antibody to TGFu in adilution of 1:200 with overnight incubation. The
TGFct antibody is an IgG monoclonal antibody
(Oncogene Science, Manhasset New York).

A Negative control sections included sections of
* Barrett's oesophagus and pancreatic cancer

which were incubated overnight with an excess
* of TGFt peptide 1 [ig/ml (Sigma) and TGFu

antibody. The technique is designed to assess the
specificity of the antibody by demonstrating
staining of proteins other than TGFu alone

* (absorbance reaction).
A Positive control studies included duplicateA sections of pancreatic carcinoma which were
v stained with a monoclonal TGFca antibody and a

3Â polyclonal TGFt antibody (26T, gift from DrW
: Gullick ICRF).

The sections were graded according to the
l-- | intensity of cytoplasmic staining for TGFct by

N1eck Base examination of at least 1000 consecutive(18) (18) nucleated epithelial cells, which were indepen-
dently assessed by two observers. The sections
were considered positive only if the number of
epithelial cells which had at least 1+ staining was
greater than 10% of the total epithelial cells. The
intensity of staining was graded as 0-III (0=no
staining, I+ =weakly positive, II+ =moderately

included as positive (cytoplasm positive but other cyto-
of cells with plasmic details also visible), and III+ =strongly
ted in a mini- positive (entire cytoplasm densely stained)). The
cells (a mini- grade considered to be III+ stained as densely as
s a percentage simultaneously stained (control) pancreatic car-
nted (PCNA cinoma.'4'6
indices were In some sections TGFt antibody produced
ie three levels membranous staining in addition to cytoplasmic
neck/isthmus staining and this finding was noted separately. In
d. The overall some cases the staining intensity was not uniform
ilso calculated within a gland and a mean intensity per section

Figure 2: (A) Photomicrograph ofPCNA labelling in Barrett's mucosa with fundic type metaplasia (original magnification x285). (B) Photomticrogaraph of
PCNA labelling in Barrett's mucosa with intestinal-type metaplasia (original magnification x 225). (PCNA positive cells extend into the superficial and deep
glandular compartments ofthe epithelium). (C) Photomicrograph ofPCNA labelling in Barrett's adenocarcinoma (original magnification x450).
(C) Photomicrograph ofPCNA labelling in Barrett's adenocarcinoma (original magnification x450).
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STATISTICS
The data were not normally distributed, so that
the Kruskal-Wallis analysis of variance was used
to compare intragroup variation with intergroup
variation ofPCNA and TGFct labelling.

Correlation analysis was used to compare the
PCNA 'labelling' with the expression of TGFa.

* The Wilcoxon-rank test was used to assess the
difference in expression of TGFct and PCNA
between high grade dysplasias and those with no

; dysplasia in relation to PCNA and TGFa
* expression.

(14)
l

Oesophageal
adeno-
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Figure 3: PCNA labelling indices in different types of
Barrett's mucosa.

was calculated by taking into account the number
of cells showing each of the different grades. For
example if 1000 cells were counted in one section
and the number of cells of each intensity was as
follows; 0=10,1=40,1=550, III=400, themean
count was calculated by averaging the sums
of (Ox 10)+(1x40)+(2x550)+(3x400)=2340/
1000. The mean intensity in this section was
rounded down to 'II'.
We validated our counts for both PCNA

labelling and TGFa expression. Two individuals
performed a second independent count on sec-
tions of mucosa, immunostained for PCNA and
TGFa respectively, without knowledge of the
results ofthe first counts. There was less than 5%
variation from the initial calculations.

Regional TGFoa expression in Barrett's mucosa

Barrett's glands

Results
Eighteen patients had Barrett's cardiac or fundic
type mucosa, (one also showed high grade
dysplasia), 18 patients had Barrett's intestinal
types mucosa (five with high grade dysplasia),
and 14 patients had adenocarcinoma.

PCNA LABELLING
PCNA labelling indices in glandular tissue were
highest in the neck/isthmus of the glands (Fig 1).
The overall glandular PCNA cell counts were
found to correlate with different types ofmucosal
metaplasia. Gastric (fundic/cardiac) Barrett's
mucosa had a median labelling index of 12%
(range 6-23); Barrett's intestinal mucosa with
and without dysplasia had a median index of20%
(range 12-30), and Barrett's adenocarcinoma
had a median index of 25% (range 12-43)
(p<O0OS) (Figs 2A, B, and C). Intestinal type
Barrett's mucosa with dysplasia had higher
median labelling indices than intestinal type
Barrett's mucosa without dysplasia (26% and
20% respectively, p<0 05). There was no signifi-
cant difference between the labelling indices of
cardiac or fundic type metaplastic mucosa
(p=06) (Fig 3).

In dysplastic glands, the labelling indices were
higher in the superficial and deep (basal) regions
of the glands compared with non-dysplastic
mucosa (Fig 1).
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Figure 4: TGF(t expression in different regions ofBarrett'.

TGF a LABELLING
Intestinal type The control slides failed to show any discernable

TGFa immunoreactivity after application of
excess TGFa except in 8 (16%) sections which

AAA showed a residual membranous staining and
..AA negligible cytoplasmic staining (less than

grade I).
* *00 The staining patterns of the two TGFa

LA.- *eee antibodies were identical.
_______ TGFa staining was found to be maximal in the

superficial epithelial cells (Fig 4). However, in
.--- *-- - *--- some sections, especially those with dysplasia,.0. 0 ....0 TGFct staining could also be seen in cells sited

A- deeper in the neck of the gland (Fig 5B).
* - - - The intensity of TGFct staining was signifi-

* 0- * - 0 cantly different in the different types of Barrett's
mucosa (p<0 01). Gastric (fundic/cardiac) type

Top Neck Base Barrett's mucosa showed a median grade of 1;
(18) (18) (18) while Barrett's intestinal mucosa with or without

]land dysplasia showed a median grade of 2. Barrett's
adenocarcinoma also showed a mean grade of 2.
(Fig 6 and Figs SA, B, and C).
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Figure 5: (A) Photomicrograph of TGFxt expression (grade II) in Barrett's mucosa with fundic type metaplasia (original magniflcation x450).
(B) Photomicrograph ofTGFst expression (grade III) in Barrett's mucosa with intestinal type metaplasia (original magnification x 450). (Occasional goblet cells
visible in epithelium.) (C) Photomicrograph of TGFsi expression (grade II) in Barrett's adenocarcinoma (original magnification x450).

portion of the glands correlated well with the
PCNA labelling index in the entire gland (Fig 6).

Glands with PCNA immunoreactive cells in
the superficial portion of the glands showed a
high density ofTGFa staining in the same region
(Figs 2B and 5B).

Discussion
These findings agree with previous reports which
have shbwn extension of the proliferative com-
partment from the neck to the remainder of the
glands in dysplastic epithelium. There is also an
increase in the overall proportion of proliferating
cells in intestinal type Barrett's mucosa and

TGRY expression with proliferation
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Figure 6: Correlation of
PCNA labelling indices
with TGF(x expression.
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adenocarcinoma compared with the gastric type
of Barrett's metaplasia.20 21 The magnitude of the
PCNA labelling indices is similar to those
reported by Pellish et al using autoradiography.'
For example, Barrett's mucosa with intestinal
metaplasia has been reported to have a labelling
index of 23% using autoradiography while we
have shown that the PCNA labelling index is
18% in this type of mucosa.
On the other hand, it is possible that PCNA

expression is deregulated in high grade dysplastic
tissue and adenocarcinomas.2223 PCNA expres-
sion, therefore, may not necessarily correlate with
proliferation in these tissues as has been reported
previously. '°

It has been reported previously that TGFct is
associated with mitogenesis and oncogenesis in
the gastrointestinal tract. 124-16229 It is therefore of
considerable interest that we have confirmed the
presence of this peptide in Barrett's columnar
mucosa and in adenocarcinoma of the
oesophagus. 6 Moreover, we have shown a signifi-
cant correlation between intensity of TGFca
expression and PCNA labelling indices, perhaps
reflecting one of the mechanisms underlying the
proliferative processes.303' The TGFca antibody
used in the present study was completely
absorbed by TGFat peptide in 84% of patients.
The residual staining pattern in the other 16% of
cases was extremely weak (<grade I) and did not
interfere with our quantitation. The residual
staining may represent cross reactivity with
prepro-TGFa (TGFa precursor) or another
related peptide which is found on cell membranes
and, to a lesser extent, in the cell cytoplasm.0'2'
Another TGFat antibody supplied by Dr W
Gullick has been shown to be completely
absorbed by TGFa peptide (personnal com-
munication).
TGFx mRNA and the peptide have been

previously demonstrated in oesophageal adeno-
carcinomas.` However, the present study is the
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first to show correlation between TGFct expres-
sion and the type ofmucosal metaplasia as well as
dysplasia. Our results are compatible with the
clinical reports which have suggested that the
intestinal type of Barrett's mucosa has greater
malignant potential. "13

It is also of interest that dysplastic glands with
PCNA positive cells in the superficial epithelium
show increased intensity ofTGF(x staining in the
same part of the glands. The increased TGFou
expression in the superficial epithelium may
partly explain the increased proliferation of these
cells in high grade dysplasia. We have previously
shown that Barrett's mucosa (especially the type
with intestinal dysplasia, as well as Barrett's
neoplasia) overexpress epidermal growth factor
receptors (EGF-R)." Our present observations
provide evidence that autocrine or paracrine
stimulation may be involved in the neoplastic
transformation of the oesophageal mucosa, since
production of TGFol may provide a growth
advantage for cells which coexpress EGF-R.
Moreover, TGFa is reported to increase pro-
duction of its own mRNA, so that there may be
loss of the negative feedback control which is one
of the regulatory mechanisms required to
counteract the TGFuc autocrine loop. 26 Failure of
these inhibitory mechanisms may be involved in
the development of frank neoplasia.'4 5 In this
context we have also previously shown that the
mutated anti-oncogene P53, with aberrant func-
tion, which may control growth factor
expression, is present in 80% of oesophageal
adenocarcinomas.

In conclusion, the findings of this study
suggest that immunohistochemical staining with
the two antibodies, PC 10 and TGFa, can
augment routine histological assessment of
Barrett's oesophagus by providing additional
information regarding patterns of proliferation
and, perhaps, also of neoplastic potential, as has
been found in other cancers.37-3 We are presently
assessing the value ofTGFue and PCNA labelling
as an index of prognosis and clinical outcome in a
prospective cohort of patients with Barrett's
mucosa.
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Histopathology Department, Guy's Hospital, London, in the
preparation of this manuscript. We also acknowledge the technical
help of Dr W J Gullick ICRF Oncology Group, London, and
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