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Epidermal growth factor in the oesophagus

J Jankowski, G Coghill, B Tregaskis, D Hopwood, K G Wormsley

Abstract
Epidermal growth factor (EGF) has been
implicated in mitogenesis and oncogenesis in
the gastrointestinal tract. To determine the
role of EGF in oesophageal disease, its
quantity and distribution in the oesophageal
mucosa of control subjects and patients with
oesophageal disease were studied. Oesopha-
geal biopsy specimens, taken 20-40 cm from
the incisors in 72 patients, were graded histo-
logically and adjacent specimens were taken
for immunohistochemical analysis of the dis-
tribution of EGF. In patients with Barrett's
columnar lined oesophagus, specimens were
also taken from the gastric cardia for compari-
son. Twenty two biopsy specimens showed
oesophagitis, 20 Barrett's mucosa, and 30 were
histologically normal. EGF was found in the
capiliary endothelium of the normal oesopha-
geal papiliae and basal mucosa. Significantly
more EGF positive papillae were found in the
normal mucosa (81%) than in the inflamed
mucosa (42%) (p<0-001). The 20 patients with
Barrett's mucosa showed abnormal expression
of EGF in 25% of the isthmus and superficial
epithelial cells. This study has shown that
EGF is found only in the endothelial cells of
the capillaries of the normal oesophageal
mucosa and that the peptide is detectable
significantly less frequently than normal in the
inflamed oesophageal mucosa. EGF is also
abnormally present, in large quantities, in the
cytoplasm of the epithelial cells of Barrett's
mucosa compared with gastric mucosa.
(Gut 1992; 33: 1448-1453)
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Epidermal growth factor (EGF) is a single chain
polypeptide that is secreted by submandibular
glands,'2 Brunner's glands in the duodenum,'2
Paneth cells of the small intestine,3 and other
exocrine glands, including the pancreas.4 EGF is
also found in 'a novel cell lineage containing
neutral mucin' in the stomach and intestine
adjacent to ulceration of the mucosal and in
many gastrointestinal tumours.`8 EGF is found
in many body fluids, including saliva.23 9
Circulating concentrations are low, but high
concentrations are found within platelet
granules.231"11 By binding to the EGF receptor,'2
EGF exerts protean actions, including effects on
wound healing,4 '3 '4 cellular proliferation,'2 3

differentiation,'5"6 and oncogenesis6'7-'9 in the
gastrointestinal tract. EGF has been reported to
increase epithelial proliferation throughout the
gastrointestinal tract2125 and also in other
squamous epithelia including the skin.26

Whether there is a deficiency of secreted
salivary EGF in patients with uncomplicated
reflux oesophagitis is unknown, because reports
have been contradictory.27 In any case, the
luminal route of action of EGF for maintaining
oesophageal mucosal integrity seems unlikely
since the oesophageal proliferative cells are
situated in the basal layer.29 3

This study aimed to define the route whereby
EGF gains access to the oesophageal epithelium,
by immunohistochemical determination of the
EGF distribution in biopsy specimens from
healthy and diseased oesophageal mucosa, to
determine whether it plays any role in the
pathogenesis of oesophagitis.

PATIENTS AND METHODS
Twenty eight women and 24 men (mean age 48
years (range 20-77)) who attended an endoscopy
clinic were studied, as were a further 20 patients
(eight women and 12 men) (median age 67 years
(range 42-81) who had proven Barrett's mucosa.
All patients gave informed consent. None were
taking non-steroidal anti-inflammatory drugs:
26 were taking ranitidine 150 mg twice daily.
An oesophageal biopsy specimen was taken

20-40 cm from the incisors for histological
examination. An immediately adjacent specimen
was snap frozen in the endoscopy suite. Patients
with Barrett's mucosa had three specimens taken
from the area of columnar lined oesophagus
and a fourth from the gastric cardia for compari-
son. Cryostat sections (6 rim) were cut and
EGF distribution was studied immunohisto-
chemically. Monoclonal antibody (IgG) to EGF
type 1 was supplied by Oncogene Science
(Manhasset, NY, USA). This monoclonal anti-
body shows no cross reactivity with transforming
growth factor alpha.3' 32 The avidin-biotin
complex method followed by DAB visualisation
were used to show the EGF-antibody complex.33

Negative control slides comprised normal
oesophageal mucosa which had been treated with
either avidin-biotin or EGF monoclonal anti-
body alone. In addition, we used absorbance
experiments, incubating sections with purified
EGF (BM, UK) at 10 Rg/ml. Sections of salivary
glands containing EGF were used as positive
controls.
Some sections were also stained immunohisto-

chemically with polyclonal antibody to blood
group factor H (Becton-Dickenson, UK). Blood
group factor H has been reported to bind
preferentially to endothelial cells as well as
intestinal mucins and other glycoproteins. 4
One of the authors (i) assessed the biopsy
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specimens and graded them according to the
severity of histological inflammation (Jarvis
criteria)3" and (ii) classified Barrett's mucosa
according to the type of metaplasia36 - intestinal,
junctional, or fundic. Sections of metaplastic
mucosa that had a homogeneous pattern (>90%
mucosal surface) were selected. Dysplasia of the
Barrett's mucosa was classified according to
Riddell.37 Two observers independently assessed
the EGF staining of the biopsy specimens with-
out information about the histological status.
The percentage of positively stained papillae

containing EGF endothelium in each biopsy
specimen was calculated as a percentage of the
total number of papillae.
The positive EGF staining of Barrett's

mucosal biopsy specimens was graded according
to a criteria that we have developed.8 Five
randomly viewed areas of at least 400, to a
maximum of 1000, consecutive nucleated
epithelial cells in well orientated sections were
independently assessed by two observers. The
sections were considered positive only if the
number of epithelial cells which had at least 1 +
staining was >10% of the total epithelial cells.
The intensity of staining was graded as 0-3
(0 - no staining; 1 + - weakly positive; 2+ -
moderately positive (cytoplasm positive but
unstained cytoplasm also visible); and 3+ -
strongly positive (entire cytoplasm densely
stained)). The grade considered to be 3+ was
stained as densely as simultaneously stained
(control) submandibular tissue. In some sections
with non-homogeneous staining, intensity per
section was calculated. For example, if 500 cells
were counted in one section and the number of
cells of each intensity was as follows; 0=20,
1=150, 2=230, 3=100, the mean count was
calculated as follows: (Ox 20)+(1 x 150)+
(2x230)+(3x100)=910/500 and the mean
intensity in the section was rounded up to '2'.

Sections of Barrett's mucosa were also stained
to show neutral and acid mucous substances by
the Alcian blue/diastase periodic acid Schiff
method.

STATISTICS
The distribution of the data was Gaussian for
normal and inflamed squamous oesophagitis and
therefore analysis of variance was used to calcu-
late the significance of intergroup distribution
compared with intragroup variation to 95%
confidence intervals. Because the distribution of
the data from the Barrett's mucosa was not
Gaussian the Kruskal-Wallis test was used to
assess the variation between EGF expression in
normal cardiac mucosa, Barrett's intestinal
mucosa, and Barrett's junctional/cardiac
mucosa. In addition, the Wilcoxon rank test was
used to assess specifically the difference in EGF
expression between Barrett's intestinal mucosa
and Barrett's junctional/cardiac mucosa as well
as between Barrett's mucosa with dysplasia and
Barrett's mucosa without dysplasia.

Results
Thirty patients, 16 women and 14 men (median
age 52 years) were subsequently shown to have

Figure 1: Photomicrograph ofnormal oesophageal mucosa cut
in cross section and stained immunohistochemically with EGF
(original magnification x 100). (The dark staining papillae
contain EGF containing endothelium (arrowed).)

both normal endoscopic and histological find-
ings. Twenty two patients (12 women and 10
men) (median age 42 years) were subsequently
shown to have oesophageal inflamation endo-
scopically and histologically.
Twenty biopsy specimens had previously been

noted to show Barrett's mucosa.
Some sections incubated with EGF mono-

clonal antibody and EGF peptide showed
minimal staining in the cytoplasm but this was
less than grade 1 in our grading system and
therefore did not interfere with our quantitation.
The cells in the squamous mucosa of the

oesophagus that showed positive staining for
EGF were confined to the capillary endothelial
cells immediately adjacent to the basal cells of the
papillae (Fig 1). The staining pattern was cyto-
plasmic in nature. There was no discernable
staining of the mucosa in the control slides
treated with either EGF or avidin-biotin
complex alone. The glandular and ductal cells of
the salivary glands stained strongly for EGF.

Serial sections in 10 patients stained for the
presence of blood group factor H (Fig 2A)
showed that the staining pattern detected all
endothelium whereas (Fig 2B) not all blood
vessels stained positively with EGF, only those
in the lamina propria. When the sections were
stained with elastase red and yellow (a marker of
elastic fibres in the smooth muscle of vascular
tissue) none of the EGF positive vessels were
stained (not shown).

In sections from normal oesophageal mucosa,
almost all the endothelium in the papillae stain
positively for EGF (Fig 3A). On the other hand,
sections from inflamed oesophageal mucosa con-
tain little EGF in the capillary endothelium
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Figure 2: Both sections (A and B) arefrom sequential sections from the same biopsy specimen
takenfrom a normal oesophagus. (A) Staining with blood group factorH (original
magnification x40). (All capillaries stained positively.) (B) Staining with EGF (original
magnification x 100). (Capillanres in the basal lamina are usually positively stained
(arrowed).)

resulting in few EGF positive papillae. Conse-
quently, the proportion of papillae with EGF
positive capillaries was significantly decreased in
inflamed oesophageal mucosa (42.5%) compared
with normal oesophageal mucosa (82*5%)
(p<0001) (Fig 4).
The 30 patients with normal endoscopic and

histological findings had biopsy specimens taken
at different levels of the oesophagus. Eleven
patients had specimens taken at 20 cm, nine
patients at 30 cm, and 10 at 40 cm. There was no

significant difference in EGF staining of mucosa
obtained from different levels of the oesophagus
(Fig 5).

Periodic acid Schiff staining showed that most
Barrett's mucosa and all the gastric mucosa

contained neutral mucin (red colouration in
cytoplasm) while some areas, especially those
composed of intestinal mucosa, contained acid
mucin (blue colouration in cytoplasm) or glands
with both acid and neutral mucin (purple
colouration in the cytoplasm). On histological
examination, five of the subjects with Barrett's
mucosa had moderate or high grade dysplasia,

while the other 15 had no dysplasia. Although
the areas that stained positively for EGF corres-
ponded well with the acid mucin or mixed mucin
glands in intestinal-type mucosa, in the other
types of Barrett's epithelium EGF stained
strongly positive in an average of 25% (range 12-
34%) of the superficial epithelial cells of the
mucosa, irrespective of PAS staining (Fig 3B).
Not all the glandular tissue in any section was
positively stained, showing that the expression of
EGF in Barrett's epithelium is not uniform. The
staining of the epithelial cells is cytoplasmic,
involving the basolateral and, to a lesser extent,
the apical surfaces of the cells and EGF can also
be seen in the mucus derived from the glandular
ducts in many cases (Fig 3C). Although EGF was
expressed to a greater degree in intestinal and
fundic/junctional Barrett's mucosa than in
gastric mucosa (p<O00 1), there was no difference
between the metaplastic types of Barrett's
mucosa or the degree of dysplasia (p=05)
(Fig 6).
There was no difference between EGF expres-

sion in patients with uncomplicated reflux oeso-
phagitis receiving treatment with ranitidine and
those without therapy (median values 2 and 2,
respectively) (p=0 8).

Discussion
There have been no previous reports of the
occurrence or distribution of EGF in the healthy
and inflamed squamous oesophagus, although
we have described the occurrence of EGF in
Barrett's mucosa.8 We have shown that the EGF
antibody used in this study binds reliably to EGF
peptide as reported by other workers. This study
has shown that EGF can be found in the endo-
thelial cells immediately adjacent to basal cell
layers of the normal oesophagus, including those
forming papillae. This is in keeping with
previous studies that have found EGF in the
vascular endothelium immediately adjacent to
basal cells in bile ducts,38 glomeruli,39 and human
oral mucosa.4' In normal oesophageal mucosa the
distribution of EGF does not alter from proximal
to distal oesophagus.

It is interesting to note that not all vascular
endothelium stains with EGF. It seems that EGF
is confined to the capillaries and is not found in
the submucosal venules and arterioles.

This study has also shown there are signific-
antly fewer EGF-positively staining endothelial
cells in inflamed than in normal oesophageal
mucosa, although the distribution of the EGF is
similar in inflamed and normal mucosa. EGF is
also found in the superficial epithelial cells in
Barrett's oesophagus, a distribution which is
quite different to that in the squamous mucosa.
The origin of the EGF found in the oesopha-

geal endothelial cells has not been defined. It is
possible that EGF is not produced in the oeso-
phagus but is transported to the oesophageal
mucosa by the blood stream, being released from
the platelets and then transported into capillary
endothelium. "" It has been shown previously
that EGF exerts greater trophic action when
administered intravenously than via the luminal
route.4' Perhaps EGF is stored in the endothelial
cells of the normal mucosa and when inflamma-
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Figure 3: (A) Epidermal
growth factor (EGF)
staining in an area of
Barrett's columnar lined
oesophagus close to the
squamo-columnar junction
(original magnification
x40). (Note no EGF is
present in the inflamed
squamous mucosa (arrow A)
and although EGF is visible
in the adjacent Barrett's
mucosa, only some ofthe
glands are stained (arrow
B).) (B) EGF staining in
Barrett's mucosa (original
magnification x50).
(Disorganised glandular
architecture is visible and in
addition positive EGF
staining is present mainly in
the upper halfofthe glands.)
(C) EGF staining in
Barrett's mucosa (original
magnification x 150). (The
staining is predominately
cytoplasmic (arrow A).)
There is moderate
basolateral and to a lesser
extent apical staining, also
partly reflecting EGF
attached to EGF receptors
on cell membranes (arrow
B). It is notable that EGF is
seen in the luminal mucus
(arrow C).

tion develops is rapidly utilised to stimulate cell
proliferation because EGF is crucial for the
change from quiescent cells to the S phase of the
proliferative cycle.29 EGF is known to stimulate
keratinocyte proliferation in vitro and in vivo. 724
Our finding that EGF is depleted in oesophagitis
is perhaps explained by a report that EGF has a
relatively short duration of action (<24 hours),42
so that continual stimulation by fresh EGF is
required to maintain a mitogenic response,
depleting stores of EGF in the endothelial cells.

100 r-

90K

80+

70 F-

0000000

v 95%

- Cl

Sp

0

30 h

20h-

10 F-

0

0

a

0

0

0@

0

0

*0

0

Normal mucosa
(n = 30)

Inflamed mucosa
(n = 22)

Figure 4: Distribution ofepidermal growth factor (EGF)
positive papillae in normal and in inflamed oesophageal
mucosa. (EGF staining in the papillae is decreased in

squamous oesophagitis. ) Means and 95% confidence intervals
(CI) given.

Moreover we, and others, have also shown that
the density of EGF receptors is maximal in the
basal layer of the squamous oesophagus, which is
the proliferative zone.4`
The assumption that the lower levels of EGF

in oesophagitis are secondary to the oesophagitis
has not yet been confirmed. The alternative -
that these lower levels are partly responsible for
the development of oesophagitis - is also poss-
ible. EGF production is known to decrease with
age.4 Reduced production may reflect decreased
delivery of EGF to the oesophageal mucosa,
which may partly explain the increased incidence
and severity of oesophagitis in the elderly.

Increased cellular proliferation has previously
been reported in Barrett's mucosa,4' and it is
interesting to note that EGF is found in many of
the epithelial cells of Barrett's epithelium." It has
been proposed that the trophic and antisecretory
effects of EGF are mediated by the luminal route
in the stomach.464` However, it has been stated
that EGF does not stimulate the proliferation of
gastric mucosal cells unless there is a breach of
the mucosal lining.9 7 44 On the other hand,
luminal EGF may be involved in the proliferative
abnormalities of Barrett's mucosa because EGF
receptors have been found throughout the glands
of Barrett's mucosa.44

It is apparent from the present study that the
EGF content of the different metaplastic and
dysplastic types of Barrett's mucosa is similar.
Therefore it seems that the EGF concentration in
the cells does not explain the greater carcino-
genic potential of mucosa with high grade dys-
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plasia. In this context, it has been reported that
over-expression of EGF in gastric mucosa is, by
itself, unlikely to cause transformation without
the simultaneous overproduction of the EGF
receptor.48-50

Some areas of intestinal type Barrett's mucosa
contained predominantly acid mucin whereas all
other forms of Barrett's mucosa contained
neutral mucin (normal type of mucin in gastric
mucosa). Wright et al have described EGF
secreting lineages containing neutral mucin
arising beside ulcerated intestinal mucosa.5 We
found no difference, however, between the
expression of EGF in Barrett's mucosa contain-
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(cardiac or fundal) mucosa

|* Fundic type * Mucosa with dysplasia|

Figure 6: Expression ofepidermal growthfactor (EGF) in
three different types ofBarrett's epithelia. (EGF was not
differentially expressed in the three types ofBarrett's
metaplasia. )

ing neutral mucin and that containing acid
mucin (data not shown).

In conclusion, this study has shown EGF or
EGF-like peptide in the capillaries of the oeso-
phagus and in the glandular tissue of Barrett's
mucosa, and confirms previous reports."40
Decreased amounts of EGF are found in the
mucosa of the inflamed oesophagus, indicating
that EGF may also play a role in the development
or healing of oesophagitis.
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