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Abstract
Background—The response of the
oesophagus to refluxed gastric contents is
likely to depend on intact neural mecha-
nisms in the oesophageal mucosa. The
epithelial innervation has not been sys-
tematically evaluated in health or reflux
disease.
Aims—To study oesophageal epithelial
innervation in controls, and also inflamed
and non-inflamed mucosa in patients with
reflux oesophagitis and healed oesoph-
agitis.
Patients—Ten controls, nine patients with
reflux oesophagitis, and five patients with
healed oesophagitis.
Methods—Oesophageal epithelial biopsy
specimens were obtained at endoscopy.
The distribution of the neuronal marker
protein gene product 9.5 (PGP), and the
neuropeptides calcitonin gene related
peptide (CGRP), neuropeptide Y (NPY),
substance P (SP), and vasoactive intesti-
nal peptide (VIP) were investigated by
immunohistochemistry. Density of inner-
vation was assessed by the proportion of
papillae in each oesophageal epithelial
biopsy specimen containing immunoreac-
tive fibres (found in the subepithelium
and epithelial papillae, but not penetrat-
ing the epithelium).
Results—The proportion of papillae posi-
tive for PGP immunoreactive nerve fibres
was significantly increased in inflamed
tissue when compared with controls, and
non-inflamed and healed tissue. There
was also a significant increase in VIP
immunoreactive fibres within epithelial
papillae. Other neuropeptides showed no
proportional changes in inflammation.
Conclusions—Epithelial biopsy specimens
can be used to assess innervation in the
oesophagus. The innervation of the
oesophageal mucosa is not altered in
non-inflamed tissue of patients with oeso-
phagitis but alters in response to inflam-
mation, where there is a selective increase
(about three- to fourfold) in VIP containing
nerves.
(Gut 1999;44:317–322)
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When gastric contents come into contact with
the oesophageal mucosa a variety of sensorimo-
tor reflexes are elicited which serve to enhance
epithelial protection. These include: (1) in-
creased salivary secretion1–3; (2) epithelial

bicarbonate4–6 and mucus4 7–11 secretion; (3)
increased epithelial blood flow12; (4) increased
cell turnover, to maintain a cell barrier13–15; (5)
reflex maintenance of lower oesophageal sphinc-
ter pressure16–22; and (6) oesophageal motor
clearance of refluxed gastric contents.23–25

These reflexes are intimately dependent on
intact sensory processing from the mucosa, and
the production of an eVector response at the
mucosal level. The epithelial neural innerva-
tion is therefore of central importance in
protecting the oesophagus. We hypothesised
that this innervation may be impaired in
patients with reflux oesophagitis, and have
therefore evaluated these epithelial nerves.
Changes in the oesophageal epithelial innerva-
tion have been shown in experimental oesoph-
agitis in animals.26 It was intended to see
whether this type of study could be done in the
clinical setting using oesophageal epithelial
biopsy specimens obtained at endoscopy be-
fore and after treatment of oesophagitis, and to
compare findings with those in controls.

Materials and methods
SUBJECTS

Oesophageal epithelial biopsy specimens were
obtained from three groups of patients.

Normal control biopsy specimens were
obtained from asymptomatic patients (n=10,
three men; median age 70 years, range 33–85)
referred for endoscopy for the investigation of
iron deficiency anaemia. Biopsy specimens
were taken only after the upper gastrointestinal
tract had been examined endoscopically and
found to be completely normal.

Patients with symptoms suggestive of gastro-
oesophageal reflux, who at endoscopy were
found to have mild to moderate erosive
oesophagitis (Savary Millar Grades I or II27)
had biopsy specimens taken from the lower
oesophagus, from areas of epithelial inflamma-
tion between actual erosions (n=9, four men;
median age 60 years, range 45–78). Biopsy
specimens were also taken in these patients
from the non-inflamed normal oesophagus
above the inflammation.

Biopsy specimens were obtained from diVer-
ent patients (n=5, one man; median age 59
years, range 45–66) with previously endoscopi-
cally proved grade II reflux oesophagitis who
had been treated for eight weeks with 40 mg
omeprazole (Astra, Hassle, Sweden) orally

Abbreviations used in this paper: CGRP, calcitonin
gene related peptide; GORD, gastro-oesophageal
reflux disease; NPY, neuropeptide Y; PGP, protein
gene product 9.5; SP, substance P; VIP, vasoactive
intestinal polypeptide; PBS, phosphate buVered saline;
FITC, fluorescein isothiocyanate.
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each morning. These specimens were taken at
the time of second endoscopy when complete
epithelial healing was confirmed while the
patient was still taking omeprazole.

Oesophageal epithelial biopsy specimens
were used because in this way repeat specimens
could be obtained in a clinical setting—that is,
before and after treatment of oesophagitis.

METHODS

Biopsy specimens were taken using pinch
endoscopy biopsy forceps (Keymed,
Southend-on-Sea, Essex, UK). Immediately
after removal specimens were fixed in 4% (wt/
vol) paraformaldehyde in phosphate buVered
saline (PBS, pH 7.4) for two hours at room
temperature. Samples were then washed in 7%
(wt/vol) sucrose in PBS containing 0.1%
(wt/vol) sodium azide and stored at 4°C for at
least 18 hours in the same solution.

Samples were mounted in embedding me-
dium (Tissue-Tek OCT compound, Miles
Inc., USA) and 10 µm sections cut on a
cryostat (Reichart-Jung, Germany) at −25°C.
From each biopsy specimen over 25 separate
sections were cut, allowing at least five sections
for each nerve marker studied. Sections were
thaw mounted on gelatine coated slides and
incubated separately in humid chambers at
room temperature for 16 hours with rabbit
polyclonal antisera, diluted 1/3000, to protein
gene product 9.5 (PGP 9.5, Ultraclone,
Wellow, Isle of Wight, UK), calcitonin gene
related peptide (CGRP, AYniti, Technology
Drive, Nottingham, UK), neuropeptide Y

(NPY, UCB Bioproducts, Chemide Foriest,
B-1420 Braine-L’Alleud, Belgium), substance
P (SP, Genesis, Milton Keynes, UK), and
vasoactive intestinal polypeptide (VIP, INC,
UK). Samples were then washed three times in
PBS and incubated with biotin conjugated goat
antirabbit immunoglobulin (Amersham, UK)
at a dilution of 1/250 for one hour. The sites of
antigen-antibody binding were revealed by
incubation with streptavidin-fluorescein iso-
thiocyanate (FITC) conjugate (Amersham,
UK) diluted 1/100 for one hour. The prepara-
tions were washed, mounted with Citifluor
(City University, London, UK) and viewed
using a Zeiss microscope (Oberkochen, Ger-
many). Selected areas were photographed with
Kodak Tmax 3200 film.

The four neuropeptides selected for study
are among the best represented in the gastro-
intestinal tract, especially the oesophagus.
Substance P and CGRP are likely to be
involved in sensory processing, and VIP and
NPY are involved in the motor responses;
hence we felt that they represented the greatest
chance of showing an abnormality in patients
with reflux oesophagitis.

DENSITY OF INNERVATION

The oesophageal mucosa consists of squamous
epithelium with underlying lamina propria.
Papillae project from the lamina propria into
the epithelium. The small size of the biopsy
specimens and the absence of the lamina
propria in some samples precluded the use of
quantitative image analysis. A heterogeneous
distribution of neuropeptide immunoreactivity
within the lamina propria has previously been
reported by others.28 29

There was a sparse distribution of fibres
immunoreactive to some of the neuropeptides
which meant that absolute counts of fibres may
have been unreliable. Biopsy specimens were
therefore quantitatively assessed by dividing
the number of papillae containing immunore-
active fibres by the total number of papillae
visible within each section, and expressing the
result as a percentage. An increase in papilla
length has been noted in oesophageal epithelial
biopsy specimens from patients with
oesophagitis.30 Biopsy sections which had no
visible papillae were not included in this analy-
sis, even if immunoreactive fibres were present
in the lamina propria. Only those papillae
whose base was present were counted. Speci-
mens therefore had to have at least a small
amount of lamina propria present to ensure
that the subepithelial nerves had not been dis-
rupted. Shorter papillae were therefore in-
cluded with equal likelihood as the longer ones
seen in inflamed oesophageal mucosa. In order

Figure 1 A photomicrograph of an oesophageal biopsy section from the inflamed
oesophageal epithelium from a subject with reflux oesophagitis stained for PGP. The luminal
surface is indicated (s). The papillae (p) extend into the epithelium (e). Immunofluorescent
staining is seen in the subepithelial plexus extending across the upper poles of most of the
papillae (arrow). Original magnification ×200.

Table 1 Percentage of papillae containing fibres immunoreactive to the relevant antibody

PGP CGRP NPY SP VIP

Controls (n=10) 29.7 (12.5) 11.8 (7.2) 28.6 (5.6) 13.5 (6.9) 12.4 (7.3)
Non-inflamed mucosa (n=9) 24 (23.7) 3.2 (3.1) 37.5 (21.9) 21.5 (16.1) 2.7 (1.2)
Healed mucosa (n=5) 42.9 (17.6) 0.5 (0) 0.5 (0.3) 3.1 (1) 11 (5.6)
Inflamed mucosa (n=9) 62.3 (12)* 13.8 (6.9) 43.6 (13.5) 22.6 (7.8) 52.8 (12)*

Results are expressed as mean (SEM).
*Significant diVerence (p<0.05) when compared with the control, non-inflamed, and healed groups.
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to eliminate bias, counts were performed
blindly by two independent researchers.

STATISTICAL ANALYSIS

The percentage of papillae containing immu-
noreactive fibres for PGP and for each
neuropeptide is shown as the mean (SEM).
The proportion of positively innervated papil-
lae in biopsy specimens from each patient was
counted. Comparison of the diVerence in the
density of innervation between groups was
made using analysis of variance. A level of
probability of 0.05 or less was considered to be
significant. Comparison of counts made by two
observers was made using the measurement of
agreement between two observers described by
Brennan and Silman.31

Results
Oesophageal biopsy specimens were 2–4 mm
long and 1–2 mm deep. All specimens
consisted of mucosal squamous epithelium

with the majority also containing some lamina
propria. A total of 526 sections examined con-
tained papillae, with a mean of 3.93 (SD 2.98)
papilla profiles per section. There was no
significant diVerence in the number of identifi-
able papillae in inflamed (n=151; mean = 4.03
(2.58)) and non-inflamed (including healed
previously inflamed) mucosa (n=375; mean =
3.6 (2.32)) biopsy specimens.

PGP

It was possible to detect positively labelled
immunoreactive fibres to the general nerve
marker PGP. An immunoreactive plexus of
nerve fibres was seen running in the squamous
epithelial layers around the papillae (fig 1). The
fibres appeared to be varicose. No immunore-
active nerve cell bodies were identified. There
were no nerve fibres seen projecting into the
squamous epithelium.

NEUROPEPTIDE MARKERS

Nerve fibres immunoreactive to each nerve
marker studied were seen in the subepithelial
plexus. Not all papillae however contained
fibres immunoreactive for each of the nerve
markers studied. The density of innervation
was heterogeneous with some papillae contain-
ing several fibres and others only one.

DENSITY OF INNERVATION

The percentage of papillae containing posi-
tively staining immunoreactive fibres was
calculated by two independent observers. The
mean diVerence in counts was −2% (95% con-
fidence interval −4% to +1%)

Table 1 shows the percentage of papillae
containing immunoreactive fibres for each of
the patient groups. In the controls, the greatest
proportion of papillae contained PGP and
NPY immunoreactive fibres. The proportion of
papillae containing fibres immunoreactive to
SP was similar to that containing CGRP and
VIP immunoreactive fibres.

There was a significant increase in the
proportion of papillae containing PGP (fig
2A,B) and VIP immunoreactive fibres, but not
the other tested neurotransmitters, in the
inflamed compared with control biopsy speci-
mens.

Non-inflamed and healed tissue did not
significantly diVer from control specimens in the
proportion of positive immunoreactive fibres for
PGP or any of the neurotransmitters studied.

Discussion
This study has shown that it is possible to study
the oesophageal epithelial and subepithelial
innervation in man using endoscopically ob-
tained biopsy specimens in a clinical setting.
Previous studies of the human oesophageal
innervation have been limited to full thickness
surgically resected or autopsy specimens be-
cause of the diYculties in obtaining reliable
tissue specimens.28 32 33

By use of oesophageal epithelial biopsy
specimens this study has shown a network of
subepithelial nerves in patients with reflux and
in healthy individuals. There has previously
been limited information about this plexus

Figure 2 (A) Photomicrograph of an oesophageal biopsy section from control tissue
stained for VIP. The luminal surface is indicated (s). The papillae (p) extend into the
epithelium (e). There are no nerves staining positive for VIP in this biopsy specimen. (B)
Photomicrograph of an oesophageal biopsy section from the inflamed oesophageal
epithelium of a subject with reflux oesophagitis stained for VIP. The papillae (p) extend into
the epithelium (e). Immunofluorescent staining is seen in the subepithelial plexus extending
across the upper poles of most of the papillae (arrow). Original magnification ×200.
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although the presence of a subepithelial plexus
of nerve fibres has been reported previously
both in animals and in man.28 34 35 In our study,
these fibres did not appear to penetrate the
epithelial cell layer, although the latter has pre-
viously been described in animals. The likely
origin of the subepithelial plexus of fibres was
not determined in our study due to the limited
depth of the biopsy specimens. No nerve cell
bodies were identified in this subepithelial
plexus. Animal studies have suggested that the
subepithelial nerves arise largely from the
intrinsic enteric nervous system.36

Most of the information about the function
of epithelial innervation of the gastrointestinal
tract is obtained from animal studies and the
application of this to human epithelial function
is therefore limited. The role of the subepithe-
lial plexus in the oesophageal mucosa is
unknown. Wattchow et al suggested that these
subepithelial fibres may be sensory or
sensorimotor28 with cell bodies in the submu-
cosal or myenteric plexus. In the oesophagus of
man submucosal ganglia are sparse,32 in
contrast with their increased number in the
more distal gut.

In this study the oesophageal mucosa
contained nerve fibres immunoreactive to all
the tested neuropeptides. These findings cor-
roborate those of Wattchow et al who showed
the presence of VIP, NPY, and SP immunore-
active nerve fibres in the normal human
oesophageal mucosa of full thickness oesopha-
geal preparations. In that study, although
CGRP was present in the muscle layers and
submucous plexus, no CGRP was shown in the
oesophageal mucosa.28

Substance P functions as both a sensory and
motor neurotransmitter37 and is colocalised
with CGRP in aVerent gut neurones.38 39 In the
human gastrointestinal tract SP is found in
association with mucosal and submucosal
blood vessels40 and is also found to have a role
in immunomodulation.41 An increase in mu-
cosal substance P has been reported in inflam-
matory conditions of the gastrointestinal
tract42–44 in both man and animals in both
chronic and acute inflammatory conditions
although other reports have shown no change45

or a reduction.46 The inflammatory changes in
reflux oesophagitis are relatively mild com-
pared with conditions such as inflammatory
bowel disease. This may explain the lack of
change in substance P.

CGRP is a powerful vasodilator.47 It appears
to be contained largely in extrinsic enteric
nerves48 49 and is involved in mucosal response
to inflammation.50

VIP is involved in mucosal blood flow in
response to inflammation and also in secretion
of water and electrolytes from the intestinal
mucosa.51 VIP receptors have been found on
the basolateral membrane of rat and rabbit
enterocytes52 53 and release of VIP from enteric
neurones results in activation of adenylate
cyclase in intestinal mucosal epithelial cells.51

Adenylate cyclase regulates sodium and chlo-
ride ion exchange and VIP containing neu-
rones in the oesophageal mucosa could medi-
ate a similar pathway. Release of VIP from

subepithelial nerves could also mediate an
increase in epithelial germinal cell prolifera-
tion, leading to the observed elongation of the
papillae and the thickening of the germinal cell
layer seen in gastro-oesophageal reflux disease
(GORD).14 Further studies have suggested the
role of VIP in motor or sensorimotor nerves in
gastrointestinal mucosa.28 54 The changes in
VIP which we observed may play an important
role in the response to acid exposure as part of
the inflammatory response.

Neuropeptide Y has been shown in relation
to the sympathetic innervation of the human
gastrointestinal tract.55 56 Sympathetic, as op-
posed to vagal, changes have not been shown in
reflux disease.

There was no diVerence in the proportion of
papillae containing nerve fibres immunoreac-
tive to each of the nerve markers studied in the
biopsy specimens from non-inflamed mucosa
in patients with oesophagitis when compared
with controls. This suggests that patients with
GORD do not have alterations in the underly-
ing structure of the oesophageal mucosal
innervation, at least for the neurotransmitters
studied.

In biopsy specimens taken from the inflamed
oesophageal mucosa between erosions, how-
ever, there was an increase in the proportion of
papillae containing nerve fibres immunoreac-
tive to PGP and VIP. These changes were not
apparent in specimens taken from the healed
mucosa of patients with reflux disease. It
appears that the observed changes in oesopha-
geal innervation occur secondary to the
mucosal inflammation caused by acid reflux.
The increase in fibres with PGP-like immuno-
reactivity suggests that there is an increase in
the absolute number of nerve fibres in the sub-
epithelial plexus in the inflamed tissue. VIP
within these fibres could account for the
increases in the proportion of VIP immunore-
active papillae. Increases in the quantity of VIP
within existing nerves however could also
account for these changes as increased inten-
sity of fluorescence would allow more of these
immunoreactive fibres to become visible on
light microscopy.

Changes in enteric innervation have been
observed in other inflammatory gastro-
intestinal disorders,57 although the observed
changes have been variable. In inflammatory
bowel disease the level of mucosal VIP has
been reported to be both increased58 59 and
decreased.45 60 61 These findings have been
based on assay of neuropeptides in mucosa
obtained from full thickness resection speci-
mens or rectal mucosal biopsy specimens in
inflammatory bowel disease, which are likely to
include the innervation of blood vessels in the
lamina propria. As the nerve fibres shown in
our study were exclusively associated with the
subepithelial layer and not with blood vessels it
is unlikely that the changes we observed were
directly associated with an alteration in mu-
cosal blood flow.

Using epithelial biopsy specimens it is not
possible to study the levels of mRNA for VIP in
the cell bodies which would indicate whether
increased synthesis of VIP was occurring.
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Using the proportion of papillae containing
positively staining immunoreactive fibres pro-
vides a reasonable basis against which to assess
changes in innervation within the mucosa. As
the quantitation of immunoreactivity is ex-
pressed as a proportion of all the identified
papillae, diVerences in the number of papillae
present in each section do not influence the
result. The histological response to acid reflux
is characterised by elongation of the papillae
and a thickening of the basal cell layer15 30

which reverses on reduction of oesophageal
acid exposure.15 Although an increase in papilla
length in biopsy specimens from inflamed
oesophagus could increase the likelihood of
including a papilla within a biopsy section, only
those papillae whose base was present were
counted. Shorter papillae were therefore in-
cluded with equal likelihood as the longer ones
seen in inflamed oesophageal mucosa.

The use of other methods to determine
oesophageal epithelial innervation quantita-
tively were not used because of the variable
depth of the oesophageal biopsy specimens.
The diVerences in the tissue content in a single
biopsy section precluded the use of image
analysis and assay of the neuropeptide content
of a single specimen. Because the specimens
obtained were found to be of variable depth,
only those which included the epithelium and
lamina propria were included in the analysis.
Due to the small size of the specimens, all had
to be sectioned prior to use. A histochemical
method of assessment of innervation was
therefore required. Oesophageal epithelial
changes in response to gastro-oesophageal
reflux are patchy. To minimise sampling error,
specimens were always taken a constant
distance proximal to the squamocolumnar
junction and areas of visible epithelial ulcera-
tion were avoided. In addition, two specimens
were taken from each area in each subject.

In summary, we have found evidence for an
increase in VIP in the mucosa of biopsy speci-
mens from the inflamed oesophagus in patients
with reflux oesophagitis. These changes were
not seen in the non-inflamed mucosa from
these patients or in the healed mucosa of
patients with treated oesophagitis. This
suggests that the observed changes are second-
ary to inflammation. The technique described
should enable further study of the epithelial
innervation in oesophageal reflux disease.
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