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Abstract
Laryngopharyngeal reflux is a controversial but increasingly made diagnosis used in patients with a collection of
often non-specific laryngeal symptoms. It is a clinical diagnosis, and its pathophysiology is currently poorly
understood.

Previous reflux research has focused on injurious agents, acid, pepsin and biomarker expression. Failure of
intrinsic defences in the larynx may cause changes in laryngeal epithelia, particularly alterations in carbonic
anhydrases and E-cadherin. Carbonic anhydrase III levels vary in the larynx in response to laryngopharyngeal
reflux, depending on location. Expression of E-cadherin, a known tumour suppressor, is reduced in the presence
of reflux. Mucin expression also varies according to the severity of reflux.

Further research is required to define the clinical entity of laryngopharyngeal reflux, and to identify a definitive
mechanism for mucosal injury. Understanding this mechanism should allow the development of a comprehensive
model, which would enable future diagnostic and therapeutic interventions to be developed.
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Introduction
Throat symptoms and gastroesophageal reflux are
common clinical complaints which may be linked,
with at least a proportion of some throat symptoms
occurring secondary to laryngopharyngeal reflux.
However, laryngopharyngeal reflux is a highly contro-
versial issue for otolaryngologists, gastroenterologists
and upper gastrointestinal surgeons, with widely
varying views held about its prevalence, aetiology,
diagnosis and treatment. A better understanding of
this condition, and of the role of various investigations
and treatments, is essential for progress in this area.
In this paper, we review the evidence supporting the

diagnosis of laryngopharyngeal reflux, focusing on the
role of molecular biology and on the possible ways this
may assist the clinician.
Gastroesophageal reflux disease is one of the com-

monest diseases in the Western world,1,2 affecting up
to 50 per cent of Western adult populations. Extra-
oesophageal manifestations of gastroesophageal
reflux disease have progressively attracted attention
over the last 15 years, and have been linked to
asthma, non-cardiac chest pain and chronic cough.
Otolaryngological manifestations attributed to laryngo-
pharyngeal reflux may include dysphagia, dysphonia,
hoarseness, globus pharyngeus and altered salivation.3

Laryngopharyngeal reflux is increasingly ‘diag-
nosed’ in ENT practice, and often suspected in patients

who present with chronic or intermittent laryngophar-
yngeal symptoms. These patients are typically ident-
ified by their medical history, clinical examination
and fibre-optic laryngoscopy results. Changes attribu-
ted to laryngopharyngeal reflux include erythema and
oedema of the posterior commissure, laryngeal granu-
lomata, subglottic stenosis, vocal fold nodules, and lar-
yngeal pseudosulcus. Both pre-malignant and
malignant transformations have also been attributed
to laryngopharyngeal reflux.4 However, a history of
non-specific laryngeal symptoms, and examination
findings with poor inter-observer reliability,5 make
definitive diagnosis difficult.
From clinical and molecular biology research, it is

becoming apparent that the pathophysiology of laryn-
gopharyngeal reflux may actually be different to that
of gastroesophageal reflux disease.4 Patients with lar-
yngopharyngeal reflux are thought to suffer more
upright (daytime) reflux, whereas patients with gastro-
esophageal reflux disease tend to reflux more in the
supine (nocturnal) position.4 Additionally, it is likely
that mucosal acid exposure is prolonged in gastroeso-
phageal reflux disease when compared with laryngo-
pharyngeal reflux.4 This is because distal
oesophageal acid exposure is always greater than prox-
imal exposure, and the mechanism underpinning laryn-
gopharyngeal reflux probably depends on shorter
periods of exposure to refluxate.
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Despite this, definitive diagnosis has proved elusive,
and there is no consistently reliable diagnostic tool cur-
rently available.6 Hypopharyngeal pH monitoring has a
reported diagnostic sensitivity of only 40 per cent,7 and
there is no pathognomonic laryngopharyngeal reflux
finding on laryngoscopy.
Currently, commencement of empirical antireflux

medication (typically proton-pump inhibitors (PPIs))
has been used as an alternative diagnostic modality,
with a favourable response taken as ‘confirming’ the
diagnosis. The literature on PPIs and other antireflux
medication is variable in quality, and different out-
comes have been reported.8

Laparoscopic fundoplication is a well established
surgical treatment for gastroesophageal reflux disease,
with reliable and reproducible results;9 however, its
role in the management of laryngopharyngeal reflux
is uncertain. Recent research reviewing a large series
of patients following fundoplication found that patients
with throat symptoms in addition to typical (gastroeso-
phageal) reflux symptoms had a similar improvement
to those with only typical reflux symptoms.9 In con-
trast, patients with only throat symptoms, but with
objective evidence of reflux on 24-hour pHmonitoring,
had a much poorer outcome,9 indicating a possible
non-reflux-related cause of symptoms in many of
these patients.
However, an incomplete understanding of the patho-

physiology and accurate diagnosis of laryngopharyngeal
reflux makes high quality evaluation of any medical or
surgical management difficult. Consequently, an under-
standing of the molecular basis of laryngopharyngeal
reflux is an important first step.

Damaging events
The luminal environment of the pharynx is pH-neutral,
at 7.0,10 whilst the stomach secretes acid at a pH of 1.5
to 2.0. Consequently, reflux can lead to a significant
decrease in laryngeal pH. Damage may occur due to
this drop in pH and also due to exposure to noxious
elements in the refluxate, including pepsin, bile salts
and pancreatic enzymes.11 In order for refluxate to
reach the oesophagus and larynx, there needs to be
failure of the anatomical and physiological barriers to
reflux. Whilst it is normal for individuals to experience
some ‘physiological’ oesophageal reflux, the amount
of laryngopharyngeal reflux required to cause injury
is uncertain.

Acid

Whilst up to 50 oesophageal reflux episodes per day
can be considered normal,12 as few as three episodes
of laryngeal reflux may cause mucosal injury.3

Consequently, techniques for diagnosing laryngeal
reflux episodes based on oesophageal reflux may lack
the sensitivity to identify such infrequent events.
Acid reflux is recognised as leading to oesophagitis,
which increases in severity with increasing acid
exposure. However, the effect of acid on the larynx is

uncertain, with some research suggesting that a combi-
nation of acid and pepsin is required to cause laryngeal
damage.11

Pepsin

Non-acidic reflux has increasingly been implicated in
leading to inflammation in both laryngopharyngeal
reflux and gastroesophageal reflux disease. Multi-
channel intra-luminal pH monitoring impedance
studies have identified episodes of gastric reflux that
are either non-acidic or weakly acidic, in symptomatic
patients,13 suggesting that mucosal injury may be
caused by non-acid refluxate components such as bile
salts and pepsin. The damaging effects of pepsin in
an acidic environment have been well described pre-
viously,3 with an optimum activity at a pH of 2.0.14

Recent research has proposed that pepsin is a causative
agent of laryngeal damage in non-acidic reflux.11–13,15

Whilst pepsin is inactive at a pH of 6.5,14 it is irrever-
sibly inactivated at a pH of 8.0.16 Recently, it has been
shown that at 37oC pepsin remains stable at a pH of 7.0
for more than 24 hours, retaining nearly 80 per cent of
its original activity on re-acidification. With a mean pH
of 6.8,15 the larynx may contain stable pepsin, which
may potentially cause more damage with subsequent
reflux episodes. Additionally, there is evidence that
such pepsin is actively transported into, and remains
within, laryngeal epithelial cells.16 Intracellular struc-
tures such as Golgi bodies and lysosomes have a
lower pH (of 5.0 and 4.0, respectively); therefore,
pepsin could be acting by causing intracellular
damage16 even if the larynx itself is only exposed to
inactive pepsin.
Furthermore, research on patients with reflux-attributed

laryngeal disease has found a significant association
between the presence of pepsin in laryngeal epithelia
and the depletion of two laryngeal protective proteins,
carbonic anhydrase isoenzyme III (CA III) and Sep70
(a squamous epithelial stress protein).16 It is of note that
both these proteins are depleted after exposure to
pepsin, and not in response to low pH alone, suggesting
a specific role for pepsin in laryngeal damage.

Bile acids

While acid and pepsin are important in the develop-
ment of oesophageal mucosal injury, there is evidence
to suggest that duodeno-gastro-oesophageal reflux con-
tributes bile acids and pancreatic secretions to the
refluxate. Duodenal secretions have been shown in
clinical studies to be capable of refluxing into the
stomach and oesophagus,17,18 and of causing damage
to the larynx.19 Conjugated bile causes mucosal
injury at a low pH (1.2–1.5).20

Interestingly, the unconjugated component of bile,
chenodeoxycholic acid, is activated at pH 7.0 but not
at pH 2.0. Consequently, in the experimental setting,
conjugated bile acids are more injurious to mucosa at
an acidic pH, whereas chenodeoxycholic acid is more
active at pH 5.0–8.0.19 Recent research exposed rat
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laryngeal mucosa to taurocholic acid and chenodeoxy-
cholic acid at a pH range of 1.5–7.4, with normal saline
as a negative control, and found that taurocholic acid is
injurious to laryngeal mucosa at a pH of 1.5, whereas
chenodeoxycholic acid causes maximum inflammation
at a pH of 7.4.19 This suggests that bile has a mechan-
ism for generating laryngeal injury in both acid and
non-acid environments, although it remains to be deter-
mined whether the same mechanism occurs in the
human larynx.

Reflux biomarkers

Inflammatory cytokines

Multiple inflammatory cytokines have been implicated
in oesophageal mucosal inflammation caused by
reflux. It has been well documented that gastroesopha-
geal reflux disease leads to changes in interleukin-6
(IL-6) messenger RNA expression, and this correlates
with reflux-induced mucosal inflammation.21

Interleukin-6 is a cytokine with roles in multiple pro-
cesses, including acute-phase responses and inflam-
mation and immune responses.22 It is recognised that
oesophageal levels of IL-6 increase as the grade of
reflux pathology increases, and decrease following
treatment of gastroesophageal reflux disease.
Consequently, it would be reasonable to consider IL-
6 to be an indicator of reflux-related inflammation in
both the oesophageal and laryngeal mucosa. Despite
this, few studies of laryngopharyngeal reflux have
directly included IL-6 as a marker of inflammation.23

Interleukin-8 has also been implicated in the inflam-
matory process associated with gastroesophageal reflux
disease, and its expression has been found to increase
with such reflux. The greatest expression levels have
been found in the oesophageal mucosa of patients with
reflux-related complications, including Barrett’s dyspla-
sia and adenocarcinoma. Following anti-reflux surgery,
IL-8 levels decrease significantly.24 Activation of this
cytokine is of importance, given its role in tumour pro-
gression. Tumour-derived IL-8 is recognised as having
an autocrine mechanism, and can activate endothelial
cells in tumour vasculature to promote angiogenesis; it
can also enhance the proliferation and survival
of cancer cells. Furthermore, it can induce tumour-
associated macrophages to secrete additional growth
factors that can increase the rate of cell proliferation.25

The involvement of IL-8 in laryngopharyngeal reflux is
still uncertain. However, in vitro experiments have
demonstrated increased expression of this and other
inflammatory markers, when exposed to pepsin.13

Carbonic anhydrase

The actual mechanism of damage caused by reflux is
elusive. However, recent research has focused on the
failure of anti-reflux barriers. Such failure could
allow increased exposure of epithelia to refluxate, and
in laryngopharyngeal reflux this occurs in an area con-
sidered to be more sensitive than the oesophagus to

such injury.12 Such exposure may have greater effects
because the larynx lacks some of the extrinsic defences
which are normally present in the oesophagus.
Carbonic anhydrase (CA) is an integral component of
this defence, and acts by catalysing the reversible
hydration of carbon dioxide. This produces bicarbonate
ions which are then actively pumped into the extra-
cellular space, enabling neutralisation of acidic reflux-
ate. In the oesophagus, this process plays a significant
role, with CA capable of increasing the pH of gastroe-
sophageal refluxed residual acid from 2.5 to close to
neutral.26

There are 11 identified CA isoenzymes,27 with
demonstrated differences in activity, inhibitor suscepti-
bility and tissue distribution. Carbonic anhydrase
isoenzymes I to IV have been demonstrated to be
expressed by oesophageal epithelium, and changes in
distribution have been found in inflamed oesophageal
biopsy specimens.27

Recent research has demonstrated that CA isoen-
zymes I, II and III are present in normal laryngeal
epithelial cells to a variable extent.27,28 Carbonic
anhydrase isoenzyme III has been demonstrated in the
squamous epithelial cells of the oesophagus and in the
posterior commissure area of the larynx.29 In inflamed
oesophageal mucosa from patients with gastroesopha-
geal reflux disease, increased levels of CA III expression
have been noted both in the oesophageal squamous
epithelia and in the laryngeal commissure, with a redis-
tribution of expression from the basal to the suprabasal
cell layers.27,30 It is thought that these changes are due
to refluxate, and represent attempts to counteract
damage.29 It has been proposed that an increase in CA
III expression may be due to basal cell hyperplasia, a
histopathological sign of oesophagitis.27

Carbonic anhydrase isoenzymes I and II have been
demonstrated in both the vocal fold and inter-arytenoid
areas, while CA III has been found throughout the lar-
yngeal epithelium. In patients with laryngopharyngeal
reflux, the expression of CA III has been found to
differ between laryngeal biopsy locations.27 In the pres-
ence of laryngopharyngeal reflux, and pepsin in par-
ticular, CA III expression in the vocal fold is
potentially decreased, allowing further damage to
occur from acidic refluxate. Conversely, CA III
expression may increase in the posterior commissure
in response to laryngopharyngeal reflux,12 with a corre-
lation between symptom severity and CA III levels.28

Given that the larynx possesses areas of respiratory-
type epithelium in addition to squamous epithelium,
there remains the possibility that certain laryngeal
areas may vary in response to laryngopharyngeal
reflux; however, there is currently no epidemiological
research assessing the epithelial type of various laryn-
geal areas in patients with laryngopharyngeal reflux.

E-Cadherin

The cadherin family of molecules are calcium-depen-
dent, cell–cell adhesion molecules which mediate
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homophilic adhesion. E-cadherin is recognised as
having a crucial role in the maintenance of epithelial
integrity and barrier functions.29 Damage to epithelial
cell–cell adhesion from refluxate may lead to a
breach of the mucosal barrier. Pepsin has been pro-
posed to damage structures by digesting intracellular
structures that maintain cohesion between cells.29

Levels of E-cadherin have been found to decrease in
response to laryngopharyngeal reflux,31 but it is not
clear whether this down-regulation is due to the reflux-
ate components (e.g. acid and pepsin) or to an inflam-
matory response associated with the reflux.
Decreased expression of E-cadherin has been associ-

ated with poor prognostic factors in head and neck
squamous cell carcinoma patients, including vascular
invasion, and with decreased patient survival.32 There
is strong evidence that E-cadherin is a tumour suppres-
sor, and that the loss of E-cadherin expression is a
key initial step in tumour invasion.32 Consequently,
decreased E-cadherin expression in the presence of
laryngopharyngeal reflux may play a role in the devel-
opment of laryngeal symptoms, and may contribute to
the development of laryngeal carcinoma in the setting
of reflux.

Mucins

Mucins are high molecular weight glycoproteins which
traditionally have been considered to be gel-forming
components of viscoelastic mucus gels. They are
expressed by various epithelial cell types that exist in
relatively harsh environments exposed to fluctuations
in pH, ionic concentration, hydration and oxygenation.
Accordingly, their primary functions are protection,
lubrication and transport. Mucins have also been impli-
cated in renewal and differentiation of epithelium,
modulation of cell cycle progression, adhesion, and
signal cell transduction.33 They have a role in maintain-
ing homeostasis, and consequently promote cell survi-
val. They are classified into two primary classes:
secreted gel-forming mucins and transmembrane
mucins. Sixteen mucins (see Table I adjustment) have
been identified in the aerodigestive tract (Table I).
Altered expression of mucins has been reported in a
number of inflammatory and neoplastic diseases.
Samuels et al.33 studied laryngeal biopsies from

three patients with laryngopharyngeal reflux and two
controls. MUC1–5, 7, 9, 13, 15, 16 and 18–20 were
detected in normal laryngeal epithelium, while
mucins 6, 8 and 17 were absent. Of these, MUC1
and 4 were the predominant transmembrane mucins,
and MUC2, 5AC and 5B the major constituents of
airway mucus in the laryngeal epithelium. In the
patients with laryngopharyngeal reflux, there was
decreased expression of MUC2, 5AC and 5B. This
would lead to an overall decrease in mucin secretion
from the laryngeal epithelium, resulting in decreased
protection against further reflux episodes. This is con-
sistent with a gastroesophageal reflux disease model in

which oesophageal mucin secretion was also reduced
in patients with reflux oesophagitis.34

Alterations in mucin expression have been identified
in a variety of inflammatory conditions, including gas-
tritis, peptic ulcer disease, intestinal neoplasia and
inflammatory bowel diseases.
A reduction in MUC3 expression has also been

noted in samples from laryngopharyngeal reflux
patients. MUC3 has been noted to play an active role
in epithelial cell restitution.35 Specifically MUC3A
mucins are thought to play a role in the maintenance
of intestinal epithelium during hypoxic conditions
and in the modulation of cell migration and apoptosis
to promote wound healing.35

Recently, it has been suggested that mucins are
involved in the pathogenesis of cancer. Recent
studies have indicated that MUC1 and 4 may modulate
various pathways affecting cell growth.37 MUC1 is
known to be over-expressed in pancreatic and colon
cancers, and in over 90 per cent of breast cancers.38

MUC1 is recognised to have multiple effects on
tumourigenesis. Firstly, it is known to act as a natural
ligand of galectin-3 in human cancer cells, and the
interaction between galectin-3 and cancer-associated
mucin 1 enhances adhesion between cancer cells and
endothelial cells, which may promote metastasis.39

Secondly, as a transmembrane protein, its cytoplasmic
tail binds with the ErbB family of growth factor recep-
tor tyrosine kinases and potentiates ErbB-dependent
signal transduction in the MUC1 transgenic breast
cancer mouse model. MUC1 activation is thought to
increase cell proliferation by activating extracellular
signal-regulated kinases,37 and it also plays a role in
protection against oxidative stress induced cell death.37

TABLE I

MUCIN GENES IN THE AERODIGESTIVE TRACT

Gene Localisation Primary tissue expression

MUC1 Transmembrane Breast, pancreas
MUC2 Secreted Jejunum, ileum, colon
MUC3 Transmembrane Colon, small intestine,

gallbladder
MUC4 Transmembrane Airways, colon
MUC5AC Secreted Airways, stomach
MUC5B Secreted Airways, submandibular glands
MUC6 Secreted Stomach, ileum, gallbladder
MUC7 Secreted Sublingual & submandibular

glands
MUC8 Secreted Airways
MUC12 Transmembrane Colon, airways, reproductive tract
MUC13 Transmembrane Colon, trachea, kidney, small

intestine
MUC15 Transmembrane Colon, airways, small intestine,

prostate
MUC17 Transmembrane Duodenum, colon, stomach
MUC18 Transmembrane Airways, lung, breast
MUC19 Secreted Salivary glands, trachea
MUC20 Transmembrane Placenta, colon, lung, prostate,

liver

Adapted with permission.33
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One study found high levels of MUC1 expression in
patients with laryngeal dysplasia and cancer.40 High
expression levels were also reported in ‘control’
patients’ larynges; however, these were not healthy
controls. The role of MUC1 in the context of laryngeal
pathology remains unclear, and further research is
required to characterise MUC1 expression in patients
with pathology ranging from laryngopharyngeal
reflux through to laryngeal cancer.
MUC4 is expressed on the epithelial surfaces of the

oral cavity, eye, salivary glands and many other epi-
thelial surfaces, where it acts to protect and lubricate.
In a retrospective analysis of laryngeal cancer
specimens, MUC4 was identified in nearly half the
specimens.41 In this study, the presence of MUC4
was associated with a trend towards better survival in
patients with advanced stage, non-metastatic laryngeal
cancer. In contrast, other research has shown that pan-
creatic, bile duct and lung cancers over-express MUC4,
and that it is associated with a poorer prognosis in
patients with these tumours.37 Consequently, whilst
there are proposed mechanisms for tumour progression
in other cancers, the role of MUC4 in laryngeal cancer
is still unclear.

Discussion
Laryngopharyngeal reflux has made a significant
impact on the otolaryngological literature over the
last 20 years, although scepticism exists about
the methods used for its diagnosis, and even whether
the condition actually exists. The latter view is widely
held by upper gastrointestinal surgeons, who have in
general been disappointed with the clinical outcomes
of antireflux surgery for patients with a diagnosis of
laryngopharyngeal reflux.9

Undoubtedly, there exists a wide cluster of symp-
toms which are attributed to laryngopharyngeal
reflux. However, many of these are not restricted to lar-
yngopharyngeal reflux alone. There are a number of
laryngological signs which are suggestive of rather
than definitive for laryngopharyngeal reflux, and their
detection is recognised as having high intra- and
inter-observer variability.42

Furthermore, the reliability of double-probe 24-hour
pH monitoring has also been questioned, and there is
no consensus regarding probe placement or interpret-
ation of results.43

Currently, a combination of history, examination
and, typically, a successful trial of PPI treatment is con-
sidered proof of laryngopharyngeal reflux. However,
failure of such a trial may suggest an inability to treat
the noxious non-acid components of refluxate rather
than the acid alone.42

When all of this uncertainty is combined with the
lack of a definitive diagnostic test, clinicians are left
with a conundrum about how best to manage these
patients.
What is well accepted is that there is a link between

gastroesophageal reflux disease and symptoms

suggestive of irritation and inflammation of the struc-
tures of the upper respiratory tract in some patients,
and that some are ‘cured’ by antireflux surgery. The
most logical explanation for these cases is that of
damage caused by refluxate. Research has demon-
strated that acid alone is not the only causative agent,
with pepsin and bile acids also being contribu-
tors.12,16,44 The actual mechanism for damage to the
mucosal surface is not yet apparent. However, pepsin
is being increasingly implicated, with research demon-
strating its intracellular presence, and its ability to
remain stable and to be reactivated at a pH which is
not uncommon in the larynx.13,45

There have been many studies investigating the pres-
ence of, and resultant damage from, potential bio-
markers of laryngopharyngeal reflux. The most
notable of these affected by laryngopharyngeal reflux
is CA III, a component of intrinsic mucosal protection
in the larynx.12 Mucins, which also provide mucosal
protection, have altered expression in the larynx in
the presence of laryngopharyngeal reflux. Such
changes are significant, given the increasing amount
of information emerging regarding these biomarkers’
roles, not only in mucosal defence but also in tumour
progression.
A definitive diagnostic technique for laryngopharyn-

geal reflux remains elusive. However, research implies
that the occurrence of such reflux is indicated by bio-
marker changes and the presence of pepsin.
Therefore, further research is required, in order to
better define the clinical entity and spectrum of laryn-
gopharyngeal reflux, and to identify specific patient
subgroups (e.g. non-acid refluxers). In addition, as a
definitive mechanism for mucosal damage is lacking
(although probable causative agents have been ident-
ified), deeper understanding of this mechanism may
enable the identification of better diagnostic bio-
markers, as well facilitating therapeutic developments,
particularly for patients unresponsive to PPIs.

Conclusion
Laryngopharyngeal reflux disease is commonly diag-
nosed in ENT practice, in the presence of a cluster of
non-specific laryngeal symptoms and signs.
The mechanism of laryngeal injury is uncertain, but

is considered to be caused by a combination of acid and
refluxate components, particularly pepsin. The latter is
implicated particularly in ‘non-acid’ or ‘weak-acid’
reflux, and may remain in a stable, inactive form in
the larynx, to be reactivated by further reflux episodes.
Receptor-mediated uptake of pepsin may cause damage
at an intracellular level.
Carbonic anhydrase isoenzyme III has also been

implicated. Expression of this enzyme varies through-
out the larynx in response to laryngopharyngeal
reflux, with decreased expression in vocal fold epi-
thelium but increased expression in the posterior
commissure.
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Laryngopharyngeal reflux is also associated with
reduced expression of E-cadherin and mucin, either
in response to reflux components (e.g. pepsin) or as a
result of the inflammatory response to reflux.
Further studies are required to identify a definitive

diagnostic tool for laryngopharyngeal reflux, and to
determine the mechanism of mucosal injury, in order
to enable therapeutic developments to help manage
the full spectrum of laryngopharyngeal reflux
pathology.

Acknowledgements
This research was supported by the Garnett Passe and
Rodney Williams Memorial Foundation, and by a Flinders
University Faculty of Health Science Seeding Grant.

References
1 Dent J, El-Serag HB, Wallander M-A, Johansson S.

Epidemiology of gastro-oesophageal reflux disease: a systematic
review. Gut 2005;54:710–17

2 Heading RC. Prevalence of upper gastrointestinal symptoms in
the general population: a systematic review. Scand J
Gastroenterol Suppl 1999;231:3–8

3 Koufman JA. The otolaryngologic manifestations of gastroeso-
phageal reflux disease (GERD): a clinical investigation of 225
patients using ambulatory 24-hour pH monitoring and an exper-
imental investigation of the role of acid and pepsin in the devel-
opment of laryngeal injury. Laryngoscope 1991;101(suppl 53):
1–78

4 Koufman JA, Aviv JE, Casiano RR, Shaw GY.
Laryngopharyngeal reflux: position statement of the
Committee on Speech, Voice and Swallowing Disorders of the
American Academy of Otolaryngology – Head and Neck
Surgery. Otolaryngol Head Neck Surg 2002;127:32–5

5 Kendall KA. Controversies in the diagnosis and management of
laryngopharyngeal reflux disease. Curr Opin Otolaryngol Head
Neck Surg 2006;14:113–15

6 Joniau S, Bradshaw A, Esterman A, Carney AS. Reflux and lar-
yngitis: a systematic review. Otolaryngol Head Neck Surg 2007;
136:686–92

7 Vaezi MF. We should learn from important negative results.
Laryngoscope 2006;116:1718

8 Karkos PD, Wilson JA. Empiric treatment of laryngopharyngeal
reflux with proton pump inhibitors: a systematic review.
Laryngoscope 2006;11:144–8

9 Ratnasingam D, Irvine T, Thompson SK, Watson DI.
Laparoscopic antireflux surgery in patients with throat symp-
toms: A word of caution. World J Surg 2011;35(2):342–8

10 Feldman M, Friedman LS, Sleisenger MH, ed. Sleisenger and
Fordtran’s Gastrointestinal and Liver Disease, 7th edn.
Philadelphia: Saunders, 2002

11 Ylitalo R, Baugh A, Li W, Thibeault S. Effect of acid and pepsin
on gene expression in laryngeal fibroblasts. Ann Otol Rhinol
Laryngol 2004;113:866–71

12 Johnston N, Knight J, Dettmar PW, Lively MO, Koufman J.
Pepsin and carbonic anhydrase isoenzyme III as diagnostic
markers for laryngopharyngeal reflux disease. Laryngoscope
2004;114:2129–34

13 Samuels TL, Johnston N. Pepsin as a causal agent of inflam-
mation during nonacidic reflux. Otolaryngol Head Neck Surg
2009;141:559–63

14 Piper DW, Fenton BH. pH stability and activity curves of pepsin
with special reference to their clinical importance. Gut 1965;6:
506–8

15 Johnston N, Dettmar PW, Bishwokarma B, Lively MO,
Koufman JA. Activity/stability of human pepsin: implications
for reflux attributed laryngeal disease. Laryngoscope 2007;
117:1036–9

16 Johnston N, Wells CW, Blumin JH, Toohill RJ, Merati AL.
Receptor-mediated uptake of pepsin by laryngeal epithelial
cells. Ann Otol Rhinol Laryngol 2007;116:934–8

17 Bollschweiler E, Wolfgarten E, Pütz B, Gutschow C, Holscher
AH. Bile reflux into the stomach and esophagus for volunteers
older than 40 years. Digestion 2005;71:63–4

18 Tack J, Koek G, Demedts I, Sifrim D, Janssens J.
Gastroesophageal reflux disease poorly responsive to single-
dose proton pump inhibitors in patients without Barrett’s eso-
phagus: acid reflux, bile reflux or both? Am J Gastroenterol
2004;99:989–90

19 Saskai CT, Marotta J, Hundal J, Chow J, Eisen RN. Bile-
induced laryngitis: is there a basis of evidence. Ann Otol
Rhinol Laryngol 2005;114:192–7

20 Lillemoe KD, Johnson LF, Harmon JW. Role of the components
of the gastroduodenal contents in experimental acid esophagitis.
Surgery 1982;92:276–84

21 Van Roon AH, Mayne GC, Wijnhoven BP, Watson DI, Leong
MP, Neijman GE et al. Impact of gastro-esophageal reflux on
mucin mRNA expression in the esophageal mucosa.
J Gastrointest Surg 2008;12:1331–40

22 Hirano T. Interleukin 6 in autoimmune and inflammatory
diseases: a personal memoir. Proc Jpn Acad Ser B Phys Biol
Sci 2010;86:717–30

23 Thibeault SL, Smith ME, Peterson K, Ylitalo-Moller R. Gene
expression changes of inflammatory mediators in posterior
laryngitis due to laryngopharyngeal reflux and evolution with
PPI treatment: A preliminary study. Laryngoscope 2007;117:
2050–6

24 Oh DS, DeMeester SR, Vallbohmer D, Mori R, Kuramochi H,
Hagen JA et al. Reduction of interleukin 8 gene expression in
reflux esophagitis and Barretts’ esophagus with antireflux
surgery. Arch Surg 2007;142:554–60

25 Waugh DJJ, Wilson C. The interleukin-8 pathway in cancer.
Clin Cancer Res 2008;14:6735–41

26 Tobey NA, Powell DW, Schreiner VJ, Orlando RC. Serosal
bicarbonate protects against acid injury to rabbit esophagus.
Gastroenterology 1989;96:1466–77

27 Axford SE, Sharp N, Ross PE, Pearson JP, Dettmar PW, Panetti
M et al. Cell biology of laryngeal epithelial defenses in health
and disease: preliminary studies. Ann Otol Rhinol Laryngol
2001;110:1099–108

28 Johnston N, Bulmer D, Gill GA, Panetti M, Ross PE, Pearson JP
et al. Cell biology of laryngeal epithelial defenses in health and
disease: further studies. Ann Otol Rhinol Laryngol 2003;112:
481–91

29 Gill GA, Johnston N, Buda A, Pignatelli M, Pearson J, Dettmar
PW et al. Laryngeal epithelial defenses against laryngopharyn-
geal reflux: investigations of E-cadherin, carbonic anhydrase
isoenzyme III, and pepsin. Ann Otol Rhinol Laryngol 2005;
114:913–21

30 Christie KN, Thomson C, Xue L, Lucocq JM, Hopwood D.
Carbonic anhydrase isoenzymes I, II, III, and IV are present in
human esophageal epithelium. J Histochem Cytochem 1997;
45:35–40

31 Reichel O, Mayr D, Durst F, Berghaus A. E-cadherin but not
β-catenin expression is decreased in laryngeal biopsies from
patients with laryngopharyngeal reflux. Eur Arch
Otorhinolaryngol 2008;265:937–42

32 Kurtz KA, Hoffman HT, Zimmermann MB, Robinson RA.
Decreased E-cadherin but not B-catenin expression is associated
with vascular invasion and decreased survival in head and neck
squamous carcinomas. Otolaryngol Head Neck Surg 2006;134:
142–6

33 Samuels TL, Handler E, Syring ML, Pajewski NM, Blumin JH,
Kerschner JE et al. Mucin gene expression in human laryngeal
epithelia: effect of laryngopharyngeal reflux. Ann Otol Rhinol
Laryngol 2008;117:688–95

34 NamiotZ,Sarosiek J,MarcinkiewiczM,EdmundsMC,McCallum
RW. Declined human esophageal mucin secretion in patients
with severe reflux esophagitis. Dig Dis Sci 1994;39:2523–9

35 Ho SB, Dvorak LA, Moor RE, Jacobson AC, FreyMR, Corredor
J et al. Cysteine-rich domains of muc3 intestinal mucin promote
cell migration, inhibit apoptosis, and accelerate wound healing.
Gastroenterology 2006;131:1501–17

36 Louis NA, Hamilton KE, Canny G, Shekels LL, Ho SB, Colgan
SP. Selective induction of mucin-3 by hypoxia in intestinal
epithelia. J Cell Biochem 2006;99:1616–27

37 Bafna S, Kaur S, Batra SK. Membrane-bound mucins: the
mechanistic basis for alteration in the growth and survival of
cancer cells. Oncogene 2010;29:2893–904

BIOMARKERS AND LARYNGOPHARYNGEAL REFLUX 1223

https://doi.org/10.1017/S0022215111002234 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215111002234


38 Gendler SJ. MUC1, the renaissance molecule. J Mammary
Gland Biol Neoplasia 2001;6:330–53

39 Zhao Q, Guo X, Nash GB, Stone PC, Hilkens J, Rhodes JM
et al. Circulating galectin-3 promotes metastasis by modifying
MUC1 localization on cancer cell surface. Cancer Res 2009;
69:6799–806

40 Jeannon J-P, Stafford FW, Soames JV, Wilson J. Altered MUC1
and MUC2 glycoprotein expression in laryngeal cancer.
Otolaryngol Head Neck Surg 2001;124:199–202

41 Paleri V, Pearson JP, Bulmer D, Jeannon J-P, Wight R,
Wilson J. Expression of mucin gene products in laryngeal
squamous cancer. Otolaryngol Head Neck Surg 2004;131:
84–8

42 Mahieu HF. Review article: the laryngological manifestations of
reflux disease; why the scepticism? Aliment Pharmacol Ther
2007;26(suppl 2):17–24

43 Sato K, Umeno H, Chitose S, Nakashima T. Tetra-probe, 24-
hour pH monitoring for laryngopharyngeal reflux: a technique
for simultaneous study of hypopharynx, oesophagus and
stomach. J Laryngol Otol 2009;123(suppl S31):117–22

44 Galli J, Calò L, Agostino S, Cadoni G, Sergi B, Cianci R et al.
Bile reflux as possible risk factor in larynopharyngeal

inflammatory and neoplastic lesion. Acta Otorhinolaryngol
Ital 2003;23:377–82

45 Samuels TL, Johnston N. Pepsin as a marker of extraesophageal
reflux. Ann Otol Rhinol Laryngol 2010;119:203–8

Address for correspondence:
Prof A.S. Carney,
Flinders ENT, Department of Surgery,
Room 3D204, Flinders Medical Centre,
Bedford Park,
South Australia 5042, Australia

Fax: +61 8 8204 3987
E-mail: scarney@ent-surgery.com

Dr J Wood takes responsibility for the integrity of the
content of the paper
Competing interests: Professor A Simon Carney sits on the
Arthrocare medical advisory board and receives honoraria for
educational activities from Schering-Plough

J M WOOD, D J HUSSEY, C M WOODS et al.1224

https://doi.org/10.1017/S0022215111002234 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215111002234

