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Laryngeal and hypopharyngeal carcinomas are common malignant tumors of the head and neck, and the incidence of both
is increasing. Laryngopharyngeal reflux refers to the retrograde flow of gastric contents into the larynx, oropharynx, and/or
nasopharynx. It remains controversial whether laryngopharyngeal reflux is a risk factor for laryngeal and hypopharyngeal
cancers. The refluxing substances mainly include hydrochloric acid, pepsin, and occasionally bile acids and bile salts, as well
as bacteria that colonize the gastrointestinal tract. Loss of epithelium in the mucous membrane of the larynx and hypo-
pharynx is thought to be caused by pepsin. Here, we review the relationships between laryngopharyngeal reflux and both
laryngeal and hypopharyngeal carcinomas, as well as the significance of pepsin, methods of clinical detection, and the

mechanism of carcinogenesis.
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INTRODUCTION

Laryngeal and hypopharyngeal carcinomas are common malig-
nant tumors of the head and neck. Despite reductions in the
rates of smoking and alcohol abuse, the incidence of laryngeal
and hypopharyngeal carcinomas is increasing [1-3]. Many stud-
ies have shown that tobacco and alcohol are risk factors for la-
ryngeal and hypopharyngeal carcinomas [4-6]. Other risk fac-
tors include human papillomavirus, radiation exposure, and la-
ryngopharyngeal reflux (LPR) [7-10]. However, the actual causes
remain unclear. LPR has attracted attention as a risk factor for
laryngeal and hypopharyngeal carcinomas. In contrast to the
esophageal mucosa, the laryngeal and hypopharyngeal mucosa
lacks the catalytic enzyme carbonic anhydrase, which produces
bicarbonate [9]. Therefore, the laryngeal mucosa has a poor self-
protection capacity and a weak mucosal epithelium, as well as
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poor adaptability to chemical stimuli (e.g., gastric acid and pep-
sin) and sensitivity to damage caused by LPR stimulation [9-11].
Similar findings have been reported for the hypopharynx [8,12].

Pepsin is mainly synthesized by the major gastric mucosal cells
in the form of pepsinogen A, then cleaved in the acidic environ-
ment of the stomach to produce the endopeptidase, pepsin, which
decomposes protein molecules into smaller peptides. Pepsin ex-
erts its proteolytic activity by twisting and folding the structure
of the substrate polypeptide chain [13]. Pepsin has been shown
to induce cell damage, inflammation, and tumorigenesis. Herein,
we review the association of pepsin with laryngeal and hypo-
pharyngeal carcinomas.

ASSOCIATION OF LPRWITH LARYNGEAL
AND HYPOPHARYNGEAL CARCINOMAS

Since the mid-1980s, patients with laryngeal carcinoma who nei-
ther drink alcohol nor smoke have been reported to exhibit an
elevated incidence of gastroesophageal reflux [14]. Some au-
thors reported a higher prevalence of reflux in patients with la-
ryngeal cancer [15,16]. This has prompted further studies of the
association between laryngeal carcinoma and LPR [17-29].
Although limited to differences between lower esophageal
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gastroesophageal reflux disease (GERD) and laryngeal pharyn-
geal reflux disease (LPRD), most studies of the relationship be-
tween reflux and laryngeal carcinoma did not distinguish between
GERD and LPRD, mainly due to the difficulty in establishing an
accurate diagnosis of LPR [20,24]. Therefore, this review uses both
terms (LPRD and GERD). There is increasing interest in whether
LPRD can induce chronic damage and inflammation of the la-
ryngeal and pharyngeal mucosae, and whether LPRD can induce
a final tumorigenic effect on laryngeal and pharyngeal mucosae
[17-29]. However, the effects of GERD or LPRD on laryngeal
and hypopharyngeal carcinomas remain controversial.

A few studies have reported that GERD and LPRD were not
independent risk factors for laryngopharyngeal carcinoma [21,
30-34]. In a prospective case-control study, Geterud et al. [30]
reported that there were no significant differences in pathologi-
cal acid exposure events between patients with laryngeal cancer
and volunteers during 24-hour dual-probe pH monitoring. Nils-
son et al. [31] found no significant increase in the risk of laryn-
geal carcinoma in patients with GERD and LPRD after exclud-
ing interference from factors related to alcohol intake. The rea-
son why the correlation between GERD or LERD and laryngo-
pharyngeal carcinoma is controversial may be that most patients
with laryngeal malignant tumors have long-term tobacco and
alcohol habits. Tobacco and alcohol induce laryngeal cancer and
increase the prevalence of reflux in these patients, thereby con-
tributing to bias in the results [31]. Smit et al. [32] performed
reflux monitoring of 15 volunteers who underwent 24-hour du-
al-probe pH monitoring. They found that the percentage of time
with pH <4 was significantly higher in smokers than in non-
smokers, implying that smoking increases the incidence of reflux
[32]. Francis et al. [33] reported that GERD and LPRD were not
associated with laryngeal cancer, after excluding confounding
factors such as tobacco and/or alcohol intake through multivari-
ate logistic regression analysis. Busch et al. [21] reported that
GERD did not increase the risks of head and neck cancer, in-
cluding laryngeal cancer, based on unconditional logistic regres-
sion analysis of the correlation between self-reported heartburn
and the development of overall head and neck cancer in 1,340
patients. They reported detailed information regarding alcohol
and tobacco consumption and controlled for the effects of alco-
hol and tobacco. Anis et al. [18] also reported that there was no
significant association between reflux and the development of
laryngeal cancer after excluding alcohol and smoking as con-
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= Pepsin promotes the development of laryngeal and hypopha-
ryngeal cancers.

= Multiple mechanisms lead to epithelial cell damage by pepsin.

= Pepsin is a potential therapeutic target for prevention and
treatment of laryngeal and hypopharyngeal carcinomas.

founding factors.

However, many studies have found LPRD to be associated
with malignant tumors of the larynx and pharynx. El-Serag et
al. [35] concluded that gastroesophageal reflux or LPR increased
the risk of laryngeal carcinoma. Some studies also demonstrated
that LPRD or GERD was a risk factor for laryngeal and hypo-
pharyngeal carcinoma after adjusting for factors such as smok-
ing and drinking in multivariate logistic regression analysis [19,
26,27,36]. In a systematic review and meta-analysis, Parsel et al.
[20] found a significant correlation between LPRD and larynge-
al malignancies. Thus, the relationship of reflux with laryngeal
and hypopharyngeal carcinomas remains controversial. In addi-
tion to alcohol abuse and smoking, other possible factors include
the lack of uniformity in the diagnostic methods for GERD and/
or LPRD. Some patients were diagnosed using esophagoscopy
[37-40], while others were diagnosed using 24-hour dual-probe
pH measurements [41] or based solely on clinical symptoms,
management data, and questionnaires [42]. Therefore, caution is
necessary when interpreting existing research and conclusions.

PEPSIN AS A MARKER FOR DIAGNOSIS OF LPR
ANDTEST METHODS

To date, there is no specific assessment method for diagnosing
LPRD. Clinically, symptoms and laryngoscopy are often used as
the basis for diagnosis, including the reflux symptom index [43]
and laryngeal reflux finding scores [44]. Upper-digestive endos-
copy and 24-hour pH measurements are also widely used to di-
agnose GERD or LPRD [37-41]. Although the two have similar
pathophysiological mechanisms, the laryngeal mucosa is more
susceptible to reflux than is the corresponding esophageal mu-
cosa, which renders the laryngeal and hypopharyngeal mucosa
vulnerable to backflow [9-11,45,46]. Fewer than 20% of pa-
tients with LPRD show signs of esophagitis on upper-gastroin-
testinal endoscopy, indicating that this method is not sufficiently
sensitive for the diagnosis of LPRD [47]. Twenty-fourhour dual-
channel pH measurements dynamically monitor changes in pH
in different parts of the esophagus over 24 hours [41]. Although
this is currently the gold standard for diagnosis of GERD, it is an
invasive [48,49], time-consuming [50], and expensive test, all of
which limit its widespread use and adoption in clinical practice
[51]. Therefore, new methods with high specificity and utility for
diagnosis are needed.

The pepsin test has good potential for use as a diagnostic meth-
od for LPRD. Pepsin is produced only by the chief cells of the
stomach, and not by other organs; therefore, the pepsin detected
in the larynx and hypopharynx can only be derived from reflux-
ing gastric juice, and can be regarded as a specific marker for
LPRD.To date, no consensus exists regarding the ideal detection
method, the ideal region for sample selection, or the ideal win-
dow for pepsin collection. Accordingly, some groups have ques-
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tioned the reliability of pepsin as a specific marker for LPRD
[52,53].

Two methods are currently available for detection of pepsin:
the Peptest commercial kit [54,55]; or the use of immunohisto-
chemical (IHC) methods such as enzyme-linked immunosorbent
assays, Western blotting, and other protein-based methods [56-
63]. Peptest is simple, fast, and easy to use, but yields only quali-
tative results, while protein-based methods allow quantitative
measurements, but involve a relatively high price and various
requirements that are difficult to satisfy in non-specialized envi-
ronments. There have also been differences in the selection of
samples, with some studies using biopsy specimens [64-66] and
others using saliva and sputum [67,68]. Jiang et al. [64] performed
IHC staining of laryngeal mucosal epithelial tissue test specimens
and found that pepsin levels were significantly higher in the la-
ryngeal mucosal epithelium of patients with LPRD than in healthy
volunteers (P<0.01). Knight et al. [68] measured pepsin in la-
ryngeal secretion samples by enzyme-linked immunosorbent
assay and showed that the pepsin-positive samples had signifi-
cantly lower pharyngeal pH than the negative samples of pha-
ryngeal pH probes. When pepsin measurement results were com-
pared with the results of the diagnosis based on pharyngeal pH
test, the sensitivity and specificity of the pepsin immunoassay
for LPRD were 100% and 89%, respectively. Saritas Yuksel et
al. [67] collected saliva from reflux patients and healthy volun-
teers in a prospective, single-blind study using a pepsin lateral
flow device (Peptest commercial kit) to detect pepsin in saliva
and the esophagogastric duodenum. The results of microscopic
examination by esophagogastroduodenoscopy and acid-free 48-
hour pH monitoring indicated that the sensitivity and specificity
of the assay were both 87%. Therefore, this test showed high
sensitivity and specificity.

Recent research regarding the use of pepsin as a diagnostic
marker for laryngeal pharyngeal reflux has indicated that it may
be a sensitive and specific diagnostic marker for laryngeal pha-
ryngeal reflux. However, there is a need for further investigation
of the detection methods, sample selection, optimal sample col-
lection time, locations of biopsy specimens, and threshold/posi-
tive criteria of pepsin detection.

PEPSIN INTHE DEVELOPMENT OF
LARYNGEAL AND HYPOPHARYNGEAL
CARCINOMAS

The pathophysiology of LPRD is presumably due mainly to stim-
ulation and damage of the mucosa of the upper respiratory tract
by gastric juices (including hydrochloric acid, pepsin, bile acids,
and bile salts, as well as bacteria that colonize the gastrointesti-
nal tract) [69-71]. Damage to the esophageal mucosal epitheli-
um in GERD is mainly mediated by acidic fluid, while damage
to the laryngopharyngeal mucosal epithelium in LPR is mainly

caused by pepsin [72]. Initial studies of LPRD focused on the ef-
fects of gastric acid on the mucosa of the upper respiratory tract.
However, up to 20% of patients with acid suppression therapy
continue to exhibit symptoms associated with weak acid reflux
and non-acid reflux [73]. Despite treatment with proton pump
inhibitors (PPIs), mucosal damage can be observed in the upper
respiratory tract and digestive tract. Such findings implicate that
laryngeal and pharyngeal mucosal damage can occur under non-
acidic conditions. Further studies have indicated that pepsin may
be responsible for non-acidic damage of laryngeal and pharyn-
geal mucosae in LPR. Because of the lack of protective mecha-
nisms against reflux in the laryngeal and pharyngeal mucosae,
laryngeal and pharyngeal epithelial cells exhibit 100-fold greater
sensitivity than esophageal epithelial cells [74]. Long-term pep-
sin stimulation may cause cancerous transformation of laryngeal
mucosal epithelial cells [17,23]. Pepsin expression has been re-
ported to be elevated in laryngeal and hypopharyngeal malig-
nant tumor tissues [17,23,69].

Sereg-Bahar et al. [23] reported that total pepsin and bile acid
levels were higher in saliva samples from 30 patients with laryn-
geal cancer than in saliva samples from 34 healthy controls. Niu
et al. [69] reported that 70 patients with primary hypopharyn-
geal carcinomas showed higher levels of pepsin expression than
controls, based on THC analysis. They also found that higher
pepsin levels were associated with nodal metastasis. Therefore,
pepsin may not only be involved in the occurrence of tumors,
but might also play a role in lymph node metastasis of hypopha-
ryngeal carcinoma

As presented in Fig. 1, taken together, these observations im-
ply that chronic exposure to pepsin promotes the development
of laryngeal and hypopharyngeal cancers. However, the actual
mechanism underlying the link between pepsin and the occur-
rence and development of laryngeal and hypopharyngeal can-
cers remains unclear. Several possible mechanisms are discussed
below.

DAMAGETO LARYNGEAL EPITHELIAL CELLS
BY PEPSIN

Activated pepsin disrupts intercellular adhesion and ligation,
affecting the function of epithelial cells

Hydrochloric acid converts the pepsinogen secreted by the chief
cells of the stomach to active pepsin, which digests proteins by
hydrolyzing peptide bonds. Piper and Fenton [75] demonstrated
digestive activity in crude gastric juice using the radioiodinated
serum albumin method. They reported that pepsin was active at
pH 2.0 and inactive at pH 6.5. Of note, although pepsin is inac-
tive at pH 6.5, it remains stable; it can be reactivated by a reduc-
tion to pH 2.0, and shows retention of 70% of its original activ-
ity [52]. When acid reflux occurs, pepsin adhering to the cell
membrane is activated by the resultant reduction in laryngeal
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Fig. 1. Diagram illustrating the role of pepsin in laryngeal and hypopharyngeal epithelial damage and tumorigenesis. H*, hydrogen; miRNA, mi-

croRNA; KRT, keratin.

pH. Activated pepsin disrupts the barrier function of the epithe-
lium by interfering with intercellular connections (gap junctions)
[76-78]. Cadherins are type 1 transmembrane proteins that act
as cell adhesion molecules and play a crucial role in the forma-
tion of adhesion junctions to bind cells to each other. The adhe-
sion between cells in tissues or organs is mainly mediated by the
extracellular domain of cadherin, which binds to adapters and
signaling proteins, collectively referred to as cadherin adhesion
proteins [79].

E-cadherin is a type of cadherin expressed in epithelial tissue,
which plays an important structural role in tissues and organs.
Downregulation of the expression of this protein may reduce
the adhesion function of cells, thereby increasing the possibility
of tumor cell infiltration and metastasis [80,81]. E-cadherin in-
hibits invasion and metastasis and is regarded as a tumor sup-
pressor [82]. Reichel et al. [80] performed 24-hour pH monitor-
ing in 21 patients following laryngectomy to determine the oc-
currence of LPRD, and used THC to assess E-cadherin expres-
sion in the collected paraffin-embedded laryngeal biopsy speci-
mens. They found a significant reduction in E-cadherin expres-
sion in the hypopharyngeal tissue of patients with LPRD. Tan et
al. [17] used IHC to analyze the expression patterns of pepsin
and other related proteins in 87 patients with laryngeal carcino-
ma. They found that pepsin expression was positively correlated
with vimentin and B-catenin expression, but was negatively cor

related with E-cadherin expression. These observations indicated
that high laryngeal pepsin expression may directly affect E-cad-
herin expression. Tan et al. [17] also reported that in laryngeal
carcinoma Hep-2 and Tu212 cells, increased pepsin levels signifi-
cantly reduced the expression of E-cadherin and increased ex-
pression levels of the mesenchymal markers vimentin and
B-catenin, implying that increased pepsin levels could result in
induction of the epithelial-mesenchymal transition in laryngeal
carcinoma.

Consumption and destruction of the epithelial defense barrier,
causing laryngeal mucosal epithelial damage

There is a significant correlation between pepsin and the deple-
tion of laryngeal protective proteins (carbonic anhydrase isoen-
zyme III [CA III] and Sep 70). In vitro studies showed that ex-
posure of the mucosa to pepsin, rather than gastric acid alone,
reduced CA III and Sep70 protein levels [83,84]. Samuels et al.
[85] suggested that pepsin inhibits the expression of laryngeal
protective proteins, such as mucins 2, 3, 5AC, 5B, and 12, there-
by aggravating damage to the laryngeal mucosa by gastric acid.
Irreversible inhibition of pepsin by pepsin inhibitors has been
reported to prevent depletion of CA Il and Sep 70 in a porcine
larynx culture model in vitro [83]. Therefore, pepsin may be di-
rectly responsible for the depletion of laryngeal protective pro-
teins.
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It has been suggested that CA III catalyzes the reversible hy-
dration of CO: to produce bicarbonate ions [86-88], thereby fa-
cilitating local alkalinization of the microenvironment, inhibiting
pepsin activity, and protecting the upper airway mucosa [38,72,
89]. Furthermore, the enzyme has two highly reactive cysteines
on its surface (Cys183 and Cys188), which form a disulfide bond
in vivo [90]. These highly reactive cysteines protect against oxi-
dative stress under stressful conditions or in pathological condi-
tions [91]. CA IIl may play an important role in epithelial de-
fense in the upper digestive tract [91]. Thus, depletion of expres-
sion of CA Il induced by pepsin may be a potential pathophysi-
ologic mechanism for carcinogenesis in the laryngopharynx.

Heat shock proteins or stress proteins are highly conserved
and widely expressed cellular defense molecules. These stress-
induced proteins are presumed to act as molecular chaperones
by regulating the proper folding and unfolding of proteins and
their transport within cells [92]. Therefore, stress proteins pro-
tect cellular proteins from damage and increase epithelial cell
tolerance to lethal levels of damage by participating in the repair
and removal of damaged polypeptides [93,94]. Johnston et al.
[83] suggested that Sep70 expression is normally induced under
acidic conditions, whereas levels of Sep70 are significantly re-
duced in the presence of pepsin. This stress protein response may
lead to tissue damage and changes in the cytokine environment
that contribute to the development of laryngopharyngeal malig-
nancy.

Receptor-mediated pepsin endocytosis causes cell damage
As mentioned above, Piper and Fenton [75] pointed out that
pepsin activity showed a curve correlation with the pH change
in the local environment. Some studies showed that pepsin can
enter cells through receptormediated endocytosis and then be
stored in vesicles and transported to other complex organelles
(such as the Golgi apparatus). It had been demonstrated that
pepsin ingested by cells in the larynx remains intact within the
cells [83,95,96]. The pepsin absorbed by receptormediated en-
docytosis of the laryngeal epithelium is inactive or dormant be-
cause the mean pH of the laryngopharynx is 6.8 [83,95,96]. Im-
portantly, pepsin is stable under this condition. Thus, pepsin could
be reactivated by a decrease in pH even if the reflux event is
weak or non-acidic. The reactivated pepsin could cause damage
to laryngopharyngeal cells.

Pepsin induces inflammation and laryngopharyngeal
tumorigenesis

Long-term reflux stimulation has been reported to cause dam-
age and structural changes in the laryngopharyngeal mucosa,
leading to chronic inflammation, which is an important cause of
laryngopharyngeal carcinoma caused by LPR [10]. Non-acid
pepsin may destroy laryngopharyngeal mucosal cells by recep-
tor-mediated endocytosis and increase the expression levels of
inflammatory mediators and cytokines in a manner similar to

that in the esophageal mucosa of patients with reflux esophagi-
tis. This suggests that pepsin may independently induce mucosal
inflammation by being endocytosed into cells and activated [92].
Samuels et al. [97] demonstrated that pepsin upregulated the
expression of inflammatory cytokines interleukin (IL)-8, IL-
1F10, IL-1A, and IL-5, as well as the chemokine CXCL14, its
receptor CCR6, and its ligands CCL20 and CCL26; these
changes may cause hypopharyngeal mucosal injury. In laryngeal
carcinoma cells, pepsin was shown to induce the epithelial-mes-
enchymal transition via the IL-8 signaling pathway [17].

Tumorigenic transformation of the laryngeal epithelial mucosa
increases the risk of laryngopharyngeal cancer, which may play
an important role in progression from precancerous lesions to
malignant transformation.

Pepsin induces changes in expression of laryngeal and
hypopharyngeal genes and microRNAs
Gastroesophageal reflux causes metaplastic changes in the esoph-
agus (e.g., Barrett’s esophagus) that increase the risk of esopha-
geal adenocarcinoma [98]. The laryngeal mucosa is considered
more sensitive to gastric reflux than is the esophageal mucosa.
Johnston et al. [52] examined the effects of pepsin exposure on
the expression of 84 oncogenic genes in human hypopharyngeal
squamous cell carcinoma FaDu cells; they found >1.5-fold in-
creases in the expression levels of three genes (CASP8, FADD-
like apoptosis regulator, and V-ets erythrocytosis virus E26 on-
cogene homolog 2) and >1.5-fold reductions in the expression
levels of 24 tumor suppressor genes (including, most notably, V-
akt mouse thymoma virus oncogene homolog 1 gene, BCL2-re-
lated cell death agonist gene, and BCL2-related X protein gene).
Histological metaplasia is a complex process, and many biomark-
ers in the laryngeal and pharyngeal mucosae are stimulated by
repeated pepsin exposure, such as the mucosal defense markers
E-cadherin, MUC2, and MUC5B; the squamous/columnar mark-
er KRT14; and the inflammatory markers CD1d, CRNN, and
transforming growth factor-1 [99]. Studies have shown that the
laryngeal and pharyngeal mucosae mainly comprise columnar
epithelium in individuals without LPR, while LPR is associated
with increased squamous epithelium marker expression [54,100].
Johnston et al. [52] reported that exposure to pepsin caused
laryngeal epithelial cells to exhibit significant alterations in the
expression levels of certain microRNA (miRNAs), including up-
regulation of miR-130a, miR-141, miR-15a, miR-185, miR-222,
miR-29b, miR-32, miR-423-3p, and miR-423-5p, as well as down-
regulation of let-7a, let-7b, let-7c, let-7e, and miR-128. The
members of the let miRNA family were significantly dysregulat-
ed in laryngeal epithelial cells exposed to non-acidic pepsin, and
showed a corresponding increase in the expression of their tar-
get oncoprotein Ras [52]. Increased Ras expression has been
found to be associated with increased cell proliferation, and dys-
regulation of Ras expression has been observed in laryngeal car
cinoma [101].
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PEPSIN AS A POTENTIALTHERAPEUTIC
TARGET FOR PREVENTION AND TREATMENT
OF LARYNGEAL AND HYPOPHARYNGEAL
CARCINOMAS

PPIs have been widely used to treat LPR; they are responsible
for the consumption of a great deal of medical resources and in-
cur significant economic costs [102]. However, multichannel in-
tracavity impedance and pH monitoring have revealed that PPIs
cannot achieve satisfactory results in the treatment of LPR [103].
Moreover, multiple randomized controlled clinical trials have
shown that the use of PPIs in reflux diseases is of limited benefit
[104-106]. A meta-analysis that included 5712 Barrett’s esopha-
gus patients also found that PPIs had no dysplasia-protective ef-
fects [107]. Of note, Samuels et al. [108] found a positive corre-
lation between the use of PPIs and the occurrence of esophageal
adenocarcinoma, as did many other studies, including a nation-
wide study from Denmark in which long-term use of PPIs was
associated with an increased risk of high-grade dysplasia or car-
cinogenesis of the esophagus [109]. Using endoscopy, Nason et
al. [110] revealed that patients who took PPIs were more likely
to suffer esophageal adenocarcinogenesis. One study found that
long-term use of PPIs did not affect cyclooxygenase-2 (COX-2)
expression, whereas nonacid pepsin negatively affected COX-2
expression [111]. This finding implies that it is nonacid materials,
rather than acid, that play important roles in reflux diseases.
PPIs can reduce heartburn, but they also increase pepsin con-
centrations in reflux fluid. Ten Kate et al. [112] discovered that
omeprazole inhibited secretion of acid, but not pepsin secretion,
thereby increasing the relative concentration of pepsin. A recent
in vitro study indicated that acid alone did not disrupt barrier
integrity, whereas high concentrations of pepsin elicited barrier
disruption and neutrophil trans-epithelial migration [113]. Walen-
tek et al. [114] found that long-term use of PPIs could lead to
prolonged laryngeal exposure to weakly acidic and non-acid re-
flux contents that damaged mucosal regeneration. In summary,
treatment with PPIs may increase pepsin concentrations and ag-
gravate reflux diseases. Thus, as a key marker of non-acid reflux
contents, pepsin may play an important role in laryngeal and
hypopharyngeal epithelial inflammation and carcinogenesis.
Pepsin is currently presumed to be taken up by laryngeal epi-
thelial cells via receptormediated endocytosis and to be activat-
ed in organelles, thereby resulting in cell damage [95]. These ef-
fects lead to tumor-like transformation, increasing the risk of la-
ryngeal cancer. New therapeutic approaches targeting pepsin
have been proposed, including the use of irreversible pepsin in-
hibitors and/or pepsin receptor antagonists [95,115,116]. John-
ston et al. [115] suggested a mechanism of targeting pepsin to
treat LPRD: (1) establish an irreversibly inactivated enzyme by
inhibiting it from becoming activated pepsin inside the transre-
ticular Golgi and late endosomes, and (2) inhibiting receptor-
mediated uptake of pepsin via a receptor antagonist. In view of

the unsatisfactory effect of PPIs, therefore, there is an urgent need
to develop a new therapeutic for LPR which specifically targets
pepsin [115]. In vitro studies have confirmed that Gaviscon Ad-
vance, an alginate suspension, specifically removed pepsin and
bile acids from the reflux fluid, thereby inhibiting pepsin [117].
Several clinical experiments have verified the efficacy of Gavis-
con Advance in reflux diseases [118-120]. Some phytochemicals
(curcumin, ecabet sodium, and black-raspberry) can significantly
inhibit pepsin-mediated cell damage, thus suggesting a new
therapeutic strategy via adjunctive therapy with phytochemicals
[121]. In addition, Johnston et al. [95] used wortmannin, an in-
hibitor of receptormediated endocytosis, to inhibit the absorp-
tion of pepsin by epithelial cells, indicating that inhibition of re-
ceptor-mediated endocytosis could be a novel therapeutic strat-
egy in reflux disease. However, few studies have explored new
therapeutic targets for pepsin.

CONCLUSION

Pepsin is a diagnostic marker of LPR. Many studies have dem-
onstrated that pepsin promotes the development of laryngeal
and hypopharyngeal cancers. The mechanisms may include: dis-
ruption of intercellular adhesion and ligation by activated pep-
sin, affecting the function of epithelial cells; consumption and
destruction of the epithelial defense barrier, causing laryngeal
mucosal epithelial damage; receptor-mediated pepsin endocyto-
sis causing cell damage; and pepsin-induced inflammation and
laryngopharyngeal tumorigenesis. Pepsin induces changes in ex-
pression of laryngeal and hypopharyngeal genes and miRNAs.
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