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Abstract

Background: Laryngopharyngeal reflux (LPR) causes chronic cough, throat clearing,
hoarseness, and dysphagia and can promote laryngeal carcinogenesis. More than
20% of the US population suffers from LPR and there is no effective medical therapy.
Pepsin is a predominant source of damage during LPR which disrupts laryngeal bar-
rier function potentially via E-cadherin cleavage proteolysis and downstream matrix
metalloproteinase (MMP) dysregulation. Fosamprenavir (FDA-approved HIV thera-
peutic and prodrug of amprenavir) is a pepsin-inhibiting LPR therapeutic candidate
shown to rescue damage in an LPR mouse model. This study aimed to examine
amprenavir protection against laryngeal monolayer disruption and related E-cadherin
proteolysis and MMP dysregulation in vitro.

Methods: Laryngeal (TVC HPV) cells were exposed to buffered saline, pH 7.4 or
pH 4 £ 1 mg/mL pepsin £ amprenavir (10-60 min). Analysis was performed by
microscopy, Western blot, and real time polymerase chain reaction (qPCR).

Results: Amprenavir (1 uM) rescued pepsin acid-mediated cell dissociation (p < .05).
Pepsin acid caused E-cadherin cleavage indicative of regulated intramembrane prote-
olysis (RIP) and increased MMP-1,3,7,9,14 24-h postexposure (p < .05). Acid alone
did not cause cell dissociation or E-cadherin cleavage. Amprenavir (10 uM) protected
against E-cadherin cleavage and MMP-1,9,14 induction (p < .05).

Conclusions: Amprenavir, at serum concentrations achievable provided the manufac-
turer's recommended dose of fosamprenavir for HIV, protects against pepsin-
mediated cell dissociation, E-cadherin cleavage, and MMP dysregulation thought to
contribute to barrier dysfunction and related symptoms during LPR. Fosamprenavir
to amprenavir conversion by laryngeal epithelia, serum and saliva, and relative drug
efficacies in an LPR mouse model are under investigation to inform development of

inhaled formulations for LPR.
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1 | INTRODUCTION

Laryngopharyngeal reflux (LPR), an inflammatory condition of the
upper aerodigestive tract arising from direct and indirect effects of
gastroduodenal reflux, is estimated to affect more than 20% of the US
population and contribute to 10% visits to otolaryngologists.! > The
most prevalent symptoms are globus, hoarseness, cough, throat clear-
ing, and postnasal drip.2 A distinct clinical entity from gastroesopha-
geal reflux disease (GERD), fewer than 50% exhibit classical GERD
symptoms (heartburn and regurgitation).3'4 LPR has a significant
impact on quality of life and contributes to serious and life-
threatening illness including airway stenosis, reactive airway disease,
upper airway dysplasia, and carcinogenesis.® LPR incurs high cost to
patient and society given its typical recurrence and requirement for
prolonged treatment. The economic burden of LPR is >$52 billion per
year, 5.6-fold greater than that of GERD, with more than half the cost
attributed to proton pump inhibitors (PPIs).>”

Although acid suppressing PPIs are the first-line therapy for GERD,
their use for LPR is controversial in light of studies failing to demonstrate
superiority to placebo and failure of the drugs to provide benefit even at
exceedingly high dose.®? Roughly 40% of LPR cases fail to achieve partial
symptomatic improvement with PPI therapy and complete resolution is
rare 1% Combined multichannel intraluminal impedance-pH (MIl-pH)
monitoring has demonstrated that many episodes of LPR are weakly to
nonacidic and that these episodes are associated with persistent symp-
toms in acid-suppressed patients.}2"1¢ Studies suggest that PPI recalci-
trant symptoms are alleviated by more comprehensive therapeutic
strategies that reduce reflux occurrence or target constituents beyond
acid (e.g., antireflux surgery,'” 22 dietary and lifestyle modification,?3~2°
and alginate?®) indicating that nonacid constituents of refluxate play a
significant role in the pathophysiology of LPR.

A growing body of evidence implicates the gastric enzyme pepsin
as a predominant damaging element of LPR.2” Pepsin is frequently
detected in airway tissue and secretions from LPR patients yet absent in
MIl-pH-confirmed reflux-free subjects.22=3! Its abundance and correla-
tion with cancer-associated changes such as increased interleukin-8 and
DNA damage in dysplastic or tumor airway tissue support its contribution
to the elevated risk of laryngeal cancer among LPR patients.>*27%7 In
experimental models, pepsin leads to inflammatory and carcinogenic
changes irrespective of pH in vitro and in vivo including altered tran-
scriptomic profiles; promotion of apoptotic resistance, cell migration,
anchorage-independent growth and glycolysis; and development of
tumors in a hamster cheek model.?73335-41 Although at neutral pH,
pepsin is transiently inactivated and taken up by respiratory epithelia
by receptor-mediated endocytosis where it appears to exert its proin-
flammatory and carcinogenic effects by initiation of molecular signal-
ing events or intracellular reactivation,?” pepsin in strong to weak acid
(up to pH 6.5) retains enzymatic activity*? and may degrade cell adhe-
sion molecules resulting in impaired epithelial barrier integrity,*> % a
hallmark of LPR and GERD thought to contribute to symptom origina-
tion.***” The adhesion molecule E-cadherin is inversely correlated
with pepsin in LPR*® and has been demonstrated to undergo regu-

lated intramembrane proteolysis (RIP) in GERD and LPR

specimens, releasing biologically active fragments known to promote
proinflammatory and cancer-associated signaling, including regulation
of tissue-remodeling matrix metalloproteinases (MMPs). 4958

We previously reported that the HIV protease inhibitor, amprena-
vir, bound and inhibited pepsin at micromolar concentrations.>* An
oral solution of its prodrug, fosamprenavir, prevented laryngeal dam-
age in a mouse model of LPR when administered at a dose equivalent
to that provided HIV patients. Herein, we sought to utilize a recently
established in vitro model of laryngeal epithelial barrier disruption by
acidified pepsin® to investigate the efficacy of amprenavir to prevent
peptic disruption of cell monolayers and its potential role in
E-cadherin RIP and downstream MMP misregulation.

2 | METHODS

2.1 | Cellculture

Immortalized laryngeal true vocal cord epithelial cells*? (TVC HPV)
were cultured in Small Airway Epithelial Cell Growth Media
(Promocell, Heidelberg, Germany) with 1x Antibiotic-Antimycotic
(ThermoFisher Scientific, Waltham, MA) as previously*® in triplicate
wells to 100% confluence for examining cell dissociation, 90% for pro-
tein expression and 50% for gene expression.

To examine rescue of pepsin-mediated cell dissociation, cultures
were pretreated for 1 h in Hank's buffered saline solution (HBSS;
pH 7.4 unless otherwise stated) +1-10 uM fosamprenavir (Anant Labo-
ratories, Ambernath, India) or 0.5% dimethyl sulfoxide (DMSO; vehicle).
Cultures were washed twice in HBSS and treated in HBSS or HBSS
pH4 +1mg/mL porcine pepsin (Sigma-Aldrich, St. Louis, MO)
+1-10 uM fosamprenavir, 1-10 uM amprenavir (Sigma-Aldrich), or
DMSO at 37°C/5% CO, for 1 h and assessed immediately by light
microscopy.

Treatment with HBSS or HBSS pH 4 + 1 mg/mL porcine pepsin
+10-100 puM amprenavir or DMSO for 10-30 min was used to inves-
tigate rescue of E-cadherin RIP by Western blot or immunofluores-
cence following immediate harvest or fixation.

Cells were treated at the same pH and dose for 15 min, rinsed
twice in HBSS, and allowed to rest in normal growth media for 24 h
prior to harvest and assessment of MMP expression by qPCR.

The role of MMPs in E-cadherin RIP and MMP expression
were tested by 2-h pretreatment with HBSS +20 uM GM6001
(broad-spectrum MMP inhibitor, Sigma-Aldrich) or 0.5% DMSO
prior to treatment in HBSS or HBSS pH 4 +1 mg/mL porcine pep-
sin 20 uM GM6001 for 30 min (Western blot and immunofluo-
rescence) or 15 min (qPCR; as described above, treatment was
followed by two washes in HBSS and 24 h rest in normal growth
media prior to harvest). The selected concentration of GM6001
was previously shown to prevent E-cadherin cleavage and related
changes in cell adhesion and migration in vitro.>> Half-maximal
inhibitory concentration values reported for GM6001 against
human MMPs are: MMP-1 (6 nmol/L), MMP-2 (7/17 nmol/L),
MMP-3 (28 nmol/L), MMP-7 (41 nmol/L), MMP-8 (1.4 nmol/L),
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MMP-9 (4.1/15 nmol/L), MMP-12 (23 nmol/L), MMP-13 (3.2 mmol/L),
MMP-14 (23/33 nmol/L), MMP-15 (6 nmol/L), MMP-16 (8 nmol/L),
and MMP-26 (17 nmol/L); and inhibition of MMP-10, MMP-17,
MMP-20, MMP-21, TACE, ADAM19, other ADAMSs, anthrax lethal
factor, neprilysin, leucine aminopeptidase, and DPPIII has also been
reported.’®~>8

2.2 | Celldissociation

After two washes in HBSS, images were obtained on an inverted
microscope (Nikon, Tokyo, Japan and Metamorph Inc., Nashville, TN).
The percent cell-free area of a single image from each well (n = 3)
was quantified using PHANTAST®>? plug-in for FIJI.%°

23 | Western blot

Cells were harvested in cold radio-immunoprecipitation assay (RIPA)
lysis buffer (1% NP40, 0.5% sodium deoxycholate, 0.1% sodium dode-
cyl sulfate, 150 mM NaCl, 50 mM Tris-Cl, pH 7.4) containing protease
inhibitor. Proteins were separated (4%-20% TGX, Bio Rad Laborato-
ries, Hercules, CA) and transferred to polyvinylidene difluoride. Mem-
branes were blocked (5% milk and 0.1% Tween-20 in phosphate
buffered saline, PBS) and probed with E-cadherin C-terminal (4A2C7,
ThermoFisher Scientific, per Jovov et al>'), ADAM-10 (AB19026,
Sigma-Aldrich), actin (CPO1, Sigma-Aldrich), and horseradish peroxi-
dase (HRP)-conjugated secondary antibodies (Agilent Technologies,
Santa Clara, CA). Densitometry was performed using FlJI (version
1.52a, National Institutes of Health, Bethesda, MD); signal corre-
sponding to full-length E-cadherin and its fragments in each lane was
normalized to actin signal from the same lane and mean of three lanes

representing biological triplicate compared across groups.

24 | Immunofluorescence

Cells were fixed in paraformaldehyde, immunostained as previously®!
in anti-E-cadherin (HECD1, ThermoFisher Scientific per Jovov et al.”?)

and mounted with DAPI (ThermoFisher Scientific).

2.5 | Realtime qPCR

RNA was extracted via TRIZOL and purity and concentration assessed
by UV spectroscopy (Nanodrop 2000; ThermoFisher Scientific). RNA
was reverse transcribed using Superscript IV VILO (ThermoFisher Sci-
entific). gPCR was performed in quadruplicate reactions using Tagman
gene expression assays in a Viia7 instrument (ThermoFisher Scientific)
per manufacturer's instructions. Threshold cycle (Ct) values <36 were
used for analysis, and gene expression was normalized to housekeep-
ing gene HPRT1.

2.6 | Statistical analysis

Student's t-test was used to compare groups. For gPCR, RQs were
calculated via delta-delta method. Log transformation was applied to
cell dissociation data due to skewness of data. p < .05 was considered
significant.

3 | RESULTS

Pepsin pH 4 elicited cell dissociation which was rescued by 21 uM
amprenavir (p < .05) in a dose-dependent manner (Figure 1 and Sup-
plementary Table S1); acid alone did not induce cell dissociation. Res-
cue by 10 uM amprenavir was complete as indicated by non-
significant difference relative to Control confluence (p = .089). Res-
cue of cell dissociation by 210 uM fosamprenavir (p < .05) suggested
prodrug conversion by laryngeal epithelial cells.

Amprenavir exclusively was used for mechanistic studies. West-
ern blot demonstrated that pepsin pH 4 caused near total cleavage of
full-length E-cadherin by 30 min (p = .0083) while acid (pH 4) alone
for 30 min did not cause E-cadherin RIP (Figure 2 and Tables S2 and
S3). Depletion of intact E-cadherin by pepsin pH 4 was partially res-
cued by 10 uM amprenavir (p = .0002) and rescued to a lesser degree
by 20 uM GM6001 (p = .0045). E-cad/CTF1 and CTF2 were not
detected in Control or pH 4 groups but were present following treat-
ment with pepsin pH 4; peptic induction of CTF1 was partially res-
cued by 10 uM amprenavir or 20 uM GM6001 (p < .05). Membrane-
localized E-cadherin staining appeared depleted or more diffuse given
treatment with pepsin pH 4 (but not pH 4 alone) and was partially res-
cued by amprenavir (Figure 3). Membrane-associated staining was not
completely abolished by pepsin pH 4 as would be expected based on
results of Western blot: this may be attributed to confounding by a
proportion of E-cadherin N-terminal cleavage fragment (NTF/sE-cad)
that remains membrane-bound through interaction with transmem-
brane proteins.”®

Pepsin pH 4 increased MMP-1,3,7,9,14 expression 24 h postex-
posure (p < .05; Table 1) but did not induce MMP2, whereas acid
alone caused significant upregulation of exclusively MMP14 (p < .05).
Amprenavir (10 uM) partially rescued MMP-1,9,14 induction and
100 uM amprenavir partially rescued MMP7 (p < .05). GM6001 res-
cued exclusively MMP7 (p < .05).

4 | DISCUSSION

As research over the last 20 years has highlighted the limited utility of
acid-targeting approaches to LPR and identified pepsin as a biomarker
and key determinant of LPR pathophysiology, considerable interest
has developed in pepsin as a therapeutic target. We recently identi-
fied an HIV protease inhibitor (amprenavir, commonly administered as
fosamprenavir) which binds and inhibits pepsin in the nanomolar

range and rescued histologic indications of peptic injury in a mouse
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FIGURE 1 Pepsin-acid (1 mg/mL pepsin pH 4, 1 h) induced cell dissociation and rescue. Cell dissociation was rescued by 1 uM amprenavir
(APR) or 10 uM fosamprenavir (FOS), p < .05. Scale bar = 100 pm; error bars = SD; *p < .05; ****p < .0001.
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FIGURE 2 Pepsin-acid (1 mg/mL pepsin pH 4) cleaved nearly all full-length E-cadherin (E-cad; 120 kDa) by 30 min resulting in 38 and 33 kDa
C-terminal E-cad/CTF1 and E-cad/CTF2 fragments indicative of regulated intramembrane proteolysis (RIP). Amprenavir (APR) co-treatment or
broad-spectrum matrix metalloproteinase (MMP) inhibitor (GM6001, pre and co-treatment) partially rescued pepsin-acid mediated E-cadherin
cleavage. Acid alone did not induce E-cadherin cleavage. *p < .05; **p < .01; ***p < .001.
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FIGURE 3 Pepsin-acid (1 mg/mL pepsin pH 4, 30 min) caused depletion of membrane localized E-cadherin which was partially rescued by the
pepsin inhibitor, amprenavir (APR), but not the broad-spectrum matrix metalloproteinase (MMP) inhibitor, GM6001.

LPR model.>* Many LPR episodes are weakly acidic and weakly acidic
pepsin elicits microscopically evident cell dissociation in vitro*® akin
to dilated intercellular spaces which are a hallmark of LPR and GERD.
Cell dissociation in vitro is not incurred by acid alone®® in agreement
with studies in animal models finding that pepsin or bile salts are
required to produce histologic injury and sustained epithelial barrier
disruption in vivo at pH >2.4>52-%* The acute erosive activity of acidi-
fied pepsin has historically been attributed to digestion of protein
constituents of the mucin layer, basement membrane, and intercellular
junctions.**4°

E-cadherin is the primary protein constituent of adherens junc-
tions. It plays a crucial role in ensuring tissue integrity by immobilizing
cells within the epithelium, facilitating contact inhibition of growth,
and maintaining proper functioning of tight junctions, the primary per-

meability barrier of the epithelium. E-cadherin also regulates cell

migration and proliferation through interaction with catenins and
growth factor signaling pathways. E-cadherin cleavage fragments pre-
sent in LPR and GERD specimens, absent in reflux-free controls, sug-
gest its RIP plays a role in the pathophysiology of reflux-attributed
disease.’®! RIP is a relatively recently discovered phenomenon
which releases latent signaling molecules through sequential extracel-
lular and intramembrane (or intracellular) cleavage of transmembrane
proteins by a sheddase and y-secretase, respectively, yielding frag-
ments that are frequently implicated in inflammatory and cancer-
related signaling.®®> E-cadherin RIP produces an 80 kDa N-terminal
fragment (soluble E-cadherin, sE-cad) which diffuses into the extracel-
lular environment and may disrupt pairing of full-length E-cadherin
dimers; chemoattract migrating cells; promote proliferation and apo-
ptotic resistance via growth factor receptor signaling; and upregulate

MMPs which facilitate cell migration and further E-cadherin RIP.5253
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Mean RQ * SD p rel Control p rel Pepsin pH 4 TABLE1 MMP gene expression
24-h posttreatment.

MMP1

Control 1.00 £ 0.02

pH 4 1.11 + 0.09 A1 .0077

1 mg/mL pepsin pH 4 484 +0.61 .0082

10 uM APR + pepsin pH 4 3.60 +£0.23 .0024 .029*

100 uM APR + pepsin pH 4 3.25 +0.67 .028 .038*

20 uM GM6001 + pepsin pH 4 4.67 £ 0.61 .0091 .75
MMP2

Control 1.00 £ 0.25

pH 4 1.10 £ 0.04 .57 <.0001

1 mg/mL pepsin pH 4 1.56 + 0.02 .062

10 uM APR + pepsin pH 4 1.20 + 0.01 .30 <.0001*

100 uM APR + pepsin pH 4 1.01 £0.01 96 <.0001*

20 uM GM6001 + pepsin pH 4 1.62 + 0.09 017 .33
MMP3

Control 1.00 £ 0.15

pH 4 1.11+£0.15 41 025

1 mg/mL pepsin pH 4 6.86 + 1.63 .024

10 uM APR + pepsin pH 4 443 +0.53 .0004 .070

100 pM APR + pepsin pH 4 422 +1.14 .038 .083

20 uM GM6001 + pepsin pH 4 573+0.51 .0001 .32
MMP7

Control 1.00 + 0.42

pH 4 0.82 +0.36 .60 .0026

1 mg/mL pepsin pH 4 5.59 +1.18 .0032

10 uM APR + pepsin pH 4 3.52+0.73 .0066 .061

100 uM APR + pepsin pH 4 2.96 +0.88 .025 .036*

20 uM GM6001 + pepsin pH 4 3.37 £0.55 .0041 .042*
MMP9

Control 1.00 £ 0.16

pH 4 1.14 £ 0.08 .23 016

1 mg/mL pepsin pH 4 3.51+0.55 .0016

10 uM APR + pepsin pH 4 2.05+£0.26 .0040 .014*

100 uM APR + pepsin pH 4 1.36 £ 0.17 .052 .0030*

20 uM GM6001 + pepsin pH 4 3.80+0.71 .0026 61
MMP14

Control 1.00 £ 0.11

pH 4 1.40 +0.18 .032 .025

1 mg/mL pepsin pH 4 2.01+0.25 .0031

10 uM APR + pepsin pH 4 1.46 £ 0.07 .0039 .021*

100 pM APR + pepsin pH 4 1.14 + 0.02 .10 .026*

20 uM GM6001 + pepsin pH 4 2.22 +0.29 .0025 40

Abbreviations: APR, amprenavir; MMP, matrix metalloproteinase; RQ, relative quantity.
*p < .05, rescue relative to pepsin pH 4.

The integral membrane C-terminal fragment (38 kDa E-cad/CTF1) is signaling, and pl120 catenin which promotes E-cad/CTF2
then cleaved by a y-secretase, releasing 33-kDa E-cad/CTF2 to the DNA-binding and apoptotic resistance via Kaiso.”® Serum sE-cad is

cytosol.>® This liberates B-catenin which facilitates oncogenic Wnt associated with cancer®® and E-cadherin depletion is associated with
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pepsin presence in LPR and GERD/LPR-attributed metaplasia and
cancer.3”¢7-%? E-cadherin is also depleted in other aerodigestive con-
ditions associated with impaired barrier integrity.”°

Herein, weakly acidic pepsin induced cleavage of nearly all full-
length E-cadherin within 30 min which was partially rescued by the
pepsin inhibitor, amprenavir. Although Jovov et al. speculated that
refluxed acid caused E-cadherin cleavage in GERD biopsies via
ADAM10 activation,’* acid alone did not elicit E-cadherin RIP herein.
Where acid alone has been shown to elicit E-cadherin cleavage in aero-
digestive tract epithelia, the effect is delayed, observed after 24 h, and
secondary to transcriptional regulation of MMPs.#?°%71 While a num-
ber of epithelial E-cadherin sheddases would be present in our in vitro
model (e.g., MMP-3,7,9,14,15 and ADAM-10,12,15)°3 most or all would
be inhibited by GM6001.547>8 Incomplete rescue of E-cadherin cleav-
age by GM6001 and partial rescue by the pepsin-inhibitor amprenavir
herein support pepsin as an E-cadherin sheddase during LPR.

MMPs which are regulated by E-cadherin RIP and implicated in
reflux-attributed disease were also assessed herein. MMP-2,9,14 may
be dysregulated by sE-cad®? and MMP7 by E-cad/CTF-related Wnt
signaling.”?> MMP-9 mediates pepsin-induced mucin 5AC expression
in airway epithelial cells contributing to hypersecretion and
inflammation,”® is induced by TGF-p signaling in tracheal cells, a key
pathway in laryngotracheal stenosis,”* is elevated in mild and severe
GERD,”” and plays a role in the early inflammatory response in a model
of Barrett's esophagus (BE).”® MMP-2, 7 and 9 have been implicated in
laryngeal cancer.”” MMP-1 is a pre-invasive factor for BE associated
with GERD severity and esophageal adenocarcinoma (EAC).”%”? MMP-
14 is considered the “master MMP” given its role in activation of many
MMPs and strong association with invasion, migration and angiogenesis
of aerodigestive tract cancers.®® Herein, pepsin acid-induced MMP-
1,3,7,9,14 expression 24-h postexposure; all but MMP3 were partially
rescued by amprenavir. The protective benefits of amprenavir against
E-cadherin RIP and MMP dysregulation, which are in turn associated
with tumorigenesis, metastasis, and poor cancer prognosis, have
recently been corroborated in an esophageal culture model,®* and are
particularly intriguing given failure of the current mainstay treatment
for severe GERD to demonstrate chemopreventive benefit or stem the
rising incidence of EAC despite widespread use.&?

The concentration of amprenavir shown protective herein is simi-
lar to the serum concentration achievable provided the manufacturer
recommended dose for treatment of HIV.23 Local delivery by aerosoli-
zation would permit lower dosing and limit the potential for side effects.
Locally delivered fosamprenavir may be converted by alkaline phospha-
tase present in saliva, serum and epithelial cells as supported by conver-

sion of other phosphate ester prodrugs®*®>

and fosamprenavir
protection herein. Fosamprenavir conversion by saliva, serum, and epi-
thelial cells and the relative efficacies of aerosolized amprenavir and
fosamprenavir in an LPR mouse model are under investigation to inform
the design of a dry powder inhaler for local delivery to the airways.
Limitations of this study include its basis on a single cell culture
model. While cell lines are invaluable to scientific investigation and
HPV E6/7-immortalized TVC HPV cells retain characteristics of the

tissue of origin (cytokeratin expression, tight junctions, anchorage-

1,41 caution should

dependent growth) supporting their use as a model|
be exercised when extrapolating in vitro findings to clinical situations.
Future experiments in the LPR mouse model developed in our labora-
tory would be useful to corroborate these observations. The results of
the present study and previous report of fosamprenavir rescue of
pepsin-mediated histologic damage in the LPR mouse model provide
proof-of-concept for the use of fosamprenavir as a novel therapeutic
for LPR. A 12-week randomized, double-blind, placebo-controlled clin-
ical trial has been approved to assess the efficacy of an oral solution
of fosamprenavir for LPR. If effective, an aerosolized drug for local
inhaled delivery could further improve outcomes and limit side
effects.

5 | CONCLUSIONS

LPR is a common illness with an adverse impact on quality of life and
life-threatening complications including cancer. Acid suppressing ther-
apies have proven ineffective for the treatment of LPR in agreement
with evidence implicating pepsin as a major aggressor. Herein, the
pepsin inhibitor amprenavir, at a concentration achievable given the
manufacturer recommended dose for treatment of HIV, protected
against peptic cell dissociation, E-cadherin cleavage and MMP
induction in laryngeal cells which are associated with epithelial bar-
rier disruption, inflammatory tissue remodeling and tumorigenesis.
Protection by fosamprenavir herein suggests conversion of the pro-
drug by laryngeal epithelium and supports the potential of its local
aerosolized delivery to allow for lower dosing and reduced likelihood
of side effects. These data provide proof-of-concept supporting a
clinical trial for the efficacy of fosamprenavir as a novel therapeutic
for LPR.
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