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Objective: Asthma and gastric reflux disease are widespread and often coexisting
diseases with complex interactions, leading some to suspect that asthma symptoms of
patients with reflux may improve with anti-reflux therapy. The objective of this study was
to determine whether pepsin in saliva, indicative of airway reflux, could be detected in
patients with asthma of varying severity and test the requirement of citric acid as a
pepsin preservative.

Methods: Saliva samples were collected in the clinic (with/without citric acid) and upon
waking the following morning from 25 asthmatic patients. Enzyme-linked immunosorbent
assay was performed for pepsin and interleukin-8 (IL-8), an inflammatory cytokine induced
by pepsin in other airway epithelia. Pepsin induction of IL-8 was tested in a lung epithelial
cell culture model.

Results: Pepsin was detected in saliva from 14/25 patients (56%; mean concentration of
pepsin in specimens where observed £SD =80.3+87.5 ng/mL); significant agreement was
found between samples collected in the presence/absence of citric acid. No significant
associations were found with pepsin and clinical measures of asthma severity. IL-8 was
detected in saliva from 22/25 patients (88%; mean IL-8 in all specimens where observed
=3.2743.91 ng/mL). IL-8 was significantly upregulated in human lung epithelial cells
exposed to pepsin at pH7 in vitro (P=0.041).

Conclusion: In summary, more than half of the asthma patients in this study were found to
have pepsin in their saliva, indicative of airway reflux. These data support the use of salivary
pepsin as a noninvasive tool for future investigation of airway reflux in a larger cohort. The
data further suggest that collection in citric acid as a sample preservative is not warranted and
that pooling of multiple saliva samples collected at various timepoints may improve sensi-
tivity of pepsin detection and reduce costs incurred by multiple sample analysis in future
studies.

Keywords: extracsophageal reflux, laryngopharyngeal reflux, asthma, salivary diagnostics,
IL-8

Introduction

Asthma is a common chronic disease of the airways described as a history of
discrete attacks." During an asthma attack, the airway becomes inflamed causing,
airflow obstruction and symptoms including wheezing, coughing, shortness of
breath, and chest tightness/pain. The causes of asthma are unknown, but thought
to be due to host and environmental factors such as airway infections, airborne
allergens, occupational exposures, and air pollution. The Center for Disease Control
(CDC) reports the incidence of asthma in both adults and children at 8.3% in the

US, costing over $56 billion per year.>
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Asthma symptoms are not well controlled in approxi-
mately of 10% patients, despite advances in current med-
ical therapy.* This may be due to poor inhaler skills and
adherence or confounding comorbidities such as obesity
and gastroesophageal reflux disease (GERD). Several stu-
dies have demonstrated an increased prevalence of GERD
in asthma patients and highlighted its impact on asthma
control.”™® Studies are needed to identify subgroups of
asthmatic patients that may benefit from anti-reflux
therapy.

Reflux of gastric contents into the esophagus, termed
gastroesophageal reflux (GER), is a normal physiological
phenomenon. Brief and infrequent exposure of the esopha-
gus to gastric contents does not result in injury and dis-
ease. In fact, up to 50 reflux episodes a day (below pH 4)
are considered normal. Esophageal symptoms and compli-
cations are thought to arise when reflux is prolonged and/
or there is a breakdown in the defense mechanisms, mak-
ing an individual more susceptible to reflux-mediated eso-
phageal injury, known as GERD. The most common
symptom of GERD is heartburn. Diagnosis of GERD is
made by endoscopy, and pH-monitoring of GERD is
thought to affect approximately 30% of the Western popu-
lations. When gastric reflux travels more proximally into
the laryngopharynx, it is termed extraesophageal or airway
reflux. The airways are considerably more sensitive to
damage by reflux. A single episode of reflux into the
airways is considered pathological. Airway reflux contri-
butes to several otolaryngologic symptoms and inflamma-
tory disorders, and perhaps to neoplastic diseases of the
laryngopharynx. The most common symptoms of airway
reflux are hoarseness, sore throat, globus, chronic cough,
and dysphagia. It is estimated that 10% of patients visiting
otolaryngology clinics have reflux-attributed disease, and
most patients with airway reflux do not have GERD. The
airways are sensitive to weak or non-acid reflux, therefore
pH-monitoring alone is insufficient for detection of symp-
tom-associated airway reflux. Combined multichannel
intraluminal impedance and pH-monitoring (MII-pH)
which detects both acid and non-acid reflux is currently
considered the gold standard for reflux detection; however,
this test is expensive and invasive. Pepsin A is only
produced in the stomach and, thus, is a specific biomarker
for reflux.”® Further, pepsin is present in all refluxate in
contrast to the other gastric components such as acid or
bile, which may or may not be present.

In a study of the prevalence of airway reflux in children
with reflux-associated pulmonary disease, pepsin was

detected in the bronchoalveolar lavage (BAL) of more
than 70% (47/65) patients with pulmonary disease who
underwent bronchoscopy and tracheostomy compared to 0/
11 controls who had elective surgery with no history of
pulmonary disease.'® The authors found detection of pep-
sin in BAL samples to be more sensitive and specific than
the current method of measuring lipid laden macrophages
for the detection of aspiration. Hayat et al'' assayed sali-
vary pepsin, indicative of airway reflux, in 111 patients
with heartburn and 100 asymptomatic controls who under-
went MII-pH demonstrating that findings of >210 ng/mL
pepsin in one sample was 98.2% specific for diagnosis of
GERD and hypersensitive esophagus. The authors con-
cluded that a positive salivary pepsin test may obviate
the need for more invasive and expensive diagnostic
testing.

Hunt et al'? detected pepsin in BAL samples from 46/
78 (58.9%) asthmatic patients, but found no association
between pepsin levels and asthma severity or control.
Despite the high prevalence of GER in asthma, a causal
link is lacking. However, the literature does support GER
as a risk factor for chronic obstructive pulmonary disease
(COPD) exacerbations,'> > and pepsin concentration in
BAL fluid has been shown to correlate with local neutro-
phil counts, which predicts more severe pulmonary
symptoms.'® We recently found that gastric juice from
patients taking proton pump inhibitors increased neutro-
phil migration across lung epithelial monolayers indepen-
dently of pH'” and that pepsin triggered neutrophil
migration across acid damaged lung epithelium.'® We
suspect that pepsin-induced neutrophil migration may be
a result of pepsin-induced interleukin 8 (IL-8) expression.
Pepsin elicits expression of the neutrophil chemoattractant
and proinflammatory cytokine IL-8 in airway epithelia
cells, and concentrations of pepsin parallel those of IL-8
in BAL of cystic fibrosis patients suggesting a similar
relationship exists in the lung.'”' Elevation of IL-8 in
pepsin-treated lung epithelial cells would provide support
for a mechanism whereby pepsin could contribute to
inflammation, and thereby the pathophysiology of asthma.
The response of IL-8 to pepsin has not been examined in
lung cells to date.

Evidence of pepsin exposure leading to airway epithe-
lial damage, barrier leakiness, and/or neutrophil breach of
the epithelium suggests a potential for the capacity of
pepsin to exert a pathological response. Given that salivary
pepsin appears to be a sensitive and specific biomarker for
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airway reflux, the objective of this study was to
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measure salivary pepsin in 25 consecutive established
asthma patients and compare levels with severity of dis-
ease. IL-8 was measured in patient saliva and the effect of
pepsin on IL-8 levels in a human lung epithelial cell line
was investigated.

Materials and methods

Human specimens

This study was approved by the MCW Institutional
Review Board (protocol PRO00031392). All participants
provided written informed consent, and this study was
conducted in accordance with the Declaration of
Helsinki. Study participants included 25 consecutive
patients with clinically diagnosed asthma seen by the
recruiting physician in the asthma clinic at Froedtert
Hospital. Patients demographics and clinical data related
to their asthma, including day of visit spirometry, smoking
history, medications including prednisone for physician-
determined exacerbations, body mass index, complete
blood count, and IgE were collected for descriptive statis-
tics. Patients provided a throat-clearing saliva sample dur-
ing their routine clinic visit; half of this specimen was
immediately transferred to a tube containing 0.5 mL 0.01
M citric acid and both were placed at 4°C. Patients pro-
vided a second sample on waking, prior to brushing their
teeth, drinking or eating in the morning the day after their
clinic visit which they collected in a provided tube and
shipped back to the research laboratory via USPS in pro-
vided packaging. Once received in the laboratory, an ali-
quot of each specimen was transferred to -80°C for
subsequent IL-8 analysis. The remainder of all specimens
were stored for pepsin analysis for up to 14 days at 4°C.

Cell culture

Lung epithelial cells were treated with pepsin to determine
whether pepsin induced expression of neutrophil chemoat-
tractant and marker of inflammation, IL-8. Treatment con-
ditions were based on the median pepsin concentration
observed in BAL of asthmatics (4 ng/mL median concen-
tration of pepsin in 180-fold diluted bronchial specimen)'?
and persistence of pepsin in the lung of a rat model of
aspiration (up to 50 hours following aspiration).”> A
human epithelial cell line derived from a lymph node
metastasis of a pulmonary mucoepidermoid carcinoma
(H292; American Type Culture Collection, Manassas,
VA) was cultured in RPMI with 10% fetal bovine serum
and Antibiotic-Antimycotic (Thermo Fisher Scientific,

Waltham, MA) at 37°C and 5% CO? were grown to 75%
confluence and treated with normal growth media at pH 7
with 1 mg/mL porcine pepsin (Sigma Aldrich, St Louis,
MO) for 24 hours at 37°C and 5% CO? in triplicate
reactions. At the end of 24 hours, culture media was
harvested, aliquoted, and stored at -80°C.

Enzyme-linked immunosorbent assay
(ELISA)

The concentration of pepsin in human saliva specimens
was determined by non-competitive indirect sandwich
ELISA, as previously described.***> Human IL-8/
CXCL8 DuoSet ELISA (R&D Systems, Minneapolis,
MN) was performed on human saliva specimens and
H292 culture media per manufacturer instructions.

Statistical analyses

To evaluate the effect of time of saliva collection on
pepsin detection, Cohen’s Kappa was used to measure
the agreement between pepsin presence or absence out-
comes, with a value of 0 indicating agreement consistent
with chance and a value of 1 indicating perfect agreement.
McNemar’s test was used to evaluate the bias between the
two outcomes. To evaluate the effect of citric acid as a
preservative of pepsin in human saliva, the measured level
of pepsin in saliva specimens was compared via a paired #-
test among the saliva samples collected in clinic with citric
acid (CA) and without citric acid (C) in patients for which
pepsin was detected in at least one of the samples. For
descriptive statistics of the study population and outcomes
by the presence of pepsin in any sample, Wilcoxon rank-
sum test was used for continuous data and Fisher's exact
test was used for categorical data. Spearman’s correlation
was used to assess the relationship between pepsin and IL-
8 protein expression in human saliva specimens due to the
skewness of their distributions.

ANOVA with Tukey’s adjustment for multiple testing
was used to compare H292 IL-8 concentrations between
treatment conditions. Concentrations were log transformed
for the analysis to stabilize variability and improve nor-
mality; the estimates were back-transformed for reporting.

Results

Patient demographics are reported in Table 1. Twenty-five
subjects were recruited and provided at least one speci-
men. Of these, 24 patients had a saliva specimen collected
in the clinic, a portion of each were diluted in citric acid;
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Table | Subject demographics (n=25)

Demographic value Measure/frequency
Age, years (meantSD) 58.7+11.3

Sex, n (%)

Male 6 (24)

Female 19 (76)

Race, n (%)

Caucasian 14 (56)

African American Il (44)

Ethnicity, n (%)

Non-Hispanic 25 (100)

Table 2 Pepsin in saliva of asthma patients

Pepsin pre- Concentratio-
sence, n (95% | n, ng/mL
Cl) (meantSD)

Any sample (n=25)

No Il (44.0)

Yes 14 (56.0)

Clinic specimen (n=24)

No 14 (58.3)

Yes 10 (41.7) 66.7£76.5

Clinic+CA specimen

(n=24)

No 14 (58.3)

Yes 10 (41.7) 86.1+£95.3

On waking specimen

(n=22)

No 16 (72.7)

Yes 6 (27.3) 93.3£104.1

Abbreviation: CA, citric acid.

22 patients had a specimen collected on waking. Pepsin
was present in at least one of the three specimens in 14/25
(56%) patients (mean+SD=66.7+76.5 ng/mL), see Table 2.
No significant difference was observed in age, sex, race,
body-mass index, asthma severity, smoking status, number
of exacerbations in the last 12 months, reflux medication
status, ACT, or FEV1 (post %) between patients with at
least one pepsin positive specimen and those with none
(Table 3; see Table S1 for more detailed patient character-
istics and corresponding pepsin test results).

Pepsin was observed in 10/25 clinic-collected speci-
mens without citric acid (mean+=SD=66.7+76.5 ng/mL), in
10/25 clinic-collected specimens with citric acid (mean
+SD=86.1495.3 ng/mL), and in 6/25 specimens collected
on waking (mean+SD=93.3+104.1 ng/mL), see Table 2.
Cohen’s Kappa test demonstrated high agreement between
clinic specimens diluted in citric acid and undiluted

Table 3 Descriptive statistics of the study population and out-
comes by the presence of pepsin in any sample

No pep- | Pepsin, P-
sin, n=11 | n=14 value
Age, years (mean+SD) 58.9+10.5 58.6+12.3 0.882
Sex, n (95% Cl) 0.661
Male 2 (18.2) 4 (28.6)
Female 9 (81.8) 10 (71.4)
Race, n (95% Cl) 1.000
African-American 5 (45.5) 6 (42.9)
Caucasian 6 (54.5) 8 (57.1)
Ethnicity, n (95% ClI) NA
Non-Hispanic 11 (100) 14 (100)
BMI, kg/m? (mean+SD) 34.8+9.7 33.249.2 0.893
Asthma Severity, n (95% CI) 0.243
Mild intermittent 1 (9.1) 0 (0.0)
Moderate persistent 1 (9.1) 5 (35.7)
Severe persistent 9 (81.8) 9 (64.3)
Smoking status, n (95% CI) 1.000
Current 3(27.3) 5 (35.7)
Former 4 (36.4) 5(35.7)
Never 4 (36.4) 4 (28.6)
Exacerbations in last year
(meanSD)
Any exacerbations 1.7£2.2 1.0£1.4 0.503
Requiring urgent care 0.5+0.7 0.7+1.4 0.875
Reflux medication, n (95% 0.227
Cl)
No 3(27.3) 8 (57.1)
Yes 8 (72.7) 6 (42.9)
Prednisone in last 4 weeks, 1.000
n (95% Cl)
No 10 (90.9) 12 (85.7)
Yes 1 (9.1 2 (14.3)
ACT (meanzSD) 17.5+£3.8 19.1£3.7 0.350
FEVI, post% (meantSD) 75.1£15.6 80.6x17.9 0.317

(Kappa=0.83; Table 4). Pepsin results from specimens
collected from in clinic and on waking demonstrated
poor agreement (Kappa=0; Table 4). No evidence of bias
was observed between outcomes in clinic vs on-waking
specimens (McNemar’s test P-value=1.000; Table 4). IL-8
was observed in 22/25 patients (mean concentration in all
samples where observed+SD=3.27+3.91 ng/mL). No cor-
relation was observed between pepsin and IL-8 protein
levels in saliva specimens (P=0.1182).

IL-8 was significantly elevated in human lung
epithelial H292 cells exposed to 1 mg/mL pepsin at
pH7 for 24 hours (185+41.62 pg/mL) relative to cells
maintained in media pH7 alone (75.66+7.57 pg/mL;
P=0.003).
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Discussion

Using salivary pepsin as a biomarker for reflux and aspira-
tion, we report a similar prevalence of reflux in asthmatic
patients (56%) as that reported by others in the literature.'*2
Collection of saliva is non-invasive and, thus, would be
preferred over more invasive sampling methods such as
BAL as a tool to diagnose airway reflux and assess its role
in disease. Evidence of reflux has not been correlated with
asthma severity to date.'*> Accordingly, while more than half
of the asthma patients in this study were found to have reflux,
consistent with the findings reported by Hunt et al,'* the
presence and levels of salivary pepsin did not correlate with
clinical measures of disease severity.

It is important to remember that pepsin may only be
transiently present in saliva because of the intermittent
nature of reflux and influence of swallowing, both of
which vary with food intake. Therefore, optimization of
timing and method of salivary sampling to yield the great-
est balance of sensitivity and specificity is essential if
pepsin is to be used clinically as a marker of airway reflux.
Although certain recommendations for collection time,
such as waiting at least lhour after meals to avoid detec-
tion of postprandial reflux events, have been suggested in
previous studies,'' large-scale studies have not been per-
formed to determine the optimal timing or sampling
method. Larger studies with more frequent sampling may
allow determination of the ideal time for sample collec-
tion, which might in turn facilitate the use of salivary
pepsin as a more sensitive and specific tool for diagnosing
airway reflux. Salivary pepsin should, therefore, be mea-
sured in broader studies to determine the role of airway
reflux in the etiology and evaluation of asthma, potentially
identifying a specific subset of asthma patients in whom
reflux and aspiration contributes to disease and who might,
therefore, benefit from lifestyle modifications or surgery
for reflux. In follow-up to the study herein, we are cur-
rently collecting saliva samples from asthma patients, add-
ing collection when the patient experiences a symptom
(coughing, wheezing, shortness of breath, etc.) up to six
times during a 24 hour period, to the sampling times
utilized herein (ie, during their routine appointment to
the pulmonology outpatient clinic in which collection
technique is demonstrated, and when the patient wakes
the following morning before eating or brushing their
teeth). The samples are being pooled in a single vial with-
out citric acid. Although some studies report collection of

11,27

saliva in citric acid for pepsin stability, this pilot study
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revealed a significant agreement between samples col-
lected in the presence/absence of citric acid. We, therefore,
conclude that use of citric acid for sample collection is not
warranted and would reduce assay sensitivity by diluting
the sample. Further, given the levels of pepsin detected in
the study herein (mean concentration of pepsin in speci-
mens in which it was detected=SD=80.3+£87.5 ng/mL) and
LOD of our pepsin assay (0.1 ng/mL),24’25 dilution caused
by pooling samples would not be expected to result in
false negatives. We hypothesize that pooled saliva samples
from multiple timepoints over a 24 hour period will
increase the sensitivity of pepsin detection and decrease
the cost of specimen analysis, thereby improving the uti-
lity of salivary pepsin ELISA as a tool to measure airway
reflux for association with clinical measures of asthma

severity.
IL-8 is a suspected mediator of reflux-induced
esophagitis,”®*° and exposure of hypopharyngeal cells to

pepsin at pH7 has been shown to induce production of the

neutrophil chemoattractant IL-8 in vitro,'’

suggesting a
potential role for IL-8 in reflux-mediated inflammation.
IL-8 is also elevated in airway secretions in acute severe
asthma and observations of negative correlation between
sputum IL-8 and forced expiratory volume (FEV1) have
been reported in patients with severe asthma.>*>' Salivary
IL-8 was detected in 22/25 patients in our cohort (3267.88
+3908.44 pg/mL). Although salivary IL-8 levels did not
correlate with pepsin levels, pepsin exposure was found to
significantly induce IL-8 in human lung epithelial cells in
vitro, supporting a role for refluxed pepsin in lung epithe-
lial damage. In previous studies, non-acidic gastric juice
and pepsin were found to increase neutrophil migration
across the lung epithelium.'”'® These data suggest that
pepsin may not simply be a biomarker of reflux-related
disease, but it also may play a proinflammatory and dama-
ging role in the lung. Although pepsin-mediated IL-8
elevation in vitro provides support for a potential mechan-
ism by which pepsin could cause inflammation in the lung
and worsen asthma, the importance of this finding has yet
to be established. Interestingly, there are reports of occu-
pational asthma thought to be caused by inhaled pepsin.-
3233 Given the high percentage of asthma patients which
have airway reflux and pepsin in a BAL,'? it is important
to elucidate the effect of pepsin at a cellular level.

One limitation of this study is the small sample size.
This study was a pilot to determine whether pepsin could
be detected via ELISA in the saliva of patients with
asthma of varying severity and test the requirement of

citric acid as a pepsin preservative. A larger population
will be required to provide an accurate measure of pre-
valence of airway reflux in asthma patients and identify a
subgroup that may benefit from anti-reflux therapy. In
addition, although the in vitro pepsin dose and treatment
times herein were based on concentrations of pepsin in
BAL and persistence of gastric contents in the lung of an
in vivo model of aspiration, caution should generally be
exercised in making inferences regarding pathophysiologi-
cal processes from in vitro studies. Further experiments in
in vivo models and in clinical specimens should be per-
formed to verify the significance of pepsin-mediated IL-8
elevation in lung cells observed herein.

Conclusion

Airway reflux is prevalent in asthmatics across the spec-
trum of disease severity. Salivary pepsin can be used to
diagnose airway reflux, although the optimal timing of
sample collection needs further investigation. Although a
correlation between salivary pepsin levels and asthma
severity was not found in this study, optimization of saliva
collection timing may reveal an association. Pepsin
increases the neutrophil chemoattractant IL-8 and induces
neutrophil migration in lung epithelial cells in vitro. Thus,
the role of pepsin in the pathophysiology of asthma war-
rants further investigation.
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