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Abstract

Laryngopharyngeal reflux (LPR) induces a differential damage effect on several anatomic sites within the larynx and hypo-
pharynx; therefore, an in vitro model is needed for each anatomic site. This study aimed to establish a primary culture method
for human laryngeal and hypopharyngeal epithelial cells derived from multiple anatomic sites. Surgical mucosa specimens were
treated with a two-step enzymatic strategy to establish a primary culture. Of the 46 samples, primary cultivation was achieved
successfully with 36 samples, and the positive ratio was 78.3%. In addition, flow cytometry revealed that these primary cells were
epithelial cells with a purity of 94.9%. The proliferative ability was confirmed by positive staining for Ki-67. Laryngeal and
hypopharyngeal epithelial cells from multiple sites exhibited similar epithelial morphology and positive cytokeratin expression.
These cells can be cultured to passage 4. In summary, we successfully established the in vitro epithelial model of larynx and
hypopharynx subsites, which may potentially be used as a platform for reflux research, especially for site-specific damage effect.
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Introduction

Laryngopharyngeal reflux (LPR) refers to exposure of
gastric refluxate in extra-oesophageal regions, extending
from the larynx, hypopharynx to middle ear'. In Otolaryn-
gology clinics, approximately 10% of patients have LPR-
related disorder™. Clinical manifestations are caused by
injuries from gastric refluxate, including acid®, pepsin®, bile
acids®, and pancreatic proteases’.

It has been shown that different anatomic regions have
specific mucosal resistance to LPR. Posterior commissure
(PC) is the most resistant site in LPR, while the subglottic
site is the most vulnerable area’. In 2018, Wood et al.
reported a site-specific LPR genotype, with the majority
present in the medial arytenoid region®. The vulnerability
to damage and transforming potential is unique to each ana-
tomic region. Hence, a more comprehensive and sophisti-
cated exploitation of LPR-associated pathogenesis requires
an in vitro model for each anatomic region.

Currently, no epithelial cell line of larynx or hypopharynx
is commercially available, so primary culture offers an ideal
option, especially for a site-specific model. Primary cells

have been cultured successfully from supraglottis’, postcri-
coid'®, PC!, vocal cord'?, and hypopharynx'. The purpose
of this study was to describe a versatile approach for expan-
sion and characterization of human epithelial cells from mul-
tiple sites within the laryngopharynx.

Materials and Methods
Isolation and Expansion

After sample collection, mucosa specimens were kept on ice
until further processed. Tissue was minced finely and treated
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with 10mg/ml Dispase II (Sigma-Aldrich, St. Louis, MO,
USA) for 48 h at 4°. The cell pellet was then dissociated
enzymatically in 0.05% Trypsin/EDTA (Life Technologies,
Carlsbad, CA, USA) at 37°C for 2—3 mins. Tissue was iso-
lated mechanically by passing through a strainer. The final
pellet was resuspended in serum-free keratinocyte media
KGM™-2 (LONZA, Basel, Switzerland) and seeded at
37°C, 5% CO,. Cultures were left for 48 h for cell adherence,
and the medium was replaced every 2 days. After 10-14
days, cells reached 90% confluence and could be expanded
using Accutase (Life Technologies, Carlsbad, CA, USA).

Immunofluorescence Staining and Confocal
Microscopy

Immunofluorescence staining was performed as described
previously'®. Briefly, epithelial cells were fixed in 4% par-
aformaldehyde (PFA, Sigma-Aldrich, St. Louis, MO, USA)
at room temperature overnight and permeabilized with 0.4%
Triton X-100 (Sigma-Aldrich) in PBS for 20 min. Cells were
blocked for 1 h with normal goat serum (Beyotime Biotech-
nology, Haimen, China), and incubated with primary anti-
bodies: mouse anti-pan cytokeratin (ab7753, 1:125dilution,
Abcam, Cambridge, MA, USA) and rabbit anti-Ki-
67(ab92742, 1:250dilution, Abcam) overnight at 4°C. Sec-
ondary antibodies Alexa-488 (#4408, 1:500dilution, Life
Technologies, Carlsbad, CA, USA) and Alexa-555 (#4413,
1:500dilution, Life Technologies) were applied for 1 h at
room temperature. Fluorescent images were captured using
an Olympus microscope (IX71; Olympus, Tokyo, Japan) and
an Olympus confocal microscope (FV3000) and processed
using Image software (DP controller).

Flow Cytometry Analysis

For intracellular protein labeling, cells were fixed and per-
meabilized using the Fix and Perm Cell Kit according to
manufacturer’s protocol (MultiSciences Biotech Co, Shang-
hai, China). The cells were then incubated with mouse anti-
pan cytokeratin (ab7753, 0.5pug/ml, Abcam, Cambridge,
MA, USA), followed by the Alexa-488 anti-mouse conju-
gate (#4408, 1:500dilution, Life Technologies, Carlsbad,
CA, USA). The cells were analyzed using a BD flow cyt-
ometer (Becton Dickinson, San Jose, CA, USA). Cells
stained with secondary antibody alone were used as a nega-
tive control.

Western Blot

Cells derived from multiple anatomic sites (epiglottis, ven-
tricular fold, vocal fold, subglottis, postcricoid, and pyriform
sinus) were ex-vivo expanded, and protein concentrations
were measured using a BCA protein assay kit (Life Tech-
nologies, Carlsbad, CA, USA). Protein samples were sepa-
rated by SDS-PAGE (Bio-Rad Laboratories, Hercules, CA,
USA), followed by transferred to PVDF membranes

(Millipore, Billerica, MA, USA) and blocked with 5%
non-fat milk. The membranes were incubated with primary
antibody anti-pan cytokeratin (ab7753, 1:1000 dilution,
Abcam, Cambridge, MA, USA) overnight at 4°C. The sec-
ondary antibodies were incubated at 1:10,000 dilutions for 1
h at room temperature and detected by chemiluminescence
(Millipore).

Senescence-Associated -Galactosidase Staining

Senescence detection was performed using a Senescence-
associated B-galactosidase (SA-B-gal) staining kit (Beyotime
Biotechnology, Haimen, China) according to the manufacturer’s
protocol. Cells were fixed with 4% PFA for 15 min and stained
with the mixture according to the protocol overnight at 37°C.
After washing with PBS, cells were analyzed by an Olympus
microscope (IX71).

Statistical Analysis

All statistical analyses were performed using SPSS statistical
software 17.0. Data were presented as mean + standard
deviation and analyzed by Chi-Square analysis of variance.
A p <0.05 was considered statistically significant.

Results

This study was approved by Southern Medical University
Nanfang Hospital Institutional Review Board (NO. NFEC-
201607-K2-01). Biopsy specimens were obtained from 46
patients (39 males, 7 females) who underwent laryngeal sur-
gery between February 2017 and January 2018. These
patients had a mean age of 53 years, and all signed informed
consent.

Patients were divided into three groups based on the type
of surgery. Group 1 comprised 19 patients with malignancy
receiving a total or partial laryngectomy. Group 2 consisted
of 10 patients with malignant tumor receiving a transoral
laser cordectomy or partial laryngectomy. Group 3 included
17 patients requiring direct laryngoscopy for treatment of the
nonmalignant lesion. After surgery, a macroscopically nor-
mal specimen was taken from the larynx (epiglottis, ventri-
cular fold, vocal cord, and subglottis) and hypopharynx
(postcricoid and pyriform sinus).

Of the 46 cases, cellular growth occurred in samples
obtained from 36 patients, and positive ratio reached up to
78.3%. Data, including age, gender, specimen location and
surgical procedure, are summarized in Table 1. The relation-
ship between surgical procedure, pathology, age, gender, and
culture results are analyzed in Table 2. Although positive
ratios were 91.7% for younger patients (<45 years), 77.8%
for middle-aged donors (45-59 years) and 68.8% for old-
aged donors (>59 years), no significant differences were
found in culture results between subgroups stratified by age,
as well as other variables (surgical procedure, pathology and
gender).
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Table I. Characteristcs of Patients in the Series.

Surgical procedure

Sample Gender male/

Location No. of patients female Age,years  Group | Group 2 Group 3 Successful culture Positive ratio,%
Epiglottis 12 12/0 51.67+12.37 10 2 0 12 100%
Ventricular fold I5 14/0 53.33+1236 8 5 2 15 100%
Vocal cord 4 4/0 4775+ 11.27 4 0 0 4 100%
Subglottis 4 4/0 47.75+9.39 4 0 0 4 100%
Postcricoid 41 34/7 53.68+12.75 I5 10 16 31 76.8%
Pyriform sinus 2 2/0 47.00+10.95 2 0 0 2 100%
Total 46 3977 53.04+12.75 19 10 17 36 78.3%

Group | —total or partial laryngectomy. Group 2 — transoral endoscopic laryngectomy for laryngeal malignancy. Group 3 — direct laryngoscopy for treatment
of benign lesion in laryngopharynx.

Table 2. Correlation Between Clinical Variables and Culture Results.

Positive

Variable Total Successful culture ratio,% P value

Surgical procedure Group | 19 16 84.2% 0.606
Group 2 10 8 80.0%
Group 3 17 12 70.6%

Pathology Malignant 29 24 82.8% 0.334
Nonmalignant 17 12 70.6%

Age, years <45 12 I 91.7% 0.346
45-59 18 14 77.8%
>59 16 I 68.8%

Gender Male 39 30 76.9% 0.604
Female 7 6 85.7%

Group | —total or partial laryngectomy. Group 2 — transoral endoscopic laryngectomy for laryngeal malignancy. Group 3 — direct laryngoscopy for treatment
of benign lesion in laryngopharynx.

Fig |. Detailed process of epithelial cell expansion. (a) Sample taken from a laryngectomy after the posterior side was opened. (b) Removal
of macroscopically normal epithelial tissue for primary culture. (c—f) Phase contrast microscopy showed the process of expansion on Day
I(c), Day 2(d), Day 7(e) and Day 14(f) after seeding. Arrow indicates the adherent cells after first irrigation (Bar 200 um). (g) Representative
HE staining of epithelial cells (Bar 200 pum).

The freshly isolated cells were seeded on Petri dishes,  and were removed during the first change of medium. Only
and exhibited single cells and sphere-like clumps on Day 1 10-20% of cells adhered and started to spread into a mono-
(Fig lc). After 48 h, non-adherent cells remained suspended  layer (Fig 1d), and most of them formed tiny clones after
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Fig 2. Cell phenotype, proliferative ability, and purity. (a) Representative confocal image of immunofluorescence staining of pan-cytokeratin
(Bar 50 um). (b—c) Immunofluorescence staining of pan-cytokeratin indicated its epithelial phenotype (Bar 200 pum). (d—e) Immunofluor-
escence staining of Ki-67 demonstrated its proliferative ability (Bar 200 pum). (f-g) Representation of flow cytometry of cultured epithelial
cells from laryngopharynx staining with pan-cytokeratin. Nearly 95% of cells were epithelial cells.

7 days (Fig le). The cells reached confluence at 10—14 days
after seeding, as illustrated in Fig 1f. The detailed process of
in vitro expansion is described Fig 1. These cells can be
cultured to passage 4.

The cells were positively for pan-cytokeratin immunos-
tainning and anti-pan cytokeratin can recognize a series of
cytokeratin epitopes, thus the epithelial phenotype was iden-
tified (Fig 2a—c). Flow cytometry revealed that these primary
cells were epithelial cells with a purity of 94.9% (Fig 2f-g).
In addition, the proliferative ability was confirmed by posi-
tive staining for Ki-67 (Fig 2d—e¢).

Tissues were derived from multiple sites of larynx and
hypopharynx. Laryngeal biopsies consisted of supraglottis
(laryngeal surface of the epiglottis and ventricular fold),
glottis (vocal cord), and subglottis, while hypopharyngeal
samples contained postcricoid and pyriform sinus

(Fig 3a—c, e—g). All samples eventually yielded a mor-
phologically similar population. These cells were
cobblestone-shaped and arranged in a pavement sheet-
like manner, which represented characteristic of epithelial
cell morphology (Fig 3 h). Furthermore, pan-cytokeratin
was expressed in the epithelial cells from all anatomic
sites, and was relatively higher in postcricoid than in
other anatomic sites (Fig 31).

Consistent with previous reports, our primary cultured
cells were also limited by senescence. At early passage,
epithelial cells showed homogenous polygonal morphology
with a prominent nucleus, assuming a cobblestone-like con-
figuration (Fig 4a). Cytoplasmic vacuoles with increased cell
size were observed later, which was an indicator of senes-
cence (Fig 4b). Subsequently, a large population of cells
exhibited enlarged and rounded phenotypes in addition to
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Fig 3. Comparative study of epithelial cells from multiple sites. (a—c, e—g) Phase contrast microscopy of cultured epithelial cells from
different anatomic sites (a. laryngeal surface of the epiglottis; b. ventricular fold; c. vocal cord; e. subglottis; f. postcricoid; g. pyriform sinus)
(Bar 200 pm). (d) Flexible laryngoscopy exhibited the mentioned anatomic sites that were marked with corresponding letters (a—c, e—g). (h)
Phase contrast microscopy revealed a characteristic epithelial morphology (Bar 200 pm). (i) Epithelial cells from multiple sites exhibited

positive pan-cytokeratin expression.

cytoplasmic vacuoles (Fig 4c). SA-B-gal staining was
detected specifically in these cells (Fig 4d).

Discussion

The lining epithelium of the laryngopharynx has been
reported to be histologically variable, with patches of squa-
mous mucosa intermixed with ciliated epithelium'>'®,
The laryngeal surface of epiglottis, ventricular fold, and
subglottis undergo a transition from ciliate to squamous
epithelium'®°, while the vocal cord and hypopharyngeal
epithelium are mainly squamous®'**%. In addition to the
histology derivation, these anatomic regions originate from
different arches embryologically®®. Due to mucosal hetero-
geneity among the subsites, differential impact secondary to
reflux is evidenced and this has been unanimously found in
all reflux-associated studies with respect to site-specific dif-
ferences in LPR.

Site-specific heterogeneity of barrier function and gene
profile within laryngopharynx has been recognized recently.

The enhanced level of carbonic anhydrase III in PC, one of
the self-defense mechanisms in laryngeal epithelium®**°,
predisposes this specific location to be significantly resistant
to reflux-associated damage. This is consistent with David
M. Bulmer’s findings in the porcine model. Additively,
LPR-associated gene profile exhibited significant differ-
ences in mucosal defense and inflammation, involving
CRNN, CD1d, TGFB-1, MUC2, and CDHI, whereas the
most evident changes occurred in medial arytenoids®. Our
results also revealed differential expression of cytokeratin
among multiple subsites. These findings suggest the need
for a site-specific vitro model for studying the pathogenic
mechanism of LPR.

The impact of LPR in laryngopharyngeal carcinogenesis
may well be elucidated by its site-specific effect'’. Unlike
other locations, carcinoma in PC is correlated with expo-
sure to gastric refluxate®, which is more aggressive in
biological behavior?’. The variation of LPR impact may
explain the pathophysiological discrepancy of tumors
between PC and other sites, which underscores the need for
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Fig 4. Phase contrast microscopy exhibited cellular senescence. (a)
Cells of early passage were small and polygonal morphology (Bar
200 pm). (b) The onset of senescence included morphology change
and vacuoles accumulation. Arrows indicate vacuoles in the cells
(Bar 200 pm). (c) Late passage allowed increasing numbers of
senescent cells. Arrows indicated increasing vacuoles (Bar 200
pum). (d) Senescent cells were positive for SA-B-gal staining (Bar
200 pm).

an in vitro model reflecting the genetic characteristic of
different anatomic regions.

In vitro cell lines originating from larynx and hypophar-
ynx are not yet widely available, and a site-specific model
has been rarely reported in human study. David M. Bulmer
et al. firstly applied a porcine larynx model for mirroring
site-specific mucosal susceptibility after reflux’. Currently,
an immortalized PC cell line has been established via trans-
fection with lentivirus-encoding human papillomavirus E6/
E7 protein'', while a subglottic epithelial cell line has just
been reported in 2019'°. However, low successful establish-
ment of stable normal cell lines is attributed to the tedious
process of immortalization and minority of donor tissue,
thereby reducing the utility of this methodology for wide
application and a comparative study between subsites.

Our study described a versatile approach for generating
primary laryngopharyngeal epithelial cells. Prior studies
concerning primary cultivation were inevitably constrained
to specific anatomic location® ' *'3. We employed a two-step
enzymatic strategy and demonstrated that this was applica-
ble for multiple sites, thus potentially applying a robust
model for performing site-specific research and comparative
study in LPR-associated disorders. Additionally, our meth-
odology is efficient, with a positive culture rate up to 78.3%
and still offers us a high purity of epithelial cells, which has
never been reported before.

In order to explore the potential factors affecting primary
cell growth, we compared the culture results among a series
of clinical variables. Although the positive ratios of success-
ful culture were not significantly different among patients

stratified by surgical procedure, pathology, age, and gender,
we observed that the positive ratio was relatively higher in
patients younger than 44 years and lower in those older than
60 years, indicating that age may be a critical factor affecting
primary cultivation®®. We proposed that this might be due to
the presence of more cell vitality in mucosa samples from
younger donors, but this should be validated by a study with
a larger sample size.

Our current study focuses mainly on monolayer cultures,
showing that the monolayer culture of epithelial cells from
laryngopharynx allows for a similar cell population, both
morphologically and immunohistochemically. Yet whether
the cells we obtained possess their site-specific phenotype
remains unknown, and an air-liquid interface (ALI) culture is
capable of simulating typical epithelium structure of air-
way>’, as well as barrier function and gene pattern®'*°. Our
group is in the process of transforming ALI cultures from
different sites of larynx and pharynx.

Another limitation of our study is early senescence and
limited expansion, which is in line with previous studies®'.
These appear to be a common problem in epithelial primary
culture, whereas conditional reprogramming(CR) technol-
ogy has unveiled its exciting potential in rapid propagation
and long-term passage of normal epithelial tissue and epithe-
lial tumor®'*2, thus offering us a promising future in circum-
venting the hurdle during primary culture.

In conclusion, we describe a versatile approach for expan-
sion and characterization of epithelial cells from multiple
laryngopharyngeal sites, which can possibly reflect the
genetic and cellular heterogeneity of mucosa from specific
sites. This model renders it possible to explore site-specific
differential damaging impact and mucosal transforming
potential in the pathologic process of LPR.
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