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Objectives. Human amniotic membrane extract (AME) is known to contain numerous bioactive factors and anti-inflamma-
tory substances. However, the anti-inflammatory effects of AME on the middle ear (ME) mucosa are unclear. This
study assessed the effects of AME on the growth of the ME mucosa in response to bacterially-induced otitis media
(OM).

Methods. OM was induced by inoculating nontypeable Haemophilus influenzae (NTHi) into the ME cavity of rats. ME
mucosal explants were cultured in AME concentrations of 0, 5, 10, or 50 pug/mL. The area of explant outgrowth was
measured in culture and analyzed at 1, 3, 5, and 7 days after explantation. The expression of Ki-67, mucin 5AC (MU-
C5AC), tumor necrosis factor-o. (TNF-a), and interleukin-10 (IL-10) in the explants was also evaluated using quanti-
tative polymerase chain reaction (PCR) and immunocytochemistry (ICC).

Results. The NTHi-induced ME mucosa growth increased gradually over the 7-day culture period in all explants at different
AME concentrations. There was a trend for mucosal growth inhibition at higher concentrations of AME, although the
growth was not significantly different among the groups until day 5.The ME mucosal explants treated with the 50 ug/mL
concentration of AME showed significantly suppressed growth on postexplantation day 7 compared with other explants
on the same day. PCR and ICC staining revealed that the expression of Ki-67, MUC5AC, TNF-a, and IL-10 further
decreased in the explants with higher concentrations of AME than in those with lower concentrations of AME.

Conclusion. Our results showed that higher concentrations of AME reduced the mucosal proliferative response in bacterial
OM in rats. These findings provide evidence that AME has an influence on the inflammatory and proliferative re-
sponses to NTHi infection in ME mucosa.
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Otitis media (OM) is one of the most common bacterial diseases
in infancy and childhood, as 83% of children under the age of
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ing risk of hearing loss and related complications, including lin-
guistic ability and learning ability disorders, are well known
[3-6]. Therefore, the diagnosis and proper treatment of acute
OM are recognized as clinically and socially important prob-
lems. Although acute OM is a multifactorial disease to which
eustachian tube dysfunction, immune function, allergy, and vari-
ous environmental factors contribute, its primary cause is bacte-
rial infection [1,7]. Eustachian tube dysfunction that is caused
by an upper respiratory infection induces middle ear (ME) exu-
dation and secondary infection by bacteria or viruses, thereby
leading to acute OM.

A major aspect of the pathology of OM is hyperplasia of the
mucosa that lines the ME [8-11]. Unlike other mucosal tissues,
in response to infection, the ME mucosa radically transforms
from a monolayer of squamous epithelium to the full thickness
of the respiratory epithelium within a few days, as has been pre-
viously shown both in animal models and in mature disease in
humans [8-12]. This hyperplasia contributes significantly to the
pathogenesis and symptoms of OM, through the production of
mucus and other bioactive secretions, as well as by reduction of
the volume of the ME cavity [13]. The proliferative response of
the ME mucosa following bacterial infection in the murine OM
has been extensively reported [13-16]. The thickness of the un-
infected mucosa, which is a monolayer of simple squamous epi-
thelium (5-10 pm), increased to a peaks 48 hours after infec-
tion, with a maximum mucosal thickness of 70 pm [13]. At this
point, the mucosa had developed into a pseudo-columnar epi-
thelium containing secretory and ciliated cells [13]. The ME mu-
cosa harvested from animals infected with Haemophilus influ-
enzae (NTHI) exhibited in vitro growth that was two to three
times greater than that in mucosal samples harvested from unin-
fected mice [17].

The human amniotic membrane (AM) contains numerous
bioactive factors and exerts anti-inflammatory and antimicrobial
activities; however, these factors and their effects have not been
studied in detail. The human AM exhibits anti-scarring, anti-in-
flammatory, immunoregulatory, and antifibrotic activities [18-
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= The effect of amniotic membrane extract (AME) on the growth
of bacterially-induced middle ear (ME) mucosa was evaluated.

= Infected ME mucosal explants were cultured in different AME
concentrations.

= The ME mucosal explants treated with 50 pg/mL AME showed
significantly suppressed growth.

= The expression of Ki-67, mucin 5AC, tumor necrosis factor-a,
and interleukin-10 further decreased in the explants treated
with higher concentrations of AME.

= Higher concentrations of AME reduced the mucosal prolifera-
tive response in bacterial otitis media in rats.

22]. Antimicrobial activity in amniotic and chorionic membranes
has been previously reported [21,23-25]. Because of these prop-
erties, the AM is an excellent biomaterial for use in therapeutic
applications for the skin, including burns, injuries, ophthalmic
surgery, and wound healing [26-28].

In clinical settings, the application of AM has been hampered
because of the need to preserve and store the entire membrane.
However, the use of AM extract (AME) is a much simpler ap-
proach, which would obviate the need for surgical intervention.
Many researchers have suggested that AME could provide re-
sults similar to those of AM grafting [29,30]. The literature on
AME and OM is scant. In particular, the anti-inflammatory ef-
fects of AME on the ME mucosa are unclear. Recently, Yadav et
al. [31] reported that AME or chorionic membrane extract
(CME) significantly inhibited the growth of Streptococcus pneu-
moniae in planktonic form and in biofilms through its antimi-
crobial proteins and peptides. In this preliminary study, we
aimed to evaluate the effects of AME on the hyperplastic re-
sponse of bacterially-induced OM in infected ME mucosa using
an in vitro model.

MATERIALS AND METHODS

Subjects and OM induction

To prepare the tissue culture, four Sprague-Dawley rats (7 weeks
old and an average 250 g in weight) were used. All procedures
were conducted according to the regulations of the Animal Re-
search Institute of Medical Science, Dongguk University. The
protocol of the study was approved by the Institutional Review
Board (IRB No. 2016-07153).

OM was surgically induced by inoculation with a suspension
of non-typeable NTHi strain 3655 into the ME cavities of the
three rats through the tympanic bulla using a ventral surgical
approach via an anterior neck incision [32,33]. All surgeries
were performed under anesthesia, and all efforts were made to
minimize the animals’ suffering. The bullae of the Sprague-Daw-
ley rats were bilaterally injected with 50 pL saline containing
10° cells/mL NTHi [32]. Following the inoculation, the tympanic
membrane was visually confirmed to be intact.

Preparation of AME

Human AM matrixes were obtained from donors who had un-
dergone caesarian section in the Department of Gynecology at
Korea University Guro Hospital. The approval of the Institution-
al Review Board at Korea University Guro Hospital was ob-
tained (IRB No. KUGH14239-002). Donors with gestational di-
abetes, preeclampsia, or infectious diseases (specifically HIV 1+
2, Hepatitis B virus, and hepatitis C virus) were excluded. AME
was prepared using previously described methods [34,35]. AME
concentrations of 0, 5, 10, and 50 pg/mL were prepared. The ex-
tracts were stored at -80°C until they were used.
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ME mucosa explants culture

At day 2 after the inoculation of the rat MEs, the animals (three
experimental and a control rat) were sacrificed, and the ME mu-
cosa was surgically harvested and divided into explants of ap-
proximately 1 mm?.To confirm the OM induction, the otoscopic
exam was conducted before the animals were sacrificed. The con-
trol rat showed no signs of bacterial OM, but all rats inoculated
with NTHi showed ME purulent effusion and increased vascular-
ity. Each divided explant was individually transplanted into the
wells of a 24-well culture dish containing 190 pL of culture me-
dia (i.e., a mixture of Dulbecco’s modified Eagle’s medium and
HEMs-F12 medium supplemented by 5% fetal bovine serum
and 100 IU/mL penicillin, 100 pg/mL streptomycin, 0.4 pg/mL
hydrocortisone, and 10° M isoproterenol) as previously de-
scribed [36]. The explants were then incubated in a humidified
atmosphere of 5% CO. at 37°C.

On the first day of the culture period, all wells with healthy
attached OM explants were randomly divided into four groups
and cultured in different concentrations of 0, 5, 10, and 50 pg/mL
of AME. In each subgroup, 20 explants were evaluated. The cul-
ture media were replaced every 3 days, and the explants were
kept in culture for 7 days.

Cytotoxicity measurement of AME

After 3 days of culture, the supernatant was used to measure
the lactate dehydrogenase (LDH) activity assay (LDH assay,
Pierce LDH-cytotoxicity assay kit 88953; Thermo Scientific,
Waltham, MA, USA). The cytotoxicity of the ME mucosa ex-
plants were determined by the optical absorbance read on the
plate reader at 490 nm with background correction at 690 nm
using a microplate spectrophotometer (Spectra max PLUS384,
Sunnyvale, CA, USA). Data was converted to a percentage us-
ing a maximum LDH release control reading to create a per-
centage cytotoxicity and corrected for cell viability.

Day 1 Day 3
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Mucosa proliferation area evaluation

Almost the explants were maintained in culture for 7 days. The
explants that maintained a healthy appearance and remained
firmly attached to the well surface throughout the entire dura-
tion of the culture were used for the data analysis. In each
group, 15 explants were evaluated for mucosa proliferation area.
The area of infected OM explant outgrowth was measured and
analyzed on days 1, 3, 5, and 7 after explantation in culture. The
explants were photographed daily using a BX61-32FA1-S09 mi-
croscope (Olympus Optical, Tokyo, Japan) to document the ex-
tent of the primary culture growth. The diameter of the explant
outgrowth, which was approximately circular, was measured and
its area was calculated in pixels using a microscopic computer-
ized image analysis program (Leica Q win V3; Leica Microsys-
tems Ltd., Bellinzona, Switzerland) and then analyzed on days 1,
3,5, and 7 in culture (Fig. 1).

Quantitative polymerase chain reaction

The expressions of Ki-67, Mucin 5AC (MUC5AC), Tumor necro-
sis factor-a (TNF-0), and interleukin-10 (IL-10) in 15 explants of
each group were also evaluated using a quantitative polymerase
chain reaction (PCR). Ki-67 is a nuclear protein that is associated
with cellular proliferation and MUC5AC is a protein that linked
to mucus hypersecretion. The total RNA was isolated and extract-
ed from the ME mucosa of the experimental and the control rats
using TRIzol Reagent (Cat. #1596026; Invitrogen, Waltham, MA,
USA) according to the manufacturer’s instructions. The cDNA
was synthesized using the Accupower Cycle Script RT Premix
Kit (Bioneer, Seoul, Korea). A quantitative real-time PCR was
performed using the AccuPower 2X GreenStar quantitative PCR
(qPCR; Master Mix, Bioneer). The qPCRs of the Ki-67, MUC5AC,
TNF-0, and IL-10 genes were performed twice, and the glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) values were used
to normalize the gene expression (Table 1). The gene expressions
on days 1, 3, 5, and 7 after explantation were evaluated in the

Day 7

Fig. 1. Explant outgrowth evaluation. The diameter of explant outgrowth, which was approximately circular (blue dotted line), was measured,
and its area was calculated in pixels using a microscopic computerized image analysis program (scale bar=100 pm).
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Table 1. PCR primer sequences

Gene Forward Reverse

GAPDH 5°-TTC AAC ACC CCAGCC ATG T -3 5- AGT GGT ACG ACC AGA GGC ATACA -3
Kl-67 5°- CCA AGA GCA TCA CAG GAA GA -3° 5-TTC CTC GCATCT TTG TGA AG-3°
MUC5AC 5°-GTT CTG AGA TGT CCC TCC AC -3° 5-GAATGG CCAAGC TTAGGC TG -3

IL-10 5- GAG AGA AGC TGA AGA CCC TCT TCT -3° 5-TCATTC ATG GCC TTG TAG ACA-3°
TNF-o. 5-ACC ACG CTC TTC TGT CTACTG -3’ 5-CTT GGT GGT TTG CTACGA C -3’

PCR, polymerase chain reaction.

four groups that were cultured in different concentrations of
AME.

Immunocytochemistry

The ME mucosa explants were cultured in culture slides (#30104;
SPL Life Sciences Co., Pocheon, Korea) for 3 days. The tissues
were incubated in 100% methanol at room temperature for 5
minutes and in 4% formaldehyde (HT501128; Sigma-Aldrich,
St. Louis, MO, USA) pH 7.4 for 10 minutes at room tempera-
ture. The mucosa tissues were then heated in antigen retrieval
buffer (Citrate buffer Ph 6.0, ScyTek, CBB125) at 95°C for 10
minutes. The tissues were incubated with 3% bovine serum al-
bumin (Amresco, 332-100G) in phosphate-buffered saline for
30 minutes to block the unspecific binding of the antibodies. To
check the expression of Ki-67, MUC5AC, TNF-a, and IL-10 in
the ME mucosa tissue, immunocytochemical-staining antibodies
for each specific antibody (TNF-o: ab6671, Abcam, Cambridge,
UK; IL-10: MAAO56Ra21, Cloud-Clone, Katy, TX, USA; MU-
C5AC: sc-21701, Santa Cruz Biotechnology, Dallas, TX, USA,
Ki-67: ab16667, Abcam) and Hoechst stain (H6024, Sigma-Al-
drich) were used. We obtained microscopic images (model no.
BX53F; Olympus, Tokyo, Japan) and photographs of each slide
at 400x magnification. All the detected antibodies were collect-
ed using Qwin V3 (Software Version 6; Leica Microsystems Im-
aging Solutions, Cambridge, UK) digital image processing and
analysis software.

Statistical analysis

The statistical analysis was performed using the SPSS ver. 18.0
SPSS (SPSS Inc., Chicago, IL, USA). The criterion for statistical
significance was set at P<0.05. All data are presented as mean+
standard error mean. The Kruskal-Wallis H test was used to com-
pare differences in the outgrowth surface areas and protein ex-
pression of the explants in the four groups on days 1, 3, 5, and 7.

RESULTS

Cytotoxicity measurements

Cytotoxicity was 20% in normal culture supernatants with OM
mucosa explants. AME stimulation for 3 days reduced the cell
viability of ME mucosa explants, as demonstrated by increases
in LDH activity (5 pg/mL, 25.3%; 10 pg/mL, 26.3%; 50 pg/mL,

8 -
=k~ 0 pg/mL
7  —A 5pg/mL
~-O- 10 pg/mL

6 | T+ 50pug/mL
- Normal mucosa

Proliferation area in AME (mm?)
ESN

0 Il Il Il Il
Day 1 Day 3 Day 5 Day 7

Fig. 2. Outgrowth of infected middle ear mucosal explants cultured
in different concentrations of amniotic membrane extract (AME). The
growth of explants with 50 pg/mL AME was significantly inhibited on
postexplantation day 7 compared to those with lower concentrations
of AME (mean+standard error mean).

29.1%). A smaller increase in LDH activity was observed in
stimulated explants than in non-stimulated explants. Further-
more, no statistically significant differences were observed
among groups. These results suggest that AME at higher concen-
trations may not directly damage the OM mucosa.

Proliferation area of mucosa explants

All explants in the four groups at different AME concentrations
(0, 5, 10, or 50 pg/mL) were cultured for 7 days. In each group,
15 explants that maintained a healthy appearance and remained
firmly attached to the well surface for 7 days were evaluated. All
explants at different concentrations of AME grew during the cul-
ture period of 7 days. The area (mm?) of infected OM explant
outgrowth was measured and analyzed on days 1, 3, 5, and 7 af-
ter explantation in culture (Fig. 2). Normal mucosa explants from
non-OM rats grew less than the NTHi-infected mucosa explants
in culture with 0 pg/mL AME on postexplantation day 1 (0.27 %
0.03 mm? vs. 0.45+£0.06 mm?, P=0.009) and 3 (1.19£0.08 vs.
1.6410.18, P=0.03). The explants in higher concentrations of
AME tended to grow less than those in lower concentrations of
AME. However, there was no statistically significant differences
among the explants in 0, 5, and 10 pg/mL AME. Statistical sig-
nificance was observed only on day 7 in culture with 50 pg/mL
AME (2.39£0.21 mm?), which grew significantly less than the



Park JH et al. Effect of Amniotic Membrane Extract in Otitis Media 385

10 + —¥- 0 pg/mL
= —A— 5 pg/mL
g -O- 10 pg/mL
% 08 b -+ 50 pg/mL
i)

g
g 06 r
x
(O]
2
8 04
[
<
g
< 02 -
0 1 1 1 1
Day 1 Day 3 Day 5 Day 7 Q

10 + =¥~ 0 pg/mL
e —A— 5 pg/mL
= \ -O- 10 pg/mL
% 08 F -+ 50 pg/mL
il
]

g 06 r
x

(V]

2

B 04
[

<

£ o2l
£ O

0 1

Day 1 Day 3 Day 5 Day 7 G

10 | —k Opg/mL
= —A— 5 pg/mL
E -O- 10 yg/mL
o
g
g 06
x
(0]

2
8 04
<}
<
£
< 02
0 : N, {1
Day 1 Day 3 Day 5 Day 7 e

10 =¥ 0 pg/mL
e —A— 5 pg/mL
E -O- 10 pg/mL
é\‘é, 08 - -+ 50 pg/mL
.o
3
g 06
3
[0
=
8 04 -
<
<
£ o2l
£ O

0 1 1

Day 1 Day 3 Day 5 Day 7 Q

Fig. 3. Expression of Ki-67 (A), mucin 5AC (B), tumor necrosis factor-a (C), and interleukin-10 (D) in infected middle ear mucosa in different
amniotic membrane extract concentrations at various time points after explantation.

others (0 pg/mL, 6.49+1.18 mm? 5 pg/mL, 5.58£0.79 mm?
10 pg/mL, 4.36+0.26 mm?) on postexplantation day 7 (P<0.001).

Expression of Ki-67, MUC5AC, TNF-a, and IL-10 in infected
ME mucosa

The mRNA expression of Ki-67 decreased rapidly until 3 days
after explantation in all groups, and groups with higher concen-
trations of AME tended to show greater decreases (Fig. 3). Statis-
tical significance was observed on days 3 (P=0.038) and 5 (P=
0.038) in culture with 50 pg/mL AME. The immunocytochemis-
try (ICC) results showed similar patterns to the qPCR results
(Fig. 4).

The mRNA expression of MUC5AC showed a similar pattern
to that of Ki-67 (Fig. 3). Almost no expression of MUC5AC was
observed in the mucosa with 50 pg/mL AME after postexplanta-
tion day 3 (Fig. 3). However, no statistically significant differences
were found among groups with different AME concentrations.
For TNF-a and IL-10 expression, the mRNA expression and ICC
results also showed a rapid decrease after explantation, and ex-
plants with higher concentration of AME tended to show greater
decreases (Figs. 3 and 4). Explants with 50 pg/mL AME exhibit-
ed nearly no IL-10 expression after the 3rd day (P=0.052). The

changes in IL-10 expression on day 7 (P=0.039) and TNF-a on
day 5 and 7 were statistically significant (P=0.038).

DISCUSSION

In humans, the AM is the inner fetal membrane, which is located
in the inner side of the placenta and is known to exert antiapop-
totic, antiangiogenic, antimicrobial, and anti-inflammatory ef-
fects on epithelial cells [18-22,37]. Because of these properties,
the AM is a potential therapeutic biomaterial that could encour-
age wound healing and anti-inflammatory responses in various
clinical areas, especially ophthalmologic and dermatologic dis-
eases and injuries [26-28]. AME is a simple way to apply the AM
as a biomaterial in clinical settings. Several researchers have
suggested that AME and AM grafting are comparable in terms of
their anti-inflammatory effects [29,30,37]. Human AME also has
been shown to contain human neutrophil peptides, lysozyme,
calprotectin, ubiquitin, and several bactericidal proteins that show
antiapoptotic and anti-inflammatory effects [31,37]. Moreover,
it was reported that AME induced morphological changes in
macrophages, enhanced cell apoptosis, and downregulated the
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Fig. 4. Immunocytochemical staining of Ki-67, mucin 5AC (MUC5AC), tumor necrosis factor-a (TNF-a), and interleukin-10 (IL-10) in infected
middle ear mucosa explants on postexplantation day 3. Immunocytochemistry shows decreased expression in the explants with higher con-
centrations of amniotic membrane extract (AME; x400, scale bar=50 pm).

antiapoptotic nuclear factor kappa-light-chain-enhancer of acti-
vated B cells (NF-kB) signaling pathway in vitro [38]. However,
the precise mechanisms through which the AM and AME exert
effects on several cell types and the role of soluble factors in the
function of AM and AME are still poorly understood. We hy-
pothesized that AME plays an anti-inflammatory role in ME epi-
thelial cells in ME infections.

Few previous studies have explored the effects of AME on
OM. Yadav et al. [31] reported that AME and CME significantly
inhibited the growth of S. pneumoniae in planktonic form and
in biofilms through its antimicrobial proteins and peptides. Treat-
ment with AME and CME showed significant inhibition of S. pneu-
moniae growth. Regarding bactericidal effects, the combined ap-
plication of AME/CME and antibiotic solution showed a syner-
gistic effect on the inhibition of bacterial infection in the ME.

In this study, we evaluated the effects of AME, focusing on the
hyperplastic response of ME mucosa, which is the major pathol-
ogy in OM [8-11], in response to bacterially-induced OM in an
in vitro model. The AME components seemed to suppress bacte-

rially-stimulated ME mucosal growth in a dose-dependent man-
ner, although statistical significance was observed only on day 7
in a culture with 50 pg/mL AME. The ME mucosa has been shown
to radically transform from a monolayer of squamous epithelium
to a full-thickness pseudo-columnar epithelium containing se-
cretory and ciliated cells [13].These pathological changes induce
mucus production and bioactive secretions in response to infec-
tions [8-13]. Ki-67 and MUC5AC were evaluated based on the
pathology of OM. Ki-67 is a nuclear protein that is associated
with cellular proliferation and used as a cellular marker of cell
proliferation [39]. MUC5AC has been linked to mucus hyperse-
cretion [40]. The expression of Ki-67, MUC5AC, TNF-q, and IL-
10 decreased rapidly until day 3 after explantation. This finding
is most likely linked to the fact that the present research was an
in vitro study. Expression in cultures with higher concentrations
of AME showed steeper declines. These results showed that AME
had a dose-dependent inhibitory effect on the growth of infect-
ed ME mucosa.

It is important to note that caution should be used in inter
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preting these results. The results of this study did not definitively
show the effects of AME on the hyperplastic response of bacte-
rially-stimulated ME growth because of several limitations. The
in vitro culture model of mucosal growth in infected ME may
not be identical to in vivo responses. Moreover, the most suit-
able AME concentration was not determined. AME concentra-
tions between 10 and 50 pg/mL were not analyzed in this study,
although they may have shown different patterns. Hence, stud-
ies should explore the possibility that more precisely targeted
AME concentrations between 10 and 50 pg/mL could suppress
mucosal growth. Further research through in vivo animal stud-
ies should be conducted to clarify the function of AME in the
occurrence and progression of OM. Further experiments are
needed to confirm the components of AME that show anti-in-
flammatory and antiproliferative effects. In addition, only AME
was evaluated in this study. A previous study showed that CME
greatly enhanced osteogenesis and indicated that AME and
CME exerted differential effects on osteogenesis because of
their different compositions of growth factors involved in regen-
eration [35]. Hence, the effects of CME on the ME mucosa in
response to infection would be an interesting topic for further
studies.

Despite these limitations, our results are meaningful because
studies on AME and OM have been rare. Moreover, our results
provide data supporting the possibility that AME may exert an-
tiproliferative and anti-inflammatory effects on infected ME mu-
cosa. This study showed that AME reduced the mucosal prolifer-
ative response in bacterially-induced OM in rats in a dose-de-
pendent manner. These findings provide evidence that AME may
have an influence on the inflammatory and proliferative respons-
es to NTHi infection in ME mucosa. Our study results may help
to provide a basis for future studies of the effect of AME on OM.
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