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Abstract

Background: Recurrent acute tonsillitis is one of the
most frequent otorhinolaryngology clinic referrals, yet its
pathogenesis remains poorly understood. Antimicrobial
cationic peptides are components of the innate system.
They are generally small, highly positively charged pep-
tides with broad spectrum antimicrobial activity which
function as the body’s “natural antibiotics”. Our aim is to
investigate the role of antimicrobial cationic peptides in
the susceptibility of patients to recurrent acute tonsillitis.
Materials and methods: The study is done with 100 chil-
dren who had a history of recurrent adenotonsillitis as
subject group and 100 children with adenotonsillar hyper-
trophy as control group. Tonsillar and adenoid tissues are
dissected into parts as deep and surface epithelium and
investigated semiquantitatively with immunohistochem-
istry. Human beta defensin (hBD) 1-3 and cathelecidin
(LL-37) levels are compared with microscopically.

Results: Immunohistochemistry revealed a strong
expression of hBD-1, hBD-2 and hBD-3 in tonsillar tissue.
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Quantification of hBD-1, hBD-2 and hBD-3 expressions are
shown more in tonsillar tissue than in adenoids. LL-37 is
one of the antimicrobial peptides found in human tonsil-
lar tissue and adenoids, that participates in the innate
immune system of these tissues. Statistically, hBD-1,
hBD-3 and LL-37 expressions were different in recurrent
tonsillitis tissue than control (p<0.05). Moreover hBD-2
expression was different in adenoid tissue than control
(p<0.05).

Conclusion: Antimicrobial peptides have key role in
adenotonsillar infections and this defense mechanism
increases susceptibility to recurrent infections in upper
respiratory tract.
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Giris: Rekiirren akut tonsillitis, kulak burun bogaz klini-
ginde siklikla goriilmektedir fakat patogenezi cok az bilin-
mektedir. Antimikrobiyal katyonik peptidler dogustan
olan bagisiklik sisteminin parcasidir. Bu peptidler genel
olarak kiiciik, pozitif yiiklii peptidlerdir. Ayrica viicu-
dumuzun dogal antibiyotigi olarak gdrev yapan genis
spektrumlu antimikrobiyal aktivite gostermektedirler.
Amacimiz hastalarin tekrarlanan akut tonsillitise duyar-
liliklarinda antimikrobiyal katyonik peptidlerin roliinii
incelemektir.

Metod: calisma grubunu rekiirren adenotosillit 6ykiisii olan
100 hasta, kontrol grubunu ise adenotonsiller hipertrofisi
olan 100 cocuk olusturmaktadir. tonsil ve adenoid doku
yiizeyel ve derin dokulara ayrilacak sekilde diseke edilmis-
tir ve semikantitatif olarak immunuhistokimyasal olarak
incelenmistir. human beta defensin (hBD) 1-3 ve katlesidin
(LL-37) seviyeleri mikroskopik olarak karsilastirilmistir.
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Bulgular: immunohistokimyasal degerlendirmede tonsil
dokusunda yiiksek HbD1, HbD2 ve Hbhd3 ekspresyonu
mevcuttur. tonsil dokusunda adenoid dokusuna gore
daha fazla HbD1, HbD2 ve Hbd3 seviyesi mevcuttur. LL-37
insan tonsil ve adenoid dokusunda yeralan ve dogum-
sal immun sistemin bir parcasi antimikrobiyal peptiddir.
hBD1, hBD2 ve LL-37 seviyeleri rekiirren tonsillit ve kontrol
grubunda istatistiki olarak farklidir (p < 0.05). Ayrica hBd2
ekspresyonu adenoid dokuda kontrol grubuna goére fark-
Iidir (p<0.05).

Sonug¢: Antimikrobiyel peptidler adenotonsiller enfeksi-
yonlarda anahtar role sahiptir ve bu defans mekanizmasi
iist solunum yolunda rekiirren enfeksiyonlarda hassasi-
yeti artirir.

Anahtar Kelimeler: Antimikrobiyel peptidler; Adeno-
tonsillit; Adenotonsiller hipertrofi; Immunuhistokimya;
Immun sistem.

Introduction

The Waldeyer ring of lymphoid tissue at the nasopharyn-
geal and oropharyngeal openings constitutes the first
line of defense against ingested and inhaled pathogens.
It is constituted by lingual tonsils, the palatine tonsils,
and the nasopharyngeal tonsils (adenoids) [1, 2]. These
tissues have antimicrobial peptides which help defense
mechanism against infections especially in childhood
period. Recurrent upper respiratory tract infections such
as tonsillitis and adenoiditis can be seen commonly.
Despite frequent medical cases and high economical
cost, exact reason of these recurrent infections are not
known yet.

Antimicrobial peptides are unique, cationic and
diverse group of molecules, which are divided into sub-
groups on the basis of their amino acid composition
and structure [3, 4]. According to their structures, these
peptides are classified as human beta defensins (hBD),
cathelecidins and histatins [5].

Human beta defensins are endogenous antibiot-
ics against gram negative and positive bacterias, fungi,
viruses and protozoa [6]. There are three described form of
hBD peptides. hBD-1 which was first isolated from hemo-
filtrate, found in epithelial cells of the urinary, respiratory
tract and in keratinocytes and increased in inflammation
potent effect against gram negative bacteria [7-10]. hBD-2
and hBD-3 which are isolated from psoriatic lesions,
have a potential antimicrobial effect on Escherichia coli,
Pseudomonas aeruginosa, Candida albicans, Staphylo-
coccus aureus, Methicillin resistant S. aureus (MRSA),
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Streptococcus pyogenes, Vancomycin-resistant Entero-
coccus faecium, and Haemophilus influenza [10-12].

Histatins which are histidine rich peptides, found in
human saliva and have potent antifungal activity. They
are also antimicrobial and antifungal proteins, and have
been found to play a role in wound-closure. The three
major histatins are 1, 3, and 5. Histatin 2 is a degradation
product of histatin 1, and all other histatins are degrada-
tion products of histatin 3 [13].

Cathelecidins were first isolated in myeloid cells of
different species in 1990 then defined in epithelial cells
[5]. Nowadays, they are also detected in gastrointestinal
tract, skin, testicular tissue, natural killer cells, T cells, B
cells and macrophages [5, 14]. Epithelial cells and circulat-
ing neutrophils in blood stream is the main source of the
cathelecidins and primary expression area of these pep-
tides is bone marrow [5]. Concentration of cathelecidin is
increased in infection and inflammation [5].

LL-37, active form of the cathelicidin, has a potent and
broad spectrum effect on germs [15].

In this study, we investigate the role of antimicrobial
peptides in recurrent adenotonsillitis and normal adenoid
and tonsil tissue in childhood period.

Materials and methods

This study was approved by Hospital Ethical Comitee and
all participants and their family were informed about
study and the participant’s family gave written consent to
this study. The study is conducted between 2010-2013 in
our hospital. The study is done with 100 children who had
a history of recurrent adenotonsillitis as subject group.
Control group is composed of 100 children with adenoton-
sillar hypertrophy without any recurrent infection history.

All the participants was operated under general
anesthesia. Tonsil tissues are dissected after operation as
surface epithelium and deep tonsillar tissue for further
investigation.

Surface epithelium and adenoid tissues were fixed
in 10% buffered formalin and embedded in paraffin
blocks. Sections were cut 4 pm thick, and one section
was stained with hematoxylin and eosin to observe the
tissue morphology. For immunohistochemistry, endog-
enous peroxidase activity was blocked by incubating
the sections in 1% hydrogen peroxide (v/v) in methanol
for 10 min at room temperature (RT). The sections were
subsequently washed in distilled water for 5 min, and
antigen retrieval was performed for 3 min using 0.01 M
citrate buffer (pH 6.0) in a domestic pressure cooker.
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The sections were transferred in 0.05 M Tris-HCI (pH 7.6)
containing 0.15 M sodium chloride (TBS). After washing
in water, the sections were incubated at RT for 10 min
with super block (SHP125) (ScyTek Laboratories, USA)
to block nonspecific background staining. The sections
were then covered with the primary antibodies diluted
1:100 for anti-hBD-1, 1:50 for anti-hBD-2, 1:100 for anti-
hBD-3, 1:200 for anti-LL-37 in TBS at 4°C overnight Anti-
hBD-1 (cat. no: bs-2165R) was from Bioss Inc., Woburn,
MA, USA, Anti-hBD-2 (cat. no: 251659) was from Abbiotec
San Diego, USA, Anti-hBD-3 (cat. no: H-072-42) was from
Phoenix Pharmaceuticals, Inc., USA, and anti- hCAP-18/
LL-37 (cat. no: sc-166770) was from Santa Cruz Biotech-
nology, Inc. After washing in TBS for 15 min, the sec-
tions were incubated at RT for biotinylated link antibody
(SHP125) (ScyTek Laboratories, USA). Then, treatment
was followed with Streptavidin/HRP complex (SHP125)
(ScyTek Laboratories, USA). Diaminobenzidine was used
to visualize peroxidase activity in the tissues. Nuclei were
lightly counterstained with haemotoxyline, and then the
sections were dehydrated and mounted. Both positive
and negative controls were included in each run. Posi-
tive controls consisted of sections of tonsillitis tissues
for hBD-3 and hCAP-18/LL-37, lung tissues for hBD-1 and
hBD-2. TBS was used in place of the primary antibody for
negative controls.

Light microscopy of immunohistochemically stained
sections was performed by a pathologist and a biologist,
who had no knowledge of the patients’ clinical informa-
tion. Distribution, localization and characteristics of
immunostaining were recorded. Brown color in cytoplasm
and/or nuclei of epithelial cells were evaluated as posi-
tive staining. Scoring was also performed by observers
unaware of the patient data. Scoring differences between
observers were resolved by consensus. For each antibody,
the intensity of the reaction — negative (-), weak (1+),
moderate (2+) or strong (3 +) — was determined in order to
describe the immunoreactions.

SPSS 15.0 computer program is used for assessment.
The relation between IHC staining and clinical parameters
is investigated with independent sample t-tests. The
results were found to be significant for p <0.05.

Results

Totally 200 participants are included in this study and
grouped as recurrent adenotonsillitis group (n=100) and
adenotonsillar hypertrophy (n=100) as control group.
Descriptive features of these groups are shown in Table 1.
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Table 1: Descriptive characteristics of the study population.

Variables Adenotonsillitis Control group p-Value
group (n=100) (n=100)

Age (mean+SD) 7.14+2.22 7.03£2.12 0.721

Gender (M:F) 44 :56 49:51 0.478

Both recurrent tonsillitis and control groups are statistically similar
according to age and gender distribution (p>0.05).

According to immunohistochemical staining results,
most of the tonsil surface epitheium and deep cript epithe-
lium have positive staining character with hBD-1, hBD-2,
hBD-3 ve LL-37 antimicrobial peptids (Figures 1-5). Also
most of the adenoid tissue has a positive expression for
hBD-1, hBD-2, hBD-3 ve LL-37 peptides (Figures 6 and 7).

hBD-3, LL-37 and hBD-1 results of the recurrent tonsil-
litis group are statistically different from control group
(p<0.05). But hBD-2 peptide is not different between
control and recurrent tonsillitis group (p >0.05) (Table 2).

Figure 1: Tonsil surface epithelium without LL-37 staining (tonsil,
200 x).

Figure 2: Tonsil surface epithelium staining with HBD-1 severely
(tonsil, 200 x).
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Figure 3:
200X).

Figure 4: Tonsillar surface epithelium staining weakly with HBD-2
(tonsil, 200 x).

Figure 5: Tonsillar surface epithelium moderately staining with
LL-37 (tonsil, 200 x).

Figure 7: The hBD-2 negative staining in adenoid tissue (adenoid,
40 x).

hDB-2 peptide in recurrent adenoiditis group is statis-
tically different from control group (p<0.05). LL-37 and
hBD-3 is not different between recurrent adenoiditis and
control group (p >0.05) (Table 3).

Discussion

Waldeyer ring and its components, tonsillar and adenoid
tissue, are settled on the upper respiratory opening. Also
this strategically important region is the meeting point of
various microorganism, food and antigenic materials of
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Table 2: Distrubution of the hBD-1, hBD-2, hBD-3 ve LL-37
antimicrobial peptids in control and recurrent tonsillitis groups.

Antimicrobial Recurrent tonsillitis ~ Control group p-Value
peptids group mean (SD) mean (SD)

hBD-1 1.93(0.31) 0.63(0.22) 0.000*
hBD-2 1.45(0.27) 0.94 (0.26) 0.062
hBD-3 0.96 (0.26) 0.42 (0,15) 0.0172
LL-37 0.75(0.19) 0.26 (0.15) 0.001°

aThe mean difference is significant at the 0.05 level. SD, Standard
deviation. hBD-1, LL-37 and hBD-3 results of the recurrent tonsillitis
group are statistically different from control group (p <0.05), but
hBD-2 peptide is not different among groups (p > 0.05).

Table 3: Distrubution of the hBD-1, hBD-2, hBD-3 ve LL-37
antimicrobial peptids in control and recurrent adenoiditis groups.

Antimicrobial  Recurrent adenoiditis  Controlgroup  p-Value
peptids group mean (SD) mean (SD)

hBD-1 1.03(0.31) 0.93(0.22) 0.932
hBD-2 1.55(0.27) 0.64 (0.18) 0.001°
hBD-3 1.36 (0.34) 1.13(0.29) 0.231
LL-37 1.15(0.32) 0.96 (0.25) 0.585

aThe mean difference is significant at the 0.05 level. SD, Standard
deviation. Recurrent adenoiditis group is statistically different
hDB-2 peptide levels than control group (p <0.05) but LL-37, hBD-1
and hBD-3 levels are statistically not different among groups
(p>0.05).

the inhaled air. Because of this critical function, human
palatine tonsils has a key role in innate, cellular and
humoral immunity at local and systemic levels. This
immunity is not settled in newborn period and is learned
in childhood. This defense mechanism in early childhood
is formed and maturated.

Palatine tonsils which are lymphoid organs, sur-
rounded with nonkeratinized stratified squamous epithe-
lium. When we discussed the innate immunity the surface
epithelium is both physical barier for infections and antibi-
otic function with the help of synthesized surface peptides.

All these antimicrobial peptides are also known as
cationic peptides. These peptides have functions against
viruses, fungi and bacterias. Due to its cationic property
the negative charge of the microbes are linked with this
peptides then resulted with denaturation or death of the
microbes. Besides of this function, the chemotactic role
and wound healing function are also defined [16].

In childhood period, viral infections are the
most common cause of acute adenotonsillitis/phar-
yngitis; adenovirus is the most common cause of
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nonstreptococcal adenotonsillitis. Group A beta hemo-
lytic streptococcus is the most common bacterial cause
of acute pharyngitis; its peak incidence occurs in chil-
dren 5-6 years of age during the winter and spring.
This organism is survived in orapharyngeal flora and its
coloni formation is protected with this flora [17]. Recur-
rent episodes of adenotonsillar infection is embarras-
ing due to obstacle for school admittance. Likewise,
in otorhinolaryngology practice adenotonsillectomy
surgery is one of the most common surgical modality
for this purpose [18]. In acute tonsillitis situation, the
level of antimicrobial peptides such as lysosyme and
lactoferrin are increased [19]. But the level of antimi-
crobial peptide is not known in recurrent adenotonsil-
lar infection during childhood period. For this purpose
we investigate 100 children with adenotonsillar infec-
tions and 100 children with adenotonsillar hypertrophy.
Adenoid and tonsil tissues are harvested and prepared
for immunohistochemical and pathological investiga-
tion. According to our findings, we found that patients
with recurrent tonsillitis have increased concentration
of antimicrobial peptides such as hBD-1, hBD-3 and
LL-37 peptides than control groups. This difference is
statistically significant. But this relation is not detected
on hBD-2 peptide levels. Also, previous studies which
support our data, showed the increased level of hBD1-3
levels in acute episode of tonsillitis [20]. Besides these
results, another study showed that neither hBD2 nor
hBD3 levels were increased in infectious process in ton-
sillitis [21]. Our results support partially studies of both
Ball and Claeys with increased level in hBD1 and hBD3
levels [20, 21]. But hBD2 levels are not changed in infec-
tious stage. Additionally recurrent adenoiditis group has
a high hBD-2 levels than adenoid hypertrophy group.
The levels of hBD2 and hBD3 in recurrent adenoiditis are
not different from adenoid hypertrophy group.

LL-37 peptide is increased in adenotonsillar infections
but Song et al. reported reduced levels of LL-37 in control
subjects [22] . Our data show that tissues of the recurrent
adenotonsillar infection have increased levels of LL-37
than control.

In conclusion, the antimicrobial peptides have criti-
cal role in recurrent adenotonsillitis. These peptides are
increased in superficial epithelium and have a role in
defense mechanism. The data also supports the local role
of antimicrobial peptides in infectious conditions.

Conflict of interest statement: There is no conflict of
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