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Abstract

Introduction: Palatine tonsil disease often coexists with dermatological diseases. Correct diagnosis of inflamma-
tion of the palatine tonsil tissue and removal of the diseased palatine tonsils results in remission of the disease.
Aim: To determine similarities and differences in the immunohistochemistry profile of the palatine tonsil tissue
between tonsillitis and hypertrophy, including location of the immunohistochemistry reactions in specific histologi-
cal sites.

Material and methods: A prospective analysis of 50 palatine tonsils that had undergone tonsillectomy due to tonsil-
litis (30 cases) and hypertrophy (20 cases) was performed. The collected material underwent immunohistochemistry
staining for: IL-1, IL-10, CD25, CD40, and CD69, and subsequently phenotypic expression of the obtained results was
performed including their histological location.

Results: Statistically significant differences (p < 0.05) between the tonsillitis and hypertrophy groups were found for
almost all IHC reactions in the epithelium covering the tonsils for CD-25, CD-69, IL-1, IL-10. Furthermore, significant
differences between these groups were found for IL-10 reaction in the subepithelial inflammatory infiltrate and fol-
licular centres of lymphatic follicles as well as for CD-69 reaction between the follicles. When all the locations were
summarized, significant (p < 0.05) differences were found for all IHC reactions except for CD-40.

Conclusions: The investigated markers and cytokines: CD25 and CD69, and IL-1 and IL-10 are more abundant in

tonsillitis than in hypertrophy of the palatine tonsils.
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Introduction

Palatine tonsils are secondary lymphatic organs con-
taining aggregates of lymphoid cells, and they belong
to the mucosa-associated lymphoid tissue (MALT). The
pharyngeal mucosa is equipped with a complex secre-
tory immune system. B cells are stimulated by an antigen
initially in the MALT regions, and thus formed stimulated
lymphocytes migrate to the glandular sites, where they
differentiate into Ig-producing cells [1]. White blood cells,
mainly lymphocytes, are in all histological locations in
the palatine tonsils, including the covering epithelium
(they are called intraepithelial leukocytes — IEL). The IEL
count in patients with tonsillitis is significantly higher
than in patients with palatine tonsil hypertrophy. This is
caused by a selective increase of the T-cell CD8 Vdeltal/
Vgamma9 population [2]. CD4+ T cells account for small-

er share of IEL in the palatine tonsils than CD8+ cells;
the former occur with B cells in the crypt epithelium [3].
B cells occur mainly in 3 locations in the palatine tonsils:
in the mantle zone of a lymphatic nodule, in the follicular
centres, and as intraepithelial cells [4]. The epithelium
that lines the crypts contains dendritic cells that can
transport exogenous antigens to the extracellular areas
of T cells and to the B-cell vesicles [5]. Close association
between the crypt epithelium and the lymphoid compo-
nent persists throughout human life. Immune stimula-
tion begins shortly after birth, at approximately 2 weeks
of age, in response to exogenous antigens [6]. Multiple
publications have shown that tonsillitis can induce or
coexist with dermatological diseases and that tonsillec-
tomy results in the disease remission. In 1935 Andrews
and Machecek were the first to show that tonsillectomy
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was effective in the treatment of palmoplantar pustulo-
sis (PPP) [7]. In the conducted study 9/24 PPP patients
were cured after tonsillectomy. Another publication re-
ported investigation of 124 PPP patients. The investiga-
tors showed that patients who underwent tonsillectomy
exhibited a much higher cure rate than patients who
received other therapies [8]. Yamakita et al. found that
a group of patients who underwent tonsillectomy exhib-
ited higher improvement rate of PPP skin lesions that
the group who did not receive such a procedure. These
results were further supported by a randomized prospec-
tive comparative study [9, 10].

In another publication the authors demonstrated
similar correlations: 109 (94%) of 116 patients and 52
(88%) of 59 patients, who were assessed using a sub-
jective self-assessment and the objective PPP Area and
Severity Index (PPPASI), exhibited improvement of the
PPP-induced skin lesions after tonsillectomy [11]. These
data clearly show that palatine tonsil diseases may af-
fect dermatological diseases and tonsillectomy results in
reduction or complete resolution of skin lesions. Another
authors [12] exhibited a positive correlation between the
palatine tonsil disease and psoriasis. They showed that
the risk of tonsillitis was higher in paediatric patients
with psoriasis. The publication [13] reported Immuno-
chip genotyping and their analysis. The investigations
revealed that HLA-C*06: 02 is an allele of risk for both
palatine tonsillitis and psoriasis. The same 2 association
peaks for ~30-31.5 Mb were associated with both these
diseases. The authors of another study showed that
tonsillectomy reduces signs and symptoms of Behcet’s
disease [14].

It seems that an increased activity of pro-inflam-
matory factors may take place in the affected palatine
tonsils. CD25, coded by IL2RA, is one of them [15]. It is
a transmembrane protein present in the activated lym-
phocytes, especially in Treg cells [16]. There are multiple
mechanisms responsible for increased CD25 expression
in T cells. Binding of a mitogen or alloantigen by T cells
activates their receptors, causing inflow of the calcium
ions, resulting in phosphorylation of protein kinase C
and triggering of a cascade of reactions resulting in an
increased CD25 level (by 5- to 20-fold) [17]. CD25 expres-
sion by T cells is additionally stimulated by IL-2 that in-
duces a positive feedback loop through STATS [18].

A study enrolling patients with chronic tonsillitis quali-
fied to tonsillectomy found CD25 cells in all patients [19].
Another study assessed activation of T cells in the palatine
tonsils in PPP patients. Analysis of flow cytometry showed
that the CD25+ cell count in the tonsils of PPP patients
was significantly higher than in patients without the in-
flammatory process in their tonsils [20]. CD40 is another
characteristic marker that is present on B cells when they
engage a specific ligand — CD154, present on activated
T cells; it provides a signal required to initiate a humoral
response. A cascade of immune response is triggered, re-
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sulting in activation of B cells and their maturation, differ-
entiation and antibody production [21]. Palatine tonsils are
an easily accessible and abundant source of human B cells
from the secondary lymphatic tissue. They contain a het-
erogeneous mixture of B cells including several different
phenotypes, such as naive B cells, eGC, GC, and memory
cells as well as plasmablasts [22]. CD69 may play an im-
portant role in chronic tonsillitis.

Persistence in a tissue environment depends on
the ability of T cells to overwhelm exit signals. It can be
achieved through expression of receptors that strengthen
cellular interactions in the tissue and facilitate survival in
a specific environment. The exit signal for T cells largely
depends on S1P1 on T cells [23]. CD69 — a transmem-
brane type C lectin — promotes persistence of lympho-
cytes in the tissues through binding to S1P1 receptor on
their surface and its negative regulation [24, 25].

Another pathway that affects T cell exit from the lym-
phatic system is CCR7 stimulation [26]. Its production
is positively regulated by KLF2 and thus KLF2 blockade
may affect CCR7-dependent lymphocyte migration [27].
The choice of CD69 as one of the pattern markers of the
palatine tonsils is furthermore supported by a study that
showed that CD69 expression was minimal on the circu-
lating T cells and accounted for 25-75% of CD8+ T cells
in the spleen and tonsils [28].

Interleukin-1 (IL-1) also plays an important role. The
IL-1 family plays a major role in modulating innate im-
munity and induction of inflammatory response [29]. This
combination of 2 functions became obvious after the dis-
covery that the cytoplasmic domain of IL-1 type | recep-
tor is highly homologous with cytoplasmic domains of all
Toll-like receptors (TLR) on the immune cells. Thus, devel-
oping inflammatory responses are induced both by acti-
vation of IL-1 ligands as well as TLR. While transduction
of a signal of pro-inflammatory response induced by in-
terleukin occurs through formation of a complex of type 1
IL-1 receptor (IL-1R1) and IL-1RACP co-receptor [30], TLR
induces inflammation through bacteria, microorganism
products, viruses, nucleic acids, and damage-associated
molecular patterns (DAMP) [31].

It must be emphasized that IL-10, known as a “cyto-
kine synthesis inhibiting factor” (CSIF), is a potent cytokine
with anti-inflammatory activity, produced mostly by sub-
sets T cell lines (Treg, Th2). It can inhibit cytokine expres-
sion through effects on Thl cell lines and can limit inflam-
matory response through effects on various immune cells
[32]. IL-10 binds to a receptor (IL-10R) that is composed of
two chains: IL-10R1 and IL-10R2. Association of IL-10 with
IL-10R results in signal transduction through its main me-
diator — STAT3 — and regulation of inflammatory response
[33]. It must be emphasized that a T-cell population pro-
ducing large amounts of IL-10 and potently inhibiting im-
mune response was identified in human palatine tonsils
[34]. Two recent papers have also described the existence
of IL-10 (a product of Tfh cells): one in which the cells ap-
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pear during chronic viral infection in mice [35] and another
in which they were found in human tonsils [36].

Aim

As the above-mentioned data indicate, diagnosis of
a disease of palatine tonsils is of utmost importance.
Unfortunately, the proper clinical diagnosis is not always
obvious, and its correct identification requires detailed,
multifactorial investigations. Thus, the aim of the study
was to assess the relationship between the clinical pre-
sentation and an immunohistochemistry phenotype of
selected markers (including their histological locations)
in the palatine tonsils resected due to tonsillitis and hy-
pertrophy. We selected immunohistochemistry markers,
the following titres of which are typical for inflammation:
CD25, CD40, CD69, IL-1, and IL-10.

Material and methods

We analysed 50 palatine tonsils from tonsillectomy
performed due to tonsillitis (30 cases) and palatine tonsil
hypertrophy (20 cases) at the Department of Otolaryngol-
ogy and Laryngological Oncology with Division of Cra-
nio-Maxillo-Facial Surgery, Military Institute of Medicine,
Warsaw, Poland. The patients were assigned to a specific
group based on the previously reported qualification pro-
cess [37]. Subsequently the collected material underwent
immunohistochemistry testing. The exclusion criteria in-
cluded patients with suspected neoplasm of the palatine
tonsil and patients under 18 years of age.

Slides with immunohistochemistry reactions were
scanned on a Pannoramic 250 FLASH 3DHISTECH scan-
ner and evaluated under an Olympus BH63 light micro-
scope, and subsequently the planned measurements
were performed using 3DHISTECH CaseCenter ver. 2.7

software. Immunochemistry colour reaction was evalu-
ated in 4 tonsillar regions, i.e. in the lymphatic follicles,
crypt epithelium, interfollicular region, and subepithelial
region. To report the phenotypic expression of immuno-
histochemistry reactions a specific assessment scale was
used that included both staining intensity and percent-
age of stained cells; intensity of the immunohistochem-
istry reaction was assessed on a scale from 0 to 3 (none,
weak, moderate, potent reaction), and the extent of the
stained areas was assessed as follows: < 1% of cells = 0;
1=1;>1-10 = 2; 11-33 = 3; 34-66 = 4; and 67-100 = 5.
Subsequently both values were added and thus the final
score was achieved.

Statistical analysis

The data was analysed using GNU pspp 1.4.1 soft-
ware. The significance of mean values was assessed
based on a single sample t test. Significance of differ-
ences between parameters for 2 groups was determined
based on a t test for independent samples. Significance
of differences between parameters for more than two
groups was assessed using ANOVA with a post-hoc LSD
Fisher test.

Results

Palatine tonsils were tested for 2 different cytokines
and 3 lymphoid markers: IL-1, IL-10, CD25, CD40, and
CD69 in each of the tested groups, including subdivi-
sion to specific histological locations in the palatine ton-
sils. Table 1 presents the results. Concurrent production
of CD25, CD40, CD69, IL-1, and IL-10 was found in the
palatine tonsillitis and hypertrophy. The measured av-
erage parameters were higher in the material obtained
from the patients with tonsillitis than from the patients
with palatine tonsil hypertrophy. When data for all the

Table 1. Results of the assessed cytokines and markers in the study groups, including subdivision into specific tissue

structures of the palatine tonsils

Variable Epithelial Subepithelial Follicular Follicular centre Interfollicular Total
Mean Mean Mean Mean Mean Mean
CD-25 2.73 3.23 0.77 2.37 1.77 237
8 CD-40 1 1.67 0.07 1.47 0.47 0.84
% CD-69 2.1 333 0 173 173 1.78
ST 3.2 443 013 2.27 34 2.69
IL-10 0.97 113 0 0.7 0.5 0.7
CD-25 0.55 2.3 0.55 1.75 1.25 1.28
—g CD-40 0.3 0.9 0 1.1 0.35 0.53
*% CD-69 0.95 2.85 0 21 0.4 1.26
Q.
2 I 0.85 4.2 0 1.25 3.15 1.89
IL-10 0 0.1 0 0 0 0.02

Statistically significant differences between the palatine tonsillitis and hypertrophy are marked in bold.
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Table 2. Comparison of assessed markers and cytokines in the group of chronic palatine tonsillitis, including specific

tissue regions of the palatine tonsils

Variable CD-25 CD-40 CD-69 IL-1 IL-10
[0} (0] [ (] (]
S| S| S| S| S|
= f = = f = = = = [ = f =
sl 185 _ 1885 |15/ 83/_5|_8|5_% _|8|3
— [} —_ (%] —_ (3] —_ [ —_ [
Ss5|5 2B £|5|52ES|5 52|82 |s|5| 5|2 3|£|5|5|2
=222 IZIzEIEIEISIEIEIEIE IS EE IR IR S s B S |E T
g3 |2l |F|(B|B|lc|l2|F|B Bl |F|B 2Bl |%F 2 2|«
2o (= 2L L Q==L ka0 =EEg ke |QEE|L | |0 = =S
Q|3 |0 |0 |E|&a|l3|o|loE|lal3 |00 |83 |0|0 | |a|3 |0 |0 ¢
w wv [F e — w wv [ [F r— w wv (¥ [ -— w wv [ [ r— w wv [ [ —
Epithelial X X | X X | X X | X | X X
Subepithelial X X[ X]|X X X | X X
Follicular X X X X | X
Follicular centre X | X
Interfollicular X

Statistically significant differences for a specific marker for individual regions of the palatine tonsil are marked by an “X”.

Table 3. Comparison of assessed markers and cytokines in the group of palatine tonsil hypertrophy including specific

tissue regions of the palatine tonsils

Variable CD-25 CD-40 CD-69 IL-1 IL-10
[ [ [ [ [
=] =] =] =] =]
K S |5 K S |5 K S5 K S |5 K S5
L R N R N AR R RN N R
SlEls|sl=s|E£|ls|ls=|8|S|E|8|=|8B|€S|8|8|=2|=2|£ |8 |8 |=
b= z = 2|22 zEI2IEIE s EIEIEE I E |22
2lglg|2|le|2|lg|2|lgc|&|g|l2|Blc|&|g|B|8B |2 |5 |8 8|«
gz |glEIsIEEIgEIeEIEIREIEIEIEIREIS E E L
Q. Q. Q. Q. Q.
Bl S I I I = o - < B~ = vl I < < = Bl v S I I < = v S B B I =
Epithelial X X X X X X X
Subepithelial X X
Follicular X
Follicular centre | X X

Interfollicular

Statistically significant differences for a specific marker for individual regions of the palatine tonsil are marked by an “X”.

locations were summarized, significant (p < 0.05) differ-
ences were found for all reactions except for CD-40. The
covering epithelium was the region exhibiting the most
statistically significant differences between the tested
markers, while no statistically significant differences
were found between the tested groups in the follicular
region. Furthermore, comparison of specific markers in
the tonsillectomy group with regard to histological loca-
tion in the tested palatine tonsils revealed that the most
statistically significant differences were found for IL-1
and CD69, and the least for IL-10. On the other hand,
the hypertrophy group exhibited statistically significant
differences for the tested markers with the highest titres
also for IL-1 and CD69, and the lowest for IL-10, for which
no statistically significant correlation was found for this
marker. Both the highest and lowest measured values for
a specific marker for each compartment of the palatine
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tonsil tissue were higher in the tonsillitis than in the hy-
pertrophy group. Tables 2 and 3 present the results.

Discussion

The study by Mikola et al. [38] found IL-10 in the pala-
tine tonsil tissue affected by inflammation. Its average
value was lower than in the hypertrophic palatine tonsil.
We found the opposite relation in our study. We obtained
higher value for the tonsillitis than for the hypertrophy.
However, unlike our study, the authors of that paper did
not identify a region of the palatine tonsil with the high-
est concentration of this cytokine. Moreover, the revealed
differences did not reach statistical significance. We per-
formed such a subdivision in our study and found the
highest concentration of this cytokine in the subepithe-
lial inflammatory infiltrate for 2 groups of palatine ton-
sils equal to 1.13 for the tonsillitis tissue and 0.1 for the
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hypertrophic palatine tonsils. As the authors emphasize,
among the tested cytokines only the newly discovered
anti-inflammatory cytokine, IL-37, was independently as-
sociated with the palatine tonsil hypertrophy, exhibiting
slightly more potent anti-inflammatory response in these
patients. Furthermore, the authors suggest that the pala-
tine tonsil hypertrophy may be a consequence of chronic
tonsillitis, suggesting blurring of the borders between the
cytokine levels (e.g. IL-10) in both these conditions.
Huang et al. [39] found IL-1 and IL-10 in the hyper-
trophic palatine tonsil tissue as well as in hypertrophy
with coexisting tonsillitis. The researchers demonstrated
higher expression levels of the tested cytokines in the
group with isolated hypertrophy. In our study we found
higher expression of both IL-1 and IL-10 in the tonsillitis
compared to hypertrophy tissue. Therefore, we obtained
opposite relations in our study. As the authors of this
publication emphasize, the aetiology of hypertrophy of
the tonsillar lymphatic tissues remains unknown. They
found high expression of VP1 in the hypertrophic palatine
tonsils, indicating that the hypertrophy of the palatine
tonsils could have been caused by a viral infection. Fur-
thermore, the authors analysed immune mechanisms
involved in the response triggered by the virus. The avail-
able literature proved that TLR recognizes the virus and
initiates a series of cellular antiviral responses through
intracellular signalling pathways [40, 41]. The results ob-
tained by these authors indicated that TLR4 and TLR7
were involved in the innate immune response triggered
by viruses in isolated hypertrophic palatine tonsils. The
different results obtained by us and authors of the
above-mentioned publication may result from the lack
of a homogeneous tonsillitis group. We believe that com-
paring cytokine profiles in 2 groups, one of which has the
same component as the other, is imprecise and carries
a high risk of error. We identified 2 independent groups in
our study, achieving statistically significant results.
Geibler et al. [42] investigated the ability of T cells in
tonsillitis to exhibit continuous high basic expression lev-
el of the surface CD25, CD69, and CD154 (CD40) in freshly
isolated T cells from the palatine tonsils. The results ob-
tained in patients with tonsillitis indicated higher CD25,
CD69, and CD154 (CD40) expression versus patients with
peritonsillar abscess and palatine tonsil hypertrophy. We
obtained compatible results, but statistically significant
differences were obtained for all except the CD40 titre.
CD25, CD40, and CD69 titres for the palatine tonsillitis
group were 2.37, 0.84, and 1.78, respectively, while CD25,
CD40, and CD69 titres for the palatine tonsil hypertro-
phy group were 1.28, 0.53, and 1.26, respectively. We also
identified regions of the palatine tonsil characterized by
expression of the above-mentioned markers. The high-
est values were obtained in the subepithelial region for
CD25 and CD69 in both study groups and for CD40 in
the subepithelial region in the tonsillitis group and the
follicular centre for the hypertrophy group. As the authors
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of this publication emphasize, T cells in the tonsillitis ex-
hibit signs of elevated basal activation status, mirroring
high basal surface expression of, among others, CD69.
This is compatible with the view that T cells in the ton-
sils are exposed to chronic stimulation. However, chronic
exposure to an antigen, initially favouring accumulation
of pathogen-specific effector T cells, may eventually re-
sult in exhaustion of effector T cells [43—46]. Finally, this
results in high basal CD69 expression, associated with
exhausted T cell phenotype [45, 47, 48].

Chen et al. [49] compared 2 groups of children: one
group with obstructive sleep apnoea (OSA) syndrome
without tonsillitis (OSAS group) and a control group that
included children with tonsillitis without an accompany-
ing OSA. They found higher IL-1 expression in the con-
trol group than in the palatine tonsil hypertrophy group.
Moreover, IL-1 expression in the palatine tonsil tissue was
higher in the core than in the cortex. We found the fol-
lowing IL-1 levels in the tonsillitis group in the specific
palatine tonsil zones (epithelial — 3.2, subepithelial — 4.43,
follicular — 0.13, follicular center —=2.27, interfollicular —
3.4). In our analysis its level was also higher in the tonsil-
litis group. The authors of the publication compared IL-
10 concentrations between the study groups. The OSAS
group exhibited higher IL-10 levels than the control group.
Our analysis provided the opposite results. Agren et al.
[50] also assessed cytokines in the hypertrophic palatine
tonsils with severe OSAS without an accompanying infec-
tion and palatine tonsils with recurrent infections. The
IL-1 level was significantly higher in the tonsillitis group
than in the hypertrophy group. This supports our results.
The discussed study [49] and our study included pala-
tine tonsils, excluding the adenoid, which also played
an important role in the OSA pathophysiology and was
associated with inflammatory markers related to sleep
disorders. Moreover, the authors examined only a pae-
diatric population aged from 3 to 12 years. Furthermore,
the study enrolled only 34 patients. Our study group was
more varied with regard to age and number of cases. This
could contribute to different results for IL-10 between the
study groups.

In another study [51] the authors analysed effects of
adenotonsillectomy on the evolution of inflammatory
markers in patients with palatine tonsillitis, palatine ton-
sil hypertrophy, and the 2 combined. They found reduc-
tion of IL-1 and IL-10 levels after tonsillectomy and higher
levels of these cytokines in the tonsillectomy group ver-
sus the control group. In the performed study the authors
achieved higher IL-10 levels in the inflammation group
versus the hypertrophy group (OSAS). These relations
are compatible with our results. Nevertheless, IL-1 values
obtained by the investigators were higher in the OSAS
group versus the tonsillectomy group. These results con-
tradict ours. According to the authors of this publication,
the higher IL-10 titre in the tonsillitis group might have
resulted from pathophysiological changes induced by
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the palatine tonsil infection. This has a 2-pronged effect
on the inflammation of the palatine tonsil, both through
production of pro-inflammatory cytokines and through
increased levels of the anti-inflammatory proteins that
counteract it. The reversibility of this process with tonsil-
lectomy supports the concept of restoration of balance
that is lacking.

Conclusions

The current results indicate similarities and differ-
ences in the cytokine pattern and distribution of the lym-
phoid cells in the palatine tonsil tissue in the 2 defined
diseases. Moreover, highly compartmentalized cytokine
production and the presence of lymphoid cells can be
found. The highest concentrations of IL-1, IL-10, CD25,
and CD69 were found in both palatine tonsil groups in
the region of the subepithelial inflammatory infiltrate,
while CD40 was found in the tonsillitis group in the re-
gion of the subepithelial inflammatory infiltrate and in
the hypertrophy group in the follicular centre. Increased
activity of these factors favours persistence of chronic
palatine tonsillitis, which may affect local and systemic
diseases, including dermatological disorders. The inves-
tigated markers and cytokines CD25, CD69, IL-1, and
IL-10 are more abundant in the palatine tonsillitis than
in hypertrophy. The obtained results are statistically sig-
nificant (p < 0.05). Thus, tonsillitis potentially underlies
systemic changes and should preferably be eliminated.
The presence of the investigated markers and cytokines
in all parts of the palatine tonsils must be emphasized.
This indicates the requirement for resection of the whole
palatine tonsil rather than its partial resection.
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