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Abstract

Background: Interleukin 6 (IL-6) is a pleiotropic cytokine produced not only by inflammatory cells, but also by the squamous epithelium of oral cavity, tongue and/
or laryngeal mucosa (probably explaining its presence in saliva and respiratory secretions).

Methods: Immunohistochemical staining for IL-6 antigen was performed in histological sections coming from 98 head and neck squamous cell carcinoma (HNSCC)
samples using monospecific IL-6 antibody (rabbit anti-IL-6 serum purchased from Abcam, product Ab6672) and taking advantage of the BenchMark Ultra IHC/
ISH staining module (Ventana Discovery XT automated system, Tuscon, USA).

Results: The expression of IL-6 antigen was examined in a total of the 98 head and neck squamous cell carcinoma (HNSCC) samples, i.e. 33 laryngeal, 55 tongue
and 10 nasal cavity specimens, along with 18 relevant normal tissue samples (negative controls) and, in addition, in 10 non-HNSCC tumours (alternative tumour
controls). Immuhistochemical staining confirmed the presence of IL-6 antigen in the cytoplasm of carcinoma cells as well as in the stroma of all the HNSCC tumours
(100%). In conventional squamous carcinomas a rather confluent staining of IL-6 could be seen in the cytoplasm of dysplastic prickle cells, while in anaplastic cells of
undifferentiated carcinomas a less intensive fine granular staining pattern dominated. For comparison, occasional and less intensive staining for the IL-6 antigen was
seen in 5 out of 10 alternative carcinomas (50%) and/or in 10 out of 16 (60%) relevant normal tissue controls.

Conclusion: We confirmed the widespread expression IL-6 antigen as detected by immunohistochemical staining in all the HNSCC samples examined (100%
positive), regardless whether using purchased slides or sections prepared from our domestic biopsy material. A proportion (60 %) of the normal laryngeal and mouth

cavity epithelium was positive as well, though in the letter, the frequency and intensity of antigen expression was considerably lower.

Introduction

Interleukin 6 (IL-6) is a glycoprotein consisting of 184 amino
acids, which has been first identified as a T-cell-derived regulatory
factor controlling B cell differentiation, but more recently regarded for
a multifunctional pleiotropic cytokine acting in a variety of cells [1]
regulating immune responses, hematopoiesis, inflammation as well as
production of acute-phase proteins by liver hepatocytes [2]. In addition
to T cells, B cells and macrophages, production and secretion of IL-6
was described in adipocytes, in capillary endothelium cells as well as
in activated connective tissue fibroblasts including the infiltrating
immune cells. Several malignant tumours (such as multiple myeloma,
lymphoma, ovarian cancer, prostate cancer, lung cancer, breast cancer,
metastatic and renal carcinomas) may express IL-6, but most frequently,
the head and neck squamous carcinoma (HNSCC) represents an
abundant cytokine-producing neoplasm [3].

The IL-6 production can originate in cancer associated fibroblasts
(CAFs) atimmediate vicinity of the HN SCC tumour, and/or from mobile
mesenchymal stem cells, which both may secrete various oncogenic
cytokines. To become cancer associated fibroblasts (CAFs) the stroma
cell undergoes a phenotype switch and start expressing various markers
such as alpha-smooth muscle actin (£5-SMA), fibroblast specific
protein (FSP1), vimentin and periostatin [4]. Cytokine secretion into
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the tumour microenvironment may, on one hand, help immune defence
to attack the tumour [5,6], but on other hand, it may promote the
proliferation of tumour cells when activating the signal transducer and
activator of transcription 3 (STAT3) pathway contributing to tumour
progression [7]. CAFs residing within the tumour stroma promote the
spread of HNSCGC, facilitating angiogenesis and overcoming the action
of immune T cells [8]. At high concentrations wthin cancer tissue,
IL-6 deregulates several signalling pathways influencing tumour cell
invasion and metastasis [9,10].

Elevated IL-6 levels present in the biopsy samples of HNSCC
patients should be considered for a bad prognostic factor correlating
with the worsening of clinical stage and a higher tumour recurrence
rate, while a targeted curative treatment resulted in increased survival
rate [11]. By means of the stroma derived factor-1 (SDF-1), the
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STAT3 pathway is activated to become a central mediator implicated
at tumour maintenance and/or progression [12,13]. Elevated levels
of activated STAT3, phosphorylated at a single tyrosine residue
(Y705) of its transactivation domain, are frequently detected in
tumour biopsies, saliva and blood plasma [14-19]. When released by
tumour cells, the IL-6 interacts with the soluble IL-6 receptor (sIL-
6R), an event conferring resistance against chemo- and radiotherapy
treatments [20-22]. Furthermore, the overexpressed epidermal growth
factor (EGF) can initiate transcription of the proliferation-associated
genes (including STAT3) and activate related pathways “cooperating”
with phospho-inositol-3 kinase (PI3K), since both transactivators
function downstream of the EGF receptor (EGFR) [23,24]. Elevated
concentrations of growth factors and cytokines (that activate the
STAT3 pathway) have been indeed detected in the serum and/or
tumour microenvironment of patients with HNSCC. The elevated IL-6
concentrations in the serum are markers of adverse prognosis, since
the patients involved have been found associated with a higher stage of
cancer development, faster tumour progression, inhibition of apoptosis,
stimulation of angiogenesis as well as with drug resistance [25].

Plasma levels of Th2 cytokines along with tumour necrosis
factor-a (TNF) and C-reactive protein appear to represent useful
markers for early stages of tumour development [26-28]. In result
of this, IL-6 is regarded for a valuable biomarker at estimating
clinical prognosis [29-32], and for predicting the HNSCC
recurrence [27] or calculating the patient’s survival rate [34-37].
Our paper describes the frequency of IL-6 production as detected
by immunohistochemical stainig in 98 HNSCC samples among to
confirm the abundant production of IL-6 antigen by carcinoma cells
as well as by fibrocytes in their stroma.

Materials and methods

The origin of tumour samples

A proportion of SCC sections was supplied by the head and
neck tumour array (HN80la) [34], which consisted of 33 sections

Table 1. Survey of tissue samples examined for the IL-6 antigen

Tissue of origin Diagnosis
Larynx SCC
Larynx normal tissue

Positive out of total*
33/33 (100%)
2/3 (66 %)

from laryngeal SCC specimens (at various differentiation grades and
different growth stages) along with 5 normal laryngeal tissue samples,
(together 36 laryngeal sections). Furthermore, the array provided
21 sections of tongue SCC specimens along with 10 control lingual
epithelium samples. Finally, the array had 10 sections prepared
from tumours of nasal and/or sinus cavities, along with 3 normal
nasal mucosa samples coming from areas adjacent to tumour tissue.
Taken together, the HN80la array provided 64 sections coming
from HNSCC samples along with 16 relevant normal (control)
tissue sections (altogether 80 sections, Table 1). Noteworthy that
one additional section on the array was coming from a non-HNSCC
tumour, namely from pheochromocytoma (a malignant adrenal
gland tumour), representing the negative (IL-6 antigen free) control
declared by the manufacturer. In addition to the array sections, 10
domestic carcinoma specimens of other than head and neck origin
[26] (i.e. non-HNSCC tumours), were included into the study (3 these
were bronchial carcinomas). In order to assess the possible influence
of prolonged storage (under standard conditions) as well as the
outcome of the embedding procedure on the intensity of IL-6 antigen
staining, additional 34 tongue and mouth cavity SCCs (i.e. also
HNSCC tumours) were obtained from the collection of the Pathology
Department of St. Elisabeth Oncology Hospital in Bratislava. The
latter sections were coming from specimens removed for diagnostic
purposes at curative surgery and were treated and stained in the same
manner as the array sections (described below).

Immunostaining

The 5 micrometer (Om) thick sections coming from the embedded
HN SCC blocks (which origin has been described above) along with
the sections on purchased array slides, were stained and processed in
the BenchMark Ultra IHC/ISH staining module (Ventana Discovery
XT automated system, Tuscon, USA). The protocol number 140
(at slightly acidic pH by an average of 6.2) and/or number 102 (at
neutral pH of 7.2) were employed by using the universal U-ultraview
Red staining procedure and closely following the instructions of

Notice

conventional SCC (19)
undifferentiated SCC (14)

Sample source
tissue array

tissue array

Larynx samples total 35/36
SCC o . conventional SCC (9)
Tongue 21/21 (100%) tissue array undifferentiated SCC (12)
5 . ) conventional SCC (27)
Tongue SCC 34/34 (100%) biopsy undifferentiated SCC (7)
Tongue tumour tissue total 55/55 (100%)
Tongue normal tissue 7/10 (70%) tissue array and biopsy'
Tongue samples total 62 /65
- o . conventional SCC (4)
Nose SCC 10/10 (100%) tissue array undifferentiated SCC (6)
Nose** normal tissue 1/3 (33%) array and biopsy'

Nasal samples total

11/13

HN samples total SCC 98/98 (100 %)
HN samples total normal tissue 10/16 (63 %)
All HN samples 108/114

Non-HNSCC samples various carcinomas***

*positive rate

**including paranasal sinuses

***Non-HNSCC tumours: uterine cervix, bronchial carcinoma, several GIT adenocarcinomas
! Biopsy from the Dept. of Pathology, St. Elisabeth Oncology Hospital, Bratislava, Slovakia
2 Biopsy from Pathology Ltd, Alpha medical Company, Martin, Slovakia
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the manufacturer (Roche). The specificity of the IL-6 antibody
(rabbit anti-IL-6 serum purchased from Abcam, product Ab6672)
was checked by including the selected domestic SCC specimens (as
listed on Tablel). Alternative sections were stained for cytokeratin
5/6 (CK5/6) with a commercial monospecific antibody. At first trial,
the serum samples were diluted either 1:200 and/or 1:100 in the VA
reaction buffer (provided by the manufacturer) and allowed to react
under two different (neutral and moderate acidic pH) processing
conditions. Later on, for staining of the great majority of sections, the
protocol number 140 (taking advantage of a slightly decreased pH [i.e.
<6.5, but > 6.0]) was used. This procedure (designated protocol 140A)
was further modified (protocol 140B) by adding bovine serum albumin
(BSA) at 2% concentration (200 mg BSA/100 ml of VA diluent). Finally,
when performing the negative staining control procedure (C), all the
reagents were similar as in the procedure A but omitting the specific
anti-IL-6 serum only.

Briefly, the sections were deparaffinised at 72°C for 4 min in the
EZ Prep solution provided by the kit, and then rehydrated. To unmask
the IL-6 antigen, all the sections were incubated at 96 °C for 8 min in
the EZPrep CC solution provided. The repeatedly rinsed slides were
immunostained with the polyclonal rabbit anti-IL-6 antibody and/or
the anti-CK5/6 antibody (both diluted in the VA reaction buffer at 1:
200 and applied at pH < 6.5, at above referred to as procedure A). After
incubation at 36 °C for 1 hr and repeated rinsing, the UV Red UNIV
MULT reagent was applied on all the sections (for 12 min), which were
thereafter incubated in the presence of the UV RED Enhancer. The
reaction was visualized by adding one drop of UV Fast Red and one
drop of UV Red Naphthol (both were allowed to react for additional
8 min). Finally, the sections were counterstained with hematoxylin
(for 12 min) and then handled with the Blueing reagent (for 12 min).
After repeated washing in the reaction buffer, the slides were mounted
into a permanent medium when covered by a cover slip. All the
stained sections were viewed in a Zeiss D1 observer microscope (Plan
Apochromat objectives 10x, 20x and/or 40x) and photographed using
the Zeiss Axiovision program.

Standard histology

Parallel sections from each block were also stained by the classical
hematoxylin and eosin (HE) procedure.

Results

Occurrence of IL-6 antigen in normal mouth, neck and nose
mucosa

Sections from 3 normal larynx samples, from 10 normal tongue
samples and from 3 normal nasal mucosa samples, i.e. alltogether 16
normal head and neck mucosa samples, were stained for the presence of
IL-6 antigen. Parallel control sections were treated similarly, but in the
absence of specific antibody, while an additional series of sections was
stained by standard, HE procedure. The normal squamous epithelium
of at least 2 larynx samples showed groups of IL-6 positive prickle cells
located mainly in the middle sheet of epithelial layer (Figure 1). A few
fibrocytes in the underlying connective tissue were positive as well.
The normal squamous epithelium was positive in 7 out of 10 lingual
samples, namely the cytoplasm of prickle cells in the parabasal layer
at proliferating areas in close vicinity of carcinoma (Figure 1). The
underlying connective tissue was occasionally positive as well, especially
the cytoplasm of a few fibrocytes. In addition, some extracellular
antigen deposits were found showing an elongated shape resembling
to collagen fibres. Faint positive staining for IL-6 was also found in
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Figure 1. The normal squamous epithelium of the tongue stained for IL-6

1A. A negative parallel section to 1B which has been handled similarly, but in the absence
of monospecific immune serum (staining control).

1B. Benign proliferation of stratified epithelium at an area adjacent to carcinoma. The
IL-6 antigen is present mainly in para-basal location and in the subcutaneous connective
tissue (both magn. 120x).

the normal ciliary epithelium lining the mucosa of nasal cavity at least
in I out of the 3 samples examined. The control staining procedure
(in the absence of immune serum) yielded clearly negative results. It
should be mentioned that the occasional non-specific binding of anti-
IL-6 antibody to the intercellular cartilage substance was difficult to
interprete.

The presence of IL-6 antigen in laryngeal carcinoma

Sections from the total of 33 laryngeal carcinoma samples of the
tissue array (along with 5 normal laryngeal samples mentioned above),
were first evaluated at standard HE is staining and then the results
obtained following the anti-IL-6 antibody treatment were assessed. For
the latter, at least 3 parallel sections were compared, namely 2 sections
stained with the specific anti-IL-6 serum (i.e. two alternative staining
procedures were performed at slightly different pH, for details see
Materials and Methods), and in addition, 1 section treated with all the
reagents but in the absence of the serum (i.e. negative staining control).
As shown on Table 1, all the larynx carcinoma specimens were positive
for IL-6 antigen, though their staining intensity ranged from faint to
bright.

As the histological grading concerns, 19 samples were classified
as conventional (epidermoid) squamous carcinomas (SCC) of grade
I being characterized by the presence of keratinized epithelium pearls
(Figure 2). In such differentiated carcinomas the IL-6 antigen was
present especially in the prickle cells at parabasal locations and in the
basal epithelium cells at the basement membrane lining the border to
the connective tissue stroma. Furthermore, groups of fibroblasts in
the stroma of epidermoid SCCs seemed to show positive cytoplasmic
staining. In some of these tumours, groups of a few tumour cells could
be identified within the lumen of small veins when revealing a fine
granular IL-6 staining. Several of the grade I SCCs might occasionally
show less differentiated areas (Figure 2) consisting of groups of
irregularly shaped (mainly elongated) cells. In such areas, the IL-6
antigen was concentrated either at the rim of the cytoplasm of prickle
cells or at their outer surface, so that the intercellular bridges seemed
looking positive.

The rest laryngeal carcinoma cases, however, were low
differentiated tumours of grade II and/or poorly differentiated
carcinomas of grade III (i.e. altogether 14 undifferentiated SCC cases
were found). An example of the latter is depicted on Figure 2, showing
rather fine granular staining of irregularly shaped carcinoma cells in
combination with extensive positivity of stromal tissue. The Figure 2
demonstrates also an another example of undifferentiated SCC (grade
III), which consists of irregular carcinoma cells revealing enlarged
nuclei varying in diameter and uneven in size. The cytoplasm of
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Figure 2. Positive staining of IL-6 antigen in laryngeal carcinoma

1A (in the left, line above): Conventional (epidermoid) squamous carcinoma (grade I)
consists of dysplastic cells arranged into typical keratinising whorls. The IL-6 antigen
which can be seen in the cytoplasm of prickle cells is either confluent or fine granular,
magn. 240x.

2B (in the right, line above): Moderately differentiated area of conventional SCC consists
of bands of irregularly shaped tumour cells separated by connective tissue strands. The IL-6
antigen is expressed at the rim of a portion of prickle cells, showing positive staining of
intercellular bridges, magn. 240x.

2C (in the left, line below): The undifferentiated SCC of grade II (at growth stage IVA)
consists of irregular tumour cells. Fine granular IL-6 antigen can be seen in their cytoplasm,
while the stroma reveals extensive extracellular antigen deposits (magn. 240x).

2D (in the right, line below): detail of an undifferentiated SCC grade III (at growth stage
IVA). The cytoplasm of anaplastic carcinoma cells contains fine dots of IL-6 antigen; in
contrast, abundant extracellular deposits are present in the tumour stroma, magn. 480x

anaplastic cells showed irregular IL-6 staining intensity, namely from
faint granular to strongly confluent. In the latter, the anti-IL-6 serum
was seen to interact with intercellular connections (desmosomes), in
addition to extensive staining of the extracellular antigen deposits (in
the tumour stroma).

Expression of IL-6 antigen in tongue carcinoma

Sections from 21 tongue SCC samples present on the above-
mentioned tissue array (HN801a) were alternatively stained by the HE
procedure. In contrast, the sections of 34 HNSCC samples obtained
from the collection of the Department of Pathology, St. Elisabeth
Oncology Hospital in Bratislava, were stained not only with the anti-
IL-6 specific serum, but also with specific antibody to cytokeratin 5/6
(CK5/6) and by the Masson’s trichrome stain (summarized in Table
1). In the former, altogether 9 differentiated carcinomas of grade I were
found. The Figure 3 shows a case of conventional SCC grade I tongue
tumour revealing squamous cells arranged into epithelial whorls; in
this particular tumour, the IL-6 antigen could be seen mainly in the
cytoplasm of dysplastic cells, which were located in parabasal layer,
especially in the areas of proliferation growing into the underlying
stroma and resembling finger like protrusions. In such cases, the
fibroblasts in surrounding stroma were strongly positive along with the
abundant extracellular IL-6 antigen deposits. In another differentiated
carcinoma sample (classified as verrucous carcinoma, Figure 3), some
bands of proliferating cells showed dysplastic appearance especially at
tumour margin.

The rest of tongue neoplasms were undifferentiated carcinomas
grades II and/or III (namely 11 undifferentiated SCCs and 1
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adenocarcinoma of the salivary gland). The cytoplasm of poorly
differentiated carcinomas contained relatively few granules of IL-6
antigen; the bands of irregular anaplastic cells were usually negative
for the IL-6 antigen, while the surrounding stroma showed strongly
positive extracellular deposits. Summing up, out of the 21 tongue
carcinoma cases, which sections were presented in the microarray,
9 were relatively differentiated SCCs grade I, while the rest (12
cases) were poorly differentiated and/or undifferentiated carcinomas
classified as grade II or III, respectively. In the latter, the IL-6 antigen
was predominantly seen within the tumour stroma, while in the
former it could be well detected within the dysplastic squamous
tumour cells.

Out of the 34 tongue carcinoma samples (coming from the
collection of St. Elisabeth hospital in Bratislava), 27 were classified as
conventional SCC (including the to 2 diagnosed as verrucous carcinoma,
respectively), while the rest of 7 cases were poorly differentiated SCCs.
When stained for IL-6 antigen, this was seen filling in the cytoplasm of
dysplastic cells at sites of parabasal dysplastic squamous cell layer (as
already described). Figure 3 shows a case of conventional SCC grade
I, in which the IL-6 antigen can be seen mainly in the cytoplasm of
parabasal dysplastic cells. Parallel sections of differentiated SCCs
stained for CK5/6 antigen showed that the finger-like and/or papillary
protrusions of dysplastic cells were interconnected. In contrast, in
poorly and/or moderately differentiated SCCs, the exact site of the
initiation of invasive growth was difficult to recognize (Figure 3). The
anaplastic cells of poorly differentiated carcinomas were predominantly
IL-6 negative. Nevertheless, in these, an abundance of IL-6 antigen was
present in within the tumour stroma forming extracellular deposits
(Figure 3).

Figure 3. Positive staining for IL-6 in tongue carcinoma

3A (in the left, line above): Conventional SCC (grade I) contains the IL-6 antigen in the
cytoplasm of dysplastic parabasal cells as well as in extracellular stroma, magn. 240x.

3B (in the right, line above): Invasive growth of conventional grade I SCC showing
granules of IL-6 antigen in the cytoplasm of dysplastic cells at parabasal layer. Staining of
the tumour stroma is abundant, magn. 240x.

3C/3D (the line below): Two parallel sections of an undifferentiaed SCC stained with the
anti-CK5/6 antibody (in the left) and for IL-6 antigen (in the right) document the invasive
growth of anaplastic carcinoma cells below the epithelium where dysplastic cells have
replaced the original squamous epithelium. While the invasively growing carcinoma
cells are mainly negative or stain faint for IL-6, the tumour stroma is strongly positive for
extracellular antigen deposits. The dysplastic squamous epithelium cells are positive as
well, magn. 120x
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Detection of IL-6 in nasopharyngeal carcinoma

Together 10 carcinomas coming from the nasopharynx and/or
maxillary sinuses were examined, from which 2 were low differentiated
SCCs (grade IT) of the soft palate, while the rest were poorly differentiated
carcinomas (grade IIT) originating either in the maxillary and/or
ethmoid sinuses (4 cases) or growing from the nasal cavity (4 cases). The
presence of IL-6 antigen was the most abundant in poorly differentiated
carcinomas from nasal cavity. Figure 4 shows the example of a compact
tumour invading the submucosa and surrounding tissues, which is in
part necrotic. Foci of tumour cells expressing the granular IL-6 antigen
may get occasionally confluent and filling in the cytoplasm, while the
extracellular antigen deposits can be hardly recognized. Furthermore,
Figure 4 shows an example of undifferentiated nasal carcinoma with
very few intraepithelial IL-6 granules but abundant deposits in the
stroma. The poorly differentiated nasal carcinomas, which originated
from maxillary sinuses, revealed tumour cells resembling either solid
carcinoma or adenocarcinoma. Also the malignant cells invading a vein
and/or a lymphatic vessel contained fine granules of IL-6 antigen within
cytoplasm.

The presence of the IL-6 antigen in tumours other than SCC

No IL-6 antigen could be found in pheochromocytoma (a tumour
originating from adrenal medulla, (Figure 5). As shown in Table 1,
additional 10 tumours other than HNSCC were examined; these
were either oat cell carcinomas (2 out of 3 were IL-6 positive) and/or
adenocarcinomas, as documented by a sample coming from anorectal
area (Figure 5). Carcinomas other than HNSCCs produced IL-6 by

4A (in the left, line above): an undifferentiated SCC (grade I1I/growth stage II) originating
from nasal cavity reveals confluent IL-6 positive granules of medium intensity filling in the
cytoplasm of poorly differentiated tumour cells; the extracellular deposits in the stroma are
difficult to recognize, magn. 120x.

4B (in the right, line above): a similar undifferentiated SCC (grade III/stage II) originating
from nasal cavity forms solid and/or glandular structures separated by bands of connective
tissue; very few IL-6 positive granules can be seen in the cytoplasm of anaplastic tumour
cells. In contrast, the extracellular antigen deposits in the tumour stroma are strongly
positive; magn. 240.

4C (in the left, line below): invasive growth of undifferentiated carcinoma originating
from maxillary sinus (grade III/stage I) can be seen filling in a lymphatic vessel; several
anaplastic tumour cells contain IL-6 antigen granules, while the extracellular deposits in the
stroma are less prominent, magn 240x.

4D (in the right, line below): undifferentiated SCC from originating in the maxillary sinus
shows invasive growth into a lymphatic vessel; granular staining of the IL-6 antigen can
be seen in the cytoplasm of carcinoma cells and occasionally within the tumour stroma,
magn. 240x
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Figure 5. Tumours other than HNSCC

5A. (in the left) : section from biopsy sample nr.16/40248 showing an adenocarcinoma of
anorectal area revealing a few faint IL-6 antigen granules (arrows); magn. 240x.

5B. (in the right) : the adrenal gland medullar tumour (pheochromocytoma) is completely
negative for the IL-6 antigen, magn. 240x

lower frequency and/or in a few tumour cells. It comes from these data
that carcinomas not originating in the head and neck area expressed
IL-6 at a lower rate and possibly in less extent.

Discussion

HNSCC include tumours of larynx, pharynx, oral cavity, tongue
and nasal passages, which show a wide range of differentiation (from
epidermoid carcinomas to undifferentiated ones). They regularly
express cytokines either in vitro (namely the cell lines derived from
them) or in vivo, namely secreted into the body fluids of tumour
bearing patients. HNSCC is the 6th most common cancer worldwide
and poses a significant health problem with more than 45,000 new cases
in the United States each year [38]. Among the European countries,
the highest incidence of HNSCC is in France followed by high rates
noted in Hungary, Slovakia and Slovenia [39,40]. Patients with HNSCC
show a poor prognosis since the usual five-year survival rate has been
registered among them by a probability of 50-60% only [41]. The
major risk factors for head and neck cancer development are tobacco
smoking and alcohol consumption [42]. In addition, the role of human
papilloma virus (HPV) has been implicated as a possible cofactor, but
the mechanism of action of this virus at HNSCC pathogenesis (in
contrast to cervical carcinoma) still not exactly understood [43]. Also,
the Epstein-Barr virus (EBV) seems to be somehow involved (at least for
the development of SCC at nasopharynx), along with the Torque teno
(TTV) and hepatitis C (HCV) viruses, which all may act as possible
co-carcinogens increasing the risk of malignant transformation [44,45].

As documented by Di Natale et al. (2011) [46], HNSCC is a
typical high cytokine-producing neoplasm, in which IL-6 expression
correlates with the tumour aggressiveness. Noteworthy, by using the
avidin-biotin-complex (ABC) staining procedure in combination
with a specific anti-IL-6 rabbit serum, the distribution of IL-6
immunoreactivity could be demonstrated not only in HNSCCs, but
also in many other carcinomas of mammary, colonic, ovarian, and
endometrial origin [47]. The cytokines secreted into the neoplastic
microenvironment by activated CAFs possibly act on tumour growth
by suppressing the immune response as well as by facilitating immune
evasion for cancer cells [48]. Especially IL-6 enhances the tumorigenic
potential of head and neck cancer stem cells, also termed ALDH®&"/
CD44®% cells [49]. The HNSCC has a small population of uniquely
tumorigenic cancer stem cells (CSC) endowed with self-renewal
multipotency. Epidermal and dermal cells in active psoriatic plaques
from 35 psoriasis patients also stained heavily for IL-6 as compared
other skin diseases as controls [50]. There has been concluded that IL-6
could directly contribute to the epidermal as well as affect the function
of dermal inflammatory cells. Certain transcriptional factors have been
reported to be involved in the modulation of IL-6 gene expression
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and have binding sites within the IL-6 promoter. Namely, in CAF-
conditioned media, the Janus kinase/signal transducer and activator of
transcription (JAK/STAT3) pathway becomes activated. In contrast to
normal fibroblasts, in the activated CAFs a considerably higher level of
expression of certain cytokine genes, such as for IL-6, CXCL8, tumour
necrosis factor (TNF), tumour growth factor (TGFB1) and vascular
endothelium growth factor (VEGFA) [51]. Recently, the LIF/IL6-R
(Interleukin-6 receptor) related signalling cascade has been reported
getting involved in fibroblast activation. Upon such stimulation, Janus
kinase (JAK) is phosphorylated; this further activates STAT3, which is
then translocated into the nucleus, where it promotes the transcription
of genes responsible for cell growth, differentiation, proliferation and
apoptosis [52]. Taken together, the conclusion may be drawn that the
abundant expression of IL-6 antigen within the stroma of HNSCC
drives the epithelial squamous cells into more intensive growth when
contributing to their dedifferentiation. It has also been suggested that
the cytokines produced by cancer cells create optimal growth conditions
within the tumour microenvironment, while the cytokines secreted by
stromal cells may influence the behaviour of malignant cells.

Transcription induced by the aryl hydrocarbon receptor (AHR)
ligand relies on the AHR/ARNT heterodimer and the Brahma-
related gene-1 (BRG1, SMARCA4) binding to the CYP1A1 enhancer
region [53]. BRG1 is one of two main catalytic subunits that drive
the mammalian SWI/SNF complex; it has been shown to interact
with various nuclear receptors and mediate their recruitment to gene
promoters. Several authors provided evidence that cetain HNSCC
derived cell lines have a constant level of the AHR complex bound to the
IL-6 promoter, which may enhance the basal and/or readily inducible
IL-6 transcription. Strong-to-moderate IL-6 immunoreactivity was
observed in the neoplastic elements present in primary squamous cell
carcinomas, in adenocarcinomas of mammary, colonic, ovarian, and
endometrial origin, in various adenocarcinomas metastatic to lymph
nodes, and in soft tissue tumours including leiomyosarcoma and
neurofibrosarcoma. A weak-to-moderate IL-6 immunostaining was
observed in Hodgkin’s and non-Hodgkin’s lymphomas. Classical studies
claimed that the most human tumours stain positively for IL-6, adding
weight to the hypothesis that IL-6 is a key cytokine that participates in
the host-tumour interaction.

Cytokine expression within the tumour microenvironment
plays a fundamental role in cancer development and progression
since the malignant cells that produce immunosuppressive cytokines
can escape the host immune response. In ovarian cancer, several
cytokines associated with cellular immunity were correlated to cancer
development and patient prognosis, including TNF-a, IFN-y, IL-6,
and corresponding MHC molecules [54]. The higher expression rates
of IL-1a and IL-6 were also observed in ameloblastomas and related
keratocystic tumours suggesting that cytokines in question play a
role also in the behaviour odontogenic neoplasms by accelerating
bone resorption [55]. The IL-6 antigen has been demonstrated to be
able to induce androgen receptor expression and promote prostate
carcinoma progression, thus deemed as a growth factor for most
prostate cancer cells in vitro. The findings of Kakourou et al. (2015)
[56] provided support for at least a partial positive association between
IL-6 concentrations in plasma and the colon cancer risk, but the same
authors observed no similar statistically significant association for
rectal cancer. The latter statement seems in accord with our finding of
a nearly negative IL-6 expression in rectal adenocarcinoma, however,
one must take into account that a single tumour hardly allows to draw
a convincing general opinion. Nevertheless, the serum IL-6 level may
be considered as an indicator of inflammation and also for promoting
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carcinogenesis (especially polyposis) in the colon [57]. IL-6 is also a
potent stimulator of osteclastogenesis and a sculptor of the tumour
microenvironment in the bone marrow of patients with myeloma
[58]. The IL-6 was also found overexpressed in the bladder cancer
specimens compared with non-malignant tissues at both, the mRNA
and protein levels. Transitional cell carcinoma (TCC) of the bladder
and positive staining of IL-6 was significantly correlated with worsened
clinical stage, higher recurrence and reduced survival rates [59].
Therefore, therapeutic approaches are under development to target
STATS3, including molecules that block dimerization or DNA binding
by STATS3, or drugs decreasing the STAT3 expression and inhibiting its
function [60]. While the EGFR antibody, Cetuximab, has been already
approved for HNSCC treatment, additional EGFR-targeting agents are
already under trial. These include novel EGFR-specific antibodies, IL-6/
STAT3 antibodies as well as selected tyrosine kinase inhibitors [61-63].
As the latter strategy concerns, however, up-regulated interleukin-6
expression contributes to the development of resistance against the
tyrosine kinase inhibitor Erlotinib [64].

Our results showed that HNSCCs revealed intensive staining for
IL-6 in tumour stroma, differentiated SCCs (Figure 3). It has been
demonstrated that the secretion of this cytokine by TAFs correlates
with the worse prognosis of HNSCC due to tumour progression, the
development of lymph node metastases and/or invasive growth along
with immune evasion [65]. Taken together, our results document
the presence production of IL-6 antigen in the squamous epithelium
covering the mucosal surface of mouth cavity, tongue and laryngeal
area, but its especially abundant production in SCCs originating from
above mentioned tissues.
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