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3. ABBREVIATIONS

APC(s)
B

ERM
CcD
CRP
CTL(s)
EGFR
ELISA
ECM

ESR

HNC
HNSCC
IFN-
IL-6
LLME
LPS

Map(s)

MIP-1B
MHC
MO(s)

MCP=1

Antigen presenting calis)

Benign

Biological Response Modifiers
Cluster of Differentiation

C-reactive protein

Cytotoxic T lymphocyte(s)

Epithelial growth factor receptor
Enzyme-inked immunosorbent assay
Extraceliular matrix

Erythrocyte sedimentation rate
Fragment

Head and Neck Cancer

Head and Neck Squamous Cell Carcinoma
Interferon-

Interleukin-6

L-Leucine Methviester
Lipopolysaccharide

Macrophage(s)

Malignant

Macrophage inflammatory protein-1p
Major histocompatibility complex
Monocyte(fs_)

Monocyte chemoattractant protein-1
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MNP(s)
NCR
NFxB
NK

PB
PEMC
STAT-3
TAA
TAM
TIL
TCR
TNF-a

Mononuclear phagocyte(s)
Natural cytotoxicity receptors
Nuclear Factor-«xB

Natural Killer Cell

Peripheral blood

Peripheral blood mononuclear cell
Signal transducer and activator of franscription 3
Tumour-associated antigen
Tumour-assoclated macrophage
Tumor-infiltrating lymphocytes
T-cell receptor

Tumor necrosis factor-a
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4, GENERAL SUMMARY

This study was performed in order to explore and study the functions of
mononuclear phagocytes in head and neck squamous cell carcinoma.
Unravelling the interactions between mononuciear phagocytes and head and
neck squamous cell carcinoma might form a basis for an adjuvant therapy in
the treatment of this type of cancer, which still has a 5-year survival rate of
about 50%. Mononuclear phagocytes can secrete many different substances,
such as inteﬂeukiﬁf'ﬁ and monocyte chemoatiractant protein-1. These
substances have been shown to play a role in the development and
metastasis of cancer. Interdeukin-6 co-regulates cell differentiation, survival
and apoptosis. Monocyte chemoattractant protein -1 is a chemokine
responsible for recruiting mononuciear phagocytes to turmours. Mononuclear
phagocytes have the ability to sacrete these substances in substantial
amounts.

We have used an organ culture model whereby fragment spheroids were
established from head and neck squamous cell carcinoma tissue and
autologous benign squamous tissue. These fragment spheroids served as
vectors for tumour calls in co-cultures with autologous monocytes. Fragment
spheroids developed within 14 days of in vitro culture whenever adequate
tissue was available. We studied the composition of fragment spheroids and
densities of tumour-associated macrophages. We found that fragment
gpheroids do not secrete tumour necrosis factor-a and that interleukin-6 and
monocyte chemoattractant protein -1 production by monocytes, in co-culture
with spheroids, correlated with densityfofjnfrﬁour-associated macrophages

both within the spheroid and correlated to each other. Furthermore, monocyte
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function was suppressed upon the presence of enhanced “inflammation” in
the body, as expressed by the erythrocyte sedimentation rate.

The study was taken further where a method was developed for diminishing
tumour-associated macrophages in spheroids. Tumour tissue was incubated
with L-leucine methylester before allowing it to further develop into fragment
spheroids. With this method, we succeeded in partial removal of mononuclear
phagocytes from the spheroid, without significantly intoxicating the tissue and
maintaining viability and integrity of the spheroid. We found that fumour-
associated macrophages are the main producers of interleukin-6 and
monocyte chemoattractant protein -1 in head and neck squamous cell
carcinoma tissue.

As level of tumour-associated macrophage infiltration has been associated
with proghosis, we wanted to study the presence of an association between
ronocyte function and survival in head and neck cancer patients. Monocytes
were isolated from patients with head and neck squamous cell carcinoma and
a control group of patients operated for benign conditions. We found that
monocyte responsiveness was increased in cancer patients compared to
controls and that patients, whose monocytes had high interleukin-8 production
after stimulation with lipopolysaccharide, had a reduced disease-specific
survival compared to patients with low monocyte interteukin-6 production,
when adjusted for age, gender and TNM stage. This indicates that activated
mononuclear phagocytes may, in fact, increase rather than reduce tumour call
aggressiveness in head and neck cancer.

Co-culture-derived interleukin-6 and monocyte chemoattractant protein -1

production was correlated fo survival and recurrence rate in a cohort of

14

patients operated for head and neck squamous cell carcinoma. [ comparison
to patients without recurrence, patients with recurrence had higher interleukin-
6 production when monacytes were co-cultured with benign and malignant
fragment spheroids. Furthermore, a high value of benign fragment spheroid-
derived interleukin-8 secretion predicted survival while interleukin-6
production from monocytes in co-culture with malignant sphetroids correlated
to recurrence.

This thesis has focused on the interactions between monocytes and head and
neck squamous cell carcinoma tissue and related mononuclear phagocyte
function, as expressed by cytokine secretion in an organ culture mode!, to
clinical parameters such as survival, recurrence and serum factors. Tumour-
associated macrophages produce interieukin-6 in head and neck squamous
cell carcinoma, thus forming consequences in prognesis. Future therapy
strategies might be dirscted towards mononuclear phagocytes and their

cytokine production.
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8. INTRODUCTION

51 Head and Neck cancer

Head and Neck CGancer {(HNC} is a relatively rare cancer disease in the
Westermn world. In the United States, where the population is approximately
300 million, an estimated 40 500 new cases of HNC arcse in 2006, with an
estimated mortality of 11.170 persons'", Worldwide, 644 000 new cases of
HNCs are estimated to be diagnosed each year, with almost two-thirds
occuming in de%lg;ing countrias®. In some of these countries, HNC can be
one of the most common malignancias. This is mostly due to factors such as
poor oral hygiene, chewing betel nuts, smoking and drinking alcohol® but
other factors such as genetic susceptibility and virus infections may play a
role in the carcinogenesis of HNC™. Over 90% of malignancies in the upper
aero-digestive tract are squamous cell carcinomas (HNSCC)® which will be
discussed further in this thesis.

5.2 Treatment of HNSCC

HNSCC is usually treated with surgery and radiotherapy either combined or
one modality alone. In the last years, advances in surgical treatment have
been mainly made on the field of organ preservation and more effeciive
means of reconstruction®®. Advances in radiotherapy have been seen in
recent years to include altered fractionation radiotherapy and radlotherapy
combined with chemotherapy in patients with locally advanced tumours ¢ 9,
However, this combined treatment is associated with severe side effects®.
Despite advances in diagnosis and tmﬁtr’p?n}, the survival rate has not

significantly changed over the last 20 years and remains rather low."'® The
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highest 5-year survival is for lip cancer, at 91% but just 31% for
hypopharyngeal cancer'®. There is, therefare, an urgent demand for new

therapies to improve the survival of HNSCC patients.

£.3 Challenges in treatment of HNSCC

Many advances have been made in understanding the carcinogenesis and
biology of cancer and metastasis. Several new areas of research have
emerged involving biologic compounds targeting specific regions in the cancer
cell. One area of special investigation is the Epithelial Growth Factor Receptor
(EGFR) which is expressed in more then 90% of HNSCC tumours and is
associated with a poor prognosis’'?, EGFR inhibitors hold promise in two
important ways: (1) further improve efficacy for patients at risk for recurrence
and {2) decreass treatment-related toxicities by replacing toxic cytotoxic drugs
without jeopardizing survival''?. Several clinical studies have been performed
where monoclonal antibodies, directed against the extracellular domain of
EGFR, are administered, or several small molecule tyrosine kinase inhibitors
are given"™” These substances are administered combined with radiotherapy
or chemotherapy'¥. Results are promising despite severe side effects but a
new standard of treatment has yet to be found in the dlinic'™,

The innate immune system may interact with cancer cells, both as an
inhibitor’™ and facilitator™® of tumour growth. This interaction allows for the
use of immunomodulating therapies of cancer by more or less generalized
stimulation of mononuclear phagocytes (MNP). Killed bacterial toxins®'?,
along with bacillus Calmette-Guerin (BCG)"®, B-glucan'®, interferons®® and

monoclonal antibodies®! are examples of applied biological response
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modifiers (BRMs), used as immune stimulators in tumour treatment.

In Japan, it has been a long-standing tradition to use penicillin-killed
Iyophilized Streptococcus pyogenes, denominated OK-432 or picibanil, as a
BRM in cancer treatment®®?, Sakamoto et a1 published in 2001, a meta-
analysis where the benefits of immunochemotherapy with OK-432 were
assessed in patients with resected non-small-cell lung cancer. The meta-
analysis was based on data from 1,520 patients enrolled in 11 randomized
clinical phase Il trials. The 5-year survival rate for all eligible patients in the 11
trials was better with OK-432 freatment, i.e. 51.2% in the
immunochemotherapy group versus 43.7% in the chemotherapy group.
Furthermore, Oba et al®*have shown that patients with resectable gastric
carcinoma treated with adjuvant immunochemotherapy, with OK-432 as one
component, may improve their survival (performed was a meta-analysis on
8009 patients from 8 randomized clinical phase Il trials). There are also
reports suggesting that patients with other cancers, such as HNSCC®?Y, may
benefit from OK-432 treatment. OK-432 may also be used as a maturation
factor for dendritic cells (DCs) as part of vaccination therapy of cancer
patients®, Despite these convincing results for OK-432 as cancer treatment,
OK-432 treatrment has not gained any important role as a cancer drug in
Europe or USA.

Other new therapies might be directed towards other target receptors on the
cancer cell such as the Fas receptor®. This, as well as other new {gene)
therapies, has not been properly developed nor have there been, to our

knowledge, pefformed any clinical studies.
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Therapy may be further improved but the potential effect of traditional
therapeutic strategies seems to have been almost reached with respect to
HNSCC patients. This forms a rationale for searching for other therapeutic
strategies, and immunotherapy is one inieresting option, Several strategies
might be feasible as to immunotherapy, e.g, cancer vaccine-based
immunotherapy should enhance immunosurveillance and prevent and protect
against growing tumours. Several frials have been done with tumour-
associated antigens (TAA) and peptides though objective clinical responses
are still rare?” , Other strategies involve passive transfer of immunological
active cells, generated ex vivo, into patients in order to mediate tumour
regression either directly or indirectly. Transfer of gene modified antigen
presenting cells (APCs) might reverse tolerance to tumour antigens, e.g., by
using autologous APCs with tumour tissue-derived DNA?®. Cytokines might
also be used as therapy modus by direct intratumoral or locoregional delivery
or by using autologous cells to secrete cytokines, thereby inducing, e.g., T-cell

activation.®®.
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54 THE IMMUNE SYSTEM

The immune system may be divided into two major compartments: innate
immunity that is antigen non-specific and adaptive immunity that involves
antigen specific humoral and cellular immunity. Cells of the two compartments

interact in joint regutations of immune responses.

5.4.1 Innate immunity

Innate immunity cbnstitutes antigen-independent immune mechanisms
generally involving: surface barriers, MNPs, polymorphonuclear phagocytes
(neutrophils, basophils and eosinophil granulocytes), natural killer (NK) cells,
DCs and complemant activation. MNPs, NK cells as well as DCs, have been
the focus of studies in tumour immunologyfimmunotherapy.

Cells of the MNP develop from myeloid progenitors in the bone marrow. DCs
can also develop from the lymphoid progenitor® and are described
separately later in this chapter. Cells of the MNP system are important for
innate immunity but also play a central role in specific adapted immunity. In
addition, MNPs participate in several biological processes, e.g., disposal of
dying cells, ingestion of aged erythrocytes, regulation of inflammatory
processes, e.g., tissue repair, initiating coagulation and stimulation of
chemotaxis®™32),

After maturation and subsequent activation MNPs achieve varied
morphological forms. Monocytes (MOs) may, after 2-3 days in circulation at
bassline conditions, move into different tissues and further differentiate into
macrophages (M@s). Mps associated with tumours are called tumour-

associated macrophages (TAMs). MNPs, in general, may act as defence
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cells and phagocytes even in the absence of activation. MNPs are effective as
APCs and are involved in the regulation of immune responses via intaraction
with lymphocytes and as effector cells in adaptive immune response™., The
functional capacity of MNPs depends on the activation level of the cells. The
original proposed term of M¢ activation was defined as resistance of Mgs
against Listeria monocytogenes infection®. This activation was dependent
on the presence of a T lvmphocyte product that was later shown to be
interferon (INF-)}-v*®). Another example of a cytokine that regulates the
response of MNPs to activating substances is the macrophage colony-
stimulating factor (M-CSF)P®), Today, a more broad definition of activation is
used, where any amplification of MO/ Mg function is designated as
activation®™. Furthermors, in extension of this broadened definition of
activation, MNP priming may be used as a term for describing a state of MNP
functional regulation that perpetuates a secondary, enhanced MNP response
upon subsequent stimulation®®”. Severai substances are known to activate
MNPs and these cells may respond differently to given stimuli depending on
the status of MO-Mg differentiation®®. A frequently used stimulus for MNPs in
in vitro studies is lipopolysaccharide (LPS), a component of the Gram-
negative bacterial cell wall. LPS is a very potent MNP in vivo stimulator, acting
as a central component in the pathogenesis of sepsis®,

NK cells develop in the bone marrow from common lymphoid progenitor cells
and circulate in peripheral blood but can also be found in lymph nodes and
the spleen. They represent a unique subset of lymphocytes, distinct from T
and B cells and contribute to host antimicrobial and antitumour defence

reactions'*”’. NK cells are able to kill calls without being activated by APCs
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and do not need 1o recognize major histocompatibility complex (MHC) class |
molecules. Cytotaxic granules are released at the target cell. These proteins
penetrate the cell membrane thereby causing lysis. NK cells used to be
considered a homelogous group of cells though intensity of CD56 expression
(dim or bright) as well as presence or absence of CD16 epitopes, suggesting
functional differences and further subdivision“". CD5E™™ NK cells have

predominantly immunoregulatory properties and possess a strong cytokine

producing capabilify whereas CDb NK cells have a marked cytotoxic

function®®, Furthermore, NK cells may become activated by various stimuli
such as contact with MOs and DCs, MHC class l-negative cells, binding of
antibody complexes, direct binding to receptors on the cell surface by tumour-
associated molecules or pathogen-derived products. The activity of these
cells then increases by several fold®. NK cells may also be activated upon
stimulation with cytokines such as intereukin {IL)-1, IL-2, IL-12, IL-15, IL-18,
IL-21 and IFN-a and IFN-B“". NK cytotoxic receptors are collectively named
natural cytotoxicity receptors (NCR)“?., Many ligands necessary for activation
of NCRs are sfill unknown. Only two groups of ligands have been identified so
far and it appears that these ligands either lack in nomal cells, are expressed
at particular cell sites unaccessible to NK cells or are expressed at too low
surface density to allow for NK cell triggering?.

DCs are “professional® APCs playing an important rcle in both innate and
adaptive immune responses. Immature DCs in the peripheral blood cannot
up-regulate MHC class Il molecules and other co-stimulatory molecules, thus

leading to inefficient signaling. After DCs have captured foreign material, they

23




mature and transport the medified material to lymphoid follicles delivering it to

B lymphocytes of presenting it as antigens to T lymphocytes.

5.4.2 Adaptive immunity

The adaptive immune system constitutes of B and T lymphocytes. B cells are
involved in humoral immune responses whereas T cells are involved in cell-
mediated cytotoxicity. A specific immune response is normally friggered when
an individual is exposed to a foreign antigen. The features of a specific
immune response are; specificity, diversity, self-regulation, tolerance to self,
and memory™. The specificity of the immune response is attributed to
lymphocytes capable of recognizing and distinguishing different antigen
determinants. Induction of efficient primary adaptive immune responses
requires two different signals: one being the direct interaction of lymphocytes
with mature antigens (presented by APCs) and the other being provided by
“helper cells” or “accessory cells” in a pro-inflammatory environment. The
extreme diversity of antigenic determinants is mirrored by the variability in the
structures of antigen binding sites. Self-regulation is ensured by brief
presentation of antigens and feedback regulation of the immune response.
Discrimination of self from non-self is ensured through a selection of
lymphocytes during the maturation process followed by a secondary rapid
immune response, due to the presence of “memory” cells that have previously
responded to that specific antigen.

B cells may, upon direct contact with antigen via their surface receptor,
differentiate into plasma cells to produce antibodies against antigens. B cells

produce cytokines and chemokines which can activate and maintain a chronic
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inflammatory reaction and preduce antibodies which might mediate
recruitment of innate immune cells via activation of complement cascades or
engagement of FcR expressed on resident immune cells’™. In this mannar,
the adaptive immune system may play a role in the regulation of inflammation-
associated cancer development via B-cell activation and production of soluble
mediators.

Recepiors on T lymphocytes (T-cell receptor{TCR)) recognize antigens
presented by MHC on cell surfaces. Class |l molecules (MHC-I1) present
peptides derived from proteclysis of extracellular antigens on, e.g., APCs,
whereas class | molecules (MHCI) present peptides primarily originating from
intracellular degradation, e.g., target cells. TCRs are complexly related to
membrane (accessory) proteins. The interaction between these proteins is
necessary for the antigen-MHC molecule recognition, and further regulates
the activation as well as the effector phase of the T lymphocyte response®®®,
Two subgroups of T cells can be distinguished depending on rearrangement
of the T cell receptor in the thymus. During maturation and selection T
lymphocytes are distinguished according to different surface glucoproteins

expressed as accessory molecules, termed "cluster of differentiation” (CD),

into CD4" T helper (Ty) cells and CD8" Cytotoxic T-(Tg) cells. Ty cells further

form 2 subpopulations. The Th1 subset, secretes IL-2, IFN-y and TNF-a upon
activation and aids in the activation of cytotoxic T cell, and the Th2 subset,
which secretes IL4, IL-5, IL-6 and IL-10 upon activation and has a acts as a
helper cell in the activation of B cells. There is a complex interplay between

cells in an immune response through which secretion of cytokines from one
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subsel can regulate activation and secretion of cytokines from the other
subset.

Cytotoxic T cells (CD8+) (CTLs) recognize antigen presented by MHC ciass |
and can act cytotoxic upon activation by cytokines such as IL-2 and |IFN-y

_ They also exert their effects by releasing IFN-y, TNF-a and TNF-B. IFN-y can
activate Mys and induce an increased expression of MHC class | in infected
cells. Furthermore, IFN- v, together with TNF-a and TNF-R, act in a synergistic

manner in Mg activation?. Regulatory T-celis (T,eg) play a role in the

regulation and suppression of self-reactive lymphocytes'®.

5.5.1 Cancer and the human Immune System

The degree of interaction between tumours and the immune system has been
discussed for more than a century. Theories have been proposed with respect
to general tumourimmunology, as well as strategies for immunotherapy in the
treatment of malignant diseases. Ehrlich observed in animal experiments that
recipient mice could acquire immunity to tumour growth. He suggested that
the immune system could detect and respond to cancer cells because the
cancer cell was considered a foreign element by the organism (Ehrlich, 1909).
Later, this view was further substantiated and systematized to become the
theory we now know as the “immune surveillance” theory“s}. This theory
hypothesizes that malignant cells are exposed to tumour-associated antigen
deteminants on their cell surface. These antigens theninducea T
lymphocyts-dependent immune response that eventually eliminates tumour
cells®, According to the theory of immune surveillance, a malignant tumour

may only arise when malignant celts escape an immune response®, There is
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experimental evidence that malignant tumours can elicit a specific T cell-
mediated immune response and suppression of the immune system increases
the incidence of certain types of cancers in humans™* Scepticism has been
stated towards the general relevance of immune surveillance in humans®”
and any firm role of immune surveillance in HNSCC patients has yet to be
established™. Still, observations from several studies indicate that immune
system-retated mechanisms may act either as stimulatory or inhibitory
regulators on the development and spread of malignant diseases in
humans®®),
Active immune mechanisms protecting the organism against distant spread of
cancer are demonstrated in animal models™® °? and may argue that immune
system related mechanisms act against tumour cell spread, also in humans.
These immune mechanisms apparently fail to eliminate tumour cells in
progressive cancer disease. This incapability of the immune system may be
attributed to three principally distinct reasons!®":

A. Escape by loss of recognition (loss or alteration of molacules which are

important for the recognition by and activation of the immune system)
B. Escape by loss of susceptibility (escape from effector mechanisms of
cytotoxic lymphocytes)

C. Induction of immune cell dysfunction
When developing effective strategies for the treatment of HNSCC, a thorough
understanding of tumour cell escape mechanisms becomes fundamental.
Celis of the immune system may not only fail to act against tumour growth but
several reports have revealed that cslls qf the innate immune system may act

in supporting tumour cell growth. This is, e.g., the case for MNP cells that
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secret growth factors and factors contributing to neo-angiogenesis by
stimulating proliferation and migration of endothelial cells and local
degradation of the extracellular matrix (ECMY*?. Immune celis should
therefore be regarded as possible “friends or foes" when one discusses

interactions between tumours and the immune system.

5.5.2 Inflammation, cancer and the human immune system

A relationship between cancer and inflammation has since long been
discussed and epidemiclogical and experimental evidence points to a
connection between long-term inflammation and development of dysplasia
followed by development into cancer®™, Inflammation is a very complex
process where many effector cells and mediators are involved patentialty
facilitating tumour growth through multiple mechanisms®®, Solid cancers
generally show signs of inflammation with influx of many types of leukocyte
populations. In a deficient immunosurveillance situation, a switch may occur
where cells of the MNP (mainly TAMs) change their phenotype from pro-
inflammatory to pro-angiogenic, contributing to tumour progression via
secretion of proteases, cytokines and angiogenic factors®®?, Chronic
inflammation can be caused by viruses and contribute to cellular

transformation®®

while bacterial infection may play a role whean an organisms
produces free radicals, such as reactive oxygen and/or nitrogen species,
causing DNA damage and mutations leading to tumour development. Chronic
inflammation, furthermore, slevates a population of myeloid-derived

immunosuppressive calls that inhibit anti-tumour immunity‘“’. IL-1Bis a

cytokine that plays a role in this process. In a recent study, mice deficient for
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IL-1 receptor(IL-1R) were inoculated with mammary cancer cells and
compared to non-deficient mice. Tumour-associated inflammation as well as
tumour progression was delayed in IL-1R-deficient mice as well as number of
suppressive myeloid cells. Tumour progression as well as progression and
number of suppressive cells could be restored by administering IL-6, a
pleiofropic cytokine known as a mediator of IL-1B, and from that perspective,
a contributing factor in tumourigenasis®™. For colitis-associated cancer, an
animal model has been developed that reproducibly leads to colonic
neoplasia within the setting of colitis. In this model, a carcinogen is
administered followed by 3 rounds of chemical colitis induced by a chemo-
iritant in drinking water. After 1-2 months of treatment, nearly 100% of mice
developed neoplasms in the colon. This model has shown that mucosal-
derived Nuclear Factor-(NF-)xB factor is activated. NF-xB is a pleiotropic
transcription factor which plays a role in both innate and adaptive immunity,
and is required for the expression of several pro-inflammatory factors®- 5,
From this perspective, (chronic} inflammation might be a key factor in cancer
development. Since the head and neck area is prone to exposure to factors
causing irritation of the squamous epithelium, it might be plausible that

chronic inflammation is also a major cause for the development of HNSGG.

3.5.3 HNSCC and the Inmune System
The HNSCC microenvironments also comprise immune cells and their
secretory products. The presence of immune cells, mainly T lymphocytes and

DCs but also of B cells, plasma csilts, NK cells, Mps and gosinophils, as well
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as proximity to cervical lymph nodes, is likely to have an effect on the

initiation, promotion and progression of HNSGC ©9),

55.3.1 MNPs in HNSCC

Phenotypic and functional changes have been described in MOs from patients
with different types of cancer, upon comparison to controls. In prostate cancer
patients, peripheral blood has high levels of phenotypically immature MOs
compared to healthy individuals ®®. Recent data have demonstrated that
myeloid cells accumulating in cancer patients play an important role in tumour
non-responsiveness via suppression of antigen-specific T call responsesm)‘
On the other hand though, it has been shown that MOs from cancer patients
are activated compared (o healthy controls®* ®? but contact with tumour cells
can decrease function of MOs in cancer®®, Although some of the results are
conflicting, there is evidence suggesting that functional activities, as
expressed by, e.g., eytokine secretion of MOs in cancer patients, are

changed.

5.5.3.1 Tumor-Associated Macrophages in HNSCGC

TAMSs may play a dual role in the interaction with tumour cells®. In some
situations, a symbiotic relationship may exist between TAMs and tumour cells,
ihereby providing support to the tumour in terms of growth and metastasising
capacity. It has, e.g., been shown that a high amount of TAMs in tumours ¢an
be associated with increased neo-angiogenesis and a worsened survival
rate®®. TAMs also have the potential for acting cytotoxic towards tumour cefls

and some reports state an improvement in prognosis associated with high
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numbers of TAMSs in tumours®”, Correlation analyses between number of
TAMs and prognosis in HNSCC have, however, shown that high levels of
TAMs in HNSCC may be related to worse long- term prognosis® %%, This
might be different in other cancer diseases®® %773 | rgcent years,
gvidence has been provided on Mys being induced by cytokines to polarise
into two distinct groups. These 2 groups differ in receptor expression, cytokine
and chemokine production as well as effector function®. Type | Mes are
effector cells which Kill micro-organisms and tumour cells and produce anti-
inflammatory cytokines while Type 2 Mos regulate inflammatory responses
and adaptive Th immunity, act as scavenger cells, promote angiogenesis,
tissue modelling and repair. This definition, however, does not take into
account that Mgs are not static and that functional and phenotypic changes
oceur during inflammatory responses, thereby, inducing Mes into an evolving
shift in functional activities and into an unstable, undefined and non-functional
phenotype ™. Watkins et al were, e.g., able to demonstrate this in a mouse
model where functionally polarized TAMs could be converted, from a tumour-
supportive and immunosuppressive phenotype to an inflammatory functional

phenotype, by IL-12 treatment in vivo as well as in vitro™,

5.5.3.3 Dendritic cells in HNSCC

DCs are able o induce an anti-tumour immune response by generating
tumour-specific cytotoxic T cells. In addition to functioning as APCs, DCs
have been shown to regulate the innate immune response by activating NK
cells, which show cytotoxic effects toward tufnour cells without MHC-class |

restriction®®. The presence of DCs, Mys and lymphocytes in solid tumours is
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regulated by local production of chemokines and inflammatory factors by
tumour cells, stroma and immune cells.

Patients with HNSCC show a reduced number of mature DCs in peripheral
blood with a correlation to extension and duration of disease, and an
accumulation of immature DCs'®. Low infiltration of DCs in HNSCC might be
caused by logs of expression of the chemokine ligand CXCL14, which atiracts

immature DCs into tumours™.

5.5.3.4 Natural Killer Cells in HNSCC

Several receptors on the NK cell are involved in the process of cytotoxicity
and lysis of tumour cells. Many studies are performed in order to obtain better
insight in the function of NK cells in cancer, and in finding ways of using its
direct cytotoxicity in the freatment of cancer in humans. A recent study
showed that low levels of circulating, invariant, NK cells predicts poor clinical
outcome in patients with HNSCC® and several strategies have been
developed for the use of NK calls against a variety of malignancies, such as
administration of cytokines, e.g., IL-2, for enhancing endogenous NK-cell
responses to tumours. There are also ongoing experiments employing
adoptive transfer and even allogeneic transfer of NK celis'™. Results are
promising and in the future, NK cells can be used as an adjuvant modality in

the treatment of cancer?®.

5.5.3.5 Lymphocytes and HNSCC

In HNSCC, stroma is infiltrated with tumour-infilirating lymphocytas (TIL).
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T-lymphocyte-stimulated proliferation decreases with increasing tumour
burden in HNSCC patients®®. T-lymphocyte function, subpopulations in
peripheral blood as well as growlh factor responses, may be correlated to
prognosis in HNSCC®". A recent publication showed that total percentage of
CD4+ T-cells was significantly decreased in patients versus controls and that
proportion of Teeg cells was significantly elevated in patients relative to healthy
donors. These cells seemed to downregulate subsets of CD8+ cells, which
may play a role in Anti-tumour responses®, In a recent study, Aarstad
showad that that a high level of peripheral blood (PB)-derived T-lymphocyte
activation in vivo can predict impaired prognosis with and without adjustment
for TNM stage in HNSCC®), The amount of peripheral blood lymphooytes

might be correlated to fumour load as expressed by node status.

5.6 MNPs and cytokine production

Celis of the MNP systern secrete many different mediators of the immune
response, such as cytokines and chemokines. When MNPs are activated,
genes expressing various inflammatory mediators are induced, among these
being cytokine genes. The genes encoding cytokines IL-1pB, IL-6, and TNF-a
are closely regulated and classified as early or immediate genes. These
cytokines are denominated pro-inflammatory’®?, MNPs also secrete peptides,
such as monocyte chemoattractant protein-1 (MCP-1), that have
chemoattractant effects. In this study, we primarily focused on IL-6, MCP-1

and to a lesser degres, TNF-c.
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5.6.1 [nterleukin-6 (IL-6)

IL-6 is a 26-kDa protein that is a potent, pleictropic, inflammatory cytokine
mediating many physiological functions, including developmental
differentiation of lymphocytes, cell proliferation and cell survival, as well as
apoptosis. Furthemmore, IL-6 has an effect on bone formation, general system
metabolism, endocrine functions and can affect many cells in other tissues
and organ systems™- %,

The IL-6 receptor (IL-6R) is composed of a ligand-binding o subunit and a
signal-transducing component, designated gp130. A high production of IL-6,
by MOs in cancer patients with recurrence and/or death from disease, might
be linked to an IL-6/gp130 autocrine/paracrine mechanism activating Signal
Transducer and Activator of Transcription-(STAT-)3 in an EGFR-independent
matter®). STAT3 activation is associated with cell proliferation and prevention
of apoptosis, thereby participating in oncogenesis®’ ,and has been shown 1o
be up-regulated in HNSCC tissue and in the nommal mucosa of the sama
patient®), Recently, IL-6 was shown 1o have an augmenting influence on the
invasion potential of HNSCC cell lines though having an inhibiting effect on

proliferation rate!®- ).

5.6.2 Monocyte chemoattractant protein-1 (MCP-1)

Chemokinas, a family of low-molecular-weight cytokines that play key roles in
immune response and in development of several cell types, are classified
mainly into CC and CXC subfamilies according to location of the first two
cysteine residues. MCP-1 {(or CCL2) was originally thought to be a selective

chemokine for MOs, but later been shown to also have effects on T

34

lymphocytes®, NK cells*® and basophilic granulocytes®™ %), MCP-1 is
structurally and genetically related to other chemokines (MCP-1, -2, -3, and -4
in humans, MCP-1, -2, -3, and -5 in the mouse) with similar properties, They
all activate the same receptor, CCR2, with similar potenciest®™. Many studies
have been performed relating synthesis of MCP-1 and influx of TAMs in
tumour tissue and relating this influx to factors, such as angiogenesis,
invasion and prognosis® 97 | ately, evidence has been provided on MCP-
1 possibly being résponsible for recruitment of myeloid suppressor cells into
tumour and such, having a pro-tumour effect in itself®®. Various types of
cancer cells, including ovarian, breast and colorectal cancer cells, synthesize

and express chemokine receptors®®®),

5.6.3 Tumour Necrosis Factor-a

Tumour Necrosis Factor-(TNF-)a is a polypeptide of 157 amino acids and in
humans, it is expressed on the cell membranea of a majority of cells, with the
excepfion of erythrocytes and resting T lymphocytes™®, TNF-a is a
pleiotropic cytokine and plays an important role in the pathophysioclogy of
different diseases, such as sepsis and rheumatoid arthritis. Blocking TNF-a
production is very effective in reducing local and systemic inflammation in
patients with rheumatoid arthritis and psoriasis”'®?. TNF-g promotes killing of
tumour cells through apoptosis via binding with death-domains in tumour
cells, stimulating NK cells and activating CD8+ cells!'?

TNF-a molecules are membrane bound or circulate in two forms, sither as

£

biological active molecules or as immunelogically detectable but inactive
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peptides. There are inhibitory mechanisms that protect cells from TNF-a
activity, such as circulating TNF receptors and membrane-bound “decoy”
raceptorst*?.

Transcripts of protooncogenes (c§un and cfos), franscription proteins, such
as the immediate-early growth-response transcription factor Egr-1 as well as
subunits of NF-xB family pS0 and p85, are involved in induction of TNF-a
gene transcription by binding to specific sites on the TNF-a promoter

regiont'%®.

5.6.4 HNSCC-derived factors affecting the immune system

Changes observad in systemic responses such as immune responses, acute
phase inflammatory protein responses and decreases in delayed-type
hypersensitivity in HNSCC patients are not well understood. Still, the local and
sysiemic nature of these responses suggests that cytokines with pro-
inflammatory, pro-angiogenic and immunoregulatory activity produced by
carcinomas could contribute to the pathogenesis of HNSCC disease.
Cytokines that regulate pro-inflammatory and pro-angiogenic responses are
detected in tumour environment as well as systemically in HNSCC
patients'®. It might not be just tumour-derived factors which contribute to
growth and metastasis of the tumour itself. Observations from several studies
have linked certain subsets of the innate immune system to factors such as
clinical prognosis, tumour angiogenesis and invasion‘®: 7597 1) and it is now
clear that certain subsets of chronically activated innate immune cells promote
growth and/or facilitate survival of neoplastic cells"'*. In the tumour

microenvironment, as well as in circulation, there are different immune caells
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that can produce cytokines having these effects. Among the cells with most

active cytokine secretion are the MNPs.
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6. AIMS OF THE THESIS

The general aim of the presaent work was to study the interactions between
MNPs and HNSCC fissue by stimulating MOs with LPS and F-spheroids. We
measured production of TNF-g, IL-8 and MCP-1 since these substances are
sacrated by MNP and have been shown to play a role in the development of

cancer.

SPECIFIC AIMS

1. To study histological composition of F-spheroids and compare it to the
ariginal HNSCC tumour tissue by measuring TAM density and relating
it to clinical parameters (paper 1 and 4).

2. Tostudy to what extent TAMs are responsible for IL-6 production in
HNSCC tumour tissua by using LLME, a substance that selectively can
deprive tissue of MNPs (paper 2 and 4).

3. To study a correlation between secretion of IL-6 by MOs in vitro and
prognostic factors (paper 3).

4. To correlate in vitro co-culture responses in HNSCC patients to

recurrence and survival (paper 4).
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7. METHODS AND MATERIALS

Patients

Patients that were admitted for surgery for squamous cell carcinomas of the

oral cavity, pharynx and larynx were included in the study. Patients treated for

autoimmune diseases or previously treated with loco-regional radiotherapy

were excluded from the study. The Regicnal Committee for Medical Ethics at

the Haukeland Unl’\}ersity Hospital approved the studies. Each patient gave

written consent before participating in the study.

Clinical Parameters
Blood levels of haemoglobin, C-reactive protein (CRP), erythrocyte

sedimentation level (ESR) and albumin were determined one day pre-

operative and on the day of co-culture, i.e, day 14 post-operative. Lévels were

determined according to standard procedures and performed, as part of the
general blood-sampling tests, by the Clinical Lab facility at Haukeland

University Hospital.

Monocyte isolation

A method was adopted by which PBMCs were isolated by gradient

centrifugation, and MOs were separated from PBMCs by in vitro adherence to

plastic wells®”, This method provides an easy way of isolating a substantial

number of MOs in a standardized manner,
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Selection of culture media

We have used autologous serum as serum source in culture media rather
than allogenic serum from the blood bank or bovine serum, in order to better
mimic the in vivo situation. Ideally, an in vitro culture should encompass all
the natural surrounding elements that are necessary to cultured cells and
serum is usually supplied to media in order to achieve an optimal growth of
the cultured cells. Arguments for using autologous serum are that serum
companents, i.e. soluble immune complexes!'®, may change depending on
disease in HNSCC patients, possibly affecting the cytokine response of
MOs""%). We have also used serum-frae medium as one medium condition to

study cytokine production, thus examining possible serum-caused effects.

Selection of method for tumour cell culture

We have used a method based on tissug culture techniques described for
maintaining airway mucosa'® and HNSCC!*". This method provides a way
for small fragments obtained from vital tumour tissue to be cultured in vitro.
These tumour fragments develop, within a span of two weeks, on an agar-
coated culture well to become fragment (F-) spheroids. Benign tissue from the
same area can be used to develop benign F-spheroids, thereby providing an
autologous control. Use of this organ culture mode) might provide a tool for
closely simulating the /n vivo situation, as tumour and benign fragments
together with (tumour} stroma, are preserved and can be ysed for
investigating interactions with MOs or other types of cells. Single-cell cultures
from HNSCC are difficult to obtain®'' and iose in the process the properties

they had in establishing the heterogeneity of the primary tumour. More
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importantly only cells, which were able to survive and adapt to the used
culture medium, continue to grow and proliferate. Incubation of {tumour-)
tissue fragments with LLME, directly after cutting (tumour-) tissue, was used
1o diminish the amount of TAMSs in fragments. LLME was originally used to

deplete MNPs from bone marrow suspensions!''®,

Immunohistochemistry of tumour tissue and F-spheroids

The CD68 antigerf i‘S a specific marker for MOs and Mops. Antibodies against
this marker can be used to label Mps and other cells of the MNP system in
tissue sections!’™, F-spheroids and their original (tumour) tissue were stained
with anti-CD#68 after which TAMs and Mgs were manually counted using a

microscope.

41




8. SUMMARIES

Paper1

F-spheroids and biopsies from donor tumour tissue and benign mucosa, from
14 HNSCC patients, were paraffin embedded and cut into 4.0 mm-sections.
Densities of epithelial cells, fibroblasts, Mps and TAMs were determined by
microscopy. In the second part of this study, 17 HNSCC patients were
included and secration of MCP-1, TNF-a and IL-6, from MOs in co-culture with
F-spheroids, were correlated with clinical parameters such as TNM stage,
donor inflammatory state and F-spheroid macrophage density. Epithelial cells
were shown to be partly replaced by interstitial tissue during spheroid
formation and malignant (M) F-spheroids had a higher proportion of epithelial
tissue compared to benign (B) F-spheroids. Percentage of fibroblast tissue
and density of Mgs and TAMs was not significantly reduced during F-spheroid
formation, neither from benign mucosa nor tumour tissue. MF-spheroids were

shown to secrete more MCP-1 than BF-spheroids but ne F-spheroid secreted

measurable amounts of TNF-¢  MOs secreted more IL-6 when co-cultured

with MF- compared to BF-spheroids. MO-MF-spheroid production of IL -6
was correlated to TAM density. MO-MF- and MO-BF-spheroid production of
MCP-1 correlated with TAM density. In addition, there was an association
between MF- and BF-sphergid-stimulated MO |L-6 secretion, as well as
between BF- and MF-spheroid-stimulated MCP-1 secretion. An inverse
relation was noted between the erythrocyte sedimentation rate (ESR) upon

MO isolation and MCP-1 production from MOs in co-culture with F-spheroids.
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Paper 2

In this study, function of TAMs in HNSCC tissue was examined. In the
previous study, we showed a correlation between the amount of TAMs in F-
spheroids and IL-6 and MCP-1 secretion from MOs in co-culture with F-
spheroids. These c¢ytokines influence tumour cell growth and Mg influx in
tumours, respactively. Furthermore, Mgs secrete copious amounts of IL-6, We
wanted to study the function of TAMs in HNSCC tissue, as expressed by
cytokine secretion” LLME eradicated MOs from in vitro cultures and reduced
IL-6 and MCP-1 secretion from MO-derived macrophages in vitro but did not
affect viability of F-spheroids. F-spheroids from LLME-treated tissue
fragments, both from HNSCC and benign mucosa, secreted less IL-6 and
MCP-1 secretion as compared to untreated F-spheroids. Production of IL-6
and MCP-1 from F-spheroids can be down-regulated by using LLME, thus,
suggesting that TAMs are the main producers of IL-6 and MCP-1 in HNSCC
tissue. We did not find a qualitative difference between function of TAMs and

tissue Mps in mucosa as measured by IL-6 and MCP-1 secration.
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Paper 3

We studied whether MO function in HNSCC patients, as measured by LPS-
stimulated MO-derived IL-6 and MCP-1 secretion, correlated to prognosis and
stage of HNSCC disease. MO function, as expressed by MCP-1 and IL-6
secretion, was then compared to a control group of healthy patients.

A prospective study was performed evaluating at least a five-year follow-up of
patients treated for HNSCC diseasa in relation to their MO function. Sixty-five
newly dlagnosed HNSCC patients and eighteen controls were studied.
Production of IL-6 and MCP-1 was measured. Survival, and cause of death
was detarmined.

A significantly changed LPS-induced inhibition of MCP-1 secretion from MOs
in cancer patients compared to controls was observed when cultures were
supplied with serum-free medium, but not when culiures were supplied with
autologous serum. Production of MCP-1 by MOs stimulated with LPS was
reduced in patients with HNSCC. No difference was observed when MO
function was compared in patients with limited versus extended HNSCC
disease. Increased MO responsiveness was associated with decreased
survival rate both in general and disease specific. The predictive value of MO
regponsiveness, as measured by [L-6, was also retained when adjusting for
age, gender and disease stage, and to some extent ESR and the albumin
level of patients, when measured by multivariate Cox regression survival
analysis.

We have shown that MO funclion, as measured by LPS-induced MO
sacrefion of IL-6 and MCP-1, was changed in HNSCC patients compared to

controls and MO function can pradict outcome in HNSCC patients. A high

LPS-induced MO IL-6 secretion comelates to worsened prognosis

biology.

independent of staging. Thus, MO function is directly associated with HNSCC
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Paper 4

We studied a possible correlation between production of IL-6 and MCP-1 by
MOs in co-culture with F-spheroids and prognosis of disease. In the pravious
study, we showed that IL-8 production in LPS-stimulated MOs indeed was
associated with a worsened prognosis. This study did take into account the
influence of the tumour stroma, in addition to MOs, theraby, mimicking a more
accurate in vivo situation.

Analysis of the IL-6 and MCP-1 content in supematants from MOs co-cultured
with autologous MF- or BF-spheroids, in a cohort of HNSCC patients, was
performed. Recumence, survival and cause(s) of death were then established
following the second part of 2005. MCP-1 levels did not predict pregnosis. IL-
6 secreted upon in vitro co~culture with MOs and BF-spheroids predicted
recurence and prognosis, whereas co-culture with MOs and MF-spheroids

predicted only recurrence.

9. GENERAL DISCUSSION

Our goal in this thesis was to study MNP function in HNSCC. One of the main
challenges in cancer research is interpreting laboratory study results and
applying them to the clinic. An important goal is therefore to establish an
experimental setting most closely mimicking the In vivo situation. This
discussion comprises of MO function in PB and an organ culture model, as

well as correlations fo clinical parameters, as found in the studied HNSCC

patients. %

9.1 Methodological agpects

9.1.1 Use of the organ culture model

HNSCC tumours develop as a network with tumour stroma, neo-
angiogenesis, fibroblasts and an influx of immune cells, mainly lymphocytes
and TAMs,

An ideal study model of MNP-tumour cell interaction would be to study in
vitro direct contact between individual tumour cells, and circulating- and
tumour-Infiltrating autologous MNPs. Co-culture of F-spheroids with MNPs
might represent a model of the in vive situation as a closing-up step. The
difference between the In vivo and in vitro conditions must, however, be
recognized when interpreting results of the co-culture studies. F-spheroids
were ostablished from HNSCC patients and not every attemnpt to generate F-
spheroids was successful, causing exclusion of the patient(s) from the study.
Results from spheroids in co-culture with autplegous MOs and spheroid
autocrine production could provide a nforé Teliable basis for conclusions

compared to cell lines, which can be established from few HNSCC patients or
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from a single, surviving tumour cell. A complicating factor, in interpreting
results derived from spheroids, is that 4 spheroid is a heterogeneous cluster
of cells with inter- and intra-patient variations. We tried to eliminate some of
these variations by clustering 4 to 6 spheroids per well in parallsl.
Furthermorg, IL-6 results were always compared, after performing a
standardization analysis, to background IL-8 production. In this manner, IL-6
results could be compared between patients. Such a standardization analysis
was, though, not found feasible for MCP-1 production in co-culture. MCP-1 is
consecutively produced by MOs when cultured in vitro with serum present and
stimulation with LPS caused a down-regulation in its production. A
standardization analysis, such as the one used for IL-6, would yield a negative
MCP-1 production. For this reasons we used the absolute production of MCP-
1 to study co-culture results. We could not detect a significant TNF-a

production from F-spheroids, making standardization analysis obsolete.

9.1.2 Serum and Monocytes

Autologous serum was used for the co-culture studies. Thera might be a
general factor that could account for the difference(s) in the functional
properties of MOs seen between cancer and control patients. In previous
studies from our group though, we showed that MO-F-spheroid co-culture
response is also present under serum-frae conditions, interprating that the
basic interactions between MOs and F-spheroids are serum-independent.
What kind of serum factor(s} accounts for adjuvant activation of MOs in co-
culture with F-spheroids should be a target for further research. MQs isolated

by adherence to plastic, as studied in this thesis, are presumably primed

T T

vl

compared to the in vivo condition’*®. In our studies, we used the same MO
isolation method for both groups of spheroids as well as in our case-control
study (paper V). The relative differences should be minimal in this way.
Interpretations though, should be made with these reservations in mind. We
have not excluded that the observed co-culture-induced MO responsas are
dependent on adherence-induced priming. Additional research is necessary to
clarify this question. To investigate this further one might apply low-adherence
wells. In co-culture studies MOs were isolated 2-3 weeks following surgery. At
this time most patients had recovered from surgery, but still needed
hospitalization. Thus, MOs may have functional changes due to performed
surgery. Surgical strass, however, is likely to affect MO-derived cytokine
secretion, only in the first few days after surgery'®. Since many patients
were still unfit to leave the hospital, it might implicate that MOs from these
patients are still changed compared to MOs from patients at baseline
conditions. This observation should be taken in account when interpreting co-

culture responses.

9.1.3 Cytokines

Discrepancies have been documented in the absolute levels of cytokines
astimated from samples of biological fluids analyzed by commercially
available enzyme-linked immunosorbent assay (ELISA) kits" 1", In order to
account for this variability in cytokine analyses, assays were performed an the
largest possible series, e.g., all samples from one experiment were analyzed
simultanaously. In addition, oomparisogs y-f_er[é not made between cytokine

levels analyzed by differant kits, unless accapiable control conditions ware
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established. The MO stimulatory capacity varied considerably between
spheroids. Therefore, several F-spheroids were used in each co-culture well
in order to minimize this heterogeneity, With this in mind, conclusions were
not based on small quantitative difierences as 1o MO-co-culture stimulated
activation unless proper control conditions were established, e.g., MO co-
culture responses were compared in cultures comprising the same F-

spheroids at different experimental conditions.

9.2 Composition of F-<SPHEROIDS
F-spheroids mainly harbour three cell types: Mgs, fibroblasts and epithelial
{tumour) celis. In study |, we studied the amount of TAMs in F-spheroids and
the original tumour tissue. We showed that epithelial cells are replaced with
interstitial tissue during F-sphercid formation and that a higher percentage of
epithelial cells are present in Malignant {M)F-spheroids compared to Benign
(B)F-spheroids. Epithelial coverage in BF-sphercids was mora extensive than
in MF-spheroids.
M density was not significantly different between MF-spheroids and the
original tumour tissue and we did not find a significant difference between MF-
and BF-spheroids. Therefore, in the second part of the study we studied
densities of TAM in MF-spheroids. This was done by counling CD6B-positive
cells in slices of MF-spheroids, from different patients, used after co-cuiture
with MOs. This TAM density was comelated to MCP-1 and IL-6 production of
MOs in co-culture with F-spheroids and significant correlations were found:
TAM density in MF-spheroids correlated to MO-BF-spheroid MCP-1

production and MO-MF-spheroid IL-6 production.

TAM density in MF- and BF-spheroids is not significantly different, i.e. a
higher TAM content provided for a higher production of MCP-1 (BF-spheroids)
and IL-6 {(MF-spheroids) from MOs in co-culture with spheroids. This suggests
that TAMs are in equilibrium with other MNP compariments in HNSGC
patients. In other words, enhanced cytokine and chemokine production by
MOs reflects the presence of more TAMs in spheroids. Indeed, one ¢cannot
conclude that TAMs and Mgs are phenotypically identical since the
microenvironmentg Ithey subsequently differentiated from are very different,
but MCP-1 and IL-8 production from MOs isolated from PB is linked to TAM
density in MF-spheroids, making it apparent that TAM infiltration is correlated
with, at least, the circuiating compariment of MNP. Thus, HNSCC seams to
induce changes within patients beyond the actual tumour site.

Fibroblasts from benign tissue, originating from HNSCC patients, may be the
sole stimulators for the production of IL-6 in co-culture, but we have previously
ruled this out™". it has, however, been suggested that tumour-associated
fibroblasts, but not un-associated fibroblasts, may stimulate MOs to aggregate
in breast cancer tumours''"®, We performed co-cultures with MF-spheroids
parallel to BF-spheroids and found that IL-6 and MCP-1 production was
commelated, i.e. a higher production of IL-6 and MCP-1 from MOs in co-culture
with BF-spheroids also showed a higher production of MCP-1 and IL-6 from
MOs in MF-spheroids and vice versa. This gives arguments against turnour-

associated fibroblasts playing a significant role in HNSCC,
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9.3 HNSCC-derived factors affect MNPs

MCP-1 production by MOs in co-culture with F-spheroids, as well as TAM
density, was inversely correlated with ESR level both at diagnosis and co-
culture. In other words, presenca of “general” inflammation suppresses MNP
functions, as expressed by MCP-1 production. Thus, MNP function in HNSCC
patients seems to be more of a functional entity refated to the inflammatory
state of the organism than previously recognized. Studies on the molecular
counterparts of the shown interactions, such as density of lectins/flectin
receptors'!® 129 density of integrinsfintegrin receptors 1% 129 and additional
receptors, could shed further light on the MNP furiction in HNSCC patients.
Woe could not define a statistical significant correlation between TNM stage
and TAM density. There was a trend showing a greater density of Mgs in MF-
spheroids from more advanced TNM staged tumours. Though not statistically
significant, these results correspond to other reports correlating TAM density
and function to prognosis in cancer patients" as well as a strong
association betwean M@ content, N stage and lymph node metastasis in oral
SCG tumours®, F-spheroids do not secrete detectable amounts of TNF-o
which strengthens the view that TAMs have a tumour supportive function in
an established tumour®®, From our results though, it is questionable to reach
such a conclusion as we did not study secretion of several other potential
cytotoxic cytokines, e.g., TNF-related apoptosis-inducing ligand (TRAIL} and
TNF-like weak inducer of apoptosis (TWEAK)"?% 2}, These aspects should
be examined in future studies. A thorough understanding of these
machanisms lends promise to future cancer therapy based on modulating

interactions between tumour cells and the MNP system.
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We could not determine a simple linear relationship between TAM and co-
culture secretion of MCP-1/IL-6. MO-MF-spheroids IL-6 production was
significantly higher than MO-BF-spheroid IL-6 production. This was not the
case for the MO-derived MCP-1 production. So, MO-co-culture IL-6 response
might not reflect the percentage of epithelial cells on the surface, but more
likely total epithelial content of the F-spheroids. This might provide an
explanation for the significantly higher production of MCP-1 by MF-spheroids
compared to BF-spheroids. Production of MCP-1 by MF-spheroids was
correlated to MO-MF-spheroids iL-6 production. Furthermore, IL-6 production
by BF-spheroids correlated with MCP-1 production by MOs in co-culture with
MF-spheroids. Thus, spheroid derived MCP-1 and IL-6 have an autocrine
effect also in co-cullure suggesting that HNSCC tissue activates MOs isolated

from PB, separate from a general co-culture “activation”.

94 Effect of L-Leucine-Methylester on TAMs

LLME is a substance that selectiveiy inhibits MNP function through formation
of free leucine, which causes lysis of intracellular lysosomes. It has been
shown that LLME eliminate MOs and NK cells""?* '2°), Qur main goal in using
LLME was to determine the main source for IL-6 and MCP-1 secretion by F-
spheroids. Incubation with LLME did not cause significant epithelial cell death
in F-spheroids, as determined by a LIVE/DEAD kit, and did not eradicate cell
proliferation, as shown by BrDU staining. On the other hand, both MF- and
BF-spheroids from HNSCC patients treated with LLME showed reduced
secretion levels of IL-6 and MCP-t. These results suggest that LLME can

reduce tissue M@s and TAM funclion as measured by IL-6 and MCP-1
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secration while surface calls on F-spheroids remain vital. The co-culiure
response did not change following LLME treatment of F-spheroids, which
further supports that F-spheroids are viable following LLME incubation.

The main disadvantage in combining an organ-culture model with LLME lies
in the fact that the spheroid is a heterogeneous structure composad of Mgs,
fioroblasts, epithelial cells and interstitial tissue. Incubation of spheroids with
LLME did show an impaired |L-6 and MCP-1 secretion but we did not succeed
at stopping it altogether. One reason might be that LLME cannot be
transported throughout the whole spheroid, thereby unaffecting TAMs and
Mos at the centre of the spheroid. Furthermore, it might be that LLME needs
to be used at a higher concentration. In our expefiments though, we found a
conflict with the osmolality of the LLME solutions used for incubation as being
too high when using concentrations higher than 30 mM.

Malignant cells as well as other cells, e.g. TIL, are also able to produce IL-6
and MCP-1 and may be responsible for production of IL-8 and MCP-1 in F-

spheroids after treatment with LLME.

9.41 Use of LLME in studies

For HNSCC as for most other studies concerning TAM accumulation in
malignant tumours, expression and secretion of cytokines in tumour tissue
has besn determined by the use of inmunohistochemical methods and/or cell
lines. Incubation of tumour tissue with LLME, before formation of F-spheroids,
might be an important TAM research tool as to investigating dynamics of in

vitro cytokine and chemokine secretion by TAMs,
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In the last years, much focus has been drawn to studying tumour biology
through microarray technology''?®. Such studies, however, mostly use whole
turmnour tissue. Thus, no conclusions can be reached as to whether the shown
differences reflect any changes in tumour cells or various support cells, of
which TAMs might be an example. Incubating tissue with LLME before
processing could exclude a complicating factor and add to identifying which of

the changes in mRNA construet lovels actually reflect tumour cell changes.

9.5 Monocyte IL-6 production as a prognostic factor

In study 111, we found that IL-6 secretion by LPS-stimulated MOs from HNSCC
pafients predicted prognosis. In study IV, correlation was found between
amount of IL-6 produced in co-culture of MOs with F-spheroids and
recurrence of disease, as well as prognosis of patients. For MCP-1 though,
we could not find any major comelation as to recurrence and prognosis. This
general, predictive, value of IL-8 secretion from MOs stimulated with different
stimuli, such as LPS and co-cuiture, is interesting as well as intriguing. In
LPS-stimulated MO cultures the main source of 1L-6 is the MO as low levels of
IL-6 in serum minimally contribute to the total amount. Still, changes in
cytokine levels in serum may have input on the regulatory effects of MO when
stimulated under in vitro and autologous conditions. Still, we observed no
difference between autologous and serum-free culture conditions in terms of
the predictive role of MO-derived IL-6 secretion.

There are parallel observations as to MO function independent of whether
MOs were stimulated before any treatment (paper ill) or when patients were

recovering from surgical treatment {paper V). It seems that increased MO
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responsiveness, as measured by IL-6 secretion, is a negative prognostic
factor both with LPS and co-culture stimulation.
MOs in HNSCC patients might be functionally changed due to several factors
related to presence of malignant disease. Gytokines and growth factors,
produced in or around the vicinity of the tumour, could not only affect the
immune system locally but also generally, i.e. by affecting monoblast
development in the bone marrow. Such an MO priming effect seems 1o be
more qualitative than quantitative, i.e. non- linear to the tumour burden. We
actually found that the MO-derived IL-6 predictive value was still valid after
adjusting for gender, age, TNM stage, albumin and ESR levels. These
findings strongly indicate that MOs in HNSCC patients are functionally
changed as a consequence of disease and the influence of other factors, such
as level of tumour burden and inflammation, are secondary to this effect. We,
therefore, concluded paper Il with the assumption that MO functional change
is connected to HNSCC biology.
t could be suggested that functional changes observed in MOs reflect a
resistance to an inflammatory response due to surgical treatment, which might
explain the observed correlation between increased MO responsiveness in BF
co-culture and impaired prognosis. Still, although an increased MO
responsiveness could possibly also resultin an increased co-culture
response, the observed MO-BF-spharoid IL-6 production cannot simply be
explained by such an effect, as co-culture responses were corrected by the
functional maximal LPS response obtained through the RR equation.
Furthermore, the co-culture experimental situation is more complex in

comparison to ordinary MO cultures, due to the presence of several other
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candidate cells, e.g., fibroblasts, tumour cells, TAMs in MF-spheroids, benign
mucosal cells, Mps in BF-spheroids or factors, e.g., autologous serum, being
responsible for cytokine praduction. We have previousty shown that the MO
activation in co-culture experiments is dependent on both direct contact and
on products darived from the spheroids!''”, In paper |, we found that MCP-1
levels were higher in MF compared to BF cultures. It is, therefore, reasonable
to propose that MOs are activated or regulated differently in MF and BF co-
cultures due to different levels of other stimulatory/regulatory agents. In co-
cultures, MOs have contact with epithelial elements on spheroid surfaces. As
shown in paper |, there are differences also in the amount of epithelial
elements between BF and MF. These differences are clearly shown to have
clinical relevance. When correlating co-culture responses with survival, MO-
BF-spheroid IL-8, but not MO-MF-spheroid IL-6 production, predicted patient
survival. A factor analysis supported the observation that the MO-MF-spheroid
IL-6 response was associated with recurrence while a MO-BF-spheroid IL-8
response associated with cancer-related survival. Further studies need to be
performed in order to reveal which factor(s) present in BF-spheroids and MF-
spheroids are responsible for this correlation in survival and recurrence. We
did not find a significant correlation between IL-6 secretion and tumour (T) or
node (N} stage in this study. This might indicate that MNP function is changed
at an early stadium of HNSCC disease, though this should be interpreted with
limitations sinc¢e all included patients were treated with surgery and most of
them had additionally at least a T2 stage disease.

Benign as well as malignant co-culture responses were cormelated with local-

regional recurrence. Particularly, production of IL-6 from BF-spheroids is
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intriguing since these should not comprise of tumour cells. Qur study shows
that benign squamous tissue from HNSCC patients may, in fact, give an
indication as to prognosis, making it a valuable tool in follow-up studies. Our
research up to this point cannot provide answers as to when this increase in
IL-6 secretion occurs. To study this, a case/control prospective study should
be performed. Qur hypothesis is that this might be a display of field
cancerization whereby changed dysplastic epithelia is found throughout
mucosa of both the upper and lower respiratory tracts, as well as to some
extent in the oesophagus, which in turn may give rise o cancer at multiple
sites 12"), An elevated production of IL-6 from BF-spheroids could be linked
with dysplastic-transformed epithelia, which stimulates MOs, as shown by an
elevated BF-spheroid co-culture response in patients who perished (from
cancer disease) during follow-up. Alternatively, it may a characteristic of MOs
that is associated with prognosis under BF-co-culture condition. Such an
explanation is in line with published studies both as to serum values of pro-
inflammatory cytokines!'®® and secretion of pro-inflammatory eytokines by

immune cells!?),

9.6 Inflammation and cytokine production

The present thesis presents IL-6 as a negative prognostic factor. It cannot be
determined whether this observation is related to the effect of IL-6 per se or
the increased IL-6 MO responsiveness, as a result of increased inflammatory
responsa in diseased patients. A changed inflammatory state may be present
in HNSCC patients, as shown by, e.g., increased ESR and lowered albumin

values in serum ™, Still, a pro-inflammatory cytokine, such as IL-6, could
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possibly enhance the inflammatory fesponse towards the tumour in a way that
could enhance tumour aggressiveness. [L.5 may activate NF-kB, a nuclear
regulator in the expression of multiple genes in cells, thereby, making a
possible link between infection, inflammation and carginogens to cancer
development *®. The observed significantly higher production of iL-6 by MOs
in patients with recurrence and/or death from disease might also be linked to
an IL-/glycoprotein130 stimulation, which activates STAT3 in an EGFR-
independent manner'®”. STAT3 activation is associated with cell proliferation
and prevention of apoptosis, thereby participating in oncogenesis ® and has
been shown to be up-regulated in HNSCC tissue and in the benign mucosa of
the same patient®. It appears that there is a threshold level in the benign co-
culture tevel of IL-6 secretion that is closely associated with recurrence and
survival. Above this threshold, 6 out of 8 patients had recurrence and
subsequently died. No surviving patient had a MO-BF IL-6 production above
this threshald. Thus, the results of this response may provide us with the
ability of sorting out patients posing a higher high risk of dying from disease at
a later point in time. These patients could provide targets for a very cost-

efficient follow-up.
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10. FUTURE PERSPECTIVES

10.1 Perspectives on clinical use of resuits

Several studies have been peformed where MNPs have been used as an
adjuvant tool in treatment of HNSCC!'3) 1320 Many of these studies are Phase
l'and Il studies particularly using DCs as an adjuvant to surgery, radiotherapy
and chemotherapy'*?. Several clinical studies have also focused on the use
of NK cells as a form of immunotherapy where endogenous NK cells are
activated by infusions of cytokines or allogeneic cells are adoptively
transferred to a donor with cancer?. Unfortunately though, ne reports have
yet been published validating the use of this kind of immunotherapies as
adjuvant therapy.

TAM in tumours might promote a type Il stage induced in part by tumour
hypoxia. In this way, TAM promates tumour growth by inducing neo-
angiegenesis. In this view, strategies could be developed to prevent TAMs
from differentiating into a type 2 phenotype, thereby, inhibiting nec-
angiogenasis. On the other hand, TAMs might be used as a vehicle for
delivering anti-lumour “substances” to specific areas prone to hypoxia where
agents, such as chemotherapeutical drugs, are less potent due to lack of
blood vessels. One might also inhibit the function of TAMs themselves, e.g.,
Cytokine secretion. IL-6 might be one of the cytokines that might be targeted
in the treatment of cancer in general. Monoclonal recombinant antibodies
against circulating IL-6 and the IL-6 receptor {IL-6R) have been successfully
applied in the treatment of juvenile rheumatoid arthritis and Castleman
disease*. Other strategies might be directed towards the IL-6/gp130

autocrine/paracrine mechanism that activates STAT3. Several substances are
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know to inhibit I_6-induced activation of STAT3(? most notably stereids
which are potent inhibitors of IL-6 production. LLME is a Substance that
reduces TAMs in F-spheroids. As a high number of TAMs is associated with
POOr prognosist® 9 ee of LLME as a TAM reducer in vivo is, at this stage,

not possible due o the lack of its use in animal-modei experiments. '

10.2 Research possibilities

Many interesting studies can be performed in order to clarify the interaction
batween MOs and HNSCC tissue. A thorough evaluation of chemokines and
cytokines from supernatants of BF- and MF-spheroids might be a goal for
further studies. Three CC chemokines are mainly involved in the recruitment
of mononuclear cells: MCP-1, macrophage inflammatory protein-1a (MIP-1a),
and macrophage inflammatory protein-1p (MIP-18). These chemokines induce
influx of neutrophils, Mes, NK cells, and T cells in tumors. MIP-1a has been
implicated in anti-tumor activity in several mouse models involving solid
tumors'* %), Several studies agree on TAMSs having a tumour supporting
role in some tumours’™), §iill a regutation mechanism for cytokine production
from TAMs in HNSCC tissue is not clarified.

F-spheroids have been derived from HNSCC tissue but also from human
respiratory mucosa'''”. We also performed experiments using F-spheroids
developed from other tumours (results not showr) making this organ-cuiture
model feasible also for other tumours besides HNSCC. [t might be very
interesting to determine whether the found mechanisms in this study can be
translated to other carcinomas, such as rectal or cervix carcinomas, In

particular, we could not find a significant correlation in the MO-MF IL-6

61




production and tumour staging. As interactions between MNPs and HNSCC
are not complately disclosed, one might ponder on how the enhanced IL-6
production of MOs in HNSCC patlents can be usad in a clinical setling in
addition to being a follow-up tool, as mentioned above. Many ¢slls produce IL-
6 and as such it is important to determine the nature of the main stimulus
responsible for this raised IL-6 production by MNPs. This is an interesting and

important line of exploration in future studies.
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CONCLUSIONS

IL-6 production by MOs Isolated from PB and stimulated with LPS is a

Prognastic factor for survival.
IL-8 production from MOs in co-culture with BF-spheroids Is a
prognostic factor for survival whereas co-culture with MF-spheroids is a

i
prognostic factor for recurrence of disease.

F-spheroids do not secrete TNF-o. supporiing the hypothesis that TAMs

function as a tumour-supporting cell.

LLME can be used to deplete MNPs in tumour tissue with no significant
effact on vitality of the developed F-gpheroids.

TAM is a main producer of IL-6 and MCP-1 in F-spheroids.
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Head and neck squamous cell carcinoma spheroid- and monocyte
spheroid-stimulated IL-6 and monocyte chemotactic protein-1
secretion are related to TNM stage, inflammatory state and tumor
macrophage density”

KENNETH W. KROSS, JOHN-HELGE HEIMDAL, CARLA OLSNES, JAN OLOFSSON &
HANS JORGEN AARSTAD

Department of OtolarymgologyiHead and Neck Surgery, Hawkeland University Hospital and Broegelmann Research
Laboratory, University of Bergen, Bergen, Norway

Abstract

Conclusion. Menocyte fragment (F)-spheraid-stimulated and F-spheroid I1.-6 and monacyte chemoractic protein (MCP)-1
secretion are related 1o inflammatory state, mactophage density and the TNM stage of patients with head and neck
squamous cell carcinoma (HNSCC). Objecrive. Fragment (F)-spheroids from HNSCC patienis in vitro secrete and
stimulate autologons monocytes to secrete 11-6 and MCP-1. The aim of this investigation was¢ to study thiz eytokine
sgcretion in relation 1o other cytokines, spheroid composition and host Factors, Maverial and methods. In series T (n =14) the
densitics of epithelial cells, fibroblasts and macrophages were determined in sections from F-spheroids and donor tissue. In
series 11 (# =17} the TNM stage, donor inflammatory state, macrophage density and the secretion of F-spheroid- and
monocyte F-spheroid-stimulated IL-6, MCP-1 and tumor necrosis factor (TNF)-u were determined, Reswdrs. Epithelial
c¢lls were partly replaced by interstitial tissue during spheroid formation, Malignant (M) F-spheroids secrated more MCP-1
than benign (B) F-spheroids, No F-spheroid secreted measurable amounts af TNF . Monocytes secreted more [L-6 when
co-cultured with MF- compared to BF-spheroids, Monocyte IL-6 MF- and MCP-1 MB-spheroid-stimulated secretion
correlated with macrophage density. In addition, there was an association berween M- and BE-sphetoid-stumulated
monocyte cytokine secretion, as well as between BF- and MF-spheroid-stimulated MCP-1 secretion. An inverse relation
was also noted between the erythrocyte sedimentation rate at monocyte harvest and the monocyte MCP-1 F-spheroid
IESPONSEs,

Keywords: Co-culturs, macrophage, monocyte, neoplasms, spheroids

Introduction efficient systern may in part be responsible for the
There has been growing interest concerning the low incidence of distant metastasis in head and neck
interaction between the cellular immune system, i.c. squamous ccll carcinoma (IINSCC) patients, de-
natural Killer (NK) cells [1] and mononuclear pha- spite a substantial percentage of HNSCC patients
gocytes (MNPs) (2], and cancer cells [3-5], MNPs carrying tumor cells in the general circulation [7].

originate from bone marrow as monoblasts, which One of the major functions of MNPs is (o secrete
are releaged into the general cireulation as mono- cytokines [8], of which IL-6 [9,10], tumor necrosis
cytes. Monocyles then migrawe inte tissue-forming factor (TNF)-o [11] and monocyte chemoattractant
tissue macrophages, of which dendritic, Langerhans, protein (MCP)-1 [12] are examples. These cyio-
microglial and Kupffer cells are examples. kineg have diverse functions. IL-6 stirmulates, for

Both monocytes and WK cells act as defenses example, HNSCC wumor cell growth [13] and
against distant metastases [6]. Such a relatively invasion into adjacent tssue [14), It was originally
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determined that MCP-1 recruited monocytes {15],
but it has also been found, for example, to augment
IL-6 secrction in monocytes [16]. TNF-o not only
induces apoptosis in turnor cells but also regulates
inflammation and repair [17].

MNPs have the ability to bind and, if activated,
kill amor cells [6] by secredon of, for example,
TNF-u« [18] when studiced in vitro. Monocytes may
thug destroy tumor cells in peripheral blood [19] but
this interaction remains, however, largely unexplored
[8]. We have studied [16) monocyte cytokine secre-
tion upon HNSCC tumor stimnulation using a model
in which autologous HINSCC cells and monocytes
are co-culoured in vitro, In this madel, fragment (F)-
sphercids are used as vectors for live autologous
tumor cells. Benign tissuc harvested adjacent to the
tumor may be used to establish benign F-spheroids
as controls in parallel culures. The exact cellular
composition of the F-spheroid, compared to the
original tamor it is derived from, has not been
determined so far, and nor has the composition of
the malignant compared to the benign counterparts.
The first airn of this investigation was to study the
ransition of an original mumor to a malignant F-
spheroid.

Several authors [20] have shown that the general
inflammatory state is associated with the monocyte
function in an individual. To what extent this applies
to the MNP tumor tissue comparument is not
known. We therefore also aimed to investigate this
by measuring the erythrocyte sedimentation rate
(ESR) of patients and corrcladng this value with
the various determined <characteristics of MNP
function. Furthermore, it is not known to what
extent MNPs of the human body are comparumnen-
talized, and to what extent MNP in each compart-
ment communicate with each other. The presence of
a correlation between the various MNP compart-
ment functions would support a functional relation-
ship between each MNP compartment. Such
analyses have therefore been performed in the
present investigation,

We have previously shown [16] that monocyies
secrete I[1.-6 and MCP-1, but not II -13 or TNF-o,
when stimulated in vitro by autologous HNSCC F-
spheroids. F-spheroids themselves also secrete the
same eytokines [16,21]. The actual secreting cell(s)
of F-spheroids have not beyn determined. Fowever,
our hypothesis is that tamor-associated macrophages
(TAMs) are major contributors, This view is
swengthened by our previeus studies [16,21), in
which monocytes allowed to differentiate in vitro in
co-culture with F-spheroids retained both MCT-1
and IL-6 secretion upon becoming macrophages.
To gain a berter ingight into the role of TAMs in
F-spheroids, we aimed to comelate the spheroid

secretion rate of IL-6 and MCP-1 with the F-
spheroid-stimulated monosyte secretion rate of these
cytokines, The presence of such a correlation sup-
ports the role of TAMs in the production of IL-6 and
MCP-1 by F-spheroids.

TNM stage plays an important role in the prog-
nosis of HNSCC. We therefore correlaced TAM
density in F-spheroids with TINM stage.

Whether TAMs acmally support or inhibit tumor
cell growth is a matter of debate [19], and the role of
the apoptosis-inducing cytokine TNF-a [22] in F-
spheroids is unknown. Thus, we investigated
whether F-spheroids secreted TINE-ux.

We found it pertinent to study a series of INSCC
patieats based on our co-culture model, investigate
the cellular composition of both tissue and F-
spheroids and determine the TINM stage and ESR
of the patients. Correlation studies show that to
some extent all these parametars are associated with
cach other.

Material and methods
Patients

The study population comprised patents hospita-
lized at the Department of Otolarynpgology/Head &
Neck Surgery, Haukeland University Hospital. All
patierrts had HNSCC, Patients with autoimmune
disease and those receiving corticosteroid medica-
tions were excluded. The patierus were consecu-
tively included into the series. The site and TNM
stage of HNSCC for the series II padents are shown
in Table I. The swdy was approved by Regional
Committee for Medical Ethics of Haukeland Uni-
versity Hospital, with each patient giving their
written consent before participating in the study.
The TNM stage was derermined in each of the
included paents. Series [ consisted of 14 patients.
Series II consisted of 17 patients.

Monaocyee prepararion

Monocytes were isolated from peripheral blood by
gradient centrifugation followed by separation based
on adherence to plastic according to slight modifica-
tions of previously described methods [17,23).
Briefly, peripheral blood mononuclear cells
(PBMC) were separated by gradient cenmifugation
using Lymphoprep® (Nycomed, Oslo, Morway) as
the density gradient mediumn. The PBMC yield of
8.5 ml of blood was allocated to all wells in a 24-well
plate (Nunc A/S, Roskilde, Denmark) containing
Roswell Park Memorial Insttute (RPMI)-
1640 medium (BioWhittaker, Walkersville, MD)
supplemented with amphotericin B (2.5 pg/ml)
and glucose (both from Sigma, St. Louis, MO),
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Table I. Site and TNM Stage of HNSCC for the patients in series IT.

Patien No. Gender

L= = R N

EEREMYIEZZZEZZREEMET

Site TNM stage

Gingivg T2MN0MO
Tonsil TANIMO
Gingiva T4NOMO
Toogue T2H1M0
Flaor of the mouth TANOMO
Tonsil T3N2MO
Gingiva T4N1M0
Tonsi TINOMO
Tongue T2N1MO
Tongue TINOMO
“Tongue TINOMO
Soft palawum T3N1MO
Tongue TINIMO
Larynx supragioic TINIMO
Maendibuly NA

Tonsil T3NZMO
"Tongne T2N2MD

N& =not applicable.

4-(Z-hydroxyethyl)-1-piperazinethansulfonic  acid,
L-gluamine (2 mM), penicillin (100 IU/ml), strep-
tomycin (100 pg/ml), sodium bicarbonate, sodium
pyruvate (all from BioWhittaker) and 20% auwlo-
gous serum to a votal volame of 0.5 mlwell, After 40
min of pre-incubation, the adherent monocytes were
purified by washing, and then cultured in complete
RPMUI/20% autologous serum (0.5 mliwell). Such
cells were >95% monocyte-positive as determined
by non-specific esterase staining and their vigbility
was >95% as tested by tryphan blue staining,

F-spheroid generation

Biopsies were obtained at surgery from tumor or
benign control mucosa and maintained viable in an
organ culiure as F-spheroids according to previously
described procedures [16]. In brief, macroscopically
vital tissue was randomly chopped from malignant
tissuc. Benign tissuc was harvested from the epithe-
lial part of the mucosal bispsies. The mucosal
biopsies were taken at sites microscopically proven
te be tumor-free. Cubes were transferred to agar-
coated tissue culture flasks (Nunc A/S). The F-
spheroids were cultured in Dulbecco’s minimum
esyential medium (DMEM) supplemented with 15%
heat-inactivated newborn calf serum, penicillin
{100 IU/ml), streptomycin (100 pg/ml), L-glutamine
(2 mM) and non-essential amino acid mixcure (1%}
(all from BioWhirtaker), amphotericin (2.5 pg/ml;
Sigma) and metronidazole (Norcox Pharma AS,
Oslo, Norway), The cultures were maintained at
37°C in 5% CO; and 95% air with a relative
humidity of 100%. Fragments, which had rounded
after 7 days in virro, were selected for experiments.
Such F-spheroids were wansferred (4—7 spheroids

in each well) 1o agar-coated 24-well plates (Nunc
Af3) and maintained until co-cultured in DMEM
medium supplemented as described above. In series
I, a sample from each well, containing F-spheroid-
conditioned media accumulated in the last 72 h
before co-culture initiation, was drawn and stored
until further analysis.

Co-ctelture

Co-cultures were initiated when the coatents of each
well containing malignant (M) or benign (B) F-
spheroids were transferred 1o freshly isolated mono-
cyte cultures in 24-well plates. The co-cultures were
incubated 24 h before the supernatant was removed
and stored undl later analysis. The menocytes did
not detach from the plastic surface nor adhete to or
infiltrate the F-spheroids during co-culure. Mono-
eytes cultured in wells with the indicated medium
and with or without the addition of 1 pg/ml
lipopolysaccharide (ILPS) from Dscherichia coli
(Sigma) served as controls. The spheroids’ own
cytokine secreton, as estimated by the measured
cytakine secretion of F-spheroids within the tast 72 h
before co-culture initiation, as well as the back-
ground monocyte secrction, were subtracted from
the co-culture respanse.

The individual IL-6 background and response
level o LPS varied substantially between patients,
Therefore, the IL-6 response rate (RR) was calcu-
lated according to the following formula (all secre-
tions in picomoles/milliliter):

[co-culture secretion—background sectetion (mone-
cyte/b-spheroid) /{LPS-sumulated secretion—back-
ground secretion (monocyte)]
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From all successfully completed co-culrures, a
supcrnatant sample was placed on Sabouraud glu-
cose agar or blood agar plates and farther incubared
for 1 week at 37°C. No bacterial or fungal growth
was detected.

IL-6, MCP-1 and TNF-x ELISA

The amounts of IL-6, MCP-1 and TINF-a were
determined by ELISA using MCP-1, IL-6 and
TNF-a cepture and detection antibody pairs, com-
pared to recombinant human (r-hu) MCP-1, IL-6
and TNF-u as standards (R&D Systems BEurope Lid,
Abingdon, UK). All procedures were performed
according to the manufacturer's specifications. In
brief, 96-well microtiter plates (Costar Corning,
Corning, NY) were coated overnight at room
ternperature with monoclongl mouse ana-MCP-1,
I1-6 or TNF-u capture antibodies. Aflter blocking,
diluted samples and respective r-hu standards were
added and incubated for 2 h at room temperature,
followed by the addition of biotinylated polyclonal
goat anti-human MCP-1, IL-6 or TNF-a. The
plates were incubated for 20 min at roomn tempera-
mire with streptavidin-conjugatcd horseradish perox-
idaze. Tetramethyl-benzidine (Sigpma) and H,0,
were used as substrates. Absorbance values were
measured at 450 nm using Seftmax Pro version 4.0
on an Emax Precision microtiter plate reader {(Mo-
lecular Devices, Sunnyvale, CA}. The sensitivity
level was 15 pgim).

Immunohistochemistry of tumor tissue and sphesoids

In series I, tumor samples and F-spheroids were
formalin-fixed, paraffin-embedded, cut into 4.0-pm
sections, mounted on 3-aminopropyliricthoxy-si-
lane-coated glass (Fluka, Buchs, Switzerland) over-
night at 37°C, and then re-hydrated in toluene
followed by a graded alcohol scrics. De-paraffinized
sections were either treated with 0.1% protease for
10 min at 37°C, followed by 30 min of incubation
with 1% H;0, in methanol, or incubated for 3¢ min
with 1% H,05 in methanol, followed by treatment in

a microwave oven for 5 min at 700 W after covering
them with 10 mM citaie buffer {(pH 6.0). The
sections were subsequently incubated with rabbit
serum for 30 min, followed by 60 min of incubation
with monoclonal mouse anti-human cytokeratin
(DAKD, Copenhagen, Denmark), ant-CD63
(DAKO) or and-vimentin (DAKD) anubodies. The
sections were then covered with biorinylated rabbit
anti-mouse 1gG (DAKQ) and incubated for 30 min
at room temperature, followed by 30 min of incuba-
tion with avidin—biotinylated horseradish peroxidase
(DAKO) and 5 min of incubation with 3,3-diarni-
nobenzidine-tetrahydrochloride  (Sigma) in PBS/
0.02% H,O;. The sections were finally counter-
stained with Mayer's hematoxylin, Sections from
tonsil biopsics served as positive controls, Visualiza-
don was performed on a mono-ocular microscope
{leica, Germany) where all stained cells were
manually counted throughout the whele scction
and the section size was measured using the Qwin-
link program (Leica}. The cell densicy was calculated
by dividing the number of counted cells by the
measured area.

Staristics

The SPSS statistical program package was used
(Version 11; SPSS, Chicago, IL). Student’s ¢-test
or Kendall's T was utilized. Differences were con-
sidered significant at p <0.05.

Resulis

Series I (n=14)

Epithelial cells. In MFE-spheroids, the proportion
of epithelial tissue decreased during spheroid forma-
tion from 28% £6.1% to 12.9% £ 3.6% {p» <0.05)
(Table ). The propordon of epithelial tissue was
higher in MF- ¢compared to BF-spheroids (12.9% +
3.6% vs 4.9% 4 1.0%; p <0.05; Table ID. In con-
trast, the proportion of epithelial cell coverage was

Tuble I Sphervid content and surface level of epithelial (cytokeratin-positive) cells and content level of fibroblasts (vimentn-posicive) and

macrophages {CD68-pogitive cells) for the patiemis in series I

Sample Epithelial content (%) Epithelial coverage (%)  Fibroblast content £%)  Macrophage content’
Tumor biopsy 28.016.1 NA 15.9+3.9 1.8 +0.46
Malign spheroid 120 +3.6° 26.3+4.2 06422 2040.46
Benign spheroid 4.9+ 10" 64.1 +4.0° 105+1.7 1.510.26

“Number of CD68-stained cells per section area (jum),
"¢ < 0.05 vs tumor biopsy.

"p-: .05 vs malign spheroid.

“p <13.0071 vs malign spheroid.

MNA =naot applicable.

higher in BF- compared to MF-spheroids (64.1% +
4.0% vs 36.3% +4.2%; p <0.001; Table 1D,

F:'bm.b!afm. The percentage of fibroblast tissue was
not significantly reduced during spheroid formation,

and nor did it differ between BF- and MF-spheroids
(Table II).

?_"AMs. The densities of macrophages (CD68-posi-
tive cells) were determined in the primary tumor and
in both BF- and MF-spheroids, The density of
macrophages in tumor tissue did not change
throughout formation of the MF-spheroids, and
nor was there any significant difference in the
percentage of macrophages between BF- and ME-
spheroids (Table II), The macrophage density on the

spheroid surface was similar for both BF- and MF-
spheroids.

Series I (n=17)

Mc?cropkage densizy, The density of macrophages was
estimated only in MF-spheroids in series II. An
association was determined between macrophage
density and monocyte BF-spheroid MCP-1-stimu-
lated secretion (t =0.43; p <0.05; Table IIT), as well
as between monocyte MPF-spheroid I1-6 stimulation
and macrophage density (t=0.41; p <0.05;
Table III). The macrophage density was inversely
associated with the ESR at diagnosis (1 = —0.46;
£ <0.05; Table III). There was a trend towards a
greater density of macrophages in the MF-spheroids
In more advanced TNM stage tumors (v=0.34;
P <0.1; Table IID). Analysis suggested that this was
mainly due to increased macrophage infiltration in
HNSCC tumors with multiple nodal spreading.

F-spheroid IL-6, MCP-1 and TNF-u secretion. No
TNF-o secretion was detected upon analysis of the
supernatants from spheroid culture in vitro (data not
shown).

MCP-1 was determined in 4/10 tested cases with
BF-spheroids and in 10/14 tested cases with MF-
spheroids (Table IV). Furthermore, Table V shows
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Table IV. Correlations {Kendall’s

) berwesn density of Macrg-
phages and various other paramer

4

Parameter F-spheroid macrophage density r
PN stage 0.34 =01
BE-spheraid
MCP-1 0.23
IL-6 0.27
MF-spheroid
MCP-1 0.2a
IL-G —10
Monocyte benign co-culture
MCP-1 0.43

. <005
-5 0,12
Monocyte malign co-culnure
MCP-1 016
19 9,41 =005
Pre-meatment ESR ~0.46 =(.05
Co-culture ESR -021 '

that there was an association between the BF- and
MF-spheroids and which patients they originated
fram (r = 0.66; p <0.01). In addition, a wend was
determined showing a correlation between the scere-
tion rates of [L~6 and MCP-] from BF-spheroids
(t=0.34; p <0.1; Table V).

IL-6 was secreted from BF-spheroids in 13/14
tested patients and from MF-spheroids in all 13
tested patients. IL-6 secretion did not, however,
differ between BF- and MF-spheroids (Table TV).

Monocyze co-culture [L-6 and MCP-1 resporites

Monocytes stimulated by MF-spheroids secreted
more IL-6, but not more MCP-1, than those
stimulated by BF-spheroids (Table V). There was a
positive correlation between the amount of mono-
cyte IL-6 or MCP-1 secreted depending on whether
it originated from BF- or MF-spheroid stimulation
(T -——.9.46; P <0.05; 1=0.43; p <0.05; Table VI). A
positive correlation was also determined between the
monocyte MF-spheroid MCP-1 response  and
BF-spheroid I1-6 secretion (1=0.45; p <0.05;
Table VI).

Tible I, Sphersid or menocye co-culiure-snmulated secretion of IL-6 and MOP-1,

DF-spheroids MF-spheroids »”
Co-culture
MCP-] (pg/ml) 526413210 . BOB243214
IL-6 (RR) 0.1840.08 - 0.3410.08 <0.01
Spheroid .r(
MUP-] (pgmD) 169 195 826+393

+ + < 0.05
TL-6 (RR) 905 4 326 13744316

“Repeated measures ¢-rest.
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Table V. Correlations (Kendall's 1) berween F-sphereid MCP-1
and I1.-6 secretion,

Benign Malignanr
MCP-1 -6 MGCP-]
Benign .
IL-6 0,34
Malignant .
MCP-1 0.66 0.23
-5 .03 —0.01 0.06
“p <01,
p <0.01.
Inflarimarory stae

The mean ESRs at diagnosis and co-culture were
24 +4 and 30+7 mm'h, respectively, However, the
C-reactive protein (CRP) level in serum was 1715
o/l at diagnosis and 13+4 ¢/l when the monocytes
used in co-culure experiments were harvested.

Inverse relationships were demonstrated between
the ESR at diagnosis as well as at monocyte harvest
and both the BF- and MF-spheroid-monocyte
MCP-1  responses  {r=045-049; p <0.05;
Table VI).

Discussion

F-spheroids harbor mainly three twypes of cell:
macrophages, fibroblasts and epithelial or tumor
cells. The monocyte I1-6 and MCP-1 responses in
co-culture are dependent on both direct contact with
and products secreted from the F-spheroid [24]. In
this study we have shown that epithelial tissue is
replaced by intersuual tissue during F-spheroid
formation, burt that a higher percentage of epithelial
cells are present in MF- compared 1o BF-spheroids,
In contrast, epithelial coverage was more extensive

on BF- than MF-spheroids. Furthermore, the
monocyte IL-6, but not the MCP-1, response
observed with MF-spheroid sdmulation was highet
than that with BF-spheroid stmulation, Thus, the
monocyte co-culture IL-6 response does not in
general reflect the percentage of epithelial cells on
the surface, but in this case is more likely o reflect
the total ¢pithelial content of the F-spheraids.

Fibroblasts from benign tissue originating from
HNSCC paticnts may be the sole stimulators for the
production of [L-6 in co-colture, but we have
previously ruled this out [16]. It has, however,
been suggested that mumor-associated fibroblasts,
but not regular fibroblasts, may stimulate monocytes
to aggregate in breast cancer mmors [23]. The fact
that cytokines are secreted in parallel from BF- and
MFEF-spheroids argues against this in HNSCC.

The macrophage density was not significantly
different between MF-spheroids and parental amor
tissue, and nor was there a sipnificant difference
berween MF- and BF-spheroids. Therefore, in series
II, the TAM content of MF-spheroids was deter-
mined.

The monocytes employed in the co—culture ex-
periments were harvested at least 2 weeks after
surgical removal of the tumor and control benign
tissues. Fourteen days following surgery, monocyte
function has usually recovered fom the surgical
trauma [26]. A gencral restoration of monocyte
function following surgery is also supported in the
present investigation by the remirn to baseline of
CRP serum levels upon monecyte harvest. Thus, the
presence of a co-colture response it not solely a
consequence of surgery-induced inflammation, On
the contary, F-spheroid monocyte-stimulated
MCP-1 secretion, as well as TAM density, was
inversely associated with the ESR level at both
diagnosis and co-culture. Thus, the presence of

Table VI. Correlations (Kendall's ) beoween IL-f and MCP-1 monocyte F-spheroid stimulation and various other parameters.

Monocyre F-spheroid stimulation

Parameter MCP-1 ben -6 ben MCP-1 mal IL-5 mal
Monooyte F-sphercid stimulation

IL-6 ben 0.01

MCP-1 mal 0.43 _0'07.

IL-6 mal 0.23 46 013

Sphercid secretion

MCP-! ben —0.02 0.23 0.02 029
-5 ben 0.31 .23 .45 [).23.
MCP-1 mal —0.14 0.12 0.20 0.46
IL.-6 mal 0.16 003 =0.10 =001
Pre-weaoment ESR —0.43" 0.13 —02L —0.34
Go-culrure ESR —0.44" 0.32 —0.4Y — (36
b <005,

ben =benign; mal = malignant.

general inflammation may actually suppress some
MNP functions in HNSCC patients, the monocyte
MCP-1 co-culture response being one example of
this.

The fact that the macrophage density of F-
spheroids is associated with the monoeyte co-culture
response, the similar TAM percentages of BF- and
MF-spheroids and the association between MCP-1
secretion and BF- and MF-spheroids all suggest that
a TAM equilibrium with the other compartments of
the MNP system is found in HNSCC patients. This
is also supported by evidence that the monocytes of
HNSCC patients are primed compared to control
conditions, as shown previously [27]). The presence
of HNSCC thus seems to induce changes within the
host beyond the actual site of the rumor,

An agsociation was determined between MF-
spheroid MCP-1 secretion and the monocyte co-
culture IL-6-stimulated secretion. Otherwise, the
magnitudes of cytokine secretion from F-spheroids
and monocyte co-culture-stimulated secretion of the
same cytokine did not support a strong simple linear
relation between TAM density and co-eulture-sti-
Inulated secretion of the same cytokine. In c¢ontrast,
we showed a correlaton between monocyte BE- and
MF-spheroid-stimulated secretion of MCP-1/IL-6.
This supports the fact that monocyte properties
adjust both the BF- and MF-spheroid stithulatory
capacities. This is in line with the parallel ligand -
receptor interaction that was determined to be
present during monocyte BF- versus MF-spheroid
co-culture [28].

There was 8 trend towards a positive correlation
between TNM stage and TAM density. This sugges-
tion corresponds to other reports showing that TAM
density and function may be relared to prognosis in
cancer patients [29], as well as to a recently
published strong association betwesn macrophage
content and N stage and lymph node metastasis in
oral 5CC tumors,

The fact that F-spheroids did not secrete detect-
able amounts of TNF-u strengthens the view that
TAMSs function as support cells within an established
rumor, as snggested previously. We did not, however,
investigate the secretion of several other potential
cytotoxic monokines, e.g. TNF-related apoptosis-
inducing ligand (TRAIL) and TNF-like wesk in-
ducer of apoptosis (TWEAK).

The associations shown in this study between the
macrophage density, spheroid spontaneous cytokine
secretion, monocyte co-culture response, host in-
flammatory state and TNM stage can merely sygpest
a causal relationship. As the number of patients was
limited, the importance of a lack of a significant
correlarion should not be overestimated. Further-
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maore, the associations found need to be confirmed
by additional studies.

The findings of this study support associations
between TAM density and monocyte co-culture
stimulation, BF- and MF-spheroid cytokine secre-
tion and the inflammatory state of the organism and
TAM density. Furthermore, monocyte function was
related to the inflammatory state of the organism,
Thus, MNP function in HNSCGC patients is more g
functional entity that is related to the inflammatory
state of the organism than previously recognized.
Studies on the molecular counterparts of the shown
interactions, such as the density of lectins/lectin
receptors [24,28], the density of integrins/integrin
receptors [24,28] and additional receptors, should
shed forther light on mononuclear function in
HNSCC patients. If a thorough understanding of
these mechanisms can be achieved it may lead to a
future cancer therapy based on a modulated inter-
action between tumor cells and the MNP system,
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Tumour-associated macrophages secrete IL-¢ and MCP-1 in head and
neck squamous cell carcinoma tissue
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Abstract

Conclusion. Tumour-associated macrophages (TAMs) in head and neck squamous cell carcinomas (HNSCCs) secrete

interleukin 6 (IL-6) and monocyte chemotactic protein (MCP-1) that can be down-regulated by L-leucine-methylester
(LLME); however, there is no qualitative difference between function of TAMs and tissue macrophages in mucosa as
measured by IL-6 and MCP-1 secretion. Objectives. TAMs play an important role in the interaction with tumour cells in
malignant tumours. The cells in the tumours that are the main sources of the various signal substances need to be further

elucidated. The aim of this investigation was to reveal whether TAMs in HNSCCs secrete IL-6 and MCP-1. These

cytokines influence tumour cell growth and macrophage influx in tumours, respectively. Materials and methods. In order to

inhibit macrophage function in F-spheroids, in some experiments the tissue fragments were initially incubated with LLME,
a substance that selectively inhibits function of phagocytes. IL-6 and MCP-1 secretion from untreated F-spheroids was

compared to cytokine secretion from LLME-treated F-spheroids as measured by ELISA, Results. LLME did not affect the

viability of F-spheroids and reduced I1-6 and MCP-1 secretion from monocyte-derived macrophages in vitro. F-spheroids
from LLME-treated tissue fragments showed lower IL-6 and MCP-1 secretion compared with F-spheroids from tissue

fragment untreated with LLME.

Keywords: Squamouns celf carcinoma, tumour-associaied macrophages, cytokines

Introduction

Monocytes are recruited by cytokine and chemokine
gradients to migrate from circulation into Lissues
where further differentiation to macrophages is
regulated by environmenial signals [1]. In neo-
plasms, tumour-associated macrophages (TAMs)
represent a major component of the leukocyte
infilirate. TAMs may play a dual role in the interac-
tion with tumour cells [1}. A symbiotic relationship
may exist between TAMs and tumour cells, thereby
giving support 10 the tumour in its growth and
metastasizing capacity. For example, it has been
shown that the amount of TAMs in tumours can
be associated with increased neo-angiogenesis and
a worsencd survival rate [2]. TAMs also have
potential for cytotoxicity rowards tumowr cells and

'3

SOMIE rePoOrts state an improvement in prognosis in
relation to high numbers of TAMs in tamours [3],
It is generally accepted that TAMs may play a
regulatory role in growth of malignant tumours
including head and neck squamous cell carcinomas
(FHINSCCs) [4). The potential for using mononuc-
lear phagocytes (MNPs) as therapeutic tools in
HNSCC has also been discussed [5] with, in recent
years, particular attention w dendritic cells (DCs)
[6]. It has proved difficult to srudy TAM; function in
vivo, TAMs could be isolated from tumours (e.g. by
mechanical and enzymatic dissociation technigues),
or TAMs could be studied in the tumour tissues {e.g.
by in sitw hybridization or immunohistachemical
staining). However, these methods are encumbered
with sources of ertor-like disturbance of cell func-
tipnality and provide only 2 depicted moment of a
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From all successfully completed co-culrures, a
supcrnatant sample was placed on Sabouraud glu-
cose agar or blood agar plates and farther incubared
for 1 week at 37°C. No bacterial or fungal growth
was detected.

IL-6, MCP-1 and TNF-x ELISA

The amounts of IL-6, MCP-1 and TINF-a were
determined by ELISA using MCP-1, IL-6 and
TNF-a cepture and detection antibody pairs, com-
pared to recombinant human (r-hu) MCP-1, IL-6
and TNF-u as standards (R&D Systems BEurope Lid,
Abingdon, UK). All procedures were performed
according to the manufacturer's specifications. In
brief, 96-well microtiter plates (Costar Corning,
Corning, NY) were coated overnight at room
ternperature with monoclongl mouse and-MCP-1,
I1-6 or TNF-u capture antibodies. Aflter blocking,
diluted samples and respective r-hu standards were
added and incubated for 2 h at room temperature,
followed by the addition of biotinylated polyclonal
goat anti-human MCP-1, IL-6 or TNF-a. The
plates were incubated for 20 min at roomn tempera-
mire with streptavidin-conjugatcd horseradish perox-
idaze. Tetramethyl-benzidine (Sigpma) and H,0,
were used as substrates. Absorbance values were
measured at 450 nm using Seftmax Pro version 4.0
on an Emax Precision microtiter plate reader {(Mo-
lecular Devices, Sunnyvale, CA}. The sensitivity
level was 15 pgim).

Immunohistochemistry of tumor tissue and sphesoids

In series I, tumor samples and F-spheroids were
formalin-fixed, paraffin-embedded, cut into 4.0-pm
sections, mounted on 3-aminopropyliricthoxy-si-
lane-coated glass (Fluka, Buchs, Switzerland) over-
night at 37°C, and then re-hydrated in toluene
followed by a graded alcohol scrics. De-paraffinized
sections were either treated with 0.1% protease for
10 min at 37°C, followed by 30 min of incubation
with 1% H;0, in methanol, or incubated for 3¢ min
with 1% H,05 in methanol, followed by treatment in

a microwave oven for 5 min at 700 W after covering
them with 10 mM citaie buffer {(pH 6.0). The
sections were subsequently incubated with rabbit
serum for 30 min, followed by 60 min of incubation
with monoclonal mouse anti-human cytokeratin
(DAKD, Copenhagen, Denmark), ant-CD63
(DAKO) or and-vimentin (DAKD) anubodies. The
sections were then covered with biorinylated rabbit
anti-mouse 1gG (DAKQ) and incubated for 30 min
at room temperature, followed by 30 min of incuba-
tion with avidin—biotinylated horseradish peroxidase
(DAKO) and 5 min of incubation with 3,3-diarni-
nobenzidine-tetrahydrochloride  (Sigma) in PBS/
0.02% H,O;. The sections were finally counter-
stained with Mayer's hematoxylin, Sections from
tonsil biopsics served as positive controls, Visualiza-
don was performed on a mono-ocular microscope
{leica, Germany) where all stained cells were
manually counted throughout the whele scction
and the section size was measured using the Qwin-
link program (Leica}. The cell density was calculated
by dividing the number of counted cells by the
measured area.

Staristics

The SPSS statistical program package was used
(Version 11; SPSS, Chicago, IL). Student’s ¢-test
or Kendall's T was utilized. Differences were con-
sidered significant at p <0.05.

Resulis

Series I (n=14)

Epithelial cells. In MFE-spheroids, the proportion
of epithelial tissue decreased during spheroid forma-
tion from 28% £6.1% to 12.9% £ 3.6% {p <0.05)
(Table ). The propordon of epithelial tissue was
higher in MF- ¢compared to BF-spheroids (12.9% +
3.6% vs 4.9% 4 1.0%; p <0.05; Table ID. In con-
trast, the proportion of epithelial cell coverage was

Tuble I Sphervid content and surface level of epithelial (cytokeratin-positive) cells and content level of fibroblasts (vimentn-posicive) and

macrophages {CD68-pogitive cells) for the patiemis in series I

Sample Epithelial content (%) Epithelial coverage (%)  Fibroblast content £%)  Macrophage content’
Tumor biopsy 28.016.1 NA 15.9+3.9 1.8 +0.46
Malign spheroid 120 4+3.6° 26.3+4.2 06422 2040.46
Benign spheroid 4.9+ L0™ 64.1 +4.0° 105+1.7 1.510.26

“Number of CD68-stained cells per section area (jum),
"¢ < (.05 vs tumor biopsy.

"p-: .05 vs malign spheroid.

“p <13.0071 vs malign spheroid.

MNA =naot applicable.

higher in BF- compared to MF-spheroids (64.1% +
4.0% vs 36.3% +4.2%; p <0.001; Table 1D,

F:I:m.b!afm. The percentage of fibroblast tissue was
not significantly reduced during spheroid formation,

and nor did it differ between BF- and MF-spheroids
(Table II).

?_"AMs. The densities of macrophages (CD68-posi-
tive cells) were determined in the primary tumor and
in both BF- and MF-spheroids. The density of
macrophages in tumor tissue did not change
throughout formation of the MF-spheroids, and
nor was there any significant difference in the
percentage of macrophages between BF- and ME-
spheroids (Table II), The macrophage density on the

spheroid surface was similar for both BF- and MF-
spheroids.

Series I (n=17)

Mc?cropkage densizy, The density of macrophages was
estimated only in MF-spheroids in series II. An
association was determined between macrophage
density and monocyte BF-spheroid MCP-1-stimu-
lated secretion (t =0.43; p <0.05; Table IIT), as well
as between monocyte MF-spheroid I1-6 stimulation
and macrophage density (t=0.41; p <0.05;
Table III). The macrophage density was inversely
associated with the ESR at diagnosis (1 = —0.46;
P <0.05; Table III). There was a trend towards a
greater density of macrophages in the MF-spheroids
In more advanced TNM stage tumors (r=0.34;
P <0.1; Table III). Analysis suggested that this was
mainly due to increased macrophage infiltration in
HNSCC tumors with multiple nodal spreading.

F-spheroid IL-6, MCP-1 and TNF-u secretion. No
TNF-o secretion was detected upon analysis of the
supernatants from spheroid culture in vitro (data not
shown).

MCP-1 was determined in 4/10 tested cases with
BF-spheroids and in 10/14 tested cases with MF-
spheroids (Table IV). Furthermore, Table V shows
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Table IV. Correlations {Kendall’s

) berween density of macrg-
phages and various other paramer > )

4

Parameter F-spheroid macrophage density r
PN stage 0.34 =01
BE-spheraid
MCP-1 0.23
IL-6 0.27
MF-spheroid
MCP-1 0.2a
IL-G —10
Monocyte benign co-culture
MCP-1 0.43

. <005
-5 0.12
Monocyte malign co-culnure
MCP-1 016
19 9,41 =005
Pre-meatment ESR ~0.46 =(.05
Co-culture ESR -021 '

that there was an association between the BF- and
MF-spheroids and which patients they originated
fram (r = 0.66; p <0.01). In addition, a wend was
determined showing a correlation between the scere-
tion rates of [L~6 and MCP-] from BF-spheroids
(t=0.34; p <0.1; Table V).

IL-6 was secreted from BF-spheroids in 13/14
tested patients and from MF-spheroids in all 13
tested patients. IL-6 secretion did not, however,
differ between BF- and MF-spheroids (Table TV).

Monocyze co-culture [L-6 and MCP-1 resporites

Monocytes stimulated by MF-spheroids secreted
more IL-6, but not more MCP-1, than those
stimulated by BF-spheroids (Table V). There was a
positive correlation between the amount of mono-
cyte IL-6 or MCP-1 secreted depending on whether
it originated from BF- or MF-spheroid stimulation
(T -——.9.46; P <0.05; 1=0.43; p <0.05; Table VI). A
positive correlation was also determined between the
monocyte MF-spheroid MCP-1 response  and
BF-spheroid IL-6 secretion (1=0.45; p <0.05;
Table VI).

Tible I, Sphersid or menocye co-culiure-snmulated secretion of IL-6 and MOP-1,

DF-spheroids MF-spheroids »”
Co-culture
MCP-] (pg/ml) 526413210 . BOB243214
IL-6 (RR) 0.1840.08 - 0.3410.08 <0.01
Spheroid .r(
MUP-] (pgmD) 169 195 826+393

+ + < 0.05
TL-6 (RR) 905 4 326 13744316

“Repeated measures ¢-rest.
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Table V. Correlations (Kendall's 1) berween F-sphereid MCP-1
and I1.-6 secretion,

Benign Malignanr
MCP-1 -6 MGCP-]
Benign .
IL-6 0,34
Malignant .
MCP-1 0.66 0.23
-5 .03 —0.01 0.06
“p <01,
p <0.01.
Inflarimarory stae

The mean ESRs at diagnosis and co-culture were
24 +4 and 30+7 mm'h, respectively, However, the
C-reactive protein (CRP) level in serum was 1715
o/l at diagnosis and 13+4 ¢/l when the monocytes
used in co-culure experiments were harvested.

Inverse relationships were demonstrated between
the ESR at diagnosis as well as at monocyte harvest
and both the BF- and MF-spheroid-monocyte
MCP-1  responses  {r=045-049; p <0.05;
Table VI).

Discussion

F-spheroids harbor mainly three twypes of cell:
macrophages, fibroblasts and epithelial or tumor
cells. The monocyte I1-6 and MCP-1 responses in
co-culture are dependent on both direct contact with
and products secreted from the F-spheroid [24]. In
this study we have shown that epithelial tissue is
replaced by intersuual tissue during F-spheroid
formation, but that a higher percentage of epithelial
cells are present in MF- compared 1o BF-spheroids,
In contrast, epithelial coverage was more extensive

on BF- than MF-spheroids. Furthermore, the
monocyte IL-6, but not the MCP-1, response
observed with MF-spheroid sdmulation was highet
than that with BF-spheroid stmulation, Thus, the
monocyte co-culture IL-6 response does not in
general reflect the percentage of epithelial cells on
the surface, but in this case is more likely o reflect
the total ¢pithelial content of the F-spheraids.

Fibroblasts from benign tissue originating from
HNSCC paticnts may be the sole stimulators for the
production of [L-6 in co-colture, but we have
previously ruled this out [16]. It has, however,
been suggested that mumor-associated fibroblasts,
but not regular fibroblasts, may stimulate monocytes
to aggregate in breast cancer mmors [23]. The fact
that cytokines are secreted in parallel from BF- and
MFE-spheroids argues against this in HNSCC.

The macrophage density was not significantly
different between MF-spheroids and parental amor
tissue, and nor was there a sipnificant difference
berween MF- and BF-spheroids. Therefore, in series
II, the TAM content of MF-spheroids was deter-
mined.

The monocytes employed in the co—culture ex-
periments were harvested at least 2 weeks after
surgical removal of the tumor and control benign
tissues. Fourteen days following surgery, monocyte
function has usually recovered from the surgical
trauma [26]. A gencral restoration of monocyte
function following surgery is also supported in the
present investigation by the remirn to baseline of
CRP serum levels upon monecyte harvest. Thus, the
presence of a co-colture response it not solely a
consequence of surgery-induced inflammation, On
the contary, F-spheroid monocyte-stimulated
MCP-1 secretion, as well as TAM density, was
inversely associated with the ESR level at both
diagnosis and co-culture. Thus, the presence of

Table VI. Correlations (Kendall's ) beoween IL-f and MCP-1 monocyte F-spheroid stimulation and various other parameters.

Monocyre F-spheroid stimulation

Parameter MCP-1 ben -6 ben MCP-1 mal IL-5 mal
Monooyte F-sphercid stimulation

IL-6 ben 0.01

MCP-1 mal 0.43 _0'07.

IL-6 mal 0.23 46 013

Sphercid secretion

MCP-! ben —0.02 0.23 0.02 029
-5 ben 0.31 .23 .45 [).23.
MCP-1 mal —0.14 0.12 0.20 0.46
IL.-6 mal 0.16 003 =0.10 =001
Pre-weaoment ESR —0.43" 0.13 —02L —0.34
Go-culrure ESR —0.44" 0.32 —0.4Y — (36
b <005,

ben =benign; mal = malignant.

general inflammation may actually suppress some
MNP functions in HNSCC patients, the monocyte
MCP-1 co-culture response being one example of
this.

The fact that the macrophage density of F-
spheroids is associated with the monoeyte co-culture
response, the similar TAM percentages of BF- and
MF-spheroids and the association between MCP-1
secretion and BF- and MF-spheroids all suggest that
a TAM equilibrium with the other compartments of
the MNP system is found in HNSCC patients. This
is also supported by evidence that the monocytes of
HNSCC patients are primed compared to control
conditions, as shown previously [27). The presence
of HNSCC thus seems to induce changes within the
host beyond the actual site of the rumor,

An agsociation was determined between MF-
spheroid MCP-1 secretion and the monocyte co-
culture IL-6-stimulated secretion. Otherwise, the
magnitudes of cytokine secretion from F-spheroids
and monocyte co-culture-stimulated secretion of the
same cytokine did not support a strong simple linear
relation between TAM density and co-eulture-sti-
Inulated secretion of the same cytokine. In c¢ontrast,
we showed a correlaton between monocyte BE- and
MF-spheroid-stimulated secretion of MCP-1/IL-6.
This supports the fact that monocyte properties
adjust both the BF- and MF-spheroid stithulatory
capacities. This is in line with the parallel ligand -
receptor interaction that was determined to be
present during monocyte BF- versus MF-spheroid
co-culture [28].

There was 8 trend towards a positive correlation
between TNM stage and TAM density. This sugges-
tion corresponds to other reports showing that TAM
density and function may be relared to prognosis in
cancer patients [29], as well as to a recently
published strong association betwesn macrophage
content and N stage and lymph node metastasis in
oral 5CC tumors,

The fact that F-spheroids did not secrete detect-
able amounts of TNF-u strengthens the view that
TAMSs function as support cells within an established
rumor, as snggested previously. We did not, however,
investigate the secretion of several other potential
cytotoxic monokines, e.g. TNF-related apoptosis-
inducing ligand (TRAIL) and TNF-like weak in-
ducer of apoptosis (TWEAK).

The associations shown in this study between the
macrophage density, spheroid spontaneous cytokine
secretion, monocyte co-culture response, host in-
flammatory state and TNM stage can merely sygpgest
a causal relationship. As the number of patients was
limited, the importance of a lack of a significant
correlarion should not be overestimated. Further-
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maore, the associations found need to be confirmed
by additienal studies.

The findings of this study support associations
between TAM density and monocyte co-culture
stimulation, BF- and MF-spheroid cytokine secre-
tion and the inflammatory state of the organism and
TAM density. Furthermore, monocyte function was
related to the inflammatory state of the organism,
Thus, MNP function in HNSCC patients is more g
functional entity that is related to the inflammatory
state of the organism than previously recognized.
Studies on the molecular counterparts of the shown
interactions, such as the density of lectins/lectin
receptors [24,28], the density of integrins/integrin
receptors [24,28] and additional receptors, should
shed forther light on mononuclear function in
HNSCC patients. If a thorough understanding of
these mechanisms can be achieved it may lead to a
future cancer therapy based on a modulated inter-
action between tumor cells and the MNP system,
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Tumour-associated macrophages secrete IL-¢ and MCP-1 in head and
neck squamous cell carcinoma tissue
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Abstract

Conclusion. Tumour-associated macrophages (TAMs) in head and neck squamous cell carcinomas (HNSCCs) secrete
interleukin 6 (IL-6) and monocyte chemotactic protein (MCP-1) that can be down-regulated by L-leucine-methylester
(LLME); however, there is no qualitative difference between function of TAMs and tissue macrophages in mucosa as
measured by IL-6 and MCP-1 secretion. Objectives. TAMs play an important role in the interaction with tumour cells in
malignant tumours. The cells in the tumours that are the main sources of the various signal substances need to be further
elucidated. The aim of this investigation was to reveal whether TAMs in HNSCCs secrete IL-6 and MCP-1. These
cytokines influence tumour cell growth and macrophage influx in tumours, respectively. Materials and methods. In order to

inhibit macrophage function in E-spheroids, in some experiments the tissue fragments were initially incubated with LLME,
a substance that selectively inhibits function of phagocytes, IL-6 and MCP-1 secretion from untreated E-spheroids was
compared to cytokine secretion from LLME-treated F-spheroids as measured by ELISA, Results. LLME did not affect the
viability of F-spheroids and reduced IL-6 and MGP-1 secretion from monocyte-derived macrophages in vitro. F-spheroids
from LLME-treated tissue fragments showed lower IL-6 and MCP-1 secretion compared with F-spheroids from tissue

fragment untreated with LLME.

Keywords: Squamouns celf carcinoma, tumour-associaied macrophages, cytokines

Introduction

Monocytes are recruited by cytokine and chemokine
gradients to migrate from circulation into Lissues
where further differentiation to macrophages is
regulated by environmential signals [1]. In neo-
plasms, tumour-associated macrophages (TAMs)
represent a major component of the leukocyte
infilirate. TAMs may play a dual role in the interac-
tion with tumour cells [1}. A symbiotic relationship
may exist between TAMs and tumour cells, thereby
giving support 10 the tumour in its growth and
metastasizing capacity. For example, it has been
shown that the amount of TAMs in tumours can
be associated with increased neo-angiogenesis and
a worsencd survival rate [2]. TAMs also have
potential for cytotoxicity rowards tumowr cells and

4

SOMIE rePoOrts state an improvement in prognosis in
relation to high numbers of TAMs in tamours [3],
It is generally accepted that TAMs may play a
regulatory role in growth of malignant tumours
including head and neck squamous cell carcinomas
(FHINSCCs) [4). The potential for using mononuc-
lear phagocytes (MNPs) as therapeutic tools in
HNSCC has also been discussed [5] with, in recent
years, particular attention w dendritic cells (DCs)
[6]. It has proved difficult to srudy TAM; function in
vivo, TAMs could be isolated from tumours (e.g. by
mechanical and enzymatic dissociation technigues),
or TAMs could be studied in the tumour tissues {e.g.
by in sitw hybridization or immunohistachemical
staining). However, these methods are encumbered
with sources of ertor-like disturbance of cell func-
tipnality and provide only 2 depicted moment of a
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constantly changing process by the two Jast men-
goned methods. The funcdon of TAMs should
preferably be studied while the cclls are still viable
in $itu. This can be achieved by the use of an organ
culture technique. A& modified organ culture techni-
que has previously been described in which samples
from HNSCC tumours are maintained viably as
malipnane fragment (F)-spheroids in vito. The
organ culture technique also enables the establi:_sh-
ment of benign F-spheroids derived from berign
mucesa serving as controls for the malignant F-
spheroids.

The malignant F-spheroids consist mainly of
epithelial cells, fbroblasis and macraphages [7].
TAM densiry in the F-spheroid is not significantly
changed compared to the tissuc that the F-spheroids
originate from [8]. Malignant and benign F-gpher-
oids secrete different levels of monocyte chemotactic
protcin (MCP-1) and interleukin 6 (IL-6), but not
IL-1 and mamour necrosis factor (TNF)-« [8]. The
production of IL-6 from HNSCCs may be itmpor-
tant, since IL-60 co-regulates cell differendation,
survival and apoptosis [9]. The secretion of MCP-
1 from HNSCCs is also of importance, as this C-C
chemokine recruits MINDPs to tummours. Macrophages
have potenual for secreting numerous products such
as cytokines [10], including [L-6 and MCDP-1. It is
therefore pertinent o study whether TAMs are a
main source of MCP-1 and [L-6 secretion within
HNSCC tizsve.

To address this question we decided to utilize
the F-spheroid organ culture model to study whe-
ther a down-regulation of TAM aciivicy in F-
spheroids correlates with reduced production of
IL-6 and MCP-1 by F-spheroids. L-leucine-methy-
lester (LI.ME) has been shown to cause selective
apoptosis of human MNPs and natural killer (NK)
cells by lysozomal disruption [11]. LLME kills
phagocytes following intcraction with intracellular
proteases which cleaves the molecules inside the
lysosomes. Osmotic force then causes disruption of
the lysosomes and subsequent cell necrosis [12,13]
The specificity of this effect is based on the content
of lysosomal enzymes which differentiates mono-
cytes and macrophages from other cells. Initally we
studied the effect of LLME on the overall viability of
E-spheroids and on the regulation of MCP-1 and IL-
6 secretion from monocytes and macrophages in
vitro, Thercafter, the production of MCP-1 and IL-6

from both malignant and henign F-spheroids with
and without LIME treatment was investigated.
Finally, the effect of LLME treatment of F-spheroids
on co-mlture-induced monocyte stimulation was
studied.
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Materials and methods

Patients

Patients who were admirred for uvulopalatoplasty for
snoring or surgery for squamous cell carcinomas of
the oral cavity and hypopharynx/larynx were in-
cluded in the study. The Regional Committee for
Medical Ethics at Haukeland University Hospital
approved the study. Each patient pave written
consent before participating in the study.

Fragment spheroid generarion

An organ culture model was used, by which free-
floating I-spheroids were established from tumour
samples or benign mucosa of HNSCC patients as
described previously [14]. Biopsies were obtained
at surgery. Macroscopically vital tissue was ran-
domly chopped from malignari tissue. Benipn tissue
was harvested fom the epithelial part of the
mucosa biopsies. Cubes {0.5-1.0 mm) were trans-
ferred to agar-coated tissue culture flasks (Nunc A/S,
Roskilde, Denmark}. The F-spheroids were cultared
in Dulbeceo’s MEM (BioWhittaker, Walkersville,
MD, USA) supplemented with 15% heat-inactivated
fetal bovine scrum (FBS; Sigma, St Louis, MO,
TJSA), penicillin {100 TU/ml), streptomycin (100 g/
md), amphotericin (2.5 pgfml), L-glatamine (2 mM)
and non-essential amino acid mixeare {1%; Bio-
Whittaker). The cultures were maintained at 37°C in
5% CO, and 95% air with 100% relative humidicy.
Fragments, which had rounded to spheroid-like
structures after 10-14 days in vitro, were selected
for cxperiments.

Viability tesis

Viability of the F-spheroids treated with LLME was
wested by wansferring a random selecuon of F-
spheroids into 16 mm multiwells with 0.5ml of
culture medium containing 2 pm Calveni AM and
4 um ethidium homodimer-1 (LIVE/DEAD Euko-
light viability/Cytotoxicity Kit (L-3224); Mole-
cular Probes Europe, Leiden, The Netherlands).
After incubation for 30min at reom temperature
(RT)}, P-spheroids were mansferred o 16 mm wells
containing PBS and examined by 2 scanrung con-
focal microscope (Biorad MRC-1000, Hemel
Hempstead, UK} using a krypton-argon mixed gas
lager. Cells with green fluorescence were assessed as
viable and cells with red fluorescence as non-viable,
This method evaluared the cclls on the surface,

Bromodeoxvuridine labelling

Sphereids wreated widh 10 mM and 30 mM LLME
and spheroids from the control group were used for
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bromodeoxyuridine (BrdU) labelling. F-spheroids
were cultured for 4 h in standard growth medium
supplemented with 10pyM BrdU and 10 M
2-deoxycytidine and subsequently fixed in 70%
alcohol for 16h and embedded in paraffin. The
specimens were cul into 4pm sections and mo-
unted on 3—amin0pr0pyltricthoxy—silane—coatcd gla-
sses overnight at 37°C. After deparaffinization in
toluene, followed by rehydration in a graded alcohol
series, the sections were incubated in 0.3% H,0,/
methanol for 20 min and then for 30 min in 2 M
HCL. The sections were subsequently incubated for
45 min with horse serum at RT and then for 2 h with
a 1:40 dilution of mouse anti-BrdU monoclonal IgG
(Dako). Subsequently, the slides were overlaid with
biotinylated rabbit anti-mouse IgG (Dako) for
30 min at RT. This was followed by incubation for
30 min with avidin-biotinylated horseradish perox-
idase (HRP) and incubation for 8§ min with DAB in
PSB/0.02% H,0,. Mayers’ haematoxylin was used
a3 a councerstain.

Monocyte preparation

The peripheral blood mononuclear cells (PBMCs)
were scparated by gradient centrifugation with
Lymphoprep® (Nycomed, Oslo, Norway) as density
gradient medium as described previously [15,16].
The PBMC yield of 8.5 ml blood was allocated to all
wells in a 24 well plate (Nunc) with RPMI-1640
supplemented with penicillin (100 IU/ml), strepto-
mycin (100 pg/ml), amphotericin (2.5 pg/ml), L-
glutamine (2 mM) and 20% autologous serum to a
total volume of 0.5 ml/well. After pre-incubation for
40 min, the monocytes (MOs) were purified by
washing, and then cultured in RPMI/20% autolo-
gous serum 0.5 mliwell. The cells were shown to be
more than 95% MO-positive by non-specific ester-
ase stain,

LIME function was controlled by incubating
purified MOs with 30mM LLME for 90 min
followed by stimulation with lipopolysaccharide
(LPS; Sigma) at a concentration of I pg/ml. Non-
treated MOs were used as control. Supernatants
were sampled after 24 h and assessed for production
of IL-6 and MCP-1 as described below.

Macrophage preparation

MOs were incubated for 7 days in REMI+20% AB
serum in vitro and showed changes in morphology as

measured by size and phagocyte vacuole formatén =

as well as elongation of cytoplasm protrusions,
indicating a differentiation towards monocyte-de-
rived macrophages (MDMs).

AFTER 7 days half of the MDM cultures were
supplied with 30 mM LLME for 90 min, All MDM
cultures were then washed three times with RPM]
and incubated with 1 pg/ml LPS (Sigma) from
Escherichia coli for 24 h, with some cultures left
not stimulated as controls. Supernatants were har-
vested and stored at —80°C until further analysis,

Co-culture

Malignant or benign F-spheroids were washed
and transferred to freshly isolated MO cultures in
24 x 16 mm well plates (Nunc) with 1 ml RPMI/
20% autologous serum (BioWhittaker) per well.
MOs cultured in wells with the indicated medium
with or without addition of 1 pg/ml LPS from E. coli
served as controls. Five to six spheroids were
allocated to each well.

LLME treatment of F-spheroids

In some experiments half of the freshly chopped
tissue cubes, either from mucosa or HNSCCs, were
treated with 30 mM LLME in the culture medium
described above and incubated for 90 min, conclud-
ing with three washes in DEMEM. The tissue cubeg
were thereafter cultured as described in parallel
cultures to tissue cubes that were not treated with
LLME. Medium was collected every 24h and
assessed for IL-6 and MCP-1 concentration.

IL-6 and MCP-1 ELISA

The contents of IL-6 and MCP-1 were determined
by ELISA using MCP-1/IL-6 capture and detection
antibody pairs, compared to rhu MCP-1/IL-¢ as
standards (R&D Systems Europe, Abingdon, UK).
All procedures were performed according to the
specifications of the manufacturer. In short, 96-well
microtitration plates (Costar Corning, NY, USA)
were coated overnight at RT with monoclonal mouse
anti-human MCP-1 or IL-6 capture antibodies,
respectively. After blocking, diluted samples and
respective recombinant human standards were
added and incubated for 2h at RT followed by
addition of biotinylated polyclonal goat anti-human
MCP-1 or IL-6, respectively, The plates were
incubated for 20 min at RT with streptavidin-con-
jugated horseradish peroxidase. Tetramethyl-benzi-
dine (TMB; Sigma) and H,0, were used as
substrate,

In co-cultures, the background MCP-1/TL-6 levels
from unstimulated cultures were substracted from
the levels of the parallel stimulated culures when the
MCP-1/IL-6 levels are shown. In some experiments
MCP-1/IL-6 responses were calculated as a percen-
tage of appropriate LPS-stimulated MO response.



Statistics

The statistical program package Statistical Package
for the Social Sciences was used (version 13; SPSS,
Chicago, IL, USA). The Wilcoxon signed ranks test
was used and resuhis were considered significant
when p <0,05,

Results
Viability of F-spherotds treared with LLME

Uwvula mucosa biopsies were obtained from six
patents treated with surgery for snoring. Spheroids
obtained from mucoesa fragments were weated ¢ither
with 30 mM LLME or not treated. Nearly 100%
of the spheroid surface consisted of live cells as
determined by the LIVE/DEAD Kit, indicating that
spheroids arc viable after eanment with LLME
30 mM and 14 days of calture in vitro.

To exarmine viability further, BrdU labelling was
used as described above. Five malignant and five
benign F-spheroids from a patient with HNSCC
were selected for this experiment. BrdlJ labelling
showed that some cells in the benign and several cells
it the malignant F-spheroids proliferated, showing
that LLME weatment does niot impair cell prolifera-
tion in spheroids.

Treatment of MNPs in monolayer with LLME

MOs were incubated with 30 mM LLME with non-
weared MOs as conrol. There was no production of
IL-6 and MCP-1 as such in MOs treated with
LLME (results not shown).

MDMs were weated with 30mM LIME for
90 min snd non-meated MDMs were used as a
contral. MDMs treated with LLME showed a sip-
nificant decrease in LPS-stimulated IL-6 (Figure 1a)
(Z=-—1.753; p=0,08) and MCP-1 (Figure 1lb)
(Z = —2.023; p =0.043) production.

IL-6 and MOP-1 production from benign F-spheroids
obtained from patients reated for snoving

The production of IT-6 and MCP-1 from F-spheroids
after a 24 h period was assessed and F-spheroids
reated with LLME were compared to unireated
control F-spheroids from six patients. There was
a decrease in the production of TL-6 (Figure 2a)
(Z = —2.021; p=0.028) and MCP-1 (Figure 2b)
(Z = —2.023; p =0.012) by F-spheroids treated with
LLME as compuared with the control spheroids. This
difference in cytokine production was sustained dur-
ing 7 days of medium sampling.
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Figure 1. Effect of LLME on the LPS-stimulated production of
IL-6 (g} and MCP-1 (b) by cultured macrophages. Macrophages
were treared with 30 mM LLME for 90 min (-@-) and thereafier
stmulated with LPS at a concentration of 1 pg/ml. Non-treated
cultured macrophages were uscd as contrel (-O-). Medium was
sampled for [L-6 and analysed by ELISA {(pg/ml) after 24 h. Mean
producdon during 24 is shown.

-6 and MCP-1 production from spheroids obtained
Sfrom patients with HNSCC

The production of IL-6 and MCP-1 from malignant
and benign F-gphercids afier 24h was assessed
and F-spheroids weated with LLME were compared
to unueated P-spheroids. There was a depletion
of spontaneous production of IL-& (Figure 32)
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Figurz 2, Effect of LLME on the production of IL6 (a} and
MCP-1 {b) by F-spheroids from squamous tissue, derived from
patients undergoing elective surgery For snoring, from 7 days after
harvesting. Biopsies were chopped into fragments and treated with
30 mM LILME for 90 min. Thereafier fragments were allowed to
develop inke F-spheroids cither treated (-@-) with LLME or as
conaol (-C-). Medium was sampled for IE-6 and analysed
by ELISA (pe/mD) every 24h for a totsl of 163 howrs. Mean
production during 48 h is shewn.

(Z=-2.521; p=0.012) and MCP-1 (Figure 3h)
(Z=-2.521; p=0.012) from both malignant F-
sphercids and benign F-spheroids treated with

LIME, compared with autologous untreared conggol ..

F-spheroids. This phenomenon was sustained dur-
ing the 7 days that medium was sampled, as shown
in Figure 4a and b.
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Figure 3. Effect of LLME on the production of -6 (&) and
MCP-1 (b) by F-spheroids from 7 days after harvesting, Biopsies
were ¢hopped imto fragments and weated with 30 mM LLME for
90 min. Thereafier fragments were allowed tn develap into henign
(-®-) and malignant (- & -) F-spheroids. Autologows, non-treated
benign (-0-) and malignant (-a-) F-spheroids were used as
conmrols. Medium was sampled for TL-6 and analysed by ELISA

(pe/ml) every 24 h for a total of 165 h. Mean producton during
48 h is shown,

“Co-culture of F-spheroids with awofogous monocytes

Malignant and benign F-spheroids treated with
LLME were co-cultured with aurologous mono-
cytes a5 described in Materials and methods, There
was no difference in monocyte co-culture-induced
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Figure 4. Effect of LLME on the speontaneous production of IL-6
{a) and MCP-1 th) by F-sphecoids, derived from an HNS‘C('I
paticnt, from 7 days afier harvesting. Biopsics were chopped into
fragmenis and treated with 30 mM LLME for 30 min. Thereafter
fragmenits were allowed to develop into benign {-@-) and
malignant (-a-) F-spheroids, Avolegous, non-uweated benign
(~Z+) and maligant (- 4 =) F-spheroids were used as conools.
Medium was sampled for IL-6 and analysed by ELISA (pg/ml)
every 24 b for o Wil of 168 h. Mean production during 168 h is
showt.

MCP-1 and -6 secretion when culiures with
LIME-treated F-spheroids were compared to non-
eated control F-spheroids (results not shown).
Monocytes are stimulated by contact as well as by
production of cytokines by the spheroids themselves.
An unchanged co-culture response suggests that the
presence of soluble products from the F-gpheroids
(besides IL-6 and MCP-1) contributes to the co-
culture response. This demonsirates thay F-spher-
oids are viable after weatment with LLME.

Discussion

An organ culture technique with F-spheroids was
selected as a study model since malignant F-spher-
oids represent micto-elemnents of tumour tissue,
simulating the i vivo situaton pertaining to t-
mour-associated cells and stroma, Tissue fragments
from benign mucosa taken either from healthy
domors or HNSCC patients served as sources for
control spheroids. LLME is a substance that selec-
tively inhibits mononuclear phagoeyte function by
forming free leucin which causes lysis of the lyso-
somes [11-13,17). It has been shown that this
substance can eliminate monocytes and NK cells
[17.18]. However, the present study shows that
cytokine secredon of macrophages becomes im-
paired following LIME exposure, indicating an
impairment of functionality. We also incubated
tissue fragments from benign mucosa from healthy
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denors with LLME. The production of IL-6 and
MCP-1 was reduced following treaunent, suggesting
that LLME sclectively inhibits the function of tissue
macrophages.

Incubarion with LIME did not cause significant
epithelial cell dearh of F-spheroids as determined by
using the LIVE/DEAD kit and did not eradicate cell
proliferation as shown by BrDU staining. On the
other hand, both malignant and bepign I-spheroids
from HNSCC patients treated with LLME showed
reduced levels of secretion of IL-6 and MCP-1.
These results sugpest that LIME can reduce tissue
macrophage and TAM function as measured by [L-6
and MCP-1 secretion while the surface cells on F-
spheroids remain viral.

We concluded that TAMsz are a main producer of
IL-6 and MCP-1 in HNSCCs. HNSCC cells {19],
as well as other cells such as rumour infltrating
lymphocytes (TILs), are also presumably able to
produce these cyrokines and thus responsible for t.l:xe
production of IL-6 and MCP-1 by the F-spheroid
after weaunent with LIME. On the other hand,
LLME at the ¢oncentration used might not reach the
TAM lysozymes in sufficient concentration to exert
cell death. Recendy, pro-inflammatory cytokines
such as IL-6 have becn shown to have an impor-
tant role in cancer development assaciated with
chronic inflammation [20]. It has been postulated
that dysregulation of an inflammatory response may
cause initiation as well as proprassion of neoplastic
growth [21]. IL-6 may play an imporiant role in this
process by serving as an anti-apoptotic agent
through activation of NF-xfi [20]. HNSCC cells
also have been shown o secrete IL-6 [19] and may
thereby serve as a paracrine stimulator for TAMs to
secrete [L-6. IL-6 secretion from TAMs in HNSCC
tumours may therefore be a part of HNSCC
carcinogenesis. This argument is strengthened by
the observations that a high monocyte I1-6 secretion
following LPS stimulation heralds impaired prog-
nosis for HNSCC padents (unpublished data).

MCP-1 could be associated with accumulation of
TAMs in squamous ccll carcinomas [22]. Liss
and co-workers observed that atraction of TAMs
producing angiogenic factors in HNSCC was due
to secretion of MCP-1 by namour cells [23]. Our
observations in the present study indicate that TAMs
also produce MCP-1 and thereby form s self-
enhancing circuit of TAM influx in HNSCC -
mours.

Co-culture with autologous monocytes showed
no significant diffarences in  co-culture-induced
monocyte [L-6 and MCP-1 production when
LIME-treated spheroid culwres were compared to
untreated spheroid cultures. This indicates that [I.-6
and MCP-1 secretion from TAMs is not the primary
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stimulus of monocyte co-culture-stimulated cytokine
secretion, It might be speculated that TAMs and
monocytes in co-culture with F-spheroids share the
same stimulatory pathway when secreting IL-6 and
MCP-1 in vitro. The co-culture response did not
change following LLME treatment of the F-spher-
oids and this further strengthens the claim that F-
spheroid epithelial cells are fully viable following
LLME exposure,

It has been shown that TAMs are physiologically
different to tissue macrophages [1]. Such a differ-
ence, expressed by IL-6 and MCP-1 secretion, could
not be demonstrated in this study as there was no
difference in responsiveness to LLME treatment
between malignant and benign F-spheroids. Further
studies with additional cytokine measurements will
be performed to answer this question more thor-
oughly.

The function of TAMSs iz stll not fully known.
Correlation analyses of the amount of TAMs and
prognosis of cancer have shown that high levels of
TAMs in HNSCC may be related to worse long-
term prognosis [4,24]. However, in other cancer
diseases this may be different [2,22,25-28].

One of the reported experiments in the present
series was actually performed with tissue from a
patient with sinonasal carcinoma. The results of this
study showed almost identical results to those for
HNSCC patients, This argues that MNP responses
to tumours are similar beyond squamous cell carci-
nomas.

For HNSCC, as for most other studies concerning
TAM accumulation in malignant tumours, expres-
sion and secretion of cytokines in tumour tissues have
been determined by the use of immunohistochemical
methods and/or cell lines. This report shows the
dynamics of cytokine secretion during the interac-
tions between tumour cells and tumour stroma, thus
offering a possible strategy for performing such
studies. Incubation of tumour tissue with LLME
before forming F-spheroids might be an important
TAM research tool, especially since TAM density in
the F-spheroid is not changed significantly compared
to the original tumour tissue [8].

In recent years, there has been much tocus on the
study of tumour biology by micro-array technology
[29]; however, such studies use whole tumour tissue.
Thus it cannot be determined if the differences
shown are actually attributable to tumours cells or to
the various support cells — of which TAMs might
be an example. Treating tissue with LLME before
processing could help to show which of the changes
in mRNA construct levels actually reflects tumdur *
cell changes.

We have shown that LLME incubation of HNSCC
tissue can decrease the secretion of IL-6 and MCP-1

from F-spheroids in vitro. This indicates that TAMs
arc a main source of these cytokines in HNSCCs.
The observations in this study and recent work by
others are in accordance with the proposition that
TAM-secreted IL-6 contributes to the carcinogenesis
of HNSCC.
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Abstract

Background: This study was performed in order to determine whether monocyte in vitro function
is associated with presence, stage and prognosis of head and neck squamous cell carcinoma
{HNSCC}) disease.

Methods: Prospective study describing outcome, after at least five years observation, of patients
treated for HNSCC disease in relation to their menocyte function. Sixty-five patients with newly
diagnosed HNSCC and eighteen control patients were studied. Monocyte responsiveness was
assessed by measuring levels of monocyte in vitro interleukin (IL)-6 and monocyte chemotactic
peptide (MCP)-1 secretion after 24 hours of endotoxin stimulation in cultures supplied either with
20% autologous serum (AS) or serum free medium (SFM). Survival, and if relevant, cause of death,
was determined at least 5 years following primary diagnosis. '

Results: All patients, as a group, had higher in vitro monacyte responsiveness in terms of L-6 (AS)
(t =2.03; p < 0.05) and MCP-1 (SFM) (t = 2.49; p < 0.05) compared to controls. Increased in vitro
monocyte IL-6 endotoxin responsiveness under the SFM condition was associated with decreased
survival rate (Hazard ratio (HR) = 2.27; Confidence interval (Cl) = 1.05-4.88; p < 0.05). The
predictive value of monocyte responsiveness, as measured by IL-6, was also retained when adjusted
for age, gender and disease stage of patients (HR =2.67; CI = 1.03-6.92; p < 0.05). With respect
to MCP-1, low endotoxin-stimulated responsiveness (AS), analysed by Kaplan-Meier method,
predicted decreased survival (y = 4.0; p < 0.05). '

Conclusion: In HNSCC patients, changed monocyte in vitre respense to endotoxin, as measured
by increased IL-6 (SFM) and decreased MCP- t (AS) responsiveness, are negative prognostic factors.
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Background

Knowledge abowut the imteractions between tumour cells
and the immune system has increased in the last decades.
Yet, many basic issues concerning tumour immunology
remain unanswered. An intriguing question _is why the
immune systern, capable of eliminating ‘mahgnant cells
under experimental conditions, fails to e]lminale tumot{r
cells in patients with progressive cancer dlseage. Thtfs, it
remains relevant to study functional changes in various
immune cells during cancer disease [1,2].

Head and Neck squamous cell carcinoma (I INSC(_J) is one
examiple of diseases where functional changes in immune
cells have been demonstrated [3,4]. Alterations in
immune cell functions in HNSCC patdients are shown to
be both direcily disease dependent as well as indirectly
related to disease as, e.g., when correlating to impaired
general status of patients [5]. Furthermore, it has b‘een
shown that in vitro-stimulated lymphocyte pru]ifemupn.
as well as in vivo expression of lymphocyte activation
epitopes, may be associated with prognosis in HNSCC
patients [6,7].

Mononuclear phagocytes (MNDPs) are also determined to
be functionally changed in patients with HNSCC [8].
Monocytes and macrophages may be separated into type-
[ and el cells according to their cytokine repenoire
upon activation [9]. Interleukin {IL)-6 and other pro-
inflammatory cytokines are secreted from type-l cells,
whereas chemotactic substances such as monocyte chem-
otactic peptide (MCP)-1 are secreted mainly from type-11
cells [9]. When monocytes are stimulated in co-culture
with HNSCC tumour cells, high levels of both TL-6 and
MOCP-1 can be detected in superatants {10].

IL-6 is a pluripetent oytokine with mostly sumu]al?ry
functions, IL-6 may. e.g. aCl 48 an AUtOCTiNe of paracrine
growth factor, but also as an anti-apoptotic agent on can-
cer cells, as is the case in oral cancer [11-13]. MCP-1 was
originally determined to recruit macrophages into malig-
nant lesions |14}, MCP-1 receptor expression on tumour
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cells may be important in the context of tumour cell pro-
liferation and invasion, e.g.. in prostate cancer [15].

An increased influx of tumour-associated macrophages
{TAMSs) in HNSCC wmours is mirrored by a worsened
prognosis, but so far no association between monocyte
function and survival of HNSCC patients has been pub-
lished [16]. We have in a previous study observed a core-
lation hetween monocyte and TAM I0L-6 secretion in
HNSCC, suggesting that monocyte function indeed
reflects TAM function in HNSCC patients [10]. We there-
fore suggest that monocyte function may be related to
prognosis in HNSCC patients. The aim of the present
imvestigation was to study this hypothesis.

Monocyte function may be assessed by measu‘ring
cytokine secretion after in wiire stimulation of purified
monocytes with endotoxin. We have swudied whethgr
monoecyte function in HNSCC patients, as measured by in
vitre endotexin-stimulated monocyte IL-6 and MCP-1
secretion, was different from monocyte function in con-
trol patients and dependent on stage of LINSCC disease as
well as prognosis.

Methods

Patients and controls

The study comprised patients hospitalised at the Depart-
ment of Otolarmgology and Head & Neck Sur!r;er)f.
Haukeland University Hospital, Bergen, Norway. Patients
had either squamous cell carcinoma (SCC) (N = 65) or
benign diseases of the head and neck (HN) {N =‘18}.
Patients with autocimmune disease or patients on comicos-
teroid medications were excluded from the sudy. The
study was approved by the Regional Committee for Med-
ical Ethics. Each patient gave written consent before par-
ticipating in the study. Primary sites of carcinuma_rs W
oral cavity {28), phacyne (22}, larynx (13), maxilla (1)
and unknown primary (1), TNM stages of padents are
shown in Table 1. The diagnoses of the patients with
benign disease were: dysplastic lesions in the ora]‘cavity or
larynx (8), benign tumours in the larynx or middle ear

Table I: TNM stages of cancer patients evaluated for in vitro rmnncg:te l'unc.tion. {Figures represent the final cTNM score of patients
before treatment or pTNM scores based on histology from surgery, if such information was present}

N stage
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(3), obstructive sleep apnoea (3), benign oesophageal
conditions like stenosis or diverticulum (3) as well as tym-
panic membrane defect (1). Variables such as age, tobacco
smoking and alcohol consumption are known to affect
monocyte function [17-19]. In order to evaluate the effect
of malignant disease per se on immune function, healthy
controls, matching cancer patients to these possible con-
founding variables, were selected, Ages of HNSCC
patients (62.2 + 1.3) and controls (64.4 £ 2.5) were simi-
lar. Neither tobacco smoking (33.8+2.5versus 29.8 + 5.1
years) nor alcohol consumption history (2.3 + 0.16 versus
2.1 £ 0.13) differed significantly between the two groups.
After at least 5 years post-inclusion, survival was deter-
mined from the Norwegian population registry and cause
of death from a continuous follow-up registration of
HNSCC patients at our department. We found that 30 of
the 65 cancer patients were still alive, 27 had succumbed
from HNSCC disease and eight from other causes,

Alcohol consumption assessment

Each patient was interviewed at time of inclusion in the
study in order to assess smoking and alcohol habits, His-
tory of alcohol consumption was scored as follows [20]:
1, no alcohol consumed; 2, modest alcohol consumption
(less than once per week); 3, middle level alcohol con-
sumption (1-2 times weekly); 4, alcohol consumed twice
weekly; 5, alcohol consumed more than twice weekly.

Monocyte preparation

Patients were included in the study upon their arrival to
the department before any treatment started. All blood
samples were drawn at 7.30 a.m. as a bedside procedure
and each patient was asked to stay in bed until the blood
was drawn. Monocytes were isolated from blood by gradi-
ent centrifugation followed by adherence to plastic as pre-
viously described. [8] In short, peripheral blood
mononuclear cells (PBMC) were separated by gradient
centrifugation with Lymphoprep® (Nycomed, Oslo, Nor-
way) as density gradient medium. The PBMC yield of 8.5
ml blood was allocated to a 24-well plate (Nunc AfS,
Roskilde, Denmark) with RPMI-1640 (BioWhittaker) sup-
plemented with amphotericin B (2.5 pg/ml) and glucose
(both Sigma), HEPES, L-glutamine (2 mM), penicillin
(100 [U/ml), streptomycin (100 pg/ml), sodium bicarbo-
nate, sodium pyruvate (all from BioWhittaker) and 20%
autologous serum (AS) to a total volume of 0.5 ml/well.
After 40 minutes pre-incubation, adherent monocytes
were purified by washing, and then cultured in complete
RPMI (BioWhittaker)/20% AS with 0.5 ml/well. This
method yields more than 95% monocytes positive by
non-specific esterase stain with more than 95% viable
cells as tested by tryphan blue stain.

&
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Culture conditions and stimulation

After monocytes were isolated from each donor, cells were
without delay further cultured in 0.5 ml/well, either sup-
plied with 20% (AS) or with serum free medium
(SEM)(UltraCulture, BioWhittaker). Stimulation was pro-
vided for 24 hours by 1 pg/ml lipopolysaccharide (LPS)
derived from Escherichia coli (Sigma, St. Louis, Mo., USA)
before sample collection. Cultures without LPS ag stimu-
lant were used as background control conditions.

L-6 and MCP-! analysix

The contents of IL-6 and MCP-1 analysis in supernatants
were determined by enzyme-linked immunosorbant assay
kit (ELISA) manufactured by R&D Systems (R&D Systems
Europe Lid., Abingdon, Great Britain). All procedures
were performed according to the specifications of the
manufacturer. Briefly, 96-well microtiter plates (Costar
Coming, Lowell, MA, USA) were coated overnight at
room temperature (RT) with monoclonal mouse .
human IL-6 or monoclonal mouse o-human MCP-1 cap-
ture antibodies. Diluted samples or recombinant human
IL-6 or MCP-1 standard were added and incubated for2 h
at RT followed by addition of biotinylated polyclonal goat
a-human IL-6 or goat a-human MCP-1. The plates were
then incubated for 20 minutes at RT with streptavidin-
conjugated horseradish peroxidase. Tetra-methyl-benzi-
dine (TMB) (Sigma) and H,0, were used as substrate.
Absorbency values were measured at 450 nm using Soft-
max Pro version 4.0 on an Emax Precision microtiter plate
reader (Molecular Devices, Sunnyvale, CA, USA). The
lower detection level was 9 pg/ml for IL-6 and 16 pg/ml
for MCP-1. The median LPS-stimulated (stimulated -
background) IL-6 SFM and AS was 44251 (range 0 -
133014) pg/ml and 40551 (range -8273 - 149411) pg/
ml, respectively. The median LPS-stimulated MCP-1 SEM
(LPS-stimulated - background) and AS (background -
LPS-stimulated) was 7207 (range from -20025 to 66147)

pg/ml and -163 (range from -25718 to 13908) pg/ml,
respectively.

Stotistical analysis

The statistical program package SPSS (Ver. 14; Inc Chi-
cago, IL, USA) was employed, Figures are given as mean +
standard error of the mean. The groups were compared by
the student t-test. Survival analyses were performed by
Cox regression analysis or Kaplan-Meier (Log Rank (Man-
tel Cox) test) analyses. When limited versus extended dis-
ease patients were compared. the patients were
dichotomised by the median of the numetic sum of T and
N stage, i.e. the T and N integer score (TANIS) [21] Scores
between 0 and 3 were considered as limited disease and

, 3cores between 4 and 7 as extended disease. With Kaplan-

Meier analyses, monocyte responsiveness was dichot-
omised into high or low respanders by the median value,
as meastired by the positive account of difference in -6
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and MCP-1 levels in monogrte cultures when stimulated
compared o not stimulated cultures. The median value
calculation was based on all included cytokine values. Sta-
tistical significance was considered it P < 0.05.

Results

Monocyte IL=-6 and MCP-1 secretion in cancer patients
compared to controls

When monocytes were cultured with AS and stimulated
with LPS, supernatant 1L-6 levels in cultures from 11INSCG
patients were higher compared to those from control
patients (53459 + 4789 pg/ml versus 39165 + 3179 pgf
ml. {t=2.03; p < 0.05)). No significant difference could be
proven when SFM was utilised {Fig. 1A). A significantly
changed endotoxin-induced response compared to back-
ground release of MCP-1 secrelion from monocytes in
cancer patients compared to controls was observed (1232
+ 588 pg/ml versus -3860 = 1958 pg/ml. (t = 2.49; p <
0.05)} when cultures were supplied with SFM, but not
with AS (Fig. 1B).

)
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Figure |

Levels of Interleukin (IL)-& and Monocyte chemotactic pro-
tein (MCP)-] in supernatants of 24-hours in vitro endotoxin
{I ng/m! lipo=poly saccharide {LF3))-stimulated purified
monacytes from HNSCC patients and control patients. Cul-
tures were either supplied with autclogous serum (AS) or
serum free medium {SFM), Bars represent means & 5EM of
supernatant levels. (LPS-stimulated — baseline levels: IL-6
SFMIAS & MCP-1 5FM. Baseline — LPS-stimulated: MCP- |
AS). Statistics by students' I-test.
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Monocyte IL-6 and MCP-1 secretion as related to disease
stage

There were no differences in monocyte endotoxin
response, as measured by increased 1L-6 secretion (Fig,
2A) or decreased MCP-1 secretion {Fig, 2B}, when mono-
cyte cultures from HNSCC patients with extended {TANIS
= 4-7) wumour burden were compared to patients with
limited {TANIS = 0-3) tumour burden. This held true
both with autologous and serum- free medium.

Prognostic vaive of monocyts function

with all patients included, endotoxin-stimulated mono-
cyte 1L-6 secretion was found to be significantly higher in
monocyte culures from patients that had died after 5
years follow-up compared to that of living patients, both
atSFM (1= 2.03; p < 0.05) and AS (1= 2.17; p < 0.05) con-
ditions (Fig. 3A). Endotoxin-induced compared to back-
ground monocyte MCP-1 secretion was not different in
patients alive after five years compared to those that had
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Figure 2

Levels of IL-6 and MCP-1 in the supernatants of 24 hours, in
vitro endotoxin {1 pgiml LPS)- stimulated purified monocytes
from cancer patients with low (T- + N-stage < 3) {limied}
versus high (T- + N-stage > 3} (extended) tumour burden.
Cultures were either supplied with 20% autologous serum
{AS) or serum ree medium {SFM). The bars represent means
* SEM of supernatant levels, {LPS-stimulated — baseline lev-
els: IL-6 SFMFAS & MCP-| SFM. Baseline — LPS-stimulated:
MGP-1 AS).
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died during the same period at any of the two culture con-

ditions (kig. 3B).

Including HNSCC patients only, Kaplan-Meier analysis
showed that patients with high mMonocyte responsiveness
to endotoxin, as measured by high IL-6 secretion (SEM),
hgd decreased total (Fig. 4A) (y = 4.3; p < 0.05) as well as
disease-specific (Fig. 4B) (1= 4.4; p < 0.05) survival com-
pared to patients with low monocyte Tesponsiveness.
When MCP-1 values from AS conditions were analysed by
Kaplan-Meier analysis, a low responsiveness predicted
decreased total survival (y = 4.0; p < 0.05} (Fig. 5A), and

\\fith a irend toward the same with disease-specific sur-
vival (x = 3.6; p = 0.06) (Fig. 5B).

With only HNSCC patients included, 11-6 secretion at
SEM predicied survival as follows: Cox regression survival
analyses, showed that LPS-stimulated monooyte 116
secretion, adjusted for gender and age of patients, pre-
dicted both total as well as disease-specific survival (p <
0.05) when analysed with original results (Table 2, upper

.
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Figure 3

L_evels of IL-6 and MCP-1 in the supernatants of 24 hours, in
vitro endotoxin (I pg/ml LPS)- stimulated purified monocytes
cultures from dead versus live patients with observations at
least 5 years following inclusion. Cultures were either sup-
plied with autologous serum (AS) or serum free medium
(SFM). The bars represent means + SEM of supernatant level.
(LPS-stimulated — baseline levels: IL-6 SFM/AS & MCP- | SFM.

Baseline — LPS-stimulated: MCP-1 AS), Statistics by students'
t-test.
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Kaplan-Meier plot survival dependent on total survival (A) or
disease-specific survival (B) according to IL-6 in vitro secre-
tion from purified monocytes following 24 hours, endotoxin
(I pg/ml LPS) stimulation dichotomised by median value to
low (hatched line) or high (continuous line) response with
serum free medium (SFM) applied (background subtracted),
Statistics by Log Rank (Mantel Cox) test.

panel} and when analysed dichotomised {Hazard ratio
(MR) = 2.27; Confidence interval {CI) = 1.05-4.88; p <

. ,0.05and HR = 2.68; CI = 1.11-6.45;p < 0.05, respectively)
(Table 3, upper panel),
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Kaplan-Meier plot survival dependent on total survival (A) or
disease-specific survival (B} according to MCP-1 in vitro secre-
tion of purified monocytes following 24 hours endotoxin {1
pgfml LPS) stimulation dichotomised by median value to low
{hatched line) or high {continuous line} responsiveness with
20% autologous serumt (AS) added to the medium applied
{backgraund — LPS stimulated response). Statistics by Log
Rark (Mantel Cox) test.

When adjusting for age, gender as well as TNM stage, a
prediction for disease-specific survival was determined
when IL-6 levels were analysed dichotomised (HR = 2.44;
Cl = 1.01-5.92; p < 0.05) (Table 3. lower panel}. A trend
towards disease-specific survival prediction was also

hitp:ffwww.blomedcentral com/1471-2407/8/34

observed when IL-6 levels were analysed with original
results (p = 0.066), (Table 2, lower panel). Likewise, a
trend towards survival prediction was observed as 1o total
survival when IL-6 levels were analysed dichotomised
(HR = 2.08; Cl = 0.97-4.48; p = 0.061), {Table 3, lower
panel}. Furthermore, when monocyte LPS-stimulated IL-6
secretion values were analysed dichotomised, survival
prediction was also present with disease-specific survival
(HR = 2.62; CI = 1.14-6.08; p < 0.05) and total survival
(HR = 3.10; C1 = 1.15-8.39; p < 0.05}, when adjusted for
gender and age as well a3 serum albumin and erythrocyte
sedimentation rate (ESR) values of patiens (analyses not
shown). When adjustment for TNM stage was addition-
ally introduced, predictions were still observed, both as
measured by disease-specific survival {(HR = 2,31; CI =
1.02-5.21; p < 0.05) and tota) survival (HR = 2.67; Cl =
1.03-6.92; p < 0.05) (analyses not shown).

When dichotomised MCP-1 values were introduced in a
Cox regression survival analysis, adjusied for age and gen-
der of patients, we determined a trend as to prediction of
total survival at the AS condition {HR = £,99; CI = 0.95~
4.18: p = 0.06%) (Table 4, upper panel}. Adjusting for age,
gender as well as INM stage of patients, we determined
prediction of survival at SFiv conditions (HR = 2.42; Cl =
1.03-5.69; p < 0.05), {Table 4, lower panel).

Discussion

In this study, we have examined monocyte responsive-
ness, as measured by in vitre endotoxin responsiveness, by
monocyte [L-6 and MCP-1 secretion. Monogyte respon-
siveness was inceased in monocytes from HNSCC
patients compared to control conditions. On the other
hand, ne difference in monocyte responsiveness was
found when HNSCC patients with limited versus
extended disease were compared. Patients with high
monocyte responsiveness as measured by IL-6 secretion at
serum-free conditions had lower disease-specific survival
than patients with low such monocyte responsiveness.
Predictions for survival based on monocyte IL-6 secretion,
were still valid after adjusting for gender, age, TNM stage,
albumin and ESR levels. Furthermore, we determined to
some extent that MOP-1 secretion following endotoxin
stimulation was related to prognosis. We have, however,
determined a much more thorough correlation to progno-
sis with 1L-6 levels than with MCP-1 levels. We therefore
suggest that MCP-1 level survival prediction should be
more closely studied before any firm conclusions can be
drawn, Qur observations are in line with 1esults from a
recent study by Clinchy and co-workers showing that
increased IL-6 secretion, in short-duration in vitre cultures
of peripheral blood mononuclear cells stimulated with
LPS, was associated with impaired prognosis in patients
radically operated for colon cancer [22]. Monocyte IL-6
and MCP-1 secreted from endotoxin- stimulated mono-
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Table 2: Multivariate Cox Regression
Gender and TN stage of HNSCC Patients

Survival Analysis with Monocyte IL-6 yecretion in

http:Awww.biomedcentral com/ 147 1 240718134

peiml (serum-free medium) Adjusted for Age,

Toral survival

B SE P val

Disease-specilic survival

ue B SE oo

S—— P\falue
Gender 365 530 an 707 s wm
Age 062 2 003 268 0 004
IL-é 000 000 019 000 00 024
Gender -45) 510 0779 7% 632 0.250
Age 057 02 0022 085 25 0028
T srage 49 67 0:003 647 198 0.001
N stage 364 199 0.054 420 230 0.063
ILs 000 000 0110 000 000 0.084

B = regression coefficient, SE = Standard error of B

cytes may be linked to an altered inflammatory state as
previously shown in HNSCC patients, Examples are
increased ESR, lowered albumin values in serum,
increased levels of acute-phase proteins and pro-inflam-
matory cytokines [23,24]. This has been studied by add-
ing serum albumin and ESR level information to the Cox
regression analyses. We determined only minor explana-
tory power upon adjusting for ESR and albumin in serum.
On the contrary, to some extent the IL-6 secretion level,

serum albumin levels and ESR independently predicted
survival.

We found no association between tumour burden and
monocyte function in the present study. This argues
against monocyte function being linearly regulated by
HNSCC disease-related factors, such as cytokines secreted
from tumour-associated cells. The findings in the present
study indicate that monocyte changes are generally

present in malignant disease and to a lesser extent influ-
enced by tumour burden.

Table 3: Multivariate Cox Regrassion Survival Analysis with Dichotomised Scored Monoc

There is evidence to claim that nuclear factor -xB (NF-xB),
which regulates expression of multiple genes in cells, may
act as a link between infection, inflammation and carcin-
ogens in development of cancer [25], The pro-inflamma-
tory cytokine IL-6 may have an important role in this
process by serving as an anti-apoptotic agent through acti-
vation of NF-xB [26]. Our present finding, that increased
IL-6 secretion from monocytes predicts prognosis of
HNSCC disease, further supports the notion that inflam-
matory responses may cause both initiation and progres-
sion of neoplastic growth [12],

Another effect of IL-6 is its increased promotion of mono-
cyte differentiation towards macrophages at the expense
of dendritic cell (DC) differentiation [27]. Monocytes are
recruited by chemokine gradients to migrate from circula-
tion into tumour tissues where a further differentiation to
TAMs or DCs takes place under the regulation of environ-
mental signals of such as IL-6 [27]. There is currently an
increasing agreement that TAMs in carcinoma disease may

yte IL-¢ Secretion (serum-free rmediun)

Adjusted for Gender and Age (upper panel), or adjusted for Gender, Age and TN stage (lower panel} of HNSCC Patients

Toml suryival Disease-specilic survival

HR, 5% CI (HR) Pyakia HR 5% CI (HRY P value
Gender 0.52 0.19- I; . 0 23;5 535

, .18-1. ) . 01o-1.31 Ge
Age 1.07 102011 G002 1.08 1.03-1.26 0002
L4 .27 1.05-4.80 0038 288 L11-6.48 0.028
Gender 054 0.20-1.50 0,237 0.40 0.11-1.41 0152
Age 1.06 1.02=1.1| 0.008 . 1.04 1a1=1.11 0,025
T stage 1.64 1.18-2.29 0.003 * 1,89 1.29-279 4.001
N stage 1.55 1.06~228 rl' 0923 1.61 1.03-2.51 0.015
L5 .08 0.97-4.48 0.061 244 1.01-5.92 0.04%
HR = Hazard ratio 5% Ct{HR) = 25% confidence interval for HR
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Table 4: Multivariate Cox Regrassion Total Survival Analysis with Dichotornised Scored Monocyte MCP-1 Secretion adjusted for

Gander, Age, and TNM stage of HNSCC Patients
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Serum-free medium

Autologous serum medium

95% Cl (HR)

HR 95% CI {HR) P value HR, P yalug
0311
0.73 0.26-2.03 0546 051 0.24-1.59
i::der 1.05 1.0}=-1.0%9 0014 1,04 | 00-1.08 0.01;
MCP-1 120 0.58-2.48 0.617 1.9% 0.95-4.18 Q.08
0.22-1 41 026
041 .12-141 0.166 055
f:::der 105 L1190 0.043 1.04 1.00-1.0% 0.03;
T stage .01 | 41-187 0.000 1.57 1.12-220 g$|
N stage 184 1.16-250 0.009 1.50 1.02-2.22 .554
MCP-1 2.42 1.03-549 0.043 1.28 0.57-2.89 Q.

HR = Hazard ratkp 95% CI{HR) = 35% confidence Intervat for HR

support tumour growth by vinue of their differentiation
into type 11 macrophages [28]. Compared to TAMs, DCs
apparently have a contrary effea within HN SCC‘tumours,
whereby a high number of DCs corelates with better
prognosis [29,30]. Furthermore, it has previously b?en
demonstrated that monocytes maintain I1-6 secretion
throughout their differentiation to macrophages whlen
continuously stirnulated with HNSCC tumour spheroids
in vitro [31]. We therefore suggest that the malignancy
potential of IINSCC relies to some extent on IL-6 stimula-
tion by TAMs.

MCP-1 regulates TAM influx into tumours and may also
be secreted by TAMs [10]. It is therefore possible that
MCP-1 mediates a self-enhanding effect driven by TAMs
within tumours. [ncreased expression of MCP-1 in squa-
mous cell carcinomas of the vesophagus has been associ-
ated with increased influx of TAMs and an impaired
prognosis |32]. M vitre experiments indicate that these
findings may be relevant for HNSCG as well [16]. To w'hat
extent the shown lowered monocyte MCP-1 responasive-
ness association to increased prognoesis can be linked to
TAM influx in HNSCC tumours needs te be further eluci-
dated.

The observations in the present study add weight to the
arguments that activated MNPs may in fact increase rather
than reduce tumour cell aggressiveness in HNSCC. Sill,
TAMs may in some cytokine environments have tumour
suppressive potentials, which probably explains observa-
tions of improved prognosis associated with high num-
bers of TAMs in some other types of malignancies [33,34].
The observed reductions in HNSCC tumour mass when
injected with biological response modifiers such as OK-
432, may be in pan be explained by such macrophage
activation [35].

Previously, it has been shown that monocytes in HNSCC
patients compared to control patients are primed for an
increased sensitivity to endotoxin stimulation as meas-
ured by cytokine secretion |8]. The present study confirms
these observations and further shows that monocyte func-
tion aciually may provide information as to prognosis of
HNSCC disease. We have previously determined in
another patient sample that IL-6 secretion from mono-
cytes did not predict survival. ltshould, however, be noted
that patients with more affecied capability, as me_asured
by Kamofsky scores below 75, were inchided in the
present siudy as opposed 1o a previous swudy |20]. Fur-
themnore, when both of these samples were combined,
prediction relying on monocyie 1L-6 secretion was similar
to this study (manuscript in preparation).

Both alcohol comsumption and tobacco smoking are
expected to be higher among HNSCC patients than in the
general population because consumption of these sub-
stances has been linked to an increased risk of HNSCC
[36]. Smnking and alcohol use may influence monocyte
function [18,19,37]. In the present investigation, how-
ever, differences between HNSCC patients and control
patients, as well as differences between the two HNSCC
patient groups, and prognosis were present s{ull after
adjusting for tobacco and aleohol consumption. The
observed changed monacyte function in HNSCC patients
can therefore not be explained by alechol consumption or
tobacco smoking.

Monocyte sensitivity to endotoxin reflects prognosis
when adjusted for TNM siage. Therefore it may be possi-
ble to identify patients having a better prognosis despite
extended HNSCC disease. This might justify the use of a
more extensive therapy regime in some selected patients
with otherwise very extended TINM stage.
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Observations from in vitro studies suggest that IL-6 pro-
motes cell proliferation and prevents apoptosis in HNSCC
cell lines via activation of signal-transducers-and-activa-
tors-of-transcription-3 (STAT3) via a common B-chain of
the epidermal growth factor receptor (EGFR) [38]. STAT3
plays a critical role in the oncogenesis of several malig-
nancies and has been shown to be activated in tumour tis.
sue and in normal mucosa of HNSCC patients [39]. The
activation of STAT3 is, however, shown to be complexly
regulated via different kinases and supressors of cytokine
signalling genes, which may explain the failure of treat-
ment protocols based on EGFR- tyrosine kinase inhibitors
[40]. Lee and co-workers therefore suggest that multiple
pathways to stimulate STAT3 should be targeted in
patients with HNSCC in order to achieve maximal clinical
efficacy [40]. Thus, one possible additional therapeutic
pathway could be an inhibition of the I1-6 stimulation of

the tumour cells through therapeutic use of anti-I1-6 anti-
bodies [41].

Conclusion

We have shown that monocyte function, as measured by
endotoxin-induced in vitro monocyte regulation of IL-6
secretion at AS conditions was higher, whereas, MCP-1
secretion at SFM condition was less inhibited in HNSCC
patients compared to controls, Monocyte function also
predicted outcome in HNSCC patients. A high LPS-
induced monocyte 1L-6 responsiveness, and to some
extent decreased MCP-1 responsiveness, predicted wors-
ened prognosis independent of TNM stage. Thus, mono-
cyte function is directly associated with the biology of
HNSCC, We suggest that future studies should take into
account the possible use of «-11-6 antibodies as an adju-
vant treatment for HNSCC disease.
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Co-culture of Head and Neck Squamoys Cell

Carcinoma Spheroids with Autologous Monocytes
Predicts Prognosis

K. W. Kross, J. H. Heimdal, ¢, Olsnes, J. Olofsson & H. ). Aarstad

Abstract

Co-culrure of monouytes with autologous fragmen (F) spheraids originating
from. malignanc (M) cumour of benign (B) control mucasa of head and netk
squamous cell carcinoma (HN._SCC.) )""?ld.s interleukin (IL)-6 and monocyte
chemo-ateractant protein (MCP)-1 secretion. This study investigates the associ-
ation between this cytokine co-culture response and prognosis. Analysis of IL-
6 and MCP-1 content of supernatants from monocytes in vitro co-culrure with
antologous MF- oc BE-sphefoids wis investigated in a cohore of HMSCC
patients (7 = 65) diagnosed between 1998 and 2003, all of whorn were ereaced
with curative intent by primary surgery. The IL-6 response was expressed as a
fraction of the lipopolysaccharid response of the same bacch of monocytes.
Recurrence, survival and causes of death were then established following the
second part of 2005. MCP-1 levels did not predict prognosis. We found that
increased levels of IL-6 from sutologous monocytes in co-colture wich ME.
spheroids predicted recurrcnce with a hazard ratio (HR) of 1.3 Jconfidence
interval (CIy 1.01-2.60; P - 0.05] and co-culture with BF-spheroids and
monacytes predicced recorrence (HR = 417, CI5 1.54-11.2% P = 0.005). The
same results where obtained in addition with TNM stage of the patients.
Simultan analysis of BF- and MF-spheroid co-culture IL-6 responses as
well as adjustment for age and TNM stage of the patients allowed prediction
of total survival (HR = 3.1; CLI: 1.11-8.56; P = 0.03) based on BF co-culture
levels. IL-6 s ed upon in vitro co-culeure with monocytes and BF-spheroids
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predicts recurren

and prognosis, wheteas co-culture with monocytes and

MF-spheroids predicts recurrence,

Introduction

Head and neck squamous cell caccinoma (HNSCC) is a
cancer disease arising from a microenvironment rich in
immune eclls [1]. Profound immune accivation has been
demonsrrated  in  patients with established HNSCC
despite the obvious failure of the immune system to
eradicate HNSCC rumours upon escsblished clinical dis-
case. Mechanisms responsible for immune system cvasion
by tumour cells have pot been fully clucidaced and
indeed evidence suppores the notion that the immune
SYStem i Some ¢ases supports tumour growth

‘The mononuclcar phagocyic system (MNP} consists of

monoblasts, monocytes (MO}, macrophages (M) and 9
dendritic cells (DC) forming an important pace of both,*

the innate and specific immune system. Cells of the

392

Cadt as an immune respon

Journal compilation © 008 Blackwell Publishing

MNP, e.g. present ancigens to B- and T lymphocytes as
well as co-regulate lymphocytes via direct interaction of
CDB80/86 o CD28 on lymphocytes [3]. Furthermore,
these cells secrece oywokines and ocher substances, e.g.
inrerleukin (IL}6, tumour necr faccor (TNFy-ot and
monocyce chemo-attraceanc protein (MCF)-1 [4]. [L-6 is
an imporeant pro-inflammarory cycokine [5] bue may also
stimulate cancer cell proliferation [6] through aeeivarion
of STAT3 which is associaced with deregulaced cell
growth and neoplasia [7). IL-6 also stimulates camour
L nvasion into adjacene tissue [8, 9], while TNE-&

_ Mmay pIomote apopresis of tumour cells [10]. MCP-1 was

otiginally determined to recruir MO [11], as well a5 ¢o,
€.£. ugment IL-6 gecretion in MO [12]. MCP-1 may also

: 1se-limiting  chemokine [13].
Thus, evidence suggeses thag MNP can induce both

. L The Authors
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apoptosis of tumour cells [14] as well as scorcte tumour-
stimulating cytokines such as 11-6.

Several investigators have shown that cywokines mainly
produced by MNP may be associated with HNSCC biol-
ogy as measured by prognosis [L3]. High seram levels of
IL-6 have been shown o herald impaired prognosis in
HNSCC patienes [15]. We have tecently shown that a
high level of IL-G secreted from MO isolated from
HNSCC patients, stimulated with endotoxin  (lipop-
nlysaccharid, LPS) fr witro, is associated with decreased
survival [16]. Secrecion of MCP-1 frgm MNP is of poten-
tial impoctance as this C-C chemnakine #s assaciated with
tumour-associated macrophages (TAM) infilccacion 10
HNSCC [17], which in turn has been associated with
HNSCC prognaosis [18].

We have studied MO cyiokine seceetion upen
HNSCC tumour scimulation by 2 medified organ culture
model coupling autologous HNSCC tissue and MO in an
in wvitro co-culture system [19]. Samples [rom TINSCC
tumonrs  may  be  maineained  viable as  maligrant
(M) fragment (F)-sphevoids iw wirre. This organ culture
techoique also enables che establishment of benign (B)
F-sphetoids originating from adjacent benign mucosa.
E-spheroids mainly consise of epichelial {(comoury cells,
fibroblasts and macraphages [19]. Ir w0, MO secrete
I1-6 and MCP-1, bue oot IL-18 o TNF-¢t following
co-culcure both with MF- and BF-spheroids [12].The
spheroids alone also secrete the sarme cyrokines [20)],
mainly gigivating from TAM [21].

The aim of che presenr stdy was to study 1o whae
extenc the magnitude of chis co-culture cesponse, as mea-
sured by production of IL-6 and MCP-1, is related o prog-
nosis in a cohore of HNSCC patients treated by surgery
with curative inteat, Obtaining a beceer understanding of
cancer immune responses may establish treatment of
HNSCC based on manipulation of the immune syscem,
allowing for improvement in disease-free survival [22).

Materials and methods

Patients.  Patients that were admicted for turgery for
squamous cell carcinomas of the head and neck were
included in the study. Tumour sites are given in Table 1
and TINM stage in Table 2. The Regional Committee for
Medical Echics at the Haukeland Universicy Tlospital
approved the study. Each parient gave written consent
before parcicipating in the study. The swdy comprised
65 consecurively included patients treated in our clinic
between 1998 and 2005. Follow-up was 30 = 5 months
in the survival group aod was terminated Il 2005, Ac
the end of the follow-up, 17 of the patients had recur-
rence of which 15 subsequently died from the disease. [n
total, 30 patients died threughout rhe follow-up.

Clinical  paramerers.  Blood levels of haemoglabin,
C-reactive prowein (CRF), erythrocyee sedimentation level

© 2008 The Authors
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Table [ Primary tumaur sires.

Localization Ha.
Lingua 14
Basis lingua 3
Gingiva 10
Mandibula cyse 1
Bucca P4
Palatum mulle 1
Flooe of the mouh 4
Trigonum rerromelote 3
Tonsills 11
Oropharyny 3
Elypopharynx 3
Sinus/nasal cavity 3
Laryn: 7
‘Total &3
Table 2 TNM srage of the included pacients,

NO M1 N Wk Tecal
T1 f 1 { 0 i
T2 12 1 & 1 20
13 8 2 [ 2 18
T4 13 3 4 1] 20
Taeal 39 T 16 3 L]

(ESR} and albumin were determined 1 day preoperative
and on the day of MO harvest (co-cultured, i.e. the 14th
poscoperacive day. Levels were determined according to
the standard procedures and performed as part of stan-
dard blood sampling tescs.

Tragmeni spheroid geweration.  An organ culture model
was used by which free floating fragment (F-) spheroids
were established as previously described [12]. Biopsies
were obrained ar surgery from eumour or beaign mucosa
distally from the frozen sections biopsies. Maeroscopically
vital tissue was randomly chopped from malignanc rissue.
Benign ctissue was harvesced from che epithelial part of
the mucosa biopsies. Cubes, with a size of 0.5-1.0 mm,
were transferred to agar coated cissue culture fasks (Nung
A/S, Raskilde, Denmark). The fragment sphetoids were
caleured in Dulbecco’s MEM  (BioWhittaker, Walkers-
ville, MD, USA} supplemented with 15% heat inacti-
vated fetal bovine serum (FBS) (Sigma. 5S¢ Louis, MO,
USA}, penicillin (100 IU/ml}, sceepromycin (100 ug’
ml}, amphotericin (2.5 pg/ml), L-glutamine {2 mM) and
non-essencial aming acid mixture (1%) (BioW hitcaker).
The cultures wete maintained at 37 °C in 5% CO., and
95% air with 100% relative humidity. Fragments, which
bad rounded to spheroid-like scructures after 10-14 days
1 vitra, were selected for expetiments.

Monocyte and sernm preparation.  Two weeks postopera-
tively, peripheral blood menonuclear cells (PBMC} drawn
ac 7.30 AM, were separated by geadient centrifugacion
with I.yrnphoprep" {Nycomed, Oslo, Norway) as density

Journal compilation © 2008 Blackwell Publishing Ltd. Scamdingvian Journal of lmmanolagy 67, 332-399
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gradient medium a5 described previously [12]. The
PBMC yield of 8.5 ml blood was allocated ro ali wells in
a 24-well plare (Nunc) with RPMI-1640 supplemented
with peniciltin (100 IU/ml), streptomycia (100 pg/mi),
amphotericin (2.5 gg/ml), 1-glutamine (2 mm) and 207
autologous serum to a total volume of 0.5 ml per well.
After 40-min pre-incubation, the MO were purified by
washing, and then cultured in RPMIL/20% autologous
serum; (L5 ml per well. The cells were shown to be more
than 95% MO positive by non-specific csterase stain.
Viability was by this method more than 95% as tested
by the tryphan blue stain.

Co-iwlture.  Fourreen days postoperatively, malignant
{M) or benign {B) F-spheraids were washed and transfecred
to freshly isolated MO cultures in 24 % 16 mm well
plates (Nunc) with 0.5 ml RPMI/20% autologous serum
per well. Four to six spheroids per well were employed.
MO cultured in wells with the indicated medium with or
withour addition of | pg/ml LPS from Escherichia coli
(Sigma) served as controls. The IL-§ sectetion tate (RR)
was calculated according to the fallowing formula:

RR =

P/l co-culture secretion ~ pg/mi background seerstion
pa/ml LPS simulated sccretion — pg/ml background secretion

iL-6 and MCP-! ELISA. The conrents of TL-§ and
MCP-1 were determined by LLISA using MCP-1/TL-6
capture and detection antibody pairs, compared to r-hu
MCP-1/1L-6 as standards (R&L Systems Europe Ltd,
Abingdon, UK). All procedures were performed accord-
ing to the specifications of che manufacrurer. Tn short,
D6-well microtitreplates (Costar, Corning, NY, USA)
were coated overnight at room temperature (RT) with
monoclonal mouse anti-human MCP-1 or 11-6 capture
antibodies respectively. After blocking, diluted samples
and recombinant human respective  standards  were
added and incubated for 2 h at RT followed by cthe
addition of biotinylated polyelonal goat  anti-human
MCP-1 or IL-6 respectively. The plates were chen incu-
bated for 20 min ac RT with streptavidin-conjugated
horseradish  peroxidase. Tetramethyl-benzidine (TMB)
(Sigma) and H,0, were used as substrate. Absorbency
values were measured at 450 nm using Softmax Pro
version 4.0 on an Emax Precision microtitre plate reader
(Molecular Devices, Sunnyvale, CA, USA). The lower
decection level was 9.4 pp/ml for IL-6 and 15.6 pe/ml
for MCP-1.

Statisties.  The statistical program package spss (Ver.
14; SPSS, Chicago, IL, USA) was used. Figures are given
as mean + standard coror of the mean, The groups were
compared by the analysis of Scudeac’s #-test. Survival
analyses were performed by Cox regression analysis op
Kaplan-Meier [Log Rank (Mantel Cox) test| analyses.
With respect to IL-6, analysis was performed both wich

Journal compilation € 2008 Blackwell Publisli s Led. Srandinorian fournafl of 1
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the resules kepr as original RR values and dichotomized
with RR = 030 as cuc-off value.

Results

Co-culture IL-6/MEP-1 secretion internal relation and
relation te clinical inflammation parameters

We determined that the 1L-6 co-culture RR values as
well as the MCP-1 co-culture values from the benign ver-
sus malignant condition correlared (malignant: © = 0.28;
P < 0.001) (Benign: 1 = 0.33; P < 0.001). We found an
inverse correlation between the ESR ac diagnosis and the
production of MCP-1 by MO in co-culture with MF-
spheroids (1 = —0.29; P - 0.01). There was a similar
trend for co-cultures with BF-spheroids (P < 0.1). No
correlation was found ss to cytokine secretion level and
serum CRP levels. There was a significanc correlation
between the serum albumin level ac diagnosis and MCP-
1 secretinn by MO in coculeure ar both BF-sphervid
{r=1024 P <0035 and MF-spheroid  {r = 0.32;
P = 001) condition.

Recurrence as related to IL-6/MCP-1 co-cultyre responses

Seventeen patients developed recurrence of discase during
follow-up. Comparing co-cultuge [L-§ secretion levels of
these patients to that of patients without recurrence by
Student’s s-test, we found an increased 1L-6 supernatant
level for BF-spheroids (RR = 0.97 £ 0.39 versus
0.19 + 0.04 ¢ = —3.15; P = 0.003) and MF-spheroids
(RR = 0.99 + 0.26 versus 0.45 = 0.07; 7= -2.7s;
P = 0.008) (Fig. 1). This was confirmed by Cox regres-
sion analysis where, in addition adjusting by age of the
patients, we determined a prediction with the IL-6 BF-
spheroid (dichotomized with RR = 0.5 as cuc-off values)
[hazard  ratio  (HR) = 4,17;  confidence interval
(CD) = 1.5491.29; P = 0.005] and with che ME-sphet-
od (HR = 1.5; CI: L.01-2,60; P = 0.046) co-culture
response respeccively {analyses aoc shown).

We also performed Cox multivariate regression analy-
sis with RR-transformed MO IL-6 production values
from co-culture with MF- or BF-spheroids adjusting for
both TNM stage and age of the patients. These analyses
confirmed the association between recurrence and ME
spheroid  secretion with HE = 1.76 (CL 1.00 312,
P =005 (Table 3). Wicth dichoromized values, BF-
spheroid conditions predicted recurrence upon adjusting
for age and TINM stage of the patient {HR = 4.0: CI:
1.38-11.4; P = 0.01} {Table 3» Kaplan—Meier analysis
also showed thae a high value for BF-spheroid IL-6 seere-
tion predicted recurcence (P = 0.003) (Fig, 2).

¢ » Analyses were also pecformed Cox multivariate regres-

sion analyses wich age of che patients, TNM stage as well
as both benign and malignant RR. JL-6 values included.
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IL-6 Production {RR~-valua) from Monocytes
in co-culture with autolog F-spheroide

1.601 m Recurrence
1.4p] O o recurrence

1.20
€ 1.004
$ 0.80
& 0.60
0.40
0.20

0.00

AR, IL-& Malignant RR IL-5 Benign

Figure ! HNSCC patieas monocytes were isolared from  periphecal
bloed mononudlear cells 14 days after surgery and cocultured 24 h
i vitre with MF- or BE-spheroids. -6 levels were derermuned from sn-
pecnacants by ELISA analpsis wwd “Relative o eodocoxin/backgeound
Reasponse’ (RR) values were calculared. Stadstics: MF-spherond co-cul-
cure: {1 = =279 P - 0008, BF-coculture: {r - =315 P = (L003.

Theses analyses showed that the unique variance aceribured
to the bemgn IL-6 RR co-culeuce resales prediceed recur-
rence (HR = 3.36; CL 1,03 -11.04 P = 0.04) (Table 3.

No assnciation was found between MO co-culture
MCP-1 levels and recurrence.

Survival as related to IL-6/MCP=1 co-culture responses

Thisty patients died during follow-up. Their ea-culiure
IL-6 producrion was compared to that of living paticnts.
Ao increased IL-6 supernacaoc level was fouod for BF
spheroids by Student’s f-test (RR = 0.68 = 0.25 versus
0.18 & 0.0%; = -2.13% P = 0037} compared such
patients with the patients seill alive by fall 2005.

Cox multivariate regression analysis was performed
with dichotomized RRE IL-6 values from BF-spheroid and
MF-spheroid co-cultures adjuseing for TMNM seage and
age of patients. This analysis showed a crend rowards sur-
vival prediction based on BE-spheroid level {HR = 2.2;
CI' 0.91=5.18; P = {1.08) (Table 4} This tread was con-
firmed in a Kaplan—Meier ploc (Fig. 3), When benign
and malignaot 1L-6 results were simultancously included
in the Cox mulrivariate regression analyses, BF-spheroid
levels predicted survival {HR = 3.1; Cl: 1.11-8.56,
P = 0.03) (Table 4). This is also shown in a Kaplan—
Meier ploc (Fig, 4). MCP-1 co-culture levels were noc
found o predict survival.

Summary survival & recurrence as related to 1W-6-MCP-1
co-culture responses

Figure 5 shows a depiction of the results, The areas of
the rwo ellipses depict the total vanance of the benign
and malignant BR 1L-6 co-culenre responses respectively.
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Table 3 Recnrrence by Mulcivariare Cox Repeession Analyses with
o-culture secrenion of IL-6 {RR values) adjusced by age, and TN stage
of the HNSCC Pavents,

RE valves diceecly RE values binomially
scored 95% CI for HR  scored 935 CI for HR

HE Lower Upper Sig. HR  Tower Upper Sig.

Agc 1 1 1 00 L 1 1 0,10
T stage 096 153 LT3 A3 001 034 1.32 071
N srage 119 Q62 228 061 Ly 62 228 0460
CC Ben, Fospheoid 1,34 0.1 LYy 013 400 L3 14 00l
Age 1 1 1 1 1 1 1 017
T stage 0.83% 050 140 o048 072 044 1,20 0.21
M sage 1.25 065 2537 050 L11 960 203 047
CC Mal. Fspheroid 176 LOG 312 0.05 2.29 0.82 a4l 0.11
Ape 1 1 1 006 1 1 L e
T srage 093 952 LM 087 077 0.52 L5& 037
N stage L2535 064 236 053 148 0E2 226 04l

CC Ben, Fspheroid 0.97 0.53 118 092 3.36 103 11D 0.04
CC M. Fspheroid 1.38 075 472 0,18 143 044 461 035

HR, hazard aating 95% C1 fur R, 95% confidence intorval for HR;
Sig,, statiscical significanes, CC, co-cultare.

Recurrence IL-6 BF-spheriod and manocyle

co-cuiture
1.04
0.8 Low
g R PR
£ ;
%o,s- L
P=0.003
2 b _
% 0.4 High
3 AT e iy
- i
[ 53 ;
0.2 N
0.0+
T T T T T T
0 20 40 60 &b 100
Maonths observation

Figur: 2 Kaplan-Meier cecurrence analysis with che same resules as in
Fig. 1. The benign 11-6 coculrure KR values were analysed with
RE = 05 as cut-off wailue,

The variance of the benign RR TL-A eo-culeure response
is depicted in dark grey and the malignant RR IL-6
co-culture response in light grey. The unique benign RR
TL-6 co-culture variance (dark grey) predicted recurrence
and survival, whereas the common arca of che two IL-6
co-culeure responses prediceed recurrence.

Discussion

o this study, we investigated the relations o recurrence
and prognosis of i witre IL-6 and MCP-1 secretion

fagy 67, 492399

396 Cytokine Secretion and Survival in HN Cancer

during co-culture of aurologous MO with MF- or RE-
spheraids 2 wecks following primary surgery in a cohore
of HNSCC patients. Associations were found between the
amount of IL-6, but noc MCP-1, produced in co-culwre
of MO wich F-spheroids and recuercnce of discasc as well
as survival of disease. We decermined thac ME-sphercid
co-culture EL-6 level predicted tecurrence, whereas BF-

spheroid co-culrure I1.-6 level predicted both recurrence
and survival,

“Table 4 Sucvival by Multivariate Cox Regression Analyses (hinnmially
analysed) with co-culmare -6 seeretion (RR values) adjusced by age,
T- and N-seage of the HNSCC patients,

955 1 for HR

HE Lower Upper Sig.
Ame 206 121 7.2 0.02
T stage LG 0.64 EXT] 037
N stags 155 0.67 357 EY]
CC. Ben. Fespheroid 210 0.98 504 409
Agc 1.89 0582 4,33 .14
T stape 087 046 210 97
N stage 1.54 0.69 343 .29
CC Mal. Fsphercid 60 032 L4y 0.34
Age 282 1.1% &0 0.02
T stage 1.37 0.60 315 045
N srage 1.33 0.67 356 0.3l
CC Ben, B-spheroid AL 1.04 8.0 004
CC Mal. F-sphecoid 0.54 022 1.34 [ ]

HR. hazard ravio;, 95% CI for HR, 95% confidence interval fne HR:
Sig., searistical significance; CC, co-culture.

Total susvival IL-6 benign F-sphergid and monocyle
co-culture adjusted for TNM slage and age

0.8+

o
2]
1

Cumulative survival
[=]
-
1

o
i

0.0

*]

Months observation

Figure 3 HNSCC patients Kaplan-Meiet survival amalysis with resules
obtaned us described in legend to Fig, 1, This figure shows a Kaplan-
Meier plat as caleulated by 2 Cox multiple regression analysis also
ncluding age and TNM srage of the patiens, The age and benign IL-& ¢
o culture RR values were enteced into analysis dichowomized with
coculture KR = 0.5 as cuc-off valye,

K. W Kross st al.

Furthermore, we failed to find a significant coreelatiyn
between cyeokine seczetion and rumour {T) or node (N}
scage in this study (daca not shown), This might indicare
that MNP function is changed ac the early stpes of
HNSCC disease, alchough this should be interpreced wirh
limitations as all jocluded paticnrs were treacable wich
surgery and the majoricy of the parients had at lease a T2
stage disease.

Monocyte chemo-attractant  protein-1 is imporrane
for MNP aggregacion in umours |23, 24] and levels

Total survival IL-6 benign F-spheroid and monocyle
co-culture adjusted for TNM stage, age and IL-6
mialignan ¢o-cullure

.8+

o
T

Cumulative sundval
=]
E-
1

=
a

0.0

an
Months cbservation

Figure 4 Kaplan-Meiet sarvival analysic with cesules ubtained as
described in legend ro Fig. 1. This fgure shows a Kaplan-Meier plot at
caleulated by a Cox mulriple regression analysis aso including age,
TNM stage and the MF-IL-6 RR co-culture responses of the patients.
The age and IL-6 co-culture KK values entered ineo analysis dichoto-
mized with co-culture RR = 0.5 a5 cucoff value,

BF-zpheroid co-cultuna

MF-spheroid ¢o-culture
IL-& response

IL-6 response

Figure § This figure depicts che results of the recurrence and survival
analyses as measweed by Cox Multiple Regression analyses. The areas of
the two ellipses depice che total variance of the benign and mabign RR
IL-€ ¢o-culture responses eespectively, The variance of the benign HE
IL-6 &o-cultute tesponse is depiccad wirh darle grey color and the malig-
fafic RR JL-6 co-culture gesponse with light grey wolvar, The unigue
benign KR [L-& co-culture variance (dark greyd prediceed recurcence and

survival, whereas the commaon area prediceed ecurcence.
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present upon aggregacion may Carry prognostic infor-
mation [18]. MCP-1 may subscquently stimulate IL-6
seceeeinn of MO} co-cultvred with F-spherords  [29].
Despite this observation, we have not been able to
correlate MCP-1  secrecion  levels to recurrence or
prognasis.  Ocher  culture  conditions may, however,
vneavel soch an association,

Benign as wall as malignant co-cultuce TL-6 responses
weie associated with recurrence. Staristical analysis sug-
geses chae che MF-spheraid co-culture IL-6 prediccion is
derived from 2 common variance of the twn responses.
We also swdied Cox regression total survival analyses
with both the BF-spheroid and MF-spheroid co-culeure
responses included together wich 1N stage and age of
the padencs and chis analysis showed thac the wnique
BF-spheraid co-calture 11-6 variance predicted sucvival.
We were, however, not able to link che MFE-spheroid
co-culcure 1L-6 response to survival. This may rely on
the experimental conditians as several other stadies have
shewn thae IL-6 merbolism is broadly telaced co survival
[26]. We [16] aod Clinchy e o [26] have, for example,
shown rhat increased [1-6 secretion from PBMC stimu-
lated wich LPS is associated wich impaired prognosis in
HNSCC patients and patieots radicatly operaced for colon
cancer respectively.

Both F-spheroids and MO substantislly contribute <o
the co-culture IL-6 response as previously shown, bue
vo-culeure MCP-1 seccetion is mostly derived from MO
[12, 25]. Farchermore, the F-spheroid generated MCP-1
and 1L-6 secretions originate to some excent from macro-
phages residing in the tissue of the F-spheroids {21].
Thus, the present IL-6-based prognosis BF.spheroid
associacions may be assigned to the setum, the MO, the
fibroblasts, the benign mucosa cells and mucasa-associ-
ated macrophages (BF-spheroids).

The: serum component was studied o more detail by
determining serum  values of albumin, CRP and ESR
values upon MO isolacion. None of these variables was
associated with che TL-G co-culture responses arguing
againse a general inflammacory property of seeum influ-
encing the magnirude of the IL-6 co-culture responses,

Lipopolysaccharid stimulates MO through  Toll-like
receptor (TLR)-4 ending in, e.g. activating [L-6 synchesis
via NF-kB activation [3, 27]. A high LP5 stimulated
MO IL-6 production has been shown to be correlated
with a worse prognosis in HNSCC pacients [16]. This
MO role is unlikely to cause the co-culture IL-G predic-
tion 25 en-culrure responses were adjusted for MO LPS-
seimulated  [L-6  production. Other MO Fanctional
changes in HNSCC patients may, howcver, cause the
shown prediction,

The shown co-culcure IL-G secrecion  BF-spheroid
secretion prognostic information may be caused by “feld
cancerization” as one of several explanations. ‘I'he concepr
of ‘held cancerization’ states thar in some patients chan-

© 2004 The Authors

ged dysplastic epichelia is found throughour mucesa of
both che upper and lower respiratory tracts as well as o
some extent in the cesophagus, subsequencly gives rise to
cancer both locally and throughout upper respiratory and
ossophageal mucosa. Such dysplastic epithelia may give
rise to secondary primary cancer knowa o kill many
successfully rreated HNSCC partients [28]. An elevated
production of IL-6 from BF-spheroids might be linked ro
dysplastic-teansformed  epithelia  stimulating MO, as
shown by an elevated BF-spheroid co-culture response in
patienes who died during follow-up.

The importance of IL-0 as o worsening of prognosis
of HNSCC pacients is in line wich published studies
both as to properties of semim values of pro-inflammatory
cytokines [13] and secretion of pro-inflammarery cyto-
kines by immune cells [16]. The observed sigpificantly
higher level of IL-G in patients with recurrence and/or
death might be linked to an IL-6/glycoprozein130 stim-
ulation which activates STAT3 in an EGFR-independent
matter [7]. STAT3 acrivation is associated with cell pro-
lifcration and prevention of apopugsis thereby participac-
ing in nncogenesis [29] and has shown to be upregulated
in HNSCC-tissue and respective in benugn mucosa [30].
In chis aspect, the presene study may be viewed as one of
many which show that chronic inflammarion may pro-
mote cancer groweh [31].

Furthermore, numerous previous scudies have shown
thac lymphocyres of the specific immune system express
functional changes in cancer patients [1]. Tc has, for
example, been sugpested chat a high percentage of
CD4'CDO9" T lymphocyres is associated with worse
prognosis in HNSCC both as measured among tumour-
infilcracing  lymphoeytes (TILY [32] and in peripheral
blood [33]. The presenc study adds further seeength to
the claim that a biclogically importane interaction cakes
place berween the immune system and malignane cells
during curmnour development.

Presenely, it appears that response above a threshold
tevel of benign co-culeare IL-0 secretion is closely associ-
ated wich recurrence and survival. Above this threshold
(KR > 0.5}, six of eighe patients had recurrence and then
subsequently died. No surviving patienc had 2 BF-spher-
oid 1L-6 producrion above chis threshold. Thus, this
response may single out patients with high risk of deach
from cancer discasc. These paticnts could serve as rargees
for a very cose-efficient follow-up,

A suggestion based on the present work together wich
our recently published wock showing a similac negative
prognostic value of increased 1L-6 secrecion by peripheral
blood MO following LPS stimulation [16] togecher with
orher published studies may be to employ ancibodies
againse IL-6 as parc of HNSCC creacment. Such ancibod-
ies have already been implemeoted in the treatmemt of
juvenile chenrmatoid archricis, and been shown o be safe
in that context [3].

Journal conprilaiion © 2008 Blackwell Publishing Led. Scandinarian_fowrmal of tmmanolgy 67, 492-399

308 Cytokine Secretion ang Survival in By Cance
o ....,........k.,.............,......-.‘....,,,,_____I” .
Much effore has been put incg estab]
ogy bascd creatmencs of wancer, in pare;
122, 34, and stimunlavion with biologica
fers [34] and antibody treatment [22]
of cancer. The present study adds supp
that tumonr cells exer: influence o t
and malignant cells interace with eac
an assumprion that also cells of the innate immune
tem are_ important elements in the tumour Cell.ir:;Sys_
system iaceracons in HNSCC patienes, 4 furthe e
sure of the interactions becween MNP .
might contribute ro development of (adj
therapy 1n HNSCC.

ishing immunol.
cular vaccination
L tesponse modi.
for the treatment
Oft to the concept
he immyne system
h other, 1, supports

r disclo-
and cancer cells
uvant) immune-

Acknowledgment

This work has been supported by The Norwegian Can

Society, We gratefully thank T, Tynning and DA Sa:;_r
nes for excellent technical assistance. We thank statjgej-
cian Stein Atle Lie, University of Bergen for valualhle
discussions abour statistical methods of anal

¥sis for the
present work.

References

1 Whiteside TL, hamunobiology of head and neck ancer, Camer
Merastasis Rer 2005, 24951 05,

2 Van Ginderachrer JA, Movahedi K, I deh Ghassabeh G o 4/

Classical and alternative activation of mononuclear phagocytes: pick-

ing the best of both worlds for cumor promotion, Immunobiology

2006;211:487-501.

Foell [, Hewes B, Mittler RS. T cell costimulztory and inhibivory

receptons &t therapeutic targers for inducing anei -tumor immumiey.

Curr Cancer Dirug Targets 2007;7.55-70,

Hume DA, The mononueleay phagacyte system. Coer fipin fmmunct

2006:1 8:49-53.

Kishimoto T. Incerleukin-6: from basic science to medicine—

40 years in immunology, Amnu Rev Immunof 2005;23:1-21.

& Kamimura 1, Ishihara K, Hirano T. IL-6 signal transduction and

its physiological roles: the signal orchestrarion model, Rev Physial

Biochem Pharmacol 2003;149:1_38,

Stiuranpong V, Park JI, Amornphimoltham P, Patel V, Nelkin BD,

Gutkind  JS.  Epidermal growth  factor receptor-independent

constitutive activation of STAT3 in head and neck squamous cell

carcinoma is mediated by the autocrine/paracrine stimulation of

the interleukin 6/gp130 cytokine system. Cancer Rer 2003:63;

2948-56.

Hong SH, Ondrey FG, Avis IM o af, Cyclooxygenase regulates

human oropharyngeal carcinomas via the proinflammatory cycokine

IL-6: a general role for inflammation? FASEB ] 2000;14:1499-507.

Nishino H, Miyata M, Kitamura K. The effect of interleukin-6 on

eahancing che invasivencss of head and neck cancer cells in wicro,

Car Arch Oterbincfarpngel 199828546077

10 Yoshimura A. Signal transdurion of inflammatory cytokines and
wmar development. Cancer Sei 2006:97:439_47,

LI Mertiner N. Beck G, Rernard ¥ o of, Mochanism fur the recruis-
ment of macrophages w cancer sice. In vivo comtentration gradient
of monocyte chemotactic sceivity, Caner 19927045 4-60,

w

=

wr

Y]

=

e

L2 Heitndal ), Anrstadd 1], Oloksan J. Monouptes secrete incecleukin® i 27 Bowman T, Garcia R, Turkson . Jove R.

when co—culwred in vitro wich benign or malignam autologous

Jouenal compilacion © 2008 Blackwell Publishiog Led. Scndinnvan Jouenat

K. W, Kross et al.

fragment Sphfm‘.ds Fromy scpramons cof)] Largj
Irsmaned 2000;31:271-4.

13 Gormes RN, p,'gueimd_o RT, anrza FA e g, Increaseq entibilit
to sepric and endotoxic shock in monocyre chtmm[rmiu.sr.epu i 1I}’
/ce chemokine ligand 2-deficient mice correlage WF‘:L m‘::;

interleukin 10 and enhanced macrophage Migrating e
tar production. Shack 2006;26:457 63,

14 Fidler 1J. Therapy of cancer metastasis by syscen
macraphages. Adv Pharmacol 1994;30:271-326.

15 De Schucter H, Landuyt W, Verbeken E, Goethals L, Heryy,
Nuyts S. The prognostic value of the hypoxia markers CA [:;?5 B
GLUT 1 and the cyrokines VEGF and IL 6 in head and neck iy
mous cell carcinoma treated by radiotherapy +./— chema, )
BMC Cancer 2003;5:42.

16 Heimdal JH, Kross KW, Klementsen B, Olofison J. Aarstaq Hj
Stimulated monocyte IL-6 secretion predicts survival of patiene wit};
head and neck squamous cell carcinoma, BMC Cancer (i press),

17 Ueno T, Toi M, Saji H & al Significance of macrophage
chemoarcractant protein-1 in macrophage fECruitment, angiogenesis,
and survival in human breast cancer, Clin Camer Res 2000;6:
3ig2.90,

18 Marcus B, Arenberg Dy Lee J e sl Prognosuie factors in oral cavity
and otopharyngeal squamous cell carcintama, Caner  2004;101.
2779 BT

L9 Heimdal JH, Asrstad HJ, Olsnes C, Olofison J. Human, autologaus
monucytes and monocyte-derived Macraphages in co vulture with
carcwnoma F-spheraids secrets IL 6 by 2 non-CD1d-dependent pach-
way. Seand § Immunsd 200153316230

2] Kross KW, Heimdal JH, Olsnes €, Olofssan 1, Aarstad HJ. Head
and neck squamous cell carcinoma sphervid- and monocyte spher-
oid-stimulated T1-6 and monocyte chemotactic protein-1 secretion
are related to TNM stage, inflammatory state and tumor macro-
phage density. Adw Oralarmgal 2005;125:1097-104.

21 Kross KW, Heimdal JH, Olsnes , Olofson Jo Aarstad  HJ.
Tumour-assaciated macmphages secrere [1-6 and MCP-1 in head
and neck squamous cell carcinonoe tissue, Ao Otolaryngol
2007;127:552-9,

22 McKechnie A, Robins RA, Eremin 0. Immunolagical aspeces of
head and neck cancer: biology, pathophysiology and therapeuric
mechanisms, Surgeon 2004;2:187-207.

23 Kleine-Lowinski K, Gillitzer R, Kuhne-Heid R, Rosl E. Monocyte-
c}lrmma:tm(ant-pmlein—l (MCP-1)-gene expression  in  cervical
intra-epithelial neoplasias and cervical carcinomas, fer | Cancer
1999:82:6-11.

24 Koide N, Nishio A, Sato T, Sugiyama A, Miyagawa . Significance
of macrophage chemoattractane protein-1 expression and macro-
phage infiltration in squamous cell carcin
Am | Gastroenters! 2004;99:1667-74.

25 Heimdal JH, Olsnes C, Olofsson J. Aarstad H]J.
monocyte-derived macrophage secretion of MCP-1 jn co-culture
u‘mh autologous malignane and benign control fragment spheroids.
Cancer Immunol Immunother 2001 1303006,

26 Clinchy B, Fransson A, Druvefors B et
kin-6 production by mononuclear bl
after radical surgery for coloreceal
1742-9.

" i s s i gt T i o
el o i C Mda.rynsea.l L_ar.\ce.-r for combined
e paradigm. | Clin Qngal 2006;24:

28 Iia PK, Cabifaru JA. The molecular biolo
erization of the head and neck. ©ry Rev
165-9.

NOMa pacienns, Sermd f

ini\ibimry fac-

1€ activarjon of

t]’berq)}._

oma of the esophagus,

Monocyte and

al. Preoperative interleu-
ood cells predices survival
carcinoma.  Camper 2007:109;

2y of muccsal fyeld Lamg-
Oral Bigl Mey HWF;14:

ETAT: ; :
Omeogene 2000;19:2474-88, Ts in eacogeucss,

& 2008 The Auchors
q,f!mmwmfrrg)' 67, 302_30¢




K W. Kross et al,

3 Gmodis TR, Dreoniog 5T, Zrag @ # o Comtinative activation of
Semt3 signaling abroguees spoptosis in sq etll curcinogenei
in vivoe. Pror N/ Aced 5o U § A 200097:422732,

31 Yan Wers C. Nuclou fcrordappab in develop prevention,
and chetupy of cancer, Clor Conar Ra 2007;12:1076-82.

32 Badousd C, Hans 8, Rodrigue J o af, Progomcic valus of tumoc-
infilorating CD4+ T-cell subpopubtions in head aod neck cancers.
Clin Cancer Re 2006;12:463-72,

© 2008 The Awhon

Cytoking Secretion and Survival in HN Cam:er 399

. . . . s

33 Assd HJ, Heimdal JH, Klementen B, Olofisoa J, Ulvesad E.
Presence of activared 'T lymphocytes in peripherl blood of head and
weck squamout coll auciooma paciens predics impaired MRS,
Ade Otelaryigel 2006;126:1326-33,

34 Herold-Mende C, Karcher J, Dyckhoff G, Schirrmacher V. Aotiva-
mos immunizdon of bead wod neck sqummons cell carcinoma
ptients with & vims-modified surologou rumoe esll vatine. Ady
Oiwbimalarymgel 2003,562:173-83,

Journal compilacion @ 2008 Blackwell Publishing Ltd. Scandimavion Jarwel of immanetogy 67, 392-399

'




