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4. GENERALSUMMARY

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 mononuclear phagocytes and head and

neck squamous cell carcinoma might form a basis for an adjuvant therapy in

the treatment of this type of canoer, which still has a S-year survival rate of

about 50%. Mononuclear phagocytes can secrete many different substances,
..j

such as interleukií-G and monocyte chemoattractant protein-1. These
:

substances have peen shown to play a role in the development and

metastasis of cancer. lnterleukin6 co-regulates cell differentiation, survival

and apoptosis. Monocyte chemoattractant protein -1 is a chemokine

responsible for recruiting mononuclear phagocytes to tumours. Mononuclear

phagocytes have the ability to secrete 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 cells 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

spheroids do not secrete tumour necrosis factor-o and that interleukin-G and

monocyte chemoattractant protein -1 production by monocytes, in co-culture

with spheroids, conelated with density oÍ tuóur-associated macrophages
/,t'

both within the spheroid and conelated to each other. Furthermore, monocyte

l3

MNP(s)

NCR

NF-rB

NK

PB

PBMC

STAT.3

TAA

TAM

TIL

TCR

TNF-q

Mononuclear PhagocYte(s)

Natural cytotoxicitY recePtors

Nuclear Factor-rB

Natural Killer Cell

Peripheralblood

Peripheral blood mononuclear cell

Signal transducer and activator of transcription 3

Tumour-associated antigen

Tumour-associated macrophage

Tumor-infiltrating lymphocytes

T-cellreceptor

Tumor necrosis factor-a

t2



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 tumour-

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 prognosis, we wanted to study the presence of an association between

monocyte 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-6 production

after stimulation with lipopolysaccharide, had a reduced disease-specific

survival compared to patients with low monocyte interleukin-6 production,

when adjusted for age, gender and rNM stage. This indicates that activated

mononuclear phagocytes may, in fact, increase rather than reduce tumour cell

aggressiveness in head and neck cancer.

co-cu ltu re-derived i nterleu ki n-6 and mon ocyte ch emoattractant protein - 1

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

patients operated for head and neck squamous cell carcinoma. ln comparison

to patients without recurrence, patients with recurrence had higher interleukin-

6 production when monocytes were co-cultured with benign and malignant

fragment spheroids. Furthermore, a high value of benign fragment spheroid-

derived interleukin-6 secretion predicted survival while interleukin-6

production from monocytes in co-culture with malignant spheroids conelated

to recurrence.

This thesis has foóused 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 model, to

clinical parameters such as survival, recuÍTence and serum factors. Tumour-

associated macrophages produce interleukin-6 in head and neck squamous

cell carcinoma, thus forming consequences in prognosis. Future therapy

strategies might be directed towards mononuclear phagocytes and their

cytokine production.
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5. INTRODUCTION

5.1 Head and Neck cancer

Head and Neck Cancer (HNC) is a relatively rare cancêr disease in the

Western world. ln the United States, where the population is approximately

300 million, an estimated 40 500 new cases of HNC arose in 2006, with an

estimated mortality of 11.170 persons(1). Worldwide, 644 000 new cases of

HNCs are estimated to be diagnosed each year, with almost two-thirds
..J

occuning in devel6ping countries(2). ln some of these countries, HNC can be

one of the most common malignancies. This is mostly due to factors such as

poor oral hygiene, chewing betel nuts, smoking and drinking alcohol(3) but

other factors such as genetic susceptibility and virus infections may play a

role in the carcínogenesis of HNC(a). Over 90% of malignancies in the upper

aerodigestive tract are squamous cell carcinomas (HNSCC)(5),which will be

discussed further in this thesis.

5.2 Treatment of HNSGG

HNSCC is usually treated with surgery and radiotherapy either combined or

one modality alone. ln the last years, advances in surgical treatment have

been mainly made on the field of organ preservation and more efÍective

means of reconstruction(6). Advances in radiotherapy have been seen in

recent years to include altered fractionation radiotherapy and radiotherapy

combined with chemotherapy in patients with locally advanced tumours o'8)

However, this combined treatment is associated with severe side effects(e).

Despite advances in diagnosis and treatmenï, th" survival rate has not
/ /t'

significantly changed over the last 20 years and remains rather low.(10) The

(-,
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highest S-year survival is for lip cancer, al91o/o but just 31%for

hypopharyngeal cancer(s). There is, therefore, an urgent demand for new

therapies to improve the survival of HNSCC patients.

5.3 Ghallenges in treatment of HNSGC

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(11). EGFR inhibitors hold promise in two

important ways: (1) further improve efficacy for patients at risk for recurrence

and (2) decrease treatment-related toxicities by replacing toxic cytotoxic drugs

without jeopardizing survival(12). 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 givsn(13) These substances are administered combined with radiotherapy

or chemotherapy(1+). Results are promising despite severe side effects but a

new standard of treatment has yet to be found in the clinic(14).

The innate immune system may interact with cancer cells, both as an

inhibitor(15) and facilitator(16) of tumour growth. This interaction ailows for the

use of immunomodulating therapies of cancer by more or less generalized

stimulation of mononuclear phagocytes (MNP). Killed bacterial toxins(17),

along with bacillus Calmette-Guerin (BCG)(18), B-glucan(le), interferons(2o)and

monoclonal antibodies(21) are examples of applied biological response

modifiers (BRMs), used as immune stimulators in tumour treatment.

ln Japan, it has been a long-standing tradition to use penicillin-killed

lyophilized Streptococcus pyogenes, denominated OK432 or picibanil, as a

BRM in cancer treatment(22). Sakamoto et at.Q2)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 í 1 randomized

clinical phase lll trials. The S-year survival rate for all eligible patients in the '11

trials was better with OK432 treatment, i.e. 51.2% in the

immunochemotherapy group versu s 43.7% in the chemotherapy group.

Furthermore, Oba et al(23)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 lll trials). There are also

reports suggesting that patients with other cancers, such as HNSCC(2a), may

benefit from OK-432 treatment. OK432 may also be used as a maturation

factor for dendritic cells (DCs) as part of vaccination therapy of cancer

patients(2s). Despite these convincing results lor OK432 as cancer treatment,

OK-432 treatment 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(26). This, as well as other new (gene)

therapies, has not been properly developed nor have there been, to our

knowledge, performed any clinical studies.

l8 t9



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 interesting 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 trials 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.9., by

using autologous APCs with tumour tissue-derived DNA(28). 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.9., T-cell

activation.(28).

5.4 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 regulations of immune responses.

5.4.1 lnnate immunity

lnnate immunity cónstitutes antigen-independent immune mechanisms

generally involving: surface barriers, MNPs, polymorphonuclear phagocytes

(neutrophils, basophils and eosinophil granulocytes), natural killer (NK) cells,

DCs and complement activation. MNPs, NK cells as well as DCs, have been

the focus of studies in tumour immunology/immunotherapy.

Cells of the MNP develop from myeloid progenitors in the bone marrow. DCs

can also develop from the lymphoid progenitor(2e) 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. ln

addition, MNPs participate in severalbiological processes, e.9., disposalof

dying cells, ingestion of aged erythrocytes, regulation of inflammatory

processes, e.9., tissue repair, initiating coagulation and stimulaiion of

chemotaxis(30-32).

After maturation and subsequent activation MNPs achieve varied

morphological forms. Monocytes (MOs) may, after 2-3 days in circulation at

baseline conditions, move into different tissues and further differentiate into

macrophages (Mgs). Mgs 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 interaction

with lymphocytes and as effector cells in adaptive immune response(33). The

functional capacity of MNPs depends on the activation level of the cells. The

original proposed term of M<p activation was defined as resistance of Mrps

against Listeria monocytogenes infection(s). This activation was dependent

on the presence of a T lymphocyte product that was later shown to be

interferon (lNF-)-y(35). Another example of a cytokine that regulates the

response of MNPs to activating substances is the macrophage colony-

stimulating factor (M-CSF)(36). Today, a more broad definition of activation is

used, where any amplification of MO/ Mg function is designated as

activation(32). Furthermore, 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(37). Several substances are known to activate

MNPs and these cells may respond differently to given stimuli depending on

the status of MO-Mrp differentiation(38). A frequently used stimulus for MNPs in

in vitro studies is lipopolysaccharide (LPS), a component of the Gram-

negative bacterial cellwall. LPS is a very potent MNP ln ylyo stimulator, acting

as a central component in the pathogenesis of sepsis(3e).

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(40). NK cells are able to kill cells without being activated by APCs

and do not need to recognize major histocompatibility complex (MHC)class I

molecules. Cytotoxic granules are released at the target cell. These proteins

penetrate the cell membrane thereby causing lysis. NK cells used to be

considered a homologous 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(a1). CDsobtisht NK cells have

predominantly immunoregulatory properties and possess a strong cytokine

producing capability whereas CD56dit NK cells have a marked cytotoxic

Íunction(a0). 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 severalfold(2e). NK cells may also be activated upon

stimulation with cytokines such as interleukin (lL)-1 ,lL-2,1L-12,1L-15, lL-18,

lL-21 and IFN-q and IFN-P(41). NK cytotoxic receptors are collectively named

natural cytotoxicity receptors (NCR)(42). Many ligands necessary for activation

of NCRs are still unknown. Only two groups of ligands have been identified so

far and it appears that these ligands either lack in normal 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(42).

DCs are "professional" APCs playing an important role in both innate and

adaptive immune responses. lmmature DCs in the peripheral blood cannot

up-regulate MHC class ll molecules and other co-stimulatory molecules, thus

leading to inefficient signaling. After DCs have captured foreign material, they
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mature and transport the modified material to lymphoid follicles delivering it to

B lymphocytes or presenting it as antigens to T lymphocytes.

5.4.2 Adaptiveimmunity

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 triggered 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(a3). The specificity of the immune response is attributed to

lymphocytes capable of recognizing and distinguishing different antigen

determinants. lnduction 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

inflammatory reaction and produce antibodies which might mediate

recruitment of innate immune cells via activation of complement cascades or

engagement of FcR expressed on resident immune cells(15). ln this manner,

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.

Receptors on T lymphocytes (T-cell receptor(TCR)) recognize antigens

presented by MHC on cell surfaces. Class ll molecules (MHC-ll) present

peptides derived from proteolysis of extracellular antigens on, e.9., APCs,

whereas class I molecules (MHCI) present peptides primarily originating from

intracellular degradation, e.9., 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(2e).

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 (Tp) cells and CD8* Cytotoxic T-(Tc) cells. Tx cells further

Íorm2 subpopulations. The Th1 subset, secretes lL-2, IFN-yand TNF-a upon

activation and aids in the activation of cytotoxic T cell, and the Th2 subset,

which secretes lL4, lL-5, lL-6 and lL-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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subset can regulate activation and secretion of cytokines from the other

subset.

Cytotoxic T cells (CD8+; (CTLs) recognize antigen presented by MHC class I

and can act cytotoxic upon activation by cytokines such as lL-2 and IFN-y

They also exert their effects by releasing IFN-y, TNF-o and TNF-B. IFN-y can

activate M<ps and induce an increased expression of MHC class I in infected

cells. Furthermore, IFN- y, together with TNF-o and TNF-p, act in a synergistic

manner in Mrp activation(a). Regulatory T-cells (Tr"n) play a role in the

regulation and suppression of self-reactive lymphocytes(2e).

5.5.í Cancer and the human lmmune 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 tumour immunology, 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

determinants on their cell surface. These antigens then induce a T

lymphocyte-dependent immune response that eventually eliminates tumou r

cells(as). According to the theory of immune surveillance, a malignant tumour

may only arise when malignant cells escape an immune response(a6). There is

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(a). Scepticism has been

stated towards the general relevance oÍ immune surveillance in humans(47)

and any firm role of immune surveillance in HNSCC patients has yet to be

established(ao). Still, observations from several studies indicate that immune

system-related mechanisms may act either as stimulatory or inhibitory

regulators on the development and spread of malignant diseases in

humans(a8).

Active immune mechanisms protecting the organism against distant spread of

cancer are demonstrated in animal models(ae'50) 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(s1):

A. Escape by loss of recognition (loss or alteration of molecules 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 lym phocytes)

C. lnduction of immune cell dysfunction

When developing effective strategies for the treatment of HNSCC, a thorough

understanding of tumour cell escape mechanisms becomes fundamental.

Cells of the immune system may not only fail to act against tumour growth but

several reports have revealed that cells of the innate immune system may act

in supporting tumour cell growth. This is, e.9., the case for MNP cells that
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1
I

secret growth factors and factors contributing to neo-angiogenesis by

stimulating proliferation and migration of endothelial cells and local

degradation of the extracellular matrix (ECVltszl. lmmune cells should

therefore be regarded as possible 'ïriends or foes" when one discusses

interactions between tumours and the immune system.

5.5.2 lnflammation, cancer and the human immune system

A relationship between cancer and inflammation has since long been

discussed and epidemiological and experimental evidence points to a

connection between long-term inflammation and development of dysplasia

followed by development into cancels3). lnflammation is a very complex

process where many effector cells and mediators are involved potentially

facilitating tumour growth through multiple mechanisms(s). Solid cancers

generally show signs of inflammation with influx of many types of leukocyte

populations. ln 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(s2). Chronic

inflammation can be caused by viruses and contribute to cellular

transformation(ss) while bacterial infection may play a role when 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, elevates a population of myeloid-derived

immunosuppressive cells that inhibit anti-tumour immuniV{sol. 
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cytokine that plays a role in this process. ln a recent study, mice deficient for

lL-1 receptor(lL-1R) were inoculated with mammary cancer cells and

compared to non-deficient mice. Ïumour-associated inflammation as well as

tumour progression was delayed in lL-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 lL-6, a

pleiotropic cytokine known as a mediator of lL-1B, and from that perspective,

a contributing factor in tumourigenesis(54). For colitis-associated cancer, an

animal modelhas'been developed that reproducibly leads to colonic

neoplasia within the setting of colitis. ln this model, a carcinogen is

administered followed by 3 rounds of chemical colitis induced by a chemo-

initant 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-)rB factor is activated. NF-rB 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 facterc(s7'58).

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 plausibÍe that

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

5.5.3 HNSCC and the lmmune 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 cells, NK cell-s, Mgs and eosinophils, 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 HNSCC (5e).

5.5.3.í MNPs in HNSGC

Phenotypic and functional changes have been described in MOs from patients

with different types of cancer, upon comparison to controls. ln prostate cancer

patients, peripheral blood has high levels of phenotypically immature MOs

compared to healthy individuals (60). 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 cell responses(ut).

On the other hand though, it has been shown that MOs from cancer patients

are activated compared to healthy controls(62'63) but contact with tumour cells

can decrease function of MOs in cancer(64). Although some of the results are

conflicting, there is evidence suggesting that functional activities, as

expressed by, e.9., cytokine secretion of MOs in cancer patients, are

changed.

5.5.3.1 Tumor-AssociatedMacrophagesinHNSCC

TAMs may play a dual role in the interaction with tumour cells(65). ln some

situations, a symbiotic relationship may exist between TAMs and tumour cells,

thereby providing support to the tumour in terms of growth and metastasising

capacity. lt has, e.9., been shown that a high amount of TAMs in tumours can

be associated with increased neo-angiogenesis and a worsened survival

rate(66). TAMs also have the potential for acting cytotoxic towards tumour cells

and some reports state an improvement in prognosis associated with high

numbers of TAMs in tumours(67). 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(68'6e). This

might be different in other cancer diseases(a8'66,70-73). ln recent years,

evidence has been provided on Mgs 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(65). Type I M<ps are

effector cells which kill micro-organisms and tumour cells and produce anti-

inflammatory cytokines while Type 2 Mqs 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 M<ps are not static and that functional and phenotypic changes

occur during inflammatory responses, thereby, inducing Mgs into an evolving

shift in functionalactivities and into an unstable, undefined and non-functional

phenotypeoa). Watkins et alwere, 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 lL-12 treatment in vivo as well as in vitro?s).

5.5.3.3 Dendritic cells in HNSCC

DCs are able to induce an anti-tumour immune response by generating

tumour-specific cytotoxic T cells. ln addition to functioning as APCs, DCs

have been shown to regulate the innate immune response by activating NK

cells, which show cytotoxic effects tow-ard tumour cells without MHC-class I

restriction(2e). The presence of DCs, Mgs 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 conelation to eÍension and duration of disease, and an

accumulation of immature DCs(76). Low infiltration of DCs in HNSCC might be

caused by loss of expression of the chemokine ligand CXCL14, which attracts

immature DCs into tumours0T).

5.5.3.4 Natural Killer Cells in HNSGC

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 treatment of cancer in humans. A recent study

showed that low levels of circulating, invariant, NK cells predicts poor clinical

outcome in patients with HNSCC0B) and several strategies have been

developed for the use of NK cells against a variety of malignancies, such as

administration of cytokines, ê.g., lL-2,for enhancing endogenous NK-cell

responses to tumours. There are also ongoing experiments employing

adoptive transfer and even allogeneic transfer of NK cellsoe). 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 HNSGG

ln HNSCC, stroma is infiltrated with tumour-infiltrating lymphocytes (TlL)

T-lymphocyte-stimu lated proliferation decreases with increasi n g tu mou r

burden in HNSCC patients(80). T-lymphocyte function, subpopulations in

peripheral blood as well as growth factor responses, may be correlated to

prognosis in HNSCC(81). A recent publication showed that total percentage of

cD4+ T-cells was significantly decreased in patients versus controls and that

proportion of Tr"n 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 ánti-tumour responses(82). ln a recent study, Aarstad

showed that that a high level of peripheral blood (PB)-derived T-tymphocyte

activation in vivo can predict impaired prognosis with and without adjustment

for TNM stage in HNSCC(83). The amount of peripheral blood lymphocytes

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

5.6 MNPs and cytokine production

Cells of the MNP system 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 enmding cytokines lL-1P, lL-6, and TNF-o

are closely regulated and classified as early or immediate genes. These

cytokines are denominated pro-inflammatory(e). MNPs also secrete peptides,

such as monocyte chemoattractant protein-1 (MCP-1), that have

chemoattractant effects. ln this study, we primarily focused on lL-6, MCP-1

and to a lesser degree, TNF-o.
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5.6.1 Interleukin-O (lL'6)

lL-6 is a26-kDa protein that is a potent, pleiotropic, inflammatory cytokine

mediating many physiological functions, including developmental

differentiation of lymphocytes, cell proliferation and cell survival, as well as

apoptosis. Furthermore, lL-6 has an effect on bone formation, general system

metabolism, endocrine functions and can affect many cells in other tissues

and organ systems(8s' 86).

The lL-6 receptor (lL-6R) is composed of a ligand-binding cr subunit and a

signal-transducing component, designated 9p130. A high production of lL-6,

by MOs in cancer patients with recunence and/or death from disease, might

be linked to an lL-6/9p130 autocrine/paracrine mechanism activating Signal

Transducer and Activator of Transcription-(STAT-)3 in an EGFR-independent

matter(87). STAT3 activation is associated with cell proliferation and prevention

of apoptosis, thereby participating in oncogenesis(88) ,and has been shown to

be up-regulated in HNSCC tissue and in the normal mucosa of the same

patient(as). Recently, lL-6 was shown to have an augmenting influence on the

invasion potential of HNSCC cell lines though having an inhibiting effect on

proliferation rate(eo' s1 ).

5.6.2 Monoclrte chemoaftractant protein-1 (MCP-í )

Chemokines, a family of low-molecular-weight cytokines that play key roles in

immune response and in development of severalcell 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
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lymphocytes(e2), NK cells(s3) and basophilic granulocytes(e4' e5). 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 potencies(s6). Many studies

have been performed relating synthesis of MCP-í and influx of TAMs in

tumour tissue and relating this influx to factors, such as angiogenesis,

invasion and prognoslt(68' 70' ez). Lately, evidence has been provided on MCP-

1 possibly being r6sponsible for recruitment of myeloid suppressor cells into

tumour and such, having a pro-tumour effect in itseÉs8). Various types of

cancer cells, including ovarian, breast and colorectal cancer cells, synthesize

and express chemokine receptors(ee).

5.6.3 Tumour Necrosis Factor-q

Tumour Necrosis Factor-(TNF-)o is a polypeptide ot 157 amino acids and in

humans, it is expressed on the cell membrane of a majority of cells, with the

exception of erythrocytes and resting T lymphocytes(1m). TNF-q is a

pleiotropic cytokine and plays an important role in the pathophysiology of

different diseases, such as sepsis and rheumatoid arthritis. Blocking TNF-o

production is very effective in reducing local and systemic inflammation in

patients with rheumatoid arthritis and psoriasis(1o1). TNF-q promotes killing of

tumour cells through apoptosis via binding with death-domains in tumour

cells, stimulating NK cells and activating CD8+ cells(toz).

TNF-q molecules are membrane bound or ciiculate in two forms, either as

biological active molecules or as imm,ínologicatty detectable but inactive
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peptides. There are inhibitory mechanisms that protect cells from TNF-q

activity, such as circulating TNF receptors and membrane-bound "decoy''

receptors(102).

Transcripts of protooncogenes (c-jun and c-fos), transcription proteins, such

as the immediate-early growth-response transcription factor Egr-1 as well as

subunits of NF-rB family p50 and p65, are involved in induction of TNF-q

gene transcription by binding to specific sites on the TNF-o promoter

region(103).

5.6.4 HNSCC-derived f,actors afbcting the immune system

Changes observed 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

systemic nature of these responses suggests that cytokines with pro-

infl ammatory, pro-angiogenic and immunoregulatory activity produced by

carcinomas could contrÍbute to the pathogenesis of HNSCC disease.

Cytokines that regulate pro-inÍlammatory and pro-angiogenic responses are

detected in tumour environment as wellas systemically in HNSCC

patients(ío+). lt might not be just tumourderived 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(68' 75' e7' 105) and it is now

clear that certain subsets of chronically activated innate immune cells promote

growth and/or facilitate survival of neoplastic cells(16). ln the tumour

microenvironment, as well as in circulation, there are different immune cells
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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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7. METHODS AND MATERTALS

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 Regional Committee for Medical Ethics at

the Haukeland Unfversity Hospital approved the studies. Each patient gave

written consent before participating in the study.

Clinical Parametens

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. Lèvels 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(ío7). This method provides an easy way of isolating a substantial

number of MOs in a standardized manner.

t '.'
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6. AIMS OF THE THESIS

The general aim of the present work was to study the interactions between

MNPs and HNSCC tissue by stimulating MOs with LPS and F-spheroids. We

measured production of TNF-q, lL-6 and MCP-1 since these substances are

secreted by MNP and have been shown to play a role in the development of

cancer.

SPECIFIC AIMS

1. To study histological mmposition of F-spheroids and oompare it to the

original HNSCC tumour tissue by measuring TAM density and relating

it to clinical parameters (paper 1 and 4).

2. To study to what extent TAMs are responsible for lL-6 production in

HNSCC tumour tissue by using LLME, a substance that selectively can

deprive tissue of MNPs (paper 2 and 4).

3. To study a correlation between secretion of lL-6 by MOs in vitro and

prognostic factors (paper 3).

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

recurence and survival (paper 4).
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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. ldeally, 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

components, i.e. soluble immune complexes(1ot), may change depending on

disease in HNSCC patients, possibly affecting the cytokine response of

Mos(1oe). we have also used serum-free 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 tissue culture techniques described for

maintaining airway mucosa(110) and HNSCC(111). 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 model might provide a tool for

closely simulating the in vivo situation, as tumour and benign fragments

together with (tumour) stroma, are preserved and can be used for

investigating interactions with Mos or other types of cells. single-cell cultures

from HNSCC are difficult to obtain(112) and lose in the process the properties

they had in establishing the heterogeneity of the primary tumour. More

40

importantly only cells, which were able to survive and adapt to the used

culture medium, continue to grow and proliferate. lncubation of (tumour-)

tissue fragments with LLME, directly after cutting (tumour-) tissue, was used

to diminish the amount of TAMs in fragments. LLME was originally used to

deplete MNPs from bone marrow suspensions(í13).

lmmunohistochemistry of tumour tissue and F-spheroids

The CD68 antigeíis a speciÍic marker for MOs and Mgs. Antibodies against

this marker can be used to label Mgs and other cells of the MNP system in

tissue sections(1ía). F-spheroids and their original (tumour) tissue were stained

with anti-CD68 afterwhich TAMs and Mgs were manually counted using a

microscoPe.
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8. SUMMARIES

Paper 1

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, Mgs and TAMs were determined by

microscopy. ln the second part of this study, 17 HNSCC patients were

included and secretion of MCP-1, TNF-q and lL-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 interstitialtissue 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-í than BF-spheroids but no F-spheroid secreted

measurable amounts of TNF-a MOs secreted more lL-6 when co-cultured

with MF- compared to BF-spheroids. MO-MF-spheroid production of lL 4

was conelated to TAM density. MO-MF- and MO-BF-spheroid production of

MCP-1 correlated with TAM density. ln addition, there was an association

between MF- and BF-spheroid-stimulated MO lL-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

ln this study, function of TAMs in HNSCC tissue was examined. ln the

previous study, we showed a conelation between the amount of TAMs in F-

spheroids and lL-6 and MCP-1 secretion from MOs in co-culture with F-

spheroids. These cytokines influence tumour cell grov'rth and Mg influx in

tumours, respectively. Furthermore, Mgs secrete copious amounts of lL-6. We

wanted to study the function of TAMs in HNSCC tissue, as expressed by

cytokine secretion.''LLME eradicated MOs from ín yÍfro cultures and reduced

lL-6 and MCP-1 secretion from MO-derived macrophages rn vitrobuldid not

affect viability of F-spheroids. F-spheroids from LLMEtreated tissue

fragments, both from HNSCC and benign mucosa, secreted less lL-6 and

MCP-í secretion as compared to untreated F-spheroids. Production of lL-6

and MCP-1 from F-spheroids can be down-regulated by using LLME, thus,

suggesting that TAMs are the main producers of lL-6 and MCP-1 in HNSCC

tissue. We did not find a qualitative difference between function of TAMs and

tissue Mgs in mucosa as measured by lL-6 and MCP-1 secretion.

r
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LpS-induced MO lL-6 secretion conelates to worsened prognosis

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

biologY.

f

l.í,
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Paper 3

We studied whether MO function in HNSCC patients, as measured by LPS-

stimulated MO-derived lL-6 and MCP-1 secretion, conelated to prognosis and

stage of HNSCC disease. MO function, as expressed by MCP-í and lL-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 disease in relation to their MO function. Sixty-five

newly diagnosed HNSCC patients and eighteen controls were studied.

Production of lL-6 and MCP-1 was measured. Survival, and cause of death

was determined.

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 cultures 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 oompared in patients with limited versus extended HNSCC

disease. lncreased MO responsiveness was associated with decreased

survival rate both in general and disease specific. The predictive value of MO

responsiveness, as measured by lL-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 function, as measured by LPS-induced MO

secretion of lL-6 and MCP-1, was changed in HNSCC patients compared to

controls and MO function can predict outcome in HNSCC patients. A high
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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 to clinical parameters, as found in the studied HNSCC
'!v

patients.

9.1 MethodologicalasPects

9.í.í 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 MNPtumour cell interaction would be to study ín

víÍro 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 yÍyo situation as a closing-up step. The

difference between lhe in vivo and rn víÍro conditions must, however, be

recognized when interpreting results of the co-culture studies. F-spheroids

were established from HNSCC patients and not every attempt to generate F-

spheroids was successful, causing exclusion of the patient(s) from the study.

Results from spheroids in co-culture with auiglogous MOs and spheroid

autocrine production could provide a nforétetiable basis for conclusions

compared to cell lines, which can be established from few HNSCC patients or
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Paper 4

We studied a possible conelation between production of lL-6 and MCP-1 by

MOs in co-culture with F-spheroids and prognosis of disease. ln the previous

study, we showed that lL-6 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, thereby, mimicking a more

accurate in vivo situation.

Analysis of the lL{ and MCP-1 content in supematants from MOs co-cultured

with autologous MF- or BF-spheroids, in a cohort of HNSCC patients, was

performed. Recunence, survival and cause(s) of death were then established

following the second part of 2005. MCP-1 levels did not predict prognosis. lL-

6 secreted upon rn víÍro co-culture with MOs and BF-spheroids predicted

recunence and prognosis, whereas co-culture with MOs and MF-spheroids

predicted only recunence.
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from a single, surviving tumour cell. A complicating factor, in interpreting

results derived from spheroids, is that a 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 parallel.

Furthermore, lL-6 results were always compared, after performing a

standardization analysis, to background lL-6 production. ln this manner, lL-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 lL-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-cr

production from F-spheroids, making standardization analysis obsolete.

9.í.2 Serum and Monocytes

Autologous serum was used for the co-culture studies. There might be a

general factor that could account for the difference(s) in the functional

properties of MOs seen between cancer and control patients. ln previous

studies from our group though, we showed that MO-F-spheroid co-culture

response is also present under serum-free conditions, interpreting that the

basic interactions between MOs and F-spheroids are serum-independent.

What kind of serum facto(s) accounts for adjuvant activation of MOs in co-

culture with F-spheroids should be a target for further research. Mos isolated

by adherence to plastic, as studied in this thesis, are presumably primed
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compared to the ln vivo condition(115). ln our studies, we used the same MO

isolation method for both groups of spheroids as well as in our case-control

study (paper lV). The relative differences should be minimal in this way.

lnterpretations though, should be made with these reservations in mind. We

have not excluded that the observed co-culture-induced MO responses are

dependent on adherence-induced priming. Additional research is necessary to

clarify this question. To investigate this further one might apply low-adherence

wells. ln co-culturd'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 stress, however, is likely to affect MO-derived cytokine

secretion, only in the first few days after surgery(116). 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

estimated from samples of biological fluids analyzed by commercially

available enzyme-linked immunosorbent assay (ELISA) k1s(ttzl. ln order to

account for this variability in cytokine analyses, assays were performed on the

largest possible series, e.9., all samples from one experiment were analyzed

simultaneously. ln addition, comparisons,rr-v.ere not made between cytokine

levels analyzed by different kits, unless acceptable control conditions were
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TAM density in MF- and BF-spheroids is not significanfly different, i.e. a

higher TAM content provided for a higher production of MCp-1 (BF-spheroids)

and lL6 (MF-spheroids) from Mos in co-culture with spheroids. This suggests

that TAMs are in equilibrium with other MNP compartments in HNSCC

patients. ln other words, enhanced cytokine and chemokine production by

MOs reflects the presence of more TAMs in spheroids. lndeed, one cannot

conclude that TAMs and Mgs are phenotypically identical since the
',

microenvironmenÉ they subsequently differentiated from are very different,

but MCP-1 and lL-6 production from MOs isolated from PB is tinked to TAM

density in MF-spheroids, making it apparent that TAM infiltration is conelated

with, at least, the circulating compartment of MNP. Thus, HNSCC seems to

induce changes within patients beyond the actualtumour site.

Fibroblasts from benign tissue, originating from HNSCC patients, may be the

sole stimulators for the production of lL-6 in co-culture, but we have previously

ruled this out(1í1). lt has, however, been suggested that tumour-associated

fibroblasts, but not un-associated fibroblasts, may stimulate MOs to aggregate

in breast cancer tumours(1í8). We performed co-cultures with MF-spheroids

parallel to BF-spheroids and found that lL-6 and MCP-1 production was

conelated, i.e. a higher produc{ion of lL-6 and MCP-1 from MOs in co-culture

with BF-spheroids also showed a higher production of MCP-1 and lL-6 from

MOs in MF-spheroids and vice versa. This gives arguments against tumour-

associated fibroblasts playing a significant role in HNSCC.

t.í

5l

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 differences as to MO-co-culture stimulated

activation unless proper control conditions were established, e.9., MO co-

culture responses were compared in cultures comprising the same F-

spheroid s at different experi menta I cond itions.

9.2 Composition of F€PHEROIDS

F-spheroids mainly harbour three cell types: M<ps, fibroblasts and epithelial

(tumour) cells. ln study l, 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-spheroid 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-spheroids was more extensive than

in MF-spheroids.

Mcp 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 counting CD68-positive

cells in slices of MF-spheroids, from different patients, used after co-culture

with MOs. This TAM density was conelated to MCP-1 and lL-6 production of

MOs in co-culture with F-spheroids and significant conelations were found:

TAM density in MF-spheroids conelated to MO-BF-spheroid MCP-1

production and MO-MF-spheroid lL-6 production.
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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. ln other words, presence 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 related to the inflammatory

state of the organism than previously recognized. Studies on the molecular

counterparts of the shown interactions, such as density of lectins/lectin

receptors(11e'120), density of integrins/integrin receptors(1íe' t20) and additional

receptors, could shed further light on the MNP function in HNSCC patients.

We could not define a statistical significant conelation between TNM stage

and TAM density. There was a trend showing a greater density of Mrps 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(í2t) as well as a strong

association between Mq content, N siage and lymph node metastasis in oral

SCC tumours(6e). F-spheroids do not secrete detectable amounts of TNF-cr

which strengthens the view that TAMs have a tumour supportive function in

an established tumour(48). 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.9., TNF-related apoptosis-inducing ligand (TRAIL) and

TNFlike weak inducer of apoptosis (TWEAK)(122'123). These aspects should

be examined in future studies. A thorough understanding of these

mechanisms lends promise to future cancer therapy based on modulating

interactions between tumour cells and the MNP system.

We could not determine a simple linear relationship between TAM and co-

culture secretion of MCp-1/lL-6. MO-MF-spheroids lL-6 production was

significantly higher than MO-BF-spheroid lL-6 production. This was not the

case for the MO-derived MCP-1 production. So, MO-co-culture lL-6 response

might not reflect the percentage of epithelial cells on the surface, but more

likely total epithetiat content of the F-spheroids. This might provide an

explanation for the significanfly 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 lL-6 production. Furthermore, lL-6 production

by BF-spheroids correlated with MCP-1 production by MOs in co-culture with

MF-spheroids. Thus, spheroid derived MCP-1 and lL-6 have an autocrine

effect also in co-culture suggesting that HNSCC tissue activates Mos isolated

from PB, separate from a general co-culture "activation".

9.4 Effect of L-Leucine-Methylester on TAMs

LLME is a substance that selectively inhibits MNP function through formation

of free leucine, which causes lysis of intracellular lysosomes. lt has been

shown that LLME eliminate MOs and NK cells(12a'12u). Our main goal in using

LLME was to determine the main source for lL-6 and MCp-1 secretion by F-

spheroids. lncubation with LLME did not cause significant epithelial cell death

in F-spheroids, as determined by a L|vE/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 lL-6 and MCP-1. These results suggest that LLME can

reduce tissue Mgs and TAM function as measured by lL-6 and MCp-1
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secretion while surface cells on F-spheroids remain vital. The co-culture

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 modelwith LLME lies

in the fact that the spheroid is a heterogeneous structure composed of Mqs,

fibroblasts, epithelial cells and interstitial tissue. lncubation of spheroids with

LLME did show an impaired lL-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

M<ps at the centre of the spheroid. Furthermore, it might be that LLME needs

to be used at a higher concentration. ln our experiments 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. TlL, are also able to produce lL-6

and MCP-1 and may be responsible for production of lL-6 and MCP-1 in F-

spheroids after treatment with LLME.

9.4.1 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 been determined by the use of immunohistochemical methods and/or cell

lines. lncubation of tumour tissue with LLME, before Íormation of F-spheroids,

might be an important TAM research tool as to investigating dynamics of rn

vifro cytokine and chemokine secretion by TAMs.

ln the last years, much focus has been drawn to studying tumour biology

through microarray technology(126). Such studies, however, mosfly use whole

tumour 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. lncubating tissue with LLME before

processing could exclude a complicating factor and add to identifying which oÍ

the changes in mRNA construct levels actually reflect tumour cell changes.

9.5 Monocyte lL-6 production as a prognostic factor

ln study lll, we found that tL-6 secretion by LPS-stimulated MOs from HNSCC

patients predicted prognosis. ln study lV, correlation was found between

amount of lL-6 produced in co-culture of MOs with F-spheroids and

recurence of disease, as well as prognosis of patients. For MCp-1 though,

we could not find any major conelation as to recurrence and prognosis. This

general, predictive, value of lL-6 secretion from Mos stimulated with different

stimuli, such as LPS and co-culture, is interesting as well as intriguing. ln

LPS-stimulated Mo cultures the main source of lL-6 is the Mo as low levels of

lL-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 lL-6 secretion.

There are parallel observations as to Mo function independent of whether

Mos were stimulated before any treatment (paper lll) or when patients were

recoverlng from surgicaltreatment (paper lV). lt seems that increased MO
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responsiveness, as measured by lL-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. Cytokines 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 to be

more qualitative than quantitative, i.e. non- linear to the tumour burden. We

actually found that the MO-derived lL-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 lll with the assumption that MO functional change

is connected to HNSCC biologY.

It could be suggested that functional changes observed in MOs reílect a

resistance to an inflammatory response due to surgicaltreatment, 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 result in an increased co-culture

response, the observed Mo-BF-spheroid lL-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

candidate cells, e.g., fibroblasts, tumour cells, TAMs in MF-spheroids, benign

mucosalcells, Mrps in BF-spheroids orfactors, e.9., autologous serum, being

responsible for cytokine production. We have previously shown that the MO

activation in co-culture experiments is dependent on both direct contact and

on products derived from the spheroids(111). ln paper l, we found that MCP-1

levels were higher in MF compared to BF cultures. lt 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. ln co-

cultures, MOs have contact with epithelial elements on spheroid surfaces. As

shown in paper l, 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 lL-6, but not MO-MF-spheroid ILS production, predicted patient

survival. A factor analysis supported the observation that the MO-MF-spheroid

lL-6 response was associated with recurrence while a MO-BF-spheroid lL-6

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 lL-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 since 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 conelated with local-

regional recuÍrence. Particularly, production of lL-6 from BF-spheroids is
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intriguing since these should not comprise of tumour cells. Our 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

lL-6 secretion occurs. To study this, a case/control prospective study should

be performed. Our 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 to cancer at multiple

sites(127). An elevated production of lL-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 cytokinss(128) and secretion of pro-inflammatory cytokines by

immune cells(12e).

9.6 lnflammation and cytokine production

The present thesis presents lL-6 as a negative prognostic factor. lt cannot be

determined whether this observation is related to the effect of lL-6 per se or

the increased lL-6 Mo responsiveness, as a result of increased inflammatory

response 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(130). Still, a pro-inflammatory cytokine, such as lL-6, could

possibly enhance the inframmatory response towards the tumour in a way that

could enhance tumour aggressiveness. rL-6 may activate NF-kB, a nucrear

regurator in the expression of murtipre genes in ceils, thereby, making a

possible link between infection, inframmation and carcinogens to cancer

development(sB). The observed significanfly higher production of rL-6 by Mos

in patients with recurrence and/or death from disease might arso be linked to

an ll-G/glycoproteinl30 stimuration, which activates srAT3 in an EGFR_

independent manner(87). srAT3 activation is associated with cell proliferation

and prevention of apoptosis, thereby participating in oncogenesis (88) and has

been shown to be up-regurated in HNSCC tissue and in the benign mucosa of

the same patient(8s). lt appears that there is a threshold revel in the benign co_

culture level of lL-6 secretion that is closely associated with recurrence and

survival. Above this threshord, 6 out of g patients had recurrence and

subsequently died. No surviving patient had a Mo-BF lL-6 production above

this threshold. 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 courd provide targets for a very cost-

efficient follow-up.
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10. FUTUREPERSPECTIVES

10.1 Perspectives on clinical use of results

Several studies have been performed where MNPs have been used as an

adjuvant tool in treatment of HNSC6(131' 132). Many of these studies are phase

I and ll studies particularly using DCs as an adjuvant to surgery, radiotherapy

and chemotherapy(132). several clinicar studies have arso 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 donorwith cancer(4o). unfortunatery though, no reports have

yet been published validating the use of this kind of immunotherapies as

adjuvant therapy.

TAM in tumours might promote a type ll stage induced in part by tumour

hypoxia. ln this way, TAM promotes tumour growth by inducing neo_

angiogenesis. ln this view, strategies could be developed to prevent rAMs

from differentiating into a type 2 phenotype, thereby, inhibiting neo-

angiogenesis. on the other hand, TAMs might be used as a vehicle for

delivering anti-tumour "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 rAMs themselves, e.g.,

cytokine secretion. lL-6 might be one of the cytokines that might be targeted

in the treatment of cancer in general. Monoclonal recombinant antibodies

against circulating lL-6 and the lL-6 receptor (lL-6R) have been successfully

applied in the treatment of juvenile rheumatoid arthritis and casfleman

disease(í33). Other strategies might be directed towards the lL-6/gp130

autocrine/paracrine mechanism that activates srAT3. several substances are

know to inhibit rL-6-induced activation of srAT3(133), most notabry steroids

which are potent inhibitors of lL-6 production. LLME is a substance that

reduces TAMs in F-spheroids. As a high number of rAMs is associated with

poor prognosls(68' os1, use of LLME as a TAM reducer in vivo is, at this stage,

not possible due to the lack of its use in animal-model experiments.

10.2 Research possibilities

Many interesting studies can be performed in order to crarify the interaction

between Mos and HNScc tissue. A thorough evaruation of chemokines and

cytokines from supernatants of BF- and MF-spheroids might be a goar for

further studies. Three cc chemokines are mainry invorved in the recruitment

of mononuclear ceils: Mcp-1 , macrophage inflammatory protein-10 (Mrp-10),

and macrophage inflammatory protein-18 (Mrp-1p). These chemokines induce

influx of neutrophils, Mgs, NK cells, and r cells in tumors. Mlp-1q has been

implicated in anti-tumoractivity in severar mouse moders invorving sorid

tumors(í3a'135). severar studies agree on TAMs having a tumour supporting

role in some tumours(65). still a regulation 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(110). we arso performed experiments using F-spheroids

developed from other tumours (results not shown) making this organ_culture

model feasible also for other tumours besides HNScc. lt 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. ln

particular, we could not find a significant correlation in the Mo-MF lL_6
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production and tumour staging. As interactions between MNPs and HNSCC

are not completely disclosed, one might ponder on how the enhanced lL-6

production oÍ MOs in HNSCC patients can be used in a clinical setting in

addition to being a follow-up tool, as mentioned above. Many cells produce lL-

6 and as such it is important to determine the nature of the main stimulus

responsible for this raised lL6 production by MNPs. This is an interesting and

important line of exploration in future studies.

i
+

t
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11. coNCLUStoNs

lL-6 production by MOs isolated from PB and stimulated with LpS is a

Prognostic factor for survival.

lL-6 production from MOs in co-culture with BF-spheroids is a

prognostic factor for survival whereas co-culture with MF-spheroids is a

prognostic iactor for recunence oÍ disease.

F-spheroids do not secrete TNF-a supporting the hypothesis that TAMs

function as a tumour-supporting cell.

a

a

a

a

a LLME can be used to deplete MNps in tumour tissue with no significant

effect on vitality of the developed F-spheroids.

TAM is a main producer of lL-6 and MCp-1 in F-spheroids
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ORIGINAL ARTICLE

Introduction

There has been growing interest concerning the
interaction between the cellular immune system, i.e.
natural killer (À{K) cells [l] and mononuclear pha-
gocytes (MNPs) [2], and cancer cells [3-5]. MNps
originate from bone maÍïow as monoblasts, which
are released into the general circulation as mono-
cytes. Monocytes t}ren migrate into tissue-forming
tissue macrophages, of which dendritic, Langerhans,
microglial and Kupffer cells are examples.

Both monocytes and NK cells act as defenses
against distanr metastases [6]. Such a relatively

efficient system may in part be responsible for the
low incidence of distant metastasis in head and neck
squamous cell carcinoma (HNSCC) patients, de-
spite a substantial percentage of HNSCC patients
carrying tumor cells in the general circulation [7].

One of the major functions of lvlNPs is ro secrete
cytokines [8], of which IL-ó [9,10], rumor necrosis
factor (INF)-cr [11] and monocyre chemoattractant
protein (MCP)-l [12] are examples. These cyto-
kines have diverse functions. IL-6 stimulates, for
example, HNSCC tumor cell growth [13] and
invasion into adjacent tissue [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 secretion in monocytes [16]. TNF-cr not only
induces apoptosis in tumor cells but also regulates

inflammation and repair [17].
MNPs have óe ability to bind and, if activated,

kill tumor cells [6] by secretion of, for example,
TNF-cr [18] when studied in vitro. Monocytes may

thus destroy tumor cells in peripheral blood [19] but
this interaction remains, however, largely unexplored

[8]. Ve have studied [16] monocyte cytokine secre-

tion upon HNSCC rumor stimulation using a model
in which autologous HNSCC cells and monocytes
are co-cultured in viuo. In this model, fragment (F)-
spheroids are used as vectors for live autoiogous

tumor cells. Benign tissue harvested adiacent to the

tumor may be used to establish benign F-spheroids
as controis in parallel cultures, The exact cellular
composition of the F-spheroid, compared to the
original tumor it is derived from, has not been
determined so far, and nor has the composition of
the malignant compared to the benign counterpÍrts.
The first aim of this investigation was to study the

transition of an original tumor to a malignant F-
spheroid.

Several authors [20] have shown that the general

inflammatory state is associated with the monocyte
firnction in an individual. To what extent this applies
to the MNP tumor tissue comparlment is not
known. Ve therefore also aimed to investigate this
by measuring the erythrocyte sedimentation rate
(ESR) of patients and correlating this value with
the various determined characteristics of MNP
frrnction, Furthermore, it is not known to what
extent MNPS of the human body are compartmen-
talized, and to what extent MNPs 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 comparÍment' Such
analyses have therefore been performed in the
present investigation.

SUe have previously shown [6] that monocytes
secrete fL-6 and MCP-I, but not IL-lp or TNF-c,
when stimulated in vitro by autologous HNSCC F-
spheroids. F-spheroids themselves also secrete the
same cytokines U6,211. The actual secreting cell(s)
of F-spheroids have not been determined. However,
our hypothesis is that tumor-associated macrophages

CIAMs) are major contributors. This view is
strengthened by our previous studies [16,21], in
which monocytes allowed to differentiate in vitro in
co-culture with F-spheroids retained both MCP-I
and IL-6 secretion upon becoming macrophages.
To gain a better insight into the role of TAMs in
F-spheroids, we aimed to correlate the spheroid

secretion rate of IL-6 and MCP-I with the F-
spheroid-stimulated monocyte secretion rate of these

cytokines, The presence of such a correlation sup-
ports tJ:e role of TAMs in the production of IL-6 and

MCP-I by F-spheroids.
TNM stage plays an important role in the prog-

nosis of HNSCC. We therefore correlated TAM
density in F-spheroids with TNM stage.

'Whether TAMs actually support or inhibit tumor
cell growth is a mafter of debate [ 9], and the role of
the apoptosis-inducing cytokine TNF-cx [22] in F'
spheroids is unknown. Thus, we investigated
whether F-spheroids secreted TNF-c.

Ve found it pertinent to study a series of HNSCC
patients based on our co-culture model, investigate
the cellular composition of both tissue and F-
spheroids and determine the TNM stage and ESR

of the patients. Correlation studies show that to
some extent all these parameters are associated with
each other.

Material o.d tnethods

Paticnts

The study population comprised patients hospita-
lized at the Department of OtolaryngologylFlead &
Neck Surgery, Haukeland University Hospital. All
patients had HNSCC. Patients with autoimmune
disease and those receiving corticosteroid medica-
tions were excluded. The patients were consecu-
tively included into the series. The site and TNM
stage of HNSCC for the series II patients are shown
in Table I. The study 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 determined in each of the
included patients. Series I consisted of 14 patients.

Series II consisted of l7 patients.

Monocyu preparatbn

Monocytes were isolated from peripheral blood by
gradient centrifugadon followed by separation based

on adherence to plastic according to slight modifica-
tions of previously described methods [17 '23i'Briefly, peripheral blood mononuclear cells
(PBMC) were separated by gradient centrifugation
using Lymphoprep@ Q'{ycomed, Oslo, Norway) as

the density gradient medium. The PBMC yield of
8.5 ml of blood was allocated to all wells rn a 24-well
plate (Nunc A,/S, Roskilde, Denmark) containing
Roswell Park Memorial Institute (RPMI)-
1640 medium (Bio\Whittaker, Valkersville, MD)
supplemented with amphotericin B (2.5 pelml)
and glucose @oth from Sigma, St. I-ouis, MO),
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Table I Site md rNM s."ge of HNScc for the patients in series tr'

Patient No. Gender TNM stageSite

I
2

3
4

5

6
7

8

9
l0
1l
12
t3
14

t5
l6
l'7

F
M
F
M
M
M
M
M
M
M
M
F
F
M
M
M
M

Gingiva
Tonsil
Gingiva
Tongue
Floor of the mouttr
Tbnsil
Gingrva
Tonsil
Tongue
Tongue
Tongue
Soft palaru
Tongue
Iaryru< supraglottic
Mandibula
Tonsil
Tongue

T2NOMO
T3NIMO
T4NOMO
T2NIMO
T4NOMO
T3N2MO
T4NIMO
T3NOMO
T2NIMO
T3NOMO
T3NOMO
T3NIMO
TlNIMO
T3NIMO
NA
T3N2MO
T2N2MO

NA :not applicable.

4-(2-hydroxyethyl)-1-piperazinerhansulfonic acid,
L-glutamine (2 mM), penicillin (100 IU/ml), strep-
tomycin (100 pglml), sodium bicarbonare, sodium
pyruvate (all from Biol7hittaker) and 20olo autolo-
gous serum to a total volume of 0.5 ml/well. After 40
min of pre-incubation, the adherent monocytes were
purified by washing, and then cultured in complete
RPMJIJ2O% aurologous serum (0.5 mVwell). Such
cells were >95% monocyte-positive as determined
by non-specific esterase staining and their viability
was >95'r/o as tested by tryphan blue staining.

F -spheroi.d generation

Biopsies were obtained at surgery from tumor or
benign control mucosa and maintained viable in an
organ culture as F-spheroids according to previously
described procedures [16]. In brief, macroscopically
vital tissue was randomly chopped from malignant
tissue. Benign tissue was harvested from the epithe-
lial part of the mucosal biopsies. The mucosal
biopsies were taken at sites microscopically proven
to be tumor-free. Cubes were transferred to agar-
coated tissue culture flasks OJunc A/S). The F-
spheroids were cultured in Dulbecco's minimum
essential medium (DMEM) supplemented with 15%
heat-inactivated newborn calf serum, penicillin
(100 IU/ml), streptomycin (100 pglml), L-glutamine
(2 mM) and non-essential amino acid mixture (l%)
(all from Bio$?hittaker), amphotericin (2.5 1tg/rín;
Sigma) and metronidazole Q.Jorcox Pharma AS,
Oslo, Norway). The cultures were maintained at
37'C in 5yo CO2 and 95% air with a relarive ,,'
humidiry of 100%. Fragments, which had rounded
after 7 days in vitro, were selected for experiments,
Such F-spheroids were transferred (4 7 spheroids

in each well) to agar-coated 24-well plates (IrJunc
A/S) and maintained until co-cultured in DMEM
medium supplemented as described above. In series
II, 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 furrher analysis.

Co-cuhure

Co-cultures were initiated when the contents of each
well containing malignant (M) or benign (B) F-
spheroids were Íansferred to freshly isolated mono-
cyte cultures in 24-well plates. The co-cultures were
incubated 24 h before the supernatant was removed
and stored until later analysis. The monocytes did
not detach from the plastic surface nor adhere to or
infiltrate the F-spheroids during co-culture. Mono-
cytes cultured in wells with the indicated medium
and with or wirhout the addition of I pglml
lipopolysaccharide (-PS) from Escherichia coli
(Sigma) served as controls. The spheroids, own
cytokine secretion, as estimated by the measured
cytokine secretion of F-spheroids within the lastT2h
before co-culture initiation, as well as the back-
ground monocyte secretion, were subtracted from
the co-culture response.

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

[co-culture secretion background secretion (mono-
cytelF-spheroid)l/pPS-stimulated secretion-back-
ground secretion (monocyte)]
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From all successfully completed co-cultures, a

supernatant sample was placed on Sabouraud glu-
cose agar or blood agar plates and further incubated
for 1 week at 37"C. No bacterial or fungal growth
was detected,

IL-6, MCP-I and TNF-a ELISA

The amounts of IL-6, MCP-I and TNF-cr were
determined by ELISA using MCP-I, IL-6 and
TNF-a capture and detection antibody pairs, com-
pared to recombinant human (r-hu) MCP-I, IL-ó
and TNF-a as standards (R&D Systems Europe Ltd,
Abingdon, UK). All procedures were performed
according to the manufacturer's specifications. In
brief, 96-well microtiter plates (Costar Corning,
Corning, N!) were coated overnight at room
temperature with monoclonal mouse anti-MCP-I,
IL-6 or TNF-a capture antibodies. After 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-I, IL-6 or TNF-a. The
plates were incubated for 20 min at room tempera-
ture with streptavidin-conjugated horseradish perox-
idase. Tetramethyl-benzidine (Sigma) and H2O2
were used as substrates. Absorbance values were
measured at 450 nm using Softmax Pro version 4.0
on an Emax Precision microtiter plate reader (Mo-
lecular Devices, Sunnyvale, CA). The sensitivity
level was 15 pg/ml.

Immunohisachemistry of tumor tissue and spheroi

In series I, tumor samples and F-spheroids were
formalin-fixed, paraffin-embedded, cut into 4.0-pm
sections, mounted on 3-aminopropyltriethoxy-si-
lane-coated glass @luka, Buchs, Switzerland) over-
night at 37"C, and then re-hydrated in toluene
followed by a graded alcohol series. De-paraffinized
sections were either treated with 0.1olo protease for
l0 min at 37'C, followed by 30 min of incubation
with 1% H2O2 in methanol, or incubated for 30 min
with 1% H2O2 in methanol, followed by treatment in

a microwave oven for 5 min at 700 \fl after covering
them with l0 mM citrate 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
(DAKO, Copenhagen, Denmark), anti-CD68
(DAI(O) or anti-vimentin (DAKO) antibodies. The
secl-ions were then covered with biotinylated rabbit
anti-mouse IgG (DAKO) 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-diami-
nobenzidine-tetrahydrochioride (Sigma) in PBS/
0.O2yo H2O2. The sections were finally counter-
stained with Mayer's hematoxylin. Sections from
tonsil biopsies served as positive controls. Visualiza-
tion was performed on a mono-ocular microscope
(I-eica, Germany) where all stained cells were
manually counted throughout the whole section
and the section size was measured using the Qwin-
link program (kica). The cell density was calculated
by dividing the number of counted cells by the
measured area.

Sntistirs

The SPSS statistical program package was used
(Version 11; SPSS, Chicago, IL). Student's r-test
or Kendall's r was utilized. Differences were con-
sidered significant at p <0.05.

Results

Serics I (n:14)

Epithelial celk. In MF-spheroids, the proportion
of epithelial tissue decreased during spheroid forma-
tion from 28%+6.1% to 12.90Á+3.6% (p <0.05)
(Thble II). The proportion of epithelial tissue was
higher in MF- compared to BF-spheroids (12.9o/o+
3.6%o vs 4.9%+1.0"/o;2 <0.05; Tàble II). In con-
trast, the proportion of epithelial cell coverage was

higher in BF- compared to MF_spheroids (64.1% +
4.0%o vs 36.3%+4.2%;p <0.001; Thble II).

Fibroblasx. The percentage of fibroblast tissue was
not significantly reduced during spheroia fo.m"tiorr,
and nor did it differ between BF_ and Un_spneroias
(Thble II).

MMs. T\e densities of macrophages (CD6g_posi_
tive cells) were derermined in the pÁu.v *-oi"nàin both BF- and MF-spheroids. ffr" a.".iry àf
macrophages in tumor tissue did not chánge
throughout formation of the MF_spheroids, aíJnor was there any significant difference in the
percentage of macrophages between BF_ and MF_
spheroids (Table II). The macrophage densiry on the
spheroid surface was similar foi both nf,_ u"a lff,_
spheroids.

Serics II (n : 17)

Macrophage dmsity. The density of macrophages was
estirnated only in MF-spheroids in series iI. a"
association was determined between _a".ophag.
density and monocyre BF-spheroid frlcp_f _s'tlmi_
lated secrerion (1 : 0.43; p < 0.05; Thble III), as well
as berween monocyte MF-spheroid L_O stiíutatlonana macrophage density (r:0.41; p <0.05;
Thble. II!. The macrophage density *", irru....iy
associated with the ESR at diagnosis (r: _0. 6ip <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 <0.1j Thble III). Analysis suggested that this was
mainly due to increased macrophage infiltration in
HNSCC tumors with multiple nodàl spreading.

F-spheroid IL-6, MCP-I and TNF_a secrction. No
TNF-a secretion was detecred upon analysis of the
supernatants from spheroid culture in vitro (data not
shown).

MCP-I was determined in 4/10 tested cases with
BF-spheroids and in 10/14 resred. cases *itf, fvff,_
spheroids (fable IV). Furrhermore, Table V shows
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Tàble ry. Coneladons (Kendall,s 1) berween density of macro_phages and vuious other parametere.

Pumeter

pN stage

BF-spheroid
MCP-I
TT-6

MF-spheroid
MCP-I
II-6
Monocyte benign co-cultue

F-spheroid macrophage density p

0.34

0.23
0.27

0.28

-0.10

<0. I

MCP.I
IL-ó

0.43
0.t2

<0.05

Monocyte malign co-cultue
MCP-I
IL-6
Pre-ÍeaÍnent ESR
Co-cultue ESR

0.16
0.41

-0.46
-o.21

<0.05
<0.05

that there was an association between óe BF_ and
MF-spheroids and which parients Uey origina;J
lom (r:O.66t p <0.01). In addition,; 

".;J;;;determined showing a correlation between tha ,.a.._
tion rares of IL-6 and MCp_l tom nn_spneroiJs
(r:0.34; p <0.1; Thble \|.

IL-6 was secreted from BF-spheroids in l3l14
tested patients and from MF_spheroids in all 13
tested patients. IL-6 secretion did not, however,
differ between BF- and MF-spheroids (Thble IV)- 

'

Monocyte co-cuhure IL-6 anà MCp_I respottses

Monocytes stimulated by MF-spheroids secreted
more IL-6, but not more MCp_l, than those
stimulated by BF-spheroids (Tàble V). There was a
positive correladon between the amount of mono_
cyte IL-ó or MCP-I secrered depending on wherher
it originated from BF- or MF-spheroiJ stimulation
(t:0.46; p <0.05; r:0.43;2 <0.05; Thble VI). A
positive correladon was also determined between the
monocyte MF-spheroid MCp_l response and
BF-spheroid IL-6 secretion (r:0.a5; p <0.05,
Table VI).

Tàble tr. Spheroid content and surface level ofepithelial (cytokemtin-positive) cells md content level offibroblasts (vimentin-posidve) md
macrophages (CD68-positive cells) for the patients in series L

Sample Epithetiat content (%) Epithelial covemge (%) Fibroblast content (%) Macrophage content"

Table Itr. spheroid or monocyte co*ultue-stimulated secrerion of IL-6 and Mcp_1

BF-spheroids MF-spheroids P^

Co-culrure
McP-t (pglm)
Ir-6 (RR)

Spheroid
McP-l (pglml)
Ir-6 (RR)

Tumor biopsy
Malign spheroid
Benign spheroid

28.0 +6.I
12.9+3.6'
4.9 + 1.0"

NA
36.3 +4.2
64.1+4.0-*

15.9 + 3.9
to.6 +2.2
t 0.5 + 1.7

1.8 +0.46
2.0 +o.46
1.5 +O.26

'}.{umber of CD68-stained cells per section area (pm2;.
*p 

< O.O5 vs tmor biopsy.
--p 

< O.OS vs malign spheroid.
-t"2 

<O.OOl vs malign spheroid.
NA :not applicable.

5264+3210
0.r8 +0.08

169 +95
905 +326

,8082 +3214
.0.34+0.08

826+353
1374+316

<0.01

<0.05

"Repeated measures t-test.
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Tabte V Conetations (Kendall's t) between F-spheroid MCP-I
md IL-6 secretion.

Benign Malignmt

MCP-IMCP-I IL-6

Benign
IL-ó

Malignant
MCP-I
II-6 0.06

'p.O.t.
*p 

<0.01.

Infl.ammatory smtc

The mean ESRs at diagnosis and co-culture were
24*4 and 50*7 mm./h, respectively. However, the
C-reactive protein (CRP) level in serum was 17+5
g/l at diagnosis and 13*4 g/l when the monocytes
used in co-culture 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-I responses @:0.45-O.49; p <O.O5i
Table VI).

Discussion

F-spheroids harbor mainly three types of cell:
macrophages, fibroblasts and epithelial or tumor
cells. The monocyte IL-ó and MCP-I responses in
co-culture are dependent on both direct contact with
and products secreted from the F-spheroid 124\. In
this study we have shown that epithelial tissue is

replaced by interstitial tissue during F-spheroid
formation, but that a higher percentage of epithelial
cells are present in MF- compared to BF-spheroids.
In contrast, epithelial coverage was more extensive

on BF- than MF-spheroids. Furthermore, the
monocyte IL-6, but not the MCP-I, response

observed with MF-spheroid stimulation was higher
than that with BF-spheroid stimulation. Thus, the
monocyte co-culture IL-6 response does not in
general reflect the percentage of epitheiial cells on
t.lle surface, but in this case is more likely to reflect
the total epithelial content of the F-spheroids.

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 [6]. It has, however,
been suggested that rumor-associated fibroblasts,
but not reguiar fibroblasts, may stimulate monocytes
to aggregate in breast cancer tumors [25]. The fact
that cytokines are secreted in parallel from BF- and
MF-spheroids argues against this in HNSCC.

The macrophage density was not significandy
different between MF-spheroids and parental tumor
tissue, and nor was there a significant difference
between 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, monoclte
function has usually recovered from the surgical
uauma [2ó]. A general restoration of monocyte
function following surgery is also supported in the
present investigation by the return to baseline of
CRP serum levels upon monocyte harvest. Thus, the
presence of a co-culture response is not solely a

consequence of surgery-induced inflammation. On
the contrary, F-spheroid monocyte-stimulated
MCP-I secretion, as well as TAM density, was
inversely associated with the ESR level at both
diagnosis and co-culfure. Thus, the presence of

general inflammadon may actually suppress some
MNP functions in HNSCC patients, rhe monocyte
MCP-I co-culture response being one example of
this.

The fact that the macrophage density of F_
spheroids is associated with the monocyte co_culture
response, the similar TAM percentages of BF_ and
MF-spheroids and the association between MCp_l
secretion and BF- and MF-spheroids all suggest that
a TAM equilibrium with the orher compartments of
tÏe MNP system is found in HNSCC patienrs. This
is also supported by evidence that the monocytes of
HNSCC patients are primed compared to control
condidons, as shown previously [271. Tine presence
of HNSCC tlrus seems to induce changes within the
host beyond the acrual site of the tumor.

An association was determined between MF_
spheroid MCP-I secretion and the monocyte co_
culture ll-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-culture_sti_
mulated secretion of the same cytokine. fn contrast,
we showed a correladon between monocyte BF_ and
MF-spheroid-stimulated secretion of MCp-l/IL_6.
This supports the fact that monocyte properties
adjust both the BF- and MF-spheroid stimulatory
capacities. This is in line with the parallel ligand_
receptor interaction tiat was determined to be
present during monoclte BF- versus MF_spheroid
co-culture [28].

Tïrere was a 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 related to prognosis in
cancer patients [29], as well as to a recently
published sftong association between macrophage
content and N stage and ll.rnph node metastasis in
oral SCC tumors.

The fact that F-spheroids did not secrete detect_
able amounts of TNF-a suengthens the view that
TAMs function as support cells within an established
tumor, as suggested previously. I7e did not, however,
investigate the secretion of several other potential
cytotoxic monokines, e.g. TNF-related apoptosis_
inducing ligand C|RAIL) and TNFlike weak in-
ducer of apoptosis CI'i7EAK).

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 sqfgeSt,
a causal relationship. As the number of patients was
limited, the importance of a lack of a significant
correlation should not be overestimated. Further_
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more, tïe associations found need to be confirmed
by additional studies.

The findings of this study support associadons
between TAM density and monocyte 

"o_"rrtto."stimulation, BF- and MF-spheroid cytokine secre_
trol 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 a
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 further light on mononuclear function in
HNSCC patients. If a thorough understanding of
these mechanisms can be achieved it may lead io a
future cancer therapy based on a modulated inter_
action between tumor cells and the MNp system.
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0.34-

o.66
0.03

o.23

-0.01

Table \lL Conelations (Kendall's r) between IL-6 md MCP-1 monocJrte F-spheroid stimulation and mrious other pemete6.

Monoclte F-spheroid stimulation

Parameter MCP-I ben IL-6 ben MCP-I mal IL-6 mal

Monocyte F-spheroid stimulation
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ORIGINAL ARTICLE

Introduction

Monocytes are recruited by cytokine and chemokine
gradients to migrate from circulation into dssues
where further differentiation to macrophages is
regulated by environmental signals [l]. In neo_
plasms, rumour-associated macrophages (TAMs)
represent a major component of the leukocge
infiltrate. TAMs may play a dual role in the interac_
tion with tumour cells [1]. A symbiotic relationship
may exist between TAMs and fumour cells, thereby
giving support to 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 worsened survival rate [2]. TAMs also have
potential for cytotoxicity towards tl.lmour cells and

ma

some reports state an improvement in prognosis in
relation to high numbers of TAMs in tumours [3].It is generally accepted that TAMs may play a
regulatory role in growth of malignant tumours
including head and neck squamous cell carcinomas
(HNSCCs) [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 to dendritic cells @Cs)
[ó]. It has proved difficult to study TAMs function in
vivo. TAMs could be isolated from tumours (e.g. by
mechanical and enzyrnatic dissociation techniques),
or TAMs could be studied in the tumour tissues (e.g.
by in situ hybridization or immunohistochemical
staining). However, these methods are encumbered
with sources of error-like disrurbance of cell func-
tignality and provide only a depicted moment of a

infor
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From all successfully completed co-cultures, a

supernatant sample was placed on Sabouraud glu-
cose agar or blood agar plates and further incubated
for 1 week at 37"C. No bacterial or fungal growth
was detected,

IL-6, MCP-I and TNF-a ELISA

The amounts of IL-6, MCP-I and TNF-cr were
determined by ELISA using MCP-I, IL-6 and
TNF-a capture and detection antibody pairs, com-
pared to recombinant human (r-hu) MCP-I, IL-ó
and TNF-a as standards (R&D Systems Europe Ltd,
Abingdon, UK). All procedures were performed
according to the manufacturer's specifications. In
brief, 96-well microtiter plates (Costar Corning,
Corning, N!) were coated overnight at room
temperature with monoclonal mouse anti-MCP-I,
IL-6 or TNF-a capture antibodies. After 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-I, IL-6 or TNF-a. The
plates were incubated for 20 min at room tempera-
ture with streptavidin-conjugated horseradish perox-
idase. Tetramethyl-benzidine (Sigma) and H2O2
were used as substrates. Absorbance values were
measured at 450 nm using Softmax Pro version 4.0
on an Emax Precision microtiter plate reader (Mo-
lecular Devices, Sunnyvale, CA). The sensitivity
level was 15 pg/ml.

Immunohisachemistry of tumor tissue and spheroi

In series I, tumor samples and F-spheroids were
formalin-fixed, paraffin-embedded, cut into 4.0-pm
sections, mounted on 3-aminopropyltriethoxy-si-
lane-coated glass @luka, Buchs, Switzerland) over-
night at 37"C, and then re-hydrated in toluene
followed by a graded alcohol series. De-paraffinized
sections were either treated with 0.1olo protease for
l0 min at 37'C, followed by 30 min of incubation
with 1% H2O2 in methanol, or incubated for 30 min
with 1% H2O2 in methanol, followed by treatment in

a microwave oven for 5 min at 700 \fl after covering
them with l0 mM citrate 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
(DAKO, Copenhagen, Denmark), anti-CD68
(DAI(O) or anti-vimentin (DAKO) antibodies. The
secl-ions were then covered with biotinylated rabbit
anti-mouse IgG (DAKO) 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-diami-
nobenzidine-tetrahydrochioride (Sigma) in PBS/
0.O2yo H2O2. The sections were finally counter-
stained with Mayer's hematoxylin. Sections from
tonsil biopsies served as positive controls. Visualiza-
tion was performed on a mono-ocular microscope
(I-eica, Germany) where all stained cells were
manually counted throughout the whole section
and the section size was measured using the Qwin-
link program (kica). The cell density was calculated
by dividing the number of counted cells by the
measured area.

Sntistirs

The SPSS statistical program package was used
(Version 11; SPSS, Chicago, IL). Student's r-test
or Kendall's r was utilized. Differences were con-
sidered significant at p <0.05.

Results

Serics I (n:14)

Epithelial celk. In MF-spheroids, the proportion
of epithelial tissue decreased during spheroid forma-
tion from 28%+6.1% to 12.90Á+3.6% (p <0.05)
(Thble II). The proportion of epithelial tissue was
higher in MF- compared to BF-spheroids (12.9o/o+
3.6%o vs 4.9%+1.0"/o;2 <0.05; Tàble II). In con-
trast, the proportion of epithelial cell coverage was

higher in BF- compared to MF_spheroids (64.1% +
4.0%o vs 36.3%+4.2%;p <0.001; Thble II).

Fibroblasx. The percentage of fibroblast tissue was
not significantly reduced during spheroia fo.m"tiorr,
and nor did it differ between BF_ and Un_spneroias
(Thble II).

MMs. T\e densities of macrophages (CD6g_posi_
tive cells) were derermined in the pÁu.v *-oi"nàin both BF- and MF-spheroids. ffr" a.".iry àf
macrophages in tumor tissue did not chánge
throughout formation of the MF_spheroids, aíJnor was there any significant difference in the
percentage of macrophages between BF_ and MF_
spheroids (Table II). The macrophage densiry on the
spheroid surface was similar foi both nf,_ u"a lff,_
spheroids.

Serics II (n : 17)

Macrophage dmsity. The density of macrophages was
estirnated only in MF-spheroids in series iI. a"
association was determined between _a".ophag.
density and monocyre BF-spheroid frlcp_f _s'tlmi_
lated secrerion (1 : 0.43; p < 0.05; Thble III), as well
as berween monocyte MF-spheroid L_O stiíutatlonana macrophage density (r:0.41; p <0.05;
Thble. II!. The macrophage density *", irru....iy
associated with the ESR at diagnosis (r: _0. 6ip <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 <0.1j Thble III). Analysis suggested that this was
mainly due to increased macrophage infiltration in
HNSCC tumors with multiple nodàl spreading.

F-spheroid IL-6, MCP-I and TNF_a secrction. No
TNF-a secretion was detecred upon analysis of the
supernatants from spheroid culture in vitro (data not
shown).

MCP-I was determined in 4/10 tested cases with
BF-spheroids and in 10/14 resred. cases *itf, fvff,_
spheroids (fable IV). Furrhermore, Table V shows
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Tàble ry. Coneladons (Kendall,s 1) berween density of macro_phages and vuious other parametere.

Pumeter

pN stage

BF-spheroid
MCP-I
TT-6

MF-spheroid
MCP-I
II-6
Monocyte benign co-cultue

F-spheroid macrophage density p

0.34

0.23
0.27

0.28

-0.10

<0. I

MCP.I
IL-ó

0.43
0.t2

<0.05

Monocyte malign co-cultue
MCP-I
IL-6
Pre-ÍeaÍnent ESR
Co-cultue ESR

0.16
0.41

-0.46
-o.21

<0.05
<0.05

that there was an association between óe BF_ and
MF-spheroids and which parients Uey origina;J
lom (r:O.66t p <0.01). In addition,; 

".;J;;;determined showing a correlation between tha ,.a.._
tion rares of IL-6 and MCp_l tom nn_spneroiJs
(r:0.34; p <0.1; Thble \|.

IL-6 was secreted from BF-spheroids in l3l14
tested patients and from MF_spheroids in all 13
tested patients. IL-6 secretion did not, however,
differ between BF- and MF-spheroids (Thble IV)- 

'

Monocyte co-cuhure IL-6 anà MCp_I respottses

Monocytes stimulated by MF-spheroids secreted
more IL-6, but not more MCp_l, than those
stimulated by BF-spheroids (Tàble V). There was a
positive correladon between the amount of mono_
cyte IL-ó or MCP-I secrered depending on wherher
it originated from BF- or MF-spheroiJ stimulation
(t:0.46; p <0.05; r:0.43;2 <0.05; Thble VI). A
positive correladon was also determined between the
monocyte MF-spheroid MCp_l response and
BF-spheroid IL-6 secretion (r:0.a5; p <0.05,
Table VI).

Tàble tr. Spheroid content and surface level ofepithelial (cytokemtin-positive) cells md content level offibroblasts (vimentin-posidve) md
macrophages (CD68-positive cells) for the patients in series L

Sample Epithetiat content (%) Epithelial covemge (%) Fibroblast content (%) Macrophage content"

Table Itr. spheroid or monocyte co*ultue-stimulated secrerion of IL-6 and Mcp_1

BF-spheroids MF-spheroids P^

Co-culrure
McP-t (pglm)
Ir-6 (RR)

Spheroid
McP-l (pglml)
Ir-6 (RR)

Tumor biopsy
Malign spheroid
Benign spheroid

28.0 +6.I
12.9+3.6'
4.9 + 1.0"

NA
36.3 +4.2
64.1+4.0-*

15.9 + 3.9
to.6 +2.2
t 0.5 + 1.7

1.8 +0.46
2.0 +o.46
1.5 +O.26

'}.{umber of CD68-stained cells per section area (pm2;.
*p 

< O.O5 vs tmor biopsy.
--p 

< O.OS vs malign spheroid.
-t"2 

<O.OOl vs malign spheroid.
NA :not applicable.

5264+3210
0.r8 +0.08

169 +95
905 +326

,8082 +3214
.0.34+0.08

826+353
1374+316

<0.01

<0.05

"Repeated measures t-test.
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Tabte V Conetations (Kendall's t) between F-spheroid MCP-I
md IL-6 secretion.

Benign Malignmt

MCP-IMCP-I IL-6

Benign
IL-ó

Malignant
MCP-I
II-6 0.06

'p.O.t.
*p 

<0.01.

Infl.ammatory smtc

The mean ESRs at diagnosis and co-culture were
24*4 and 50*7 mm./h, respectively. However, the
C-reactive protein (CRP) level in serum was 17+5
g/l at diagnosis and 13*4 g/l when the monocytes
used in co-culture 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-I responses @:0.45-O.49; p <O.O5i
Table VI).

Discussion

F-spheroids harbor mainly three types of cell:
macrophages, fibroblasts and epithelial or tumor
cells. The monocyte IL-ó and MCP-I responses in
co-culture are dependent on both direct contact with
and products secreted from the F-spheroid 124\. In
this study we have shown that epithelial tissue is

replaced by interstitial tissue during F-spheroid
formation, but that a higher percentage of epithelial
cells are present in MF- compared to BF-spheroids.
In contrast, epithelial coverage was more extensive

on BF- than MF-spheroids. Furthermore, the
monocyte IL-6, but not the MCP-I, response

observed with MF-spheroid stimulation was higher
than that with BF-spheroid stimulation. Thus, the
monocyte co-culture IL-6 response does not in
general reflect the percentage of epitheiial cells on
t.lle surface, but in this case is more likely to reflect
the total epithelial content of the F-spheroids.

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 [6]. It has, however,
been suggested that rumor-associated fibroblasts,
but not reguiar fibroblasts, may stimulate monocytes
to aggregate in breast cancer tumors [25]. The fact
that cytokines are secreted in parallel from BF- and
MF-spheroids argues against this in HNSCC.

The macrophage density was not significandy
different between MF-spheroids and parental tumor
tissue, and nor was there a significant difference
between 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, monoclte
function has usually recovered from the surgical
uauma [2ó]. A general restoration of monocyte
function following surgery is also supported in the
present investigation by the return to baseline of
CRP serum levels upon monocyte harvest. Thus, the
presence of a co-culture response is not solely a

consequence of surgery-induced inflammation. On
the contrary, F-spheroid monocyte-stimulated
MCP-I secretion, as well as TAM density, was
inversely associated with the ESR level at both
diagnosis and co-culfure. Thus, the presence of

general inflammadon may actually suppress some
MNP functions in HNSCC patients, rhe monocyte
MCP-I co-culture response being one example of
this.

The fact that the macrophage density of F_
spheroids is associated with the monocyte co_culture
response, the similar TAM percentages of BF_ and
MF-spheroids and the association between MCp_l
secretion and BF- and MF-spheroids all suggest that
a TAM equilibrium with the orher compartments of
tÏe MNP system is found in HNSCC patienrs. This
is also supported by evidence that the monocytes of
HNSCC patients are primed compared to control
condidons, as shown previously [271. Tine presence
of HNSCC tlrus seems to induce changes within the
host beyond the acrual site of the tumor.

An association was determined between MF_
spheroid MCP-I secretion and the monocyte co_
culture ll-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-culture_sti_
mulated secretion of the same cytokine. fn contrast,
we showed a correladon between monocyte BF_ and
MF-spheroid-stimulated secretion of MCp-l/IL_6.
This supports the fact that monocyte properties
adjust both the BF- and MF-spheroid stimulatory
capacities. This is in line with the parallel ligand_
receptor interaction tiat was determined to be
present during monoclte BF- versus MF_spheroid
co-culture [28].

Tïrere was a 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 related to prognosis in
cancer patients [29], as well as to a recently
published sftong association between macrophage
content and N stage and ll.rnph node metastasis in
oral SCC tumors.

The fact that F-spheroids did not secrete detect_
able amounts of TNF-a suengthens the view that
TAMs function as support cells within an established
tumor, as suggested previously. I7e did not, however,
investigate the secretion of several other potential
cytotoxic monokines, e.g. TNF-related apoptosis_
inducing ligand C|RAIL) and TNFlike weak in-
ducer of apoptosis CI'i7EAK).

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 sqfgeSt,
a causal relationship. As the number of patients was
limited, the importance of a lack of a significant
correlation should not be overestimated. Further_

Monocyus and macrophages in HN canter I103

more, tïe associations found need to be confirmed
by additional studies.

The findings of this study support associadons
between TAM density and monocyte 

"o_"rrtto."stimulation, BF- and MF-spheroid cytokine secre_
trol 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 a
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 further light on mononuclear function in
HNSCC patients. If a thorough understanding of
these mechanisms can be achieved it may lead io a
future cancer therapy based on a modulated inter_
action between tumor cells and the MNp system.

Acknowledgements
IJTe thank Dagny Ann Sandnes and Turid Tynning
for excellent technical assistance, and the Medical
Research Center, University of Bergen for providing
some of the laboratory equipment used in this study.
The work was supporred by The Norwegian Cancir
Society.

0.34-

o.66
0.03

o.23

-0.01
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ORIGINAL ARTICLE

Introduction

Monocytes are recruited by cytokine and chemokine
gradients to migrate from circulation into dssues
where further differentiation to macrophages is
regulated by environmental signals [l]. In neo_
plasms, rumour-associated macrophages (TAMs)
represent a major component of the leukocge
infiltrate. TAMs may play a dual role in the interac_
tion with tumour cells [1]. A symbiotic relationship
may exist between TAMs and fumour cells, thereby
giving support to 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 worsened survival rate [2]. TAMs also have
potential for cytotoxicity towards tl.lmour cells and

ma

some reports state an improvement in prognosis in
relation to high numbers of TAMs in tumours [3].It is generally accepted that TAMs may play a
regulatory role in growth of malignant tumours
including head and neck squamous cell carcinomas
(HNSCCs) [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 to dendritic cells @Cs)
[ó]. It has proved difficult to study TAMs function in
vivo. TAMs could be isolated from tumours (e.g. by
mechanical and enzyrnatic dissociation techniques),
or TAMs could be studied in the tumour tissues (e.g.
by in situ hybridization or immunohistochemical
staining). However, these methods are encumbered
with sources of error-like disrurbance of cell func-
tignality and provide only a depicted moment of a

infor
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corstandy changing process by the two last men-

6oned methods. The function of TAMs should
preferably be studied while the cells are still viable
in situ. This can be achieved by the use of an organ
culture technique. A modified organ culrure techni-
que has previously been described in which samples

from HNSCC turnours are maintained viably as

malignant fragment (F)-spheroids in vitro. The
organ culture technique also enables the establish-
ment of benign F-spheroids derived from benign
mucosa serving as controls for the malignant F-
spheroids.

The malignant F-spheroids consist mainly of
epithelial cells, fibroblasts and macrophages [7].
TAM density in the F-spheroid is not significandy
changed compared to the tissue that ttre F-spheroids
originate from [8]. Malignant and benign F-spher-
oids secrete different levels of monocyte chemotactic
protein (MCP-I) and interleukin 6 (IL-6), but not
IL-l and tumour necrosis factor (fNF)-c. [8]. The
production of IL-6 from HNSCCs may be impor-
tant, since IL-6 co-regulates cell differentiation,
survival and apoptosis [9]. The secretion of MCP-
I from HNSCCs is also of importance, as this C-C
chemokine recruits MNPs to tumours. Macrophages
have potential for secreting numerous products such
as clnokines [0], including IL-6 and MCP-I. It is

therefore pertinent to study whether TAMs are a

main source of MCP-I and IL-6 secretion within
HNSCC tissue.

To address this question we decided to utilize
óe F-spheroid organ culture model to sfudy whe-
ther a down-regulation of TAM activity in F-
spheroids correlates with reduced production of
IL-6 and MCP-I by F-spheroids. L-leucine-methy-
lester G r MF) has been shown to cause selective
apoptosis of human MNPs and natural killer (NK)
cells by lysozomal disruption [1 1]. LI-lvÍE kills
phagocytes following interaction with inuacellular
proteases which cleaves the molecules inside the
lysosomes. Osmotic force then causes disruption of
the lysosomes and subsequent cell necrosis [2,13]
The specificity of this effect is based on the content
of lysosomal enzymes which differentiates mono-
cytes and macrophages from other cells. Initially we
studied the effect of LLME on the overall viability of
F-spheroids and on the regulation of MCP-1 and IL-
6 secretion from monocytes and macrophages in
vitro. Thereafter, the production of MCP-I and IL-6
from both malignant and benign F-spheroids with
and without L[-ME treatment was investigated.
Finally, the effect of LLME trearment of F-spheroids
on co-culture-induced monocyte stimulation was
studied.
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Materials and methods

Patienx

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

F ra gm en t sp h eroid g ene r ation

An organ culture model was used, by which free-
floating F-spheroids were established from tumour
samples or benign mucosa of HNSCC patients as

described previously [4]. Biopsies were obtained
at surgery. Macroscopically vital tissue was ran-
domly chopped from malignant tissue. Benign tissue
was harvested from the epithelial part of the
mucosa biopsies. Cubes (0.5-l.0mm) were trans-
ferred to agar-coated tissue culture flasks Q.Iunc A,/S,

Roskilde, Denmark).The F-spheroids were cultured
in Dulbecco's MEM (Bior$(rhittaker, Walkersville,
MD, USA) supplemented with 15% heat-inactivated
fetal bovine serum (FBS; Sigma, St I-ouis, MO,
USA), penicillin (100 ru/d), streptomycin (100 pgl
ml), amphotericn (2.5 pglml), L-glutamine (2 mM)
and non-essential amino acid mixture (1%; Bio-
\Thittaker). The cultures were maintained at 37'C in
5% CO2 and 95oÁ air with 100% relative humidity.
Fragments, which had rounded to spheroid-like
structures after 10-14 days in vitro, were selected
for experirnents.

Viability usx

Viability of the F-spheroids treated with L[-lVlE was
tested by transferring a random selection of F-
spheroids into 16 mm multiwells with 0.5 ml of
culture medium containing 2 pm Calveni AM and
4 pm ethidium homodimer-l Q-IVE/DEAD Euko-
light viability/Cytotoxicity Kit (L-3224); Mole-
cular Probes Europe, kiden, The Netherlands).
After incubation for 30 min at room Íemperature
(Rf), F-spheroids were transferred to 16 mm wells
containing PBS and examined by a scanning con-
focal microscope @iorad MRC-1000, Hemel
Hempstead, UK) using a krypton-argon mixed gas

laser, Cells with green fluorescence were assessed as

viable and cells with red fluorescence as non-viable.
This method evaluated the cells on the surface.

Bromo deoxjruridine lab e ll in g

Spheroids treated with l0mM and 30mM LLME
and spheroids from the control group were used for
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bromodeoxyuridine (Brdtl) labelling. F_spheroids
were cultured for 4 h in standard growth medium
supplemented with l0 pM BrdU and l0 pM
2-deoxycytidine and subsequently fixed in 7:Oy.
alcohol for l6h and embedded L paraffrn. The
specimens were cut into 4 pm sectións and mo_
unted on 3-aminopropyltriethoxy-silane_coated gla_
sses overnight at 37"C. After deparaffinization ln
toluene, followed by rehydration in a graded alcohol
series, tlre sections were incubated ii 0.3% H"O"/
metlranol for 20 min and rhen for 30 min in Z tU
HCl. The sections were subsequently incubated for
45 min with horse serum ar RTand then for 2 h with
a l:40 dilution of mouse anti_Brdu monoclonal IgG
!Dako). Subsequently, the slides were overlaid wïth
biotinylated rabbit anti-mouse IgG @ako) for
30 min at RT. This was followed by incubation for
?9 -a yft avidin-biotinylated hoiseradish perox_
idase (HRP) and incubation for g min witfr Or{n in
PSB/O.O2% H2O2. Mayers' haematoxylin ,u, ,rr.j
as a counterstain.

Monocau preparation

The peripheral blood mononuclear cells (pBMCs)
were separated by gradient centrifugation with
LymphoprepR (Nycomed, Oslo, Norwai 

", 
a..rrlf

gradient medium as described previously tl5,l6Í.
The PBMC yield of 8.5 ml blood wu, atto"at.a io ajt
wells in a 24 well plate (lrtrunc) with RpMI_1640
supplemented with penicillin (100 IU/ml), srrepto_
mycin (100 pdml), amphotericin (2.5 frglml), I-_
glutamine (2 mM) and 20%o aurologous ,Jr,rrn-to u
total volume of 0.5 mVwell. After pre_incubation for
40 min, the monocytes (MOs) were purified by
washing, and then cultured in RpMI/Zb% autolo_
gous serum 0.5 mVwell. The cells were shown to be
more tlan 95% MO-positive by non_specific ester_
ase stain,

LI-IyIE function was controlled by incubating
purified MOs with 30 mM LI_lvIE for 90 mii
followed by stimulation with lipopolysaccharide
(I-PS; Sigma) ar a concentration of I pglml. Non_
treated MOs were used as control. Supernatants
were sampled after 24 h and assessed for production
of IL-6 and MCp-l as described below.

AFTER 7 days half of the MDM culrures *o.-
supplied wirh 30 mM Lt-IvÍE for 90 min. AI M;ïcukures were rhen washed three times *iÀ RI,ïiand. incubated with I pglml I?S (Sigma) ;;;Escherichia coli for 24 h, with .orn. Jrrf*í.*-i.t
not stimulated as controls. Supernatants ,... tu'._
vested and stored at -gO"C until n.tfr.. u.ruty.J

Co-cuhure

Malignant or benign F-spheroids were washed
and transferred to freshly isolated MO culture; ;
?1:16 mm weil plates e.trunc) with t ml RpMï
20% autologous serum (BioVhittaker) p.. rv.fi.
MOs cultured in wells with the indicated-medir:m
with or without addition of I pglml LpS from E.;;i;
served as controls, Five to six spheroids were
allocated to each well.

LLME treatment of F+pheroids

In some experiments half of the freshly chopped
tissue cubes, either from mucosa or HNSCCs, ïere
treated with 30 mM LI_IvtE in the culture ,rr.airr_
described above and incubated for 90 min, .o.r.trra_
ing with rhree washes in DEMEM. fne tis.rr. 

"lrie,were thereafter cultured as described in parallel
cultures to tissue cubes that were not treated withLIÀÍE. Medium was collected every 24 h anJ
assessed for IL-6 and MCp-l concentration.

IL-6 and MCP-I ELISA

The contents of IL-6 and MCp-l were determined
by ELISA using MCp-lAL-6 caprure and derecrion
antibody pairs, compared to r-hu MCp_lAL_6 as
standards (R&D Systems Europe, Abingdon, UK).All procedures were performed accorJing io the
specifications of the manufacturer. In short, 96_well
microtitration plates (Costar Corning, M, USA)
were coated overnight at RTwith monoclonal mouse
anti-human MCP-I or IL-6 caprure antibodies,
respecrively. AÍïer blocking, diluted samples aná
respective recombinant human standu.à, *..a
added and incubated for 2 h at RT followed by
addition of biotinylated polyclonal goat anti_human
MCP-I or IL-6, respectively. The plates were
incubated for 20 min at RT with strepiavidin_con_
jugated horseradish peroxidase. Tetramethvl_benzi-
dine (IMB; Sigma) and H2O2 were used as
substrate.
- In co-cultures, the background MCp_l/IL_6 levels
from unstimulated cultures were substracted from
the levels of the parallel stimulared cultures when the
MCP-I/IL-6 levels are shown. In some experiments
MCP-lAL-6 responses were calculated as a percen_
tage of appropriate LPS-stimulated MO response.

Mauophage preparation

MOs were incubated for Z days in RPMI+2O% AB
serum in vitro and showed changes in morphology as
measured by size and phagocyte vacuole fo.-uiió., , ,

as well as elongation of cytoplasm prouusions,
indicating a differentiation towards monocyte_de_
rived macrophages (MDMs).



Sta,tistirs

The statistical program package Statistical Package

for tïe Social Sciences was used (version 13; SPSS,

Chicago, IL, USA). The !íilcoxon signed ranks test

was used and results were considered significant
when p <0.05.

Results

Viabikty of F+pheroíls treated with LWIE

IJvula mucosa biopsies were obtained from six

patients treated with surgery for snoring. Spheroids

obtained from mucosa fragments were treated either

with 30 mM LLME or not treated. Nearly 100%

of óe spheroid surface consisted of live cells as

determined by ttre LIVE/DEAD kit, indicating that
spheroids are viable after Eeatment with LLME
30 mM and 14 days of culture in vitro'

To examine viability fi:rther, BrdU labelling was

used as described above. Five malignant and five

benign F-spheroids from a patient with HNSCC
were selected for this experiment. BrdU labelling
showed that some cells in the benign and several cells

in the malignant F-spheroids proliferated, showing

that LLME treatment does not impair cell prolifera-

tion in spheroids.

Tieatment of MNPs in monol'ayer zpith LLME

MOs were incubated with 30 mM LLME with non-

treated MOs as control. There was no production of
IL-6 and MCP-I as such in MOs treated with
LLNIE (results not shown).

MDMs were treated with 30 mM LLME for
90 min and non-treated MDMs were used as a

control. MDMs treated with LLME showed a sig-

nificant decrease in LPS-stimulated IL-6 (Figure la)
(Z: -1.753; p:0.08) and MCP-I @igure lb)
(Z: -2.023; p:0.043) production.

IL-6 and MCP-1 production ltom benign F+pheroils
obmined from patients teaud for moring

The production of II-6 and MCP-I from F-spheroids

after a 24h period was assessed and F-spheroids

treated with IJ-IVIE were compared to untreated
control F-spheroids from six patients. There was

a decrease in the production of II-6 (Figure 2a)

(Z: -2.021; p--0.028) and MCP-I (Figure 2b)
(Z : -2.O23t p:0.012) by F-spheroids treated with
LLME as compared with the control spheroids. This
difference in cytokine production was sustained dur-
ing 7 days of medium sampling.
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30 mM LLME

(+) (-)

30 mM LLME

Figure 2. Effect of LLME, on the production of IL-6 (a) md
MCP-I (b) by F-spheroids from squmous tissue, derived ftom
patients mdergoing elective sugery for snoring, from ? days after
hanesting. Biopsies were chopped into ftagnens and treated with
30 mM LLIvIE for 90 min. Thereafter Èagrnents were allowed to
develop into F-spheroids eitrer treated CO-) with IIME or as
control (-O-). Medim was smpled for IL-6 and malysed
by ELISA (pglml) every 24h for a total of 168hom. Mean
production duing 48 h is shom.

(Z: -2.521; p:0.012) and MCP-I (Figure 3b)
(Z: -2.521; p:0.O12) from both malignant F-
spheroids and benign F-spheroids treated with
LLMX,, compared with autologous untreated conlpl ,. ,
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 1. Efiect of LI-lvlE on the LPS-stimulated prcduction of
IL-6 (a) md MCP-I (b) by cultrcd macophagc. Macophages
werc tÍeated with 30 mM LI-ME for 90 min CO-) md thercafter

stimulated with LPS at a concentration of I pglml' Non-treated

rultwed macophages werc used as conrol (-O-). Medim was

sampled for IL-6 and analysed by ELISA (pglml) after 24 h. Men
production duing 24 is shom.

II-6 and MCP-I production from sphetoiils obmined

Jrom patbnts with HNSCC

The producdon of IL-6 and MCP-I from malignant
and benign F-spheroids after 24h was assessed

and F-spheroids treated with LLME were compared

to untreated F-spheroids. There was a depletion

of spontaneous production of IL-6 (Figure 3a)

(-) (+)

30 mM LLME

6s000

(+) c)
30 mM

Figw 3. Effect of LI-IvlE on the production of IL-6 (a) md
MCP-1 (b) by F-spheroids from ? days after haruesting. Biopsies
wae chopped into fragrrents md treated wió 30 mM LLME for
90 min. Thereafter fragnents were allowed to develop into benign
(-O-) and malignant (-r-) F-spheroids. Autologous, non-treared
benign CO-) and malignmt (- a -) F-spheroids were used as

controls. Medim was sampled for IL-6 and analysed by ELISA
(pg/mt) every 24}r for a total of 1ó8 h. Mean production duing
48 h is shom.

lCo-cubure of F-spheroi& with aumlogons monpcytes

Malignant and benign F-spheroids treated with
LLME were co-cultured with autologous mono-
cytes as described in Materials and methods. There
was no difference in monocyte co-culrure-induced
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donors with Il-IvtE. The production of IL-ó and
MCP-I was reduced following treatment, suggesting
that LLME selectively inhibits the function of tissue
macrophages.

Incubation with LI-IVIE did not cause significant
epithelial cell death 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 benign F-spheroids
from HNSCC patients treated with LLME showed
reduced levels of secretion of IL-6 and MCP-I.
These results suggest that LL-lvtE can reduce tissue
macrophage and TAM function as measured by IL-6
and MCP-I secretion while the surface cells on F-
spheroids remain vital.

\Ve concluded that TAMs are a main producer of
IL-6 and MCP-I in HNSCCs. HNSCC cells [19],
as well as other cells such as tumour infiltrating
lymphocytes CfIIr), are also presumably able to
produce these cytokines and thus responsible for the
production of IL-6 and MCP-I by the F-spheroid
after treatment with LLME. On the other hand,
LLME at the concentration used might not reach the
TAM lysozymes in sufficient concentration to exert
cell death. Recently, pro-inflammatory cytokines
such as IL-6 have been shown to have an impor-
tant role in cancer development associated with
cbronic inflammation [20]. It has been postulated
óat dysregulation of an inflammatory response may
cause initiation as well as progression of neoplastic
growth [21]. IL-6 may play an important role in this
process by serving as an anti-apoptotic agent
through activation of NF-rÊ [20]. HNSCC cells
also have been shown to secrete II-6 [9] and may
thereby serve as a paracrine stimulator for TAMs to
secrete fL-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 monoclte IL-6 secretion
following LPS stimulation heralds impaired prog-
nosis for HNSCC patients (unpublished data).
MCP-I could be associated witl accumulation of
TAMs in squarnous cell carcinomas [22]. Liss
and co-workers observed that atuaction of TAMs
producing angiogenic factors in HNSCC was due
to secretion of MCP-I by tumour cells [23]. Our
observations in tÏe present study indicate that TAMs
also produce MCP-I and thereby form a self-
enhancing circuit of TAM influx in HNSCC tu-
mours.

Co-culture with autologous monocytes showed
no significant differences in co-culture-induced
monocyte IL-6 and MCP-I production when
LlME-treated spheroid cultures were compared to
untreated spheroid cultures. This indicates that IL-ó
and MCP-I secretion from TAMs is not the primary
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stimulus of monocyte co-culfure_sdmulated cytokine
secretion. It might be speculated rhat TA-Ms and
monocJrtes in co-culture with F_spheroids share the
same stimulatory pathway when secreting IL_ó and
MCP-I in vitro. The co_cuhure ..rporri. did not
change following LLIvÍE treatmenr oi tfr. n_.pfr"._
oids and óis further strengthens the claim that f_
spheroid epithelial cells are fully viable following
LLIVÍE exposure.

It has been shown that TAMs are physiologically
different to tissue macrophages tfl. 

-S"ct, 

" áim.._
ence, expressed by IL-6 and MCp_l secretion, could
not be demonstrated in this study as tlere was no
difference in responsiveness to IIIVIE treatment
between malignant and benign F_spheroids. Furthei
studies with additional cytokine measurements will
be performed to answer this question -o.. tho._
oughly.

The function of TAMs is still not fully known.
Correlation analyses of the amount of fÁ.fvfs urrà
prognosis of cancer have shown that high levels of
TAMs in HNSCC may be related to ,iorse long_
term prognosis [4,24). However, in other cancËr
diseases this may be different Í2,22,25_2g1.

One of the reported experiments in the present
series was actually performed with tissue fro- 

"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 tumouÍs, .rp..rl
sion and secretion of cytokines in tumour tissrr".ï*
been determined by the use of immunohistochemical
methods and,/or cell lines. This report shows the
dynamics of cytokine secretion dwing the irrt.ra"_
tions between rumour cells and to-o,r. stroma) tlus
offering a possible sffategy for performing such
studies. Incubation of tumour tissue with LLNTE
before forming F-spheroids might be an important
TAM research tool, especially since TAM densiw in
theF-spheroid is not changed significantly compared
to the original rumour tissue [g].

In recent years, there has been much focus on the
:t-udy of rumour biology by micro-array technology
[29]; however, such studies use whole to-o.rr tissË
Thus it cannot be determined if the differences
shown are actually attributable to tumours cells or to
the various supporr cells - of which TAMs might
be an example. Treating tissue with LLME befóre
processing could help to show which oftfie changes
in mRNA construct levels actually reflects tumJi:r ,. ,

cell changes.
Ve have shown that LLIVIE incubation of HNSCC

tissue can decrease the secretion of IL_6 and MCp_l

from F-spheroids in vitro. This indicates that TAMs
are a main source of these cytokine. i" HNSèC;:
The observations in this study and ,ecent ;;Àï
orhers are in accordance with the p.opo.itioí',r,ït
TAM-secreted IL-ó contribute,,o O. 

"...i*g".rlrï,of HNSCC.
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Abstract
Background: This study was
is associated with presence,
(HNSCC) disease.

performed in order to determine whether monocyte in vitro function
state and prognosis oí head and neck squamous cell carcinoma

Methods: fig:p:rlv" study describing outcome, aíter at reasr five years observation, of patientstreated for HNscc disease in relation to their monocyte íunction. Sixty-five patients with newlydiagnosed HNScc and eighteen contror patients were studied. Monocyte responsiveness wasassessed by measuring revers oí monocyte in vitro interreukin (rL)-6.na'ronoJf"lh-emotactic
peptide (MCP)- I secretion after 24 hours of endotoxin stimulation in cultu.e. suppli"deittre. witr,20% autologous serum (AS) or ser-um free medium (SFM). Survivar, and if rerevant, cause oídeath,
was determined at least 5 years following primary dàgnosis.

Results: All patients, as a troup, had, higher in-vitro monocyte responsiveness in terms of rL-6 (AS)
G = 2.03; p < 0.05) and MCP-l (SFM) (t= 2.49; p < 0.05) compared ro controls. lncreased in Ítromonocyte lL-6 endotoxin responsiveness under the SFM condition was associated with decreased
survival rate (Hazard ratio (HR; = 2.2t, Confidence interval (Cl) = 1.05_4.gg; p < 0.05). Thepredictive value oí monocyte responsiveness, as measured by rL-6, was arso retainej ,rn"n aalu.t"aíor age, gender and disease stage oí patients (HR = 2.67; Ci = 1.03_ó.92; p < 0.05). With respectto MCP-1, low endoroxin-stimurated responsiveness (AS), anarysed by'Kapran-iyeier merhod,predicted decreased survival (1 = 4.0; p < 0.05).

Conclusion: ln HNSCC patients, changed monoq4e in vitro response to endotoxin, as measured
by increased lL-6 (SFM) and decreased MCP- I (AS) responsiveness, are netative prognostic factors.
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Background
Knowledge about the interactions between tumour cells
and the immune system has increased in the last decades.
Yet, many basic issues conceming tumour immunology
remain unanswered. An intriguing question is why the
immune system, capable of eliminating malignant cells
under experimental conditions, fails to eliminate tumour
cells in patients with progressive cancer disease. Thus, it
remains relevant to study functional changes in various
immune cells during cancer disease [1,2].

Head and Necksquamous cell carcinoma (HNSCC) is one
example of diseases where functional changes in immune
cells have been demonstrated [3,41. Alterations in
immune cell functions in HNSCC patients are shown to
be both directly disease dependent as well as indirectly
related to disease as, e.g,, when correlating to impaired
general status of patiens [5]. Furthermore, it has been
shown that ín urtro-stimulated lymphocyte proliferation,
as well as ín uiuo expression of lymphocÍe activation
epitopes, may be associated with prognosis in HNSCC
patients [6,71.

Mononuclear phagocytes (MNPs) are also determined to
be functionally changed in patients with HNSCC [8].
Monocytes and macrophages may be separated into type-
I and type-Il cells according to their cytokine repertoire
upon activation [9]. Interleukin (IL)-6 and other pro-
inflamrnatory cytokines are secreted fiom type-I cells,
whereas chemotactic substances such as monocyte óem-
otactic peptide (MCP)-l are secreted mainly from type-Il
cells [9]. When monocytes are stimulated in co-culture
with HNSCC tumour cells, high levels of both IL6 and
MCP-I can be detected in supematans [10].

IL6 is a pluripotent cytokine with mostly stimulatory
functions. IL6 may, e.g., act as an autocrine or paracrine
growth factor, but also as an anti-apoptotic agent on can-
cer cells, as is the case in oral cancer [11-13]. MCP-I was
originally determined to Íecruit macrophages into malig-
nant lesions [141. 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
(TAMs) in HNSCC tumours is mirrored by a worsened
proglosis, 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 corre-
lation between monocyte and TAM IL-6 secretion in
HNSCC, suggesting that monocyte function indeed
reflects TAM function in HNSCC patients [101. We there-
fore suggest that monocyte function may be related to
prognosis in HNSCC patients. The aim of the present
investigation was to study this hypothesis.

Monocyte function may be assessed by measuring
cytokine secretion after in uitro stimulation of purified
monocytes with endotoxin. We have studied whether
monocyte function in HNSCC patients, as measured by in
uitro endotoxin-stimulated monocyte IL6 and MCP-I
secretion, was different from monocyte function in con-
trol patients and dependent on stage ofHNSCC disease as

well as prognosis.

Methods
Potients ond contrors
The study comprised patients hospitalised at the Depart-
ment of Otolaryngology and Head & Neck Surgery
Haukeland University Hospital, Bergen, Norway. Patients
had either squamous cell carcinorna (SCC) (N = 65) or
benign diseases of the head and neck (HN) (N = 18).
Patients with autoimmune disease oÍ patients on corticos-
teroid medications were excluded from the study. 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 carcinomas were:
oral cavity (28), pharynx (22), larylx (t3), maxilla (t)
and unknown primary (1). TNM stages of patients are

shown in Table 1. The diagnoses of the patients with
benign disease were: dysplastic lesions in the oral cavity or
larynx (8), benigrr tumours in the larynx or middle ear

Table l: TNM states oÍ cancer patients evaluated Íor in vitro monocyte function. (Figures represent the íinal GTNM score oí patients
beíore treatment or pTNM scores based on histology from surgery, iÍsuch information was present)

N stage

Sum

T stage 7
t9
t9
il
t4
65
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(3),,obstru_ctive sleep apnoea (3), benign oesophageal
conditions like stenosis or diverriculum (:l .. ;"ll;;_
panic membrane dglect ( I ). Variables such"r, ,g". ,àtí..o
smoking and alcohol consumption are know"n to affect
1ono..yr. function IlZ_1gl.In order to evaluate the effect
of malignant disease per se on immune function, healthy
controls, matching cancer patients to these po.ribl" .on-founding variables, were selected. ng.r'oi HNiCc
patients.(62.2 + 1.3) and controls (64.4;2.s) *.r" .i_i
lar. Neithertobacco smoking (33.8 t 2.5 versó ió.À is.r
years) noralcohol consumption history (2.3 t 0.t6 versus

? 
j * o. t,r) differed significantly betwéen th. t*o gro,lp*.

Atter at least 5 years posrinclusion, survival was"deter_

Tn,"d toT the Norwegian population ,.g.try una .",r*.oI deatn trom a continuous follow_up registration of
ïNlgC parients at our deparrmenr. We found that gO of
rne b5 cancer padents were still alive, 27 had succumbed
from HNSCC disease and eight from otfr"r.urrr"r.

Alcoh ol co nsu mption ossessment
Each patient was interviewed at time of inclusion in the
study in orderto assess smoking and alcohol hubi;. FIi*_
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 Í}ran t i." *""Hf.

Monocyte preporction
Patients were included in the study upon their arrival to
the department before any Íeatment started. All blood
samples were drawn at 7.30 a.m. as a bedside p.o."d*.
and each patient was asked to stay in bed until the blood
was drawn. Monocytes were isolated from blood bv eruài_
ent centrifugation followed by adherence to plustiáaï p.e_
viously described. [8] In short, peripheral blàod
mononuclear cells (pBMC) were sepárated by gradient
centntugation with Lymphoprep. (Nycomed, Osio, Nor_
wgf] as density gradienr medium. ih" I,UUC yield of a.Sml blood was allocated to a 24_well plate (uunc aJs,
Roskilde, Denmark) with RpMI_1640 (Biowhiitaker) sJo_
plemented with amphotericin B (2.5 pg,/ml; ana gi;;;:"
Í9:t-!pry1, HEpES, Lglutamine (imu), pói.ili.,
(t00 IU/ml), strepromycin (rOO pg/mi), sodiím Ui.a.bà
nate, sodium pyruvate (all from BioWhittaker) and 2}o/o
autolog^ous serum (AS) to a total volume of o.s -t7*"it.AÍter 40 minutes pre-incubation, adherent monocytes

Y:::-pgLfi:d_by washing and rhen cultured in comp'iete
RPMI (BioWhitÍaker)120o/o AS with O.S mfwell. rhis
method yields more Íhan 95olo monocytes positive by
non-specific esterase stain with -or" thu., óSyo ,,rlubl"
cells as tested by tryphan blue stain. 

:r:'

Culture conditions ond stimulotion
After monocFtes were isolated-from each donor, cells werewirhout delay further cultured in o.S ml/weil, ;,À;;;O
l]::1..yj.ft 20% (AS) or wirh ."*Á rË.'ï"liu,n
(SFM) ( U ltraCulture, BioWh iuaker). Sti mulati on ;;;;..
ï:".9^g:l l:::.ol t prs/ml lipopory*.Á.,rá" iírtcenved rrom Escheríchin colí (Sigma, Sr. touis, Vo., i_fS,tybefore sample collection. cuituies *ith"". iÉs 

"i *rïru_lant were used as background control .o.raitià.r*-.-" 
"-"

lL-ó ond MCp-l onolysis
The contents of IL6 and MCp_1 analysis in supernatants
were determ ined by enz'r,rne-linkea i-."u"".oiluni:uJ*uy
kit (ELISA) manufactured by R&D Sysrems (R&Dl;;;-,
Europe l,rd., Abingdon, Great Britain). nff p-.'.ï,l."*
were performed according to the specificrtián.-ài*ttr.
manufacturer. Briefly, 96_well microtiter plates-(óostar
Coming lowell, MÁu USA) were .o.t"d ou"_igtl"t utroom te_mperature (RT) with monoclonal mou'se cr-numan lL6 or monoclonal mouse o-human MCp_1 cap_
ture antibodies. Diluted samples or recombinant humanIL6 or MCp-1 standard were added and i"culatea fo, i t,
atRT followed by addition of biotinylated polya"n.l g.r,
o,-human,IL6 or goat cr-human MCp_l..it"'ptut". i"."
then incubated for 20 minutes at RT with streptaviàin_

:?ntu-g:leg horseradish peroxidase. Tetra_methyl_benzi_
dine (TMB) (Sigma) and H2O2 were used u, .'ul.o*".
Absorbency values weÍe -"ri ràd ar 450 nm d;i;ft_
max Pro version 4.0 on an Emax precision microriteï plate
reader (Molecular Devices, Sunnyvale, CA, USA). The
lower detecrion level was 9 pg/ml for If,_o ana iáffmf
for MCP-I. The median LpS_stimulated 1*ti-,lirïft- _
background) IL6 SFM and AS was a+zS) lrange ó _
133014) pg/ml and 40551 (range _s223 _ Às+it1 pgl
ml, respectively. The median LpS-stimulated MCp_1 S'Fi\4
(LPS*timulated - background) and AS (backg.o"J _

!fl:rli-"1r,:9)-w1sz2oz (range from -zoozs lo seruz)
pg/ml and -163 (range from -25718 to 13908) pg/ml,
respectively.

Stdtistico, ondr)rsis
The statistical program package SpSS (Ver. 14; Inc Chi_
cago, IL,-USA) was employed. Figures are given as mean r
standard error of the mean. The g.o.,p, *.i".o-pared by
the student t-test. Survival u.rrlyr".- -"".. performed by
Cox regression analysis or Kaplan-Meier (lng Rank (Man_
tel Cox) test) analyses. When limited v"..r. """t"ndà 

dir_
ease patients were compared, the patients were
dichotomised by the median of the numeric sum ofT and
N stage, i.e. the T and N inreger score (TANIS) [2tl Scores
b.etween 0 and 3 were considered as limited disease and
scores between 4 and 7 as extended disease. With Kaplan-
Meier analyses, monoc''te responsiveness was dichor
omised into high or low responders by the median value,
as measured by the positive account of difference in IL6

http://www. biomedcentral.com/1 4 Z 1 _2407 lgl34
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and MCP-I levels in monocyte cultures when stimulated
compared to not stimulated cultures. The median value
calculation was based on all included cytokine values. Sta-

tistical significance was considered ifP < 0.05.

Results
Monocyte lL-6 ond MCP-I secretion in cancer potients
compored to contrors
When monoqtes were cultured with AS and stimulated
with LPS, supematant IL6 levels in cultures from HNSCC
patients were higher compared to those from control
patients (53459 ! 4789 pglml versus 39165 x.8179 pgl
mL (t = 2.o3; 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 secretion from monocytes in
cancer patients cornpared to controls was obsewed (1232
t 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. lB).

http://www.biomedcentral.com/1 47 1 -2407 18134

Monocyte lL-6 ond MCP-I sectetion os reloted to diseose

stdge
There were no differences in monocyte endotoxin
response, as measured by increased IL6 secretion (Fig.

2À) or decreased MCP-I secretion (Fig. Zn), when rnono-
cyte cultures from HNSCC patients with extended (TANIS

= 4-7) tumour burden were compared to patients with
limited (TANIS = 0-3) tumour burden. This held true
both with autologous and serum- free medium.

Prognostic value of monocyte function
With all patients induded, endotoxin-stimulated mono-
cyte IL6 secretion was found to be significantly higher in
monocyte cultures from patients that had died after 5

years follow-up compared to that of living patients, both
at SFM (t = 2.03; p < 0.05) and AS (t = 2.17t p < 0.05) con-

ditions (Fig. 3A). Endotoxin-induced compared to back-
ground monocyte MCP-I secretion was not different in
patients alive after five years compared to those that had

died during the same period at any of the two culture con_
ditions (Fig.3B). A
Including HNSCC patients only, Kaplan-Meier analysis
showed that patients with high monocyte .esponsiveíess
to endotoxjn, as measured by high IL6 secretion (SFM),
had decreased total (Fig. +A) (y = a3; p < 0.05) ,, i"ll 

",disease-specific (Fig.  B) e = q.S; p < 0.05) suwival com_ :-pared to patients with low monocyte responsiveness. f
When MCP-1 values from AS conditions were analysed by IKaplan-Meier analysis, a low responsiveness predicteá Ë
decreased total survival (X= q.O; p < 0.05) (Fig. 5A), and Ëwith a trend toward the same wirh dlseásà_siecifil sur_ j
vival (1 = 3.6; p = 0.06) (Fig. 58).

With only HNSCC patients included, IL_6 secretion ar
SFM predicted survival as follows: Cox regression survival
analyses, showed that Lps-stimulated monocyte IL_6
s.ecretion, adjusted for gender and age of patients, pre_
dicted both total as well as disease-specific-suroivai (p <
0.05) when analysed wirh original results (Table 2, uiper
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Figure I

Levels of lnterleukin (lL)-6 and Monocyte chemotactic pro-
tein (MCP)- | in supernatants oí 24-hours in vrtro endotoxin
(l pgiml lipo-poly saccharide (LPS))-stimulated purified
monocytes from HNSCC patients and control patients. Cul-
tures were either supplied with autologous serum (AS) or
serum íree medium (SFM). Bars represent means t SEM of
supernatant levels. (LPS-stimulated - baseline levels: lL-6
SFM/AS & MCP- I SFM. Baseline - LPS-stimulated: MCP- I

AS). Statistics by students' t-test.
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Figure 4
Kaplan-Meier^plor survival dependent on total survival (A) or
disease-speciíic survival (B) according to lL-6 in vitro seàre_
gr.on from purified monocytes following 24 hours, endotoxin
(l pglml 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
(VIR) = 2.27; Confidence interval (CI) = 1.05-4.8S; p <

.. ,0.05 and HR = 2.68; CI = 1.1l-6.45;p < 0.05, respectively)
(Table 3, upper panel).

MCP-I MCP-I MCP-I AS MC?-I AS

SFM SM LPS basline LPS

bseline

Figure 2
Levels of lL-6 and MCP-l in the supernatants oí24 hours, in
vitro endotoxin (l pg/ml LPS)- stimulated purified monocytes
írom cancer patients with low (T- + N-stage < 3) (limited)
versus high (T- + N-stage > 3) (extended) tumour burden.
Cultures were either supplied with 20% autologous serum
(AS) or serum free medium (SFM). The bars represent means
+ SEM of supernatant levels. (LPS-stimulated - baseline lev-

els: lL-6 SFM/AS & MCP- I SFM. Baseline - LPS-stimulated:
MCP- r AS).
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Figure 3
Levels oÍ lL-6 and MCP-l in the supernatants oí 24 hours, in
vitro endotoxin.(l pg/ml LpS)- stimulated purified monocytes
cultures from dead versus live patients with observationí at
least 5 years following inclusioá. Cultures were either suo_
plied with autologous serum (AS) or serum free medium

{Slf). The. bars represent meani ! SEM of supernatant level.
(LPS-stimulated - baseline levels: lL-6 SFM/AS'& MCp_ I SFM.
Baseline - LPS-stimulated: MCp-l AS). Statistics by student's'
t-test.
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observed when IL6 levels were analysed with original
results (p = 0.066), (Table 2, lower panel). Likewise, a
trend towards survival prediction was observed as to total
survival when IL-6 levels were analysed dichotomised
(HR = 2.08; CI = 0.97-4.48; p = 0.061), (Table 3, lower
panel). Furthermore, when monocyte LPS-stimulated IL6
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 toral survival
(HR = 3.r0; CI = r.15-8.39; p < 0.05), when adjusted for
gender and age as well as serum albumin and erythrocyte
sedimentation rate (ESR) values ofpatients (analyses not
shown). When adlustment for TNM stage was addition-
ally introduced, predictions were still obsereed, both as
measured by disease-specific survival (HR = 2.31; CI =
l.O2-5.21; p < 0.05) and total survival (HR = 2.67; CI =
l.03-6.92; p < 0.05) (analyses not shown).

When dichotomised MCP-I values were intÍoduced in a

Cox regression survival analysis, adjusted for age and gen-
der of patients, we determined a trend as to prediction of
total survival at the AS condition (HR = 1.99; CI = 0.95-
4.18; p = 0.069) (Table4, upperpanel). Adiustingforage,
gender as well as TNM stage of patients, we determined
prediction of survival at SFM 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 measuredby in vitro endotoxin responsiveness, by
monocyte IL6 and MCP-I secretion. Monoq4e respon-
siveness was increased in monocytes from HNSCC
patients compared to control conditions. On Íhe other
hand, no difference in monocyte responsiveness was
found when HNSCC patients with limited versus
extended disease were compared. Patients with high
monocyte responsiveness as measured by IL6 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 adiusting for gender, age, TNM stage,
albumin and ESR levels. FuÍhermore, we determined to
some extent that MCP-I secretion following endotodn
stimulation was related to prognosis. We have, however,
determined a much more thorough correlation to progno-
sis with IL6 levels than with MCP-1 levels. We rherefore
suggest that MCP-1 level survival prediction should be
more closely studied before any firm conclusions can be
drawn. Our obsewations are in line with results from a
recent study by Clinóy and co-workers showing that
increased IL6 secretion, in short-durationin uitro cultures
of peripheral blood mononuclear cells stimulated with
LPS, was associated with impaired prognosis in patients
radically operated for colon cancer [22]. Monocyte IL6
and MCP-1 secreted from endotoxin- stimulated mono-

cytes may be linked to an altered inflammatory state as
previously shown in HNSCC patients. Examples are
increased ES& lowered albumin values in'seruÀ,
increased levels of acute-phase proteins and pro-inflam_
matory cfokines I23,241. This has been studied by add_
ing serum albumin and ESR level information ,o ,fr" Co"
regression analyses. We determined only minor explana-
tory power upon adjusting for ESR and albumin in serum.
On the conuary to some extent the IL6 secretion level,
serum albumin levels and ESR independently predicted
survival.

B = regression coefÍicient, SE = Standard error of B

Total suryival

HR 9s% ct (HR)

Gender

There is evidence to claim tha-t nuclear factor _xB (NF_xB),
which regulates expression of multiple gen". in .àf1., À.y
act as a link between infection, inflamÀation ."a .á..i"
ogens in development of cancer [25]. The pro_inflamma_
tory cytokine IL6 may have an important role in this
process by serving as an anti_apoptotii agent through ;i-
v_ation of NF-KB [26]. Our present finding tfrut i.rï"as"aIL6 secretion from monoc',tes predias prognosis àf
HNSCC disease, further supports the notion thit inflam_
matory responses may cause both initiation and progres_
sion ofneoplastic growth [12].

Another effect of IL6 is its increased promotion of mono_
cyte differentiation towards -"..ophug., at the expense
of dendritic cell (DC) differentiarion l2il. Monot;;;e
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 IL6 l27l. There is curently an
increasing agreement thatTAM; in iarcinoma dir"ur" -"y
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We found no association between tumour burden and
monoc''te function in the present study. This argues
against monocyte function being linearly regulatej by
HNSCC disease-related factors, suih as cytokin"es secreted
from tumour-associated cells. The findings m tfr. fr.r""tstudy indicate that monoclte changes are gàerally
present in malignant disease and to a lesser extJnt influ_
enced by tumour burden.o :o oo 

,olïn, 
Eo roo rIo

Figure 5
Kaplan-Meier plot survival dependent on total survival (A) or
disease-specific survival (B) according to MCP-l in virro secre-
tion oí purified monoq.tes following 24 hours endotoxin (l
pglml LPS) stimulation dichotomised by median value to low
(hatched line) or high (continuous line) responsiveness with
20% autologous serum (AS) added to the medium applied
(background - LPS stimulated response). Statistics by Log
Rank (Mantel Cox) test.

When adlusting for age, gender as well as TNM stage, a
prediction for disease-specific suwival was determined
when IL6 levels were analysed dióotomised (HR = 2.44;
CI = 1.01-5.92; p < 0.05) (Table 3, lower panel). A trend
towards disease-specific survival prediction was also

Table 3: Multivariate Cox Resression Survival Analysis with Dichotomised ScoredAdiusted for Gender and Age-(upper panel), or adjusted for GÀder, Age and TN
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Table 4: Multivariate Cox Regression Total Suryival Analysis with Dichotomised Scored Monocyte MCP-l Secretion adiusted for
Gender, Agè, and TNM stage oÍ HNSCC Patients

Serum-free medium Autologous serum medium

HR 9s% cr (HR) P value HR 9s% cr (HR) P value

Observations from in uitro studies suggest that IL6 pro_
motes cell proliferation and prevents apáptosis in Ut ISCC
cell lines via activation of signal_transdrr."r*_urrd_"Àrru-
tors-oÊtranscription-3 (STAT3) via a common p-chain of
the epidermal growrh facror receptor (EGFR) t3'81. SIAT3
plays a critical role in the oncogenesis of severai 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 l" .à_pt"rty
regulated via different kinases and supressors of .ytt[rr"
signalling genes, which may explain the failure óf t 

"ut_ment protocols based on EGFR_ tyrosine kinase inhibitors
[a0]. tee and co-workers therefore suggesr that -Jirpf"pathways to stimulare STAI3 shouià be targeted'in
patients with HNSCC in orderto achieve maxima'í dinical
efficacy [a0]. Thus, one possible additional rt,"..f"uii.
pathway could be an inhibition of the IL6 stimulation of
the tumour cells through rherapeutic use of anti_lL6 anti_
bodies [at].

Conclusion
We have shown that monocyte function, as measured by
endotoxin-induced in uitro monocyte regulation of IL6
secetion at AS conditions was higher, whereas, MCp_f
seoetion at SFM condition was less inhibited in HNSCC
patients compared to controls. Monocyte function also
predicted ourcome in HNSCC patients. A high LpS_
induced monocyte IL6 responsiveness, and ó .o-"
extent decreased MCp-1 responsiveness, predicted wors_
ened-prognosis independent of TNM ,tug.. Thu*, -o.ro-
y.t_e^fu1ction is directly associated wirh-the biology of
HNSCC. We suggest that future studies should take"ínto
account the possible use of q._IL6 antibodies as an adju-
vant treatment for HNSCC disease.
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support tumour growth by virnre of their differentiation
into type II macrophages [28]. Compared to TAMS, DCs
appaÍently have a contrary effect within HNSCC tumouÍs,
whereby a high number of DCs conelates with better
prognosis [29,301. Furthermore, it has previously been
dernonstrated that monocytes maintain IL6 secretion
throughout their differentiation to macrophages when
continuously stimulated with HNSCC tumour spheroids
in uitro 1311. We therefore suggest Íhat the malignancy
potential of HNSCC relies to some extent on IL6 stimula-
tion byTAMs.

MCP-I regulates TAM influx into tumours and may also
be secreted by TAMs [10]. It is therefore possible thar
MCP-I mediates a self-enhancing effect driven by TAMs
within tumours. Increased expression of MCP-I in squa-
mous cell carcinomas of the oesophagus has been associ-
ated with increased infltx of TÁMs and an impaired
prognosis 1321. In uifro experiments indicate that these
findings may be relevant for HNSCC as well [1 6]. To what
extent the shown lowered monocyte MCP-1 responsive-
ness association to increased prognosis can be linked to
TAM influx in HNSCC tumours needs to be further eluci-
daterl-

The observations in the present study add weight to the
arguments that activated MNPs may in fact increase rather
than reduce tumouÍ cell aggressiveness in HNSCC. Still,
TAMs may in some cytokine environments have tumour
suppressive potentials, which probably explains obsewa-
tions of improved prognosis associated with high num-
bers ofTAMs in some other types of malignancies [33,34].
The observed reductions in HNSCC tumour mass when
injected with biological Íesponse modifiers such as OK-
432, may be in part be explained by such macrophage
activation [351.

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 [8I. The present study confirms
these obsewations and furthershows that monocyte func-
tion actually 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. It should, however, be noted
that patients with more affected capabiliry as measured
by Kamofsky scores below 75, were included in the
present study as opposed to a previous study [201. Fur-
Í]termore, when both of these samples were combined,
prediction relying on monocyte IL6 secÍetion was similar
to this study (manuscript in preparation).

Both alcohol consumption 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]. Smoking 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 still after
adiusting for tobacco and alcohol consumption. The
observed changed monocyte function in HNSCC patients
can therefore not be explained by alcohol consumption or
tobacco smoking.

Monocyte sensitivity to endotoÍn reflects prognosis
when adiusted for TNM stage. Therefore it may be possi
ble to identiÍ! patients having a better prognosis despite
extended HNSCC disease. This might fustift the use of a
more extensive therapy regime in some selected patients
with otherwise very extended TNM stage.
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Abstract

Co-culture of monocytes with autologous fragment (F) spheroids originating
írom malignant (M) tumour or benign (B) control -u.osu of hsd and neck
squamous cell carcinoma (HNSCC) yie.lds interleukin (IL)_6 and monoryte
chemo-attractant protein (MCP)-1.secretion. This study investigates the associ_
ation between this cytokine co-culture 

-response 
and prognosis. Ánalysis of Il_

6 and MCp-i content of supernatants from monocytes in aitro co-culttre with
autologous MF- or BF-spheroids was investigated in a cohort of HNSCC
patients (z = 65) diagnosed between 1998 and 2005, all of whom were treated
with curative intent by primary surgery. The Il-6 response ws expressed c a
fraction of the lipopolysaccharid response of the same batch of monocytes.
Recurrence, survival and causes of death were then established following the
second part of 2OOJ. MCP-1 levels did not predict prognosis. \fe founJthat
incrrued levels of IL-6 from autologous monocytes in co-culture with MF-
sphero.ids predicted recurtence with a hazard ratio (HR) of 1.5 [conÊdenceinterval (CI): 1.01-2.60; P = 0.05] and co-culore with BF_spheroids and
monocytes predicted recurrence (HR = 4.17; CI:1.54-11.29; p = 0.005). The
same results where obtained in addition with TNM stage oí the patients.
Simultaneous analysis of BF- and MF-spheroid co-culture IL_6 resplnses ro
well a adiustment for age and TNM stage of the patients allowed prediction
oftotal survival (HR = 3.1; CI: 1.11-8.56; p = 0.03) broed on BF co-culture
levels. IL-6 secreted upon in dtro co-cuïtwe with monorytes and BF_spheroids
predicts reorence and prognosis, whereas co-culture with monocftes and
MF-spheroids predicts recurrence.

lntroduction

Hmd and neck squmous cell carcinoma (HNSCC) is a
cancer disme arising írom a microenvironment rich in
immune cells []. Profound immune rtivation ha been

demonstrated in patients with established HNSCC
despite the obvious failure of the immune system to
eradicate HNSCC tumours upon esrablished clinical dis-
ease. Mechanisms responsible for immune system evasion

by tmour cells have not been fully elucidated and

indeed evidence suppofts the notion that the imune
system in some cases supports tumour growth [2].

The mononuclmr phagocyte system (MNP) consists of
monoblasts, monocytes (MO), macrophages (M@) and

dendritic cells (DCj forming an important pan of both,r'

the innate and speci6c immune system. Cells of the

MNP, e.g. present antigens to B- and T lymphocytes ro
well as co-regulare lymphocyres via direct inreraction of
CDSO/86 to CD28 on lymphocytes [3]. Funhermore,
these. cells secrere cytokines and other substances, e.g.
intedeulcin (IL!6, tumour necrosis factor (TNFla aÀ
monocyte chemo-attractant protein (MCp)_l [4]. IL_6 is
an rmportant pro-inflammatory cytokine [5] but may also.,l1li:cancer cell proliferarion [6[ through activationof STAT3 which is associated with dere-gulated cellgrowth and neoplroia pl. IL_6 also stimulltes tumourcelt rnvasion into adjacent tissue [g,9], while TNF_a
may promote apoptosis of tumour celts 1i01. MCp-1 wasoriginally determined to recruit MO tli], * *.tt 

^ 
.o,e.g. àugment IL-6 seffetion in MO [f 21. fíCl f _"y-rfr.

ïï,,.^ ":.irl::une 
response_l im i,i"g' .r,*"it"., 1i:1.r nN, evrdence suggests rhat MNp can induce Loth
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apoptosis of tumour cells [14] m well as secrete tmour-
stimulating cytokines such as Il-6.

Several investigators have shown that cytokines mainly
produced by MNP may be asociated with HNSCC biol-
ogy c measured by prognosis [5]. High serum levels of
IL-6 have been shown to herald impaired prognosis in
HNSCC patients [15]. !7e have recently shown that a

high level of IL-6 secreted from MO isolated from
HNSCC patients, stimulated with endotoxin (lipop-
olysaccharid, LPS) in uitro, is associated with decreased

survival [16]. Secretion of MCP-I from MNP is of poten-
tial importance tr this C-C chemokine is msociated with
tumour-rosociated macrophages (TAM) infrltration in
HNSCC [17], which in turn hro been associated with
HNSCC prognosis [18].'S7e have studied MO cytokine secretion upon
HNSCC trmour stimulation by a modifred organ culture
model coupling autologous HNSCC tissue and MO in an

in ttitro co-ctktre system [19]. Samples from HNSCC
tumous may be maintained viable as malignant
(M) fragment (I')-spheroids in oitro. This organ culture
technique also enables the establishment of benign (B)
F-spheroids originating from adjacent benign mucosa.

F-spheroids mainly consist of epithelial (tumour) cells,
fibroblats and macrophages ll9l. ln dto, MO secete
IL-6 and MCP-1, but not IL-IP or TNI-a following
co-culture both with MF- and BF-spheroids [12].The
spheroids alone also secrete the same cytokines [20],
mainly originating from TÁM [21].

The aim of the present study was to study to what
extent the magnitude of this co-culture response, a mm-
sured by production ofIL-6 and MCP-1, is related to prog-
nosis in a cohon of HNSCC Intients trcated by surgery
with curative intent. Obtaining a better understanding of
cancer immune responses may establish tratment of
HNSCC baed on manipulation of the immune system,
allowing for improvement in disease-free suwival [22].
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Table I Primary tumout sites.

Icaliatioo No.

Lingu
Bcis lingu
Gingiva
Maodibula cyst

Bucca

Palatum molle
Flor of the mouth

Trigonum tettomolare
Tonsille

Oropharyu
llypopharyu
Sinus/nav.l cavity
Lry*
Total

Table 2 TNM stage of the included patients.

NO NI N2 N] Total

(ESR) and albumin were determined 1 day preoperative
and on the day of MO harvest (co-culture), i.e. the l4th
postoperative day. Levels were derermined according to
the standard procedures and performed as part of stan-
dard blood sampling tests.

Fragmmt sphroid gmration An organ culrure model
wro used by which fre floating fragment (F) spheroids
were established a previously described [12]. Biopsies
were obtained at surgery from tumour or benign mucosa
distally from the frozen sections biopsies. Macroscopically
vital tissue was randomly chopped from malignant tissue.
Benign tissue was harvested from the epithelial part of
the mucosa biopsies. Cubes, with a size of 0.5-1.0 mm,
were transferred to agar coated tissue cultuie flaks (Nunc
Á,/S, Roskilde, Demark). The fragment spheroids were
cultured in Dulbecco's MEM (BioVhittaker, \íalkers-
ville, MD, USA) supplemented with l5Vo heat inarti-
vated fetal bovine serum (FBS) (Sigma, St buis, MO,
USA), penicillin (100 lUlml), smeptomycin (lOO pg/
ml), mphotericin (2.5 1tg/ml), L-glutamine (2 mu) and
non-essential amino acid mixture (1/o) (Bio\Thittaker).
The cultutes were maintained x )7 oC in 5/o CO2 and
95% air with IOO% relative humidity. Fragments, which
had rounded to spheroid-like structrres after 10-14 days

in uitro, were selected for experiments.

M1n\ryte and snrnt preparati1n. Two weeks postopera-
tively, peripheral blood mononuclmr cells (PBMC) drawn

^t 7.)O AM, were sepamted by gradient centrifugation
with LymphoprepR OJycomed, Oslo, Norway) c density
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pglml co-culrure secre tion - pq,/61 background secretion
pg,zml LPS stimulated secretion - pglml backgroud secfefloh

gradient medim ro described previously [12]. The
PBMC yield of 8.5 ml blood was allocated m ail wells in
a 24-well plate (Nunc) with RpMI-1640 supplemented
with penicillin (100 lulml), streptomycin (lOO pg/mI),
amphotericin (2.5 pe/ml), r_glutamine 1z mg aní ZOn
autologous serum to a total volume of 0.5 ml per well.
After 40-min pre-incubation, the MO *".. pr.ifi.d by
wmhing, and then cultured in RpMV2\% 

-uutologors

serum;0.5 ml per well. The cells were shown to be more
thtn 957o MO positive by non-specific estertre stain.
Viability was by this method more than 95/o as tested
by the tryphan blue stain.

.- Co-cllnre Fourteen days postoperatively, malignant
(M) or benign (B) F-spheroids were washed and transferred
to freshly isolated MO cultures in 24x 16 mm well
plates (Nunc) with 0.5 mI RpMV\O% autologous serum
per well. Four to six spheroids per well were employed.
MO cultured in wells with the indicated medium with or
without addition of I pg/mI lpS from Eschnichia coli
(Sigma) sened ro controls. The II-6 secretion rate (RR)
wc calculated according to the following formula:

RIT :

the results kept as original RR values and dichotomized
with RR = 0.50 as cut-offvalue.

Resu lts

K. W. Kross el al.

Materials and methods

Pat;nts, Patients that were admitted for surgery for
sqrnmous cell carcinomas of the head and neck were
included in the study. Tmou sites are given in Table I
and TNM stage in Table 2. The Regional Committee for
Medical Ethics at the Haukeland Univemity Hospital
approved the study. Each patient gave written consent
before participating in the study. The study comprised
65 consecutively included patients trated in our clinic
between 1998 and 2005. Follow-up was l0 t 5 months
in the survival group and wm terminated fall 2005. At
the end of the follow-up, 17 of the patients had recur-
rence of which 11 subsequently died from the disease. In
total, 30 patients died throughout the follow-up.

Clinical paraneterl Blood levels of haemoglobin,
C-rmctive protein (CRP), erythrocyte sedimentation level

@ 2008 The Authon

lL-6 and n4CP-1 ELISA, The contents of IL-6 and
MCP-I were determined by EIISÁ using MCp_1,/IL_6
capture and detection antibody pairs, compared to r_hu
MCP-l/lL-6 as srandards (R&D Systems Europe Ltd,
Abingdon, UK). All procedures were performed accord_
ing to the specifications of the manufactuer. In short,
96-well microtitreplates (Costar, Corning, Ny, USA)
were cmted overnight at room temperature (RT) with
monoclonal mouse mti-human MCp_1 or IL-6 capture
antibodies respectively. After blocking, diluted samples
and recombinant human respective standards were
added and incubated for 2 h at RT followed by the
addition of biotinylated polyclonal goat anri_human
MCP-I or II-6 respectively. The plates were then incu_
bated for 2O min ar RT with streptavidin-conjugated
horseradish peroxidce. Tetramethyl-benzidine (iMn)
(Sigma) and H2O2 were used as substrate. Ábsorbency
values were measured at 4jO nm using Softmu pro
version 4.0 on an Emu precision microtitre plate rader
(Molecular Devices, Sunnyvale, CA, USÁ). The lower

9".:.lton level was 9.4 pg/ml for Il-6 and t5.6 pg/ml
for MCP-I.

Statktics. The statistical program package srss (Ver.
14; SPSS, Chicago, IL, USA) was used. Figures are given
as mean t standard error of the mean. The groups were
compared by the analysis of Student,s /_test. aurvival
analyses were performed by Cox regression analysis o5,
Kaplan-Meier fl.og Rank (Mantel Cox) test] analyseé.'With 

respect to IL-6, analysis was performed both with

Co-culture lL-6,/MCp-1 secretion internal relation and
relation to clinical inflammation parameters

'We 
determined that the IL_6 co_culture RR values as

well ro the MCP-I co-culture values from the benign ver_
sus malignant condition corelated (malignant:, = O.ZS;
P < 0.001) (Benign: t = O.53; p < 0.001)..$?e found an
inverse correlation between the ESR at diagnosis and the
production of MCp-l by MO in co-culture with MF_
spheroids (t = -0.29; p < 0.01). There was a similar
trend for co-cultures with BF-spheroids (p < 0.1). No
correlation wro found ro to cytokine secretion level and
serm CRP levels. There was a significant correlation
between the serum albmin level at diagnosis and MCp_
I secretion by MO in co-culture at both BF_spheroid
(r = 0.24; P < 0.0j) and MF_spheroid (Í-= 0.32.
P < 001) condition.

Recurrence as related to lL-6,/MCp_1 co_culture responses

Swenteen patients developed recurrence of disease during
follow-up. Comparing co-culture IL-6 secretion levels o?
these patients ro that of patients without recurrence by
Student's l-test, we found an increased IL_6 supernat"nt
level for BF-spheroids (RR = 0.97 t 0.3í versus
0.19 t 0.04 t = -3.t5., p = 0.003) and MF-spheroids
(RR = 0.99 r 0.26 versus 0.45 t 0.07; t = _Z.lS;
P = 0.008) (Fig. 1). This was confirmed by Cox regres-
sion analysis where, in addition adjusting by age oi the
patients, we determined a prediction with the IL_6 BF_
spheroid (dichotomized with RR = 0.5 m cut_off values)
$azard ratio (HR) = 4.17. confidence interval
(CI) = 1.54-11.2p; p = 0.0051 and with the MF-spher_
oid (HR = 1.5; CI: 1.OI_2.6O; p = 0.046\ .o_.r-l,rr.
fesponse respectively (analyses not shown).

'Síe 
also performed Cox multivariate regression analy_

sis with RR-transformed MO lL-6 production values
from co-culture with MI- or BF-spheroids adjusting for
both TNM stage and age of the patients. These analyses
conÊrmed the rosociation between recurrence and MF
spheroid secretion with HR = 1.76 (CI: t.OO_).12;
P = 0.05) (Table 3). I7ith dichotomized values, BF_
spheroid conditions predicted recuffence upon adjusting
for age and TNM srage of the patient (HR = 4.0; Ci:
1.)8-f1.4; P = 0.01) (Table 3). Kaplan-Meier analysis
also showed that a high value for BF-spheroid IL-6 secre_
tion predicted recurence (p = 0.003) (Fig. 2).

. , Analyses were also performed Cox multivariate regres-
sion analyses with age of the patients, TNM stage as well
a both benign and malignant RR IL-6 values included.

t4
)

l0
t
2

I
4

I
1l

3

3

I
7

ó)

TI
T2
"Í)
'Í4

o
I
2

0

)

0

6

6
4

t6

6

t2
8

r)
)9

1

20
l8
20

65Total

@ 2008 The Áuthor
Jounal compilation @ 2008 Blackwell Publishiog Ltà. ScandiuLian Jourul of Innanology 61, 392 j9g

Journal compilation @ 2008 Blackwell publishing Ltd. Srandinailan Jotnal of Innnology 67, 392 i199



K. W. Kross el al.

IL-6 Ptoduction (RR-valuê) fÍom Monocytes
in co-cultur€ with autologous F-3ph€Foids

! Recurrence
tr No recurrence

RR IL-6 Malignant RR IL-6 Benign

Figue I HNSCC patient monocytes were isolated from periphem.l

blood mononuclar cells 14 days after surgery and co<ulcuted 24 h

in titro with MF- or BF-spheroids. IL-6 levels werc determined from su-

ixÍnatants by ELISA malysis and'Relative to endotoxin/bckground

Reponse' (RR) values were calculated. Statistics: MF-spheroid co-ol-
rure: (r = -2.75) P = 0.008. BF-co-culture: (/ = -1.15) P = 0.003.

Theses analyses showed that the unique variance attributed

to the benign IL-6 RR co-culture results Predicted rccur-

rence (HR = 1.16;CI:1.03-11.0; P = O.O4) (Table 3).

No csociation w6 found between MO co-culture

MCP-1 levels and recurrence.

Survival as related to lL-6,/MCP-1 co-culture responses

Thiny patients died during follow-up. Their co-culture

IL-6 production was compared to that of living patients.

Án increced IL-6 supernatant level wm found for BF

spheroids by Student's l-test (RR = 0.68 + 0.25 versus

0.18t0.05; t=-2.11, P=0.037) compared such

patients with the patients still alive by fall 2005.

Cox multivariate regression analysis was performed

with dichotomized RR IL-6 values from BF-spheroid and

Ml-spheroid co-cultures adjusting for TNM stage and

age of patients. This analysis showed a trend towards sur-

vival prediction based on BF-spheroid level (HR = 2.2;

CI: 0.91-5.10; P = 0.08) (Table 4). This trend was con-

6rmed in a Kaplan-Meier plot (Fig. 3). \7hen benign

and malignant IL-6 results were simultaneouly included

in the Cox multivariate regression analyses, BF-spheroid

levels predicted survival (HR = 1.1; CI: 1.1 l-8.56;
P = 0.01) (Table 4). This is also shown in a Kaplan-
Meier plot (Fig. 4). MCP-I co-culture levels were not

found to predict sunival.

Summary survival tt recurrence as related to lL-6IMCP-1

co-culture responses

Figure 5 shows a depiction of the results. The areas of
the two ellipses depict the total variance of the benign

and malignant RR IL-6 co-culture responses respectively.
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Table 3 Recurrence by Multivariate Cox Regression Ànalyses with

co-culture scretion of IL-6 (RR values) adiusted by age, and TN stage

of the HNSCC Patients.

RR values directly RR valua binomially

scoreà 95Vo CI for IIR scoted 95/o CI for HR

HR Lower Upper Sig. HR Iawer Upper Sig.
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during co-culture of autologous MO with MF- or BF_
spheroids 2 weeks following primary surgery in a cohort
of HNSCC patienrs. Ássociations were found between the
amount ofIL-6, but not MCP-I, produced in co-culture
of MO with F-spheroids and recurrence of disease a well
as suruival of disease. We determined that MF-spheroid
co-culture IL-6 level predicted recurrence, whereas BF_
spheroid co-culture Il-6 level predicted both recurrence
and survival.

Table 4 Suruival by Multivaiare Cox Regression Analyse (binomially
analysed) with co-cufture fL-ó secrerion (RR values) adjusted by age,
T- aod N-stage of the HNSCC patients.

K W. (ross et al.

Furthermore, we failed to Íind a signiÊcant correlation
between cytokine secretion and tumour (T) or node (N)
stage in this study (data not shown). This might indicate
that MNP frrnction is changed at the early stages of
HNSCC disease, although this should be interpreted with
limitations * all included patients were trmtable with
surgery and the majority of the patients had at last a T2
stage disease.

Monocyte chemo-attractant protein-l is important
for MNP aggregation in tumours [23, 24] and Ievels

Total survival lL-6 benign F-spheroid and monocyte
co-cultuÍe adjusted ïor TNM stage, age and lL_6

malignant co-culture

Iow

P = 0.03

o
!
E
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Agell
T stage 0.96 o.5t
N sage l.l9 0.62

CC Ben. F-spheroid 1.34 0.91

À9"11
T stage 0.83 0.50

N stage 1.25 0.65

CC Mal. F-spheroid 1.76 1.00

49.11
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Recurrence lL-6 BF-spheriod and monocyte
co-culture

-,..., High
,.-. -... l

oo
É
E
loI
o

6

=E
l

'---à

P = 0.003

HR, had ado; 9J CI íor HR, 95% conidence interal for HR;
Sig., statistical signi6coce; CC, co-culture.

Total survival lL-6 benign F-spheroid and monocíe
co-cullure adjusted Íor TNM stage and age

0 20 40
Monlhs observation

60

Figue 4 Kaplan-Meier survival ma-lysis with tesults obtained c
described in legend to Fig. l. This 6gute shows a Kaplo Meier plor c
calculated by a Cox multiple regrcsion analysis also including age,
TNM stage md the MF-IL-6 RR co-culture responss of the patients.
The age and lL-6 co-cuhure RR values entered into malysis dichoto_
mird with co-culture RR = 0.5 o oroff value.

High
-----------+--

l+

0 20 40 60

Months observation
80 100 BF"spheroid co-cullurê

lL-6 response
MF-spheroid co-culture
lL-6 responselow

Figw 2 Kaplm-Meiet tecutrence analysis with the sme Í6ults 6 in

Fig. l. The benign IL-6 co-culoÍe RR values were analyed with

RR = 0.5 c cut-off value.

The variance of the benign RR IL-6 co-culture response

is depicted in dark grey and the malignant RR IL-6
co-culture response in light grey. The unique benign RR

IL-6 co-culture varimce (dark grey) predicted recurrence

and suruival, whereas the common area of the two IL-6

co-culture responses predicted recurrence.

Discussion

In this study, we investigated the relations to recurrence

and prognosis of ir aitro IL-6 and MCP-I secretion
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Figrre 3 HNSCC latienc Kaplan-Meier suryival analysis with raults
obtained c described in legend to Fig. l This 6gure shows a Kaplan_
Meier plot o calculated by a Cox multiple tegrasion analysis also
including age md TNM stage of the lntients. The age and benign IL-6 r,
co-culure RR value were entered into aoalysis dichoromized with'
co-culore RR = 0.5 a cutoff value.

Figue 5 This 6gute depicts rhe results of the teorrence md survival
analyses c mruured by Cox Multiple Regtession malyses. The arru oí
the two ellilxa depict the total vaiance of the benign od malign RR
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benign RR IL-6 co-cultute varimce (dark grey) ptedicted rrcurrence md
suruival, where the common are predicted recurrence.
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present upon aggregation may carry prognostic infor-
mation [18]. MCP-I may subsequently stimulate IL-6
secretion of MO co-cultured with F-spheroids [25].
Despite this obseruation, we have not been able to
correlate MCP-1 secretion levels to recurrence or
prognosis. Other culture conditions may, however,
unravel such an rosociation.

Benign c well c malignant co-culture IL-6 responses

were associated with recurrence. Statistical analysis sug-
gests that the MF-spheroid co-culture IL-6 prediction is

derived írom a common variance of the two responses.
'We also studied Cox regression total suruival analyses

with both the BF-spheroid and MF-spheroid co-culture
responses included together with TN stage and age of
the patients and this analysis showed that the unique
BF-spheroid co-culture IL-6 variance predicted sunival.
Iíe were, however, not able to link the MF-spheroid
co-culture IL-6 response to survival. This may rely on

the experimental conditions as several other studies have

shown that IL-6 metabolism is broadly related to survival

[26]. \íe [16] and Clinchy ei al. 126l have, for example,
shown that increased Il-6 secretion from PBMC stimu-
Iated with IPS is rosociated with impaired prognosis in
HNSCC patients and patients radically operated for colon
cancer respectively.

Both F-spheroids and MO substantially contribute to
the co-culture IL-6 response as previously shown, but
co-culture MCP-I secretion is mostly derived from MO
ll2, 2tl. Furthermore, the F-spheroid generated MCP-I
and IL-6 secretions originate to some exrent from macro-
phages residing in the tissue of the F-spheroids [21].
Thus, the present Il-6-based prognosis BF-spheroid
rosociations may be assigned to the serm, the MO, the
Êbroblmts, the benign mucosa cells and mucosa-associ-

ated macrophages (BF-spheroids).

The serum component was studied in more detail by
determining serum values oí albumin, CRP and ESR
values upon MO isolation. None of these variables wa
associated with the IL-6 co-culture responses arguing
against a general inflammatory properry of serm influ-
encing the magnitude of the IL-6 co-culture responses.

Lipopolysacchrid stimulates MO through Toll-like
receptor (TLR)-4 ending in, e.g. activating IL-6 synthesis
via NF-rcB activation [5, 27]. A high LPS stimulated
MO IL-6 production has been shown to be correlated
with a worse prognosis in HNSCC patients [16]. This
MO role is unlikely to cause the co-culture It-6 predic-
tion m co-culture responses were adjusted for MO LPS-
stimulated IL-6 production. Other MO functional
changes in HNSCC patients may, however, cause rhe
shown prediction.

The shown co-culture Il-6 secretion BF-spheroid
secretion prognostic information may be caused by 'field
cancerization' m one of several explanations. The concept
of'field cancerization' srates that in some patients chan-
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ged dysplctic epithelia is found throughout mucosa of
both the upper and lower respiratory tracrs a well as to
some extent in the oesophagus, subsequently gives rise to
cancer both locally and throughout upper respiratory and
oesophagal mucosa. Such dysplastic epithelia may give
rise to secondary primary cancer known to kill many
successfully rated HNSCC patients [28]. An elevated
production of IL-6 from BF-spheroids might be linked to
dysplmtic-transformed epithelia stimulating MO, as

shown by an elevated BF-spheroid co-culture response in
patients who died during follow-up.

The importance of IL-6 as to worsening of prognosis
of HNSCC patients is in line with published studies
both as to properties of serum values of pro-inflammatory
cytokines [15] and secretion of pro-inflammatory cyto-
kines by immune cells [16]. The observed signi6cantly
higher level of IL-6 in patients with recurrence and,/or
death might be linked to an lL-6/glycoproteinl30 stim-
ulation which activates STATS in an EGFR-independent
matter p]. STÀTJ activation is associated with cell pro-
liferation and prevention of apoptosis thereby participat-
ing in oncogenesis [29] and hm shown to be upregulated
in HNSCC-tissue and respective in benign mucosa [30].
In this aspect, the present study may be viewed as one of
many which show that chronic inflammation may pro-
mote cancer growth [31].

Furthermore, numerous previous studies have shown
that lymphorytes of the speciÊc immune sysrem exptess

functional changes in cancer patienrs [11. It hro, for
example, been suggested that a high percentage of
CD4.CD69- T lymphocytes is rsociated with worse
prognosis in HNSCC both as mruured among tumour-
infiltrating lymphocytes (TIL) [32] and in peripheral
blood [33]. The present study adds further strength to
the claim that a biologically important interaction takes
place between the immune system and malignant cells
during tumour development.

Presently, it appmrs that response above a threshold
level of benign co-culture IL-6 secretion is closely usoci-
ated with recurrence and survivaL. Above this threshold
(RR > 0.t), six of eight pntients had recurrence and then
subsequently died. No surviving patient had a BF-spher-
oid II-6 production above this threshold. Thus, this
response may single our patients with high risk of dmth
from cancer disrue. These patients could sene as targets
for a very cost-efficient follow-up.

Á suggestion bced on the present work together with
our recently published work showing a similar negative
prognostic value of incrmed IL-6 secretion by peripheral
blood MO following LPS stimulation [16] together with
other published studies may be to employ antibodies
against IL-6 as part of HNSCC trmtment. Such antibod-
ies have already bee n implemented in the tretment of
juvenile rheumatoid anhritis, and been shown to be safe

in that context [5].
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