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Abstract

Breast cancer metastasizes preferentially to boheravit causes mostly osteolytic lesions.
Interleukin-6 (IL-6) plays a major role in the resige to injury or infection and is involved in
the immune response, inflammation and haematopoi#tsi deregulation impacts numerous
disease states, including breast cancer. Ther®@ad glinical evidence that high serum IL-6
levels in breast cancer patients correlate withr gmognosis and rapid disease progression.
Conversely, severah vitro andin vivo studies have demonstrated that lower IL-6 leveés a
associated with reduced cancer cell growth. Theeefib-6 seems to be an important player in

the development of breast cancer metastasis in bone

The overarching aim of my research was to betteletstand the role of IL-6 in breast
cancer bone metastasis and breast cancer celltgrdwtthis end, | used a xenograft model of
osteolytic breast cancer metastasis in which ILrédpction by the cancer cells had been
reduced through genetic manipulation, or IL-6 réceignalling had been blocked through
administration of a humanized anti-IL-6 receptdr-§R) antibody. The following specific aims

were defined:

1) To assess the effect of IL-6 knock down in hurvDA-MB-231 breast cancer cells on cancer

cell growthin vitro, andin vivo within the bone microenvironment.

2) To investigate the effect of IL-6 knockdown oredst cancer cell growth in a non-skeletal

environment (mammary fat pad).

3) To investigate the autocrine effects of IL-6 sijng on MDA-MB-231 breast cancer cell

growthin vitro andin vivo, using the anti-IL-6R antibody, Tocilizumab.

Overall, results were as follows:

1) Interleukin-6 (IL-6) knock down in MDA-MB-231 brea cancer cells through lentiviral

transduction lead to a reduction of IL-6 mRNA andtein production by more than 50%. This
did not have an effect on MDA-MB-231 cell growthtlvaduced invasive properties of the cells

invitro.



2) Compared to non-target controls, knockdown of gedous IL-6 production in breast cancer

cells by stable shRNA expression led to a significaduction of cell growth within the bone
microenvironment.

3) IL-6 knockdown cells injected into the mammary pad of nude mice grew similarly to their

non-target counterparts, indicating that the eftédi_-6 on cancer cell growth depends on, and

is mediated by, the bone microenvironment.

4) Partial inhibition of autocrine IL-6 signallingy ibreast cancer cells through treatment with the
anti-human IL-6R antibody, Tocilizumab, at low dassulted in clear, albeit statistically not

significant reduction of breast cancer cell growithin the bone microenvironment.

When metastatic breast cancer cells invade time Ibsicroenvironment, the balance of
slow and continuous bone turnover is usually disdrin favour of net bone loss. The vicious
cycle is a model of breast cancer metastasis te twat explains how tumour cells induce matrix
degradation through osteoblast and osteoclastadictny which in turn leads to the release of
growth factors from the bone matrix that supporhaur cell growth. In the aforementioned
experiments, IL-6 deficient cells grew slower ie thone microenvironment than their non-target
counterparts, and it is highly likely that thisdse to the lack of IL-6 action within the vicious
cycle. This assumption is supported by the fact tia growth retardation was observed in

tumours derived from IL-6 deficient cells implantetb the mammary fat pad.

My findings may have clinical implications sindee anti-human IL-6R antibody,
Tocilizumab, is clinically available and therefareuld be used in the treatment of patients with

advanced and intractable metastatic IL-6 produegtrogen receptor negative) breast cancer.
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Zusammenfassung

Brustkrebs metastasiert vorwiegend in den Knoctverer zu mehrheitlich osteolytischen Lasionen flhrt
Interleukin-6 (IL-6) spielt eine wichtige Rolle ider Reaktion des Kdrpers auf Verletzungen und bei
Infektionen. Es ist weiterhin an der Immunantwdentziindungsvorgangen und der Hamatopoese
beteiligt. Eine Dysregulation des IL-6 Haushaltpiels bei vielen Krankheiten und auch bei Brustkreb
eine wichtige Rolle. Es gibt viele klinische Hinwei darauf, dass hohe IL-6 Titer im Blut bei
Brustkrebspatientinnen mit einer schlechten Prognosl schneller Krankheitsprogression einhergehen.
Umgekehrt haben mehrera vivo und in vitro Studien gezeigt, dass niedrige IL-6 Level mit eine
verringerten Krebszellwachstum einhergehen. Daheeist IL-6 eine wichtige Rolle bei der

Entwicklung von Brustkrebsmetastasen im Knocheselen.

Das Hauptanliegen dieser Arbeit war es, die Raile IL-6 bei der Brustkrebsmetastasierung und
dem Brustkrebswachstum im Knochen besser zu versiddm dieses Ziel zu erreichen, wurde ein
Xenotransplantatmodell osteolytischer Brustkrebastasen verwendet, bei dem die IL-6 Produktion
durch die Brustkrebszelle durch genetische Manimrareduziert wurde, beziehungsweise der IL-6
Rezeptorsignalweg durch einen humanisierten IL-&eR®rantikorper blockiert wurde. Folgende

spezifische Ziele wurden definiert:

1) Beurteilung der Auswirkungen des IL-6 Knockdown$iumanen MDA-MB-231 Brustkrebszellen auf

das Krebszellwachstum im Knochenmiliewivo undin vitro.

2) Beurteilung der Auswirkungen des IL-6 Knockdownsg das Brustkrebszellwachstum aufRerhalb des

Knochenmilieus (im mammaéaren Fettpolster).

3) Beurteilung des autokrinen Effektes der IL-6 Slgbartragung auf das Wachstum von MDA-MB-231

Brustkrebszellen, unter Verwendung des IL-6 Rezefiikorpers Tocilizumab.

Folgende Ergebnisse wurden erzielt:

1) Der Knockdown von Interleukin-6 (IL-6) in MDA-MB2L Brustkrebszellen durch lentivirale
Transduktion fuhrte zu einer Senkung der IL-6 mRNAd der Proteinproduktion um mehr als 50 %.
Dies hatte keinen Einfluss auf das Wachstum der MMEB231 Zellenin vitro, senkte jedoch die

invasiven Eigenschaften der untersuchten Zellen.

2) Im Vergleich zu den Non-Target Kontrollzellen ftédhder Knockdown der endogenen IL-6 Produktion
durch stabile shRNA Expression zu einer signifikantVerlangsamung des Zellwachstums im

Knochenmilieu.



3) IL-6 Knockdown Zellen wuchsen genauso schnell enddle des Knochenmilieus wie die Non-Target
Kontrollzellen, was darauf hindeutet, dass der lgffeon IL-6 auf das Krebszellwachstum durch das

Knochenmilieu vermittelt wird.

4) Teilweise Inhibition des autokrinen IL-6 Signafisaluktionsweges durch Administration des
humanisierten IL-6 Rezeptorantikérpers Tocilizumatlgeringer Dosierung, fihrte zu einer sichtbaren,
jedoch nicht statistisch signifikanten Wachstumsvederung des Brustkrebszellwachstums im

Knochenmilieu.

Wenn metastasierte Brustkrebszellen in das Knochieongindringen, stéren sie den sorgfaltig
balancierten Knochenstoffwechsel und verschieben nfeist zugunsten des Knochenabbaus. Der
sVicious Cycle" ist ein Modell der Brustkrebsmetasierung in das Skelett, welches erklart, wie
Brustkrebszellen den Knochenmatrixabbau durch didvierung von Osteoklasten und Osteoblasten
induzieren. Beim Abbau der Matrix kommt es zur se&iung von Wachstumsfaktoren aus dem
Knochen, welche wiederum das Brustkrebszellwachdtiern. In den oben genannten Experimenten
wurde festgestellt, dass IL-6 defiziente ZellenKkmochenmilieu langsamer wuchsen als ihre Non-Target
Kontrollzellen und es ist sehr wahrscheinlich, dédies der fehlenden Wirkung des IL-6 auf den ,Viso
Cycle* geschuldet ist. Diese Annahme wird durch dieatsache gestitzt, dass keine
Wachstumsverlangsamung des Tumors aus IL-6 deferieZellen im mammaren Fettpolster, also

aulRerhalb des Knochenmilieus, beobachtet werdeméon

Die Ergebnisse kdnnten von Kklinischer Bedeutungn,seila der IL-6 Rezeptorantikérper
Tocilizumab Kklinisch zur Verfigung steht und soniiei Patientinnen mit fortgeschrittenem,

therapierefraktarem, IL-6 produzierendem (Ostrogesptor negativen) Brustkrebs zum Einsatz kommen
kdnnte.

Schlisselworter:

Interleukin-6, Brustkrebs, Metastasierung, Vici@gle
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1 - Introduction

1 I NTRODUCTION

The human skeleton undergoes continuous life-lemgwal. Old or damaged bone is removed
by osteoclasts, multinucleated cells of hematopwietigin, and replaced with new bone by
bone-forming osteoblastic cells of mesenchymalinri@ancer metastasis to the skeleton can
greatly disturb this meticulously balanced procdsading to an imbalance between bone
resorption and formation.

One of the key participants in physiological andhpéogical bone remodeling is the
osteoblast, which is derived from mesenchymal steffs. It synthesizes new bone matrix,
comprised primarily of collagen and non-collagenopsoteins, and also aids in the
mineralization of the bone matrix. Upon stimulatioyy bone morphogenetic proteins and local
growth factors, the mesenchymal stem cells praiiterand form pre-osteoblasts, which
subsequently differentiate into mature osteoblasti®r synthesizing new bone, the osteoblasts
either undergo apoptosis or become embedded ibahe as osteocytes. These cells have long
processes that communicate with other osteocyt@svith osteoblasts on the bone surface. The
processes connect the entire matrix through assefiecanaliculi (1). The osteoblast plays a
pivotal role in osteoclastogenesis and osteoclestadion as it synthesizes RANKL (2) (see
below).

Another key participant is the multinucleated ostast (3) whose major function is to
degrade bone matrix. It develops from a bone-mardmsived population of mononuclear
precursor cells circulating in the monocyte fractiof the peripheral blood (4). On the bone
surface, osteoclast precursors differentiate intlhy ffunctional bone-resorbing cells. This
process requires the presence aicrophage @ony dimulating factor (M-CSF) and osteoblast-
derived eceptor_ativator of rnuclear Factorc B ligand (RANKL), a member of the TNF
superfamily (5). RANKL interacts with its cognateceptor on the osteoclast surfag@geptor
activator of nuclear factok B (RANK).

Both M-CSF and RANKL are necessary and sufficiactdrs for osteoclastogenesis (6).
Apart from stimulating osteoclast formation andiation, RANKL also increases osteoclast

survival and adherence (7).



1 - Introduction

1.1 Pathophysiology of bone metastasis

1.1.1 Cancer and bone metastasis

In 1889 Stephen Paget suggested that the develdopohdrone metastasis is not a random
process but based on what he termed the “seedadiidheory. This theory took into account
the qualities of both the tumour and the host gs$ie noticed that some tissues provide a more
fertile “soil” for cancer metastasis than othersl éimat bone was among the preferred metastatic
sites for tumours.

Bone provides an especially favourable environnfentthe aggressive behaviour of
metastatic cells (8). In particular, breast, priestling, renal-cell and colorectal cancers haee th
propensity to metastasize to bone, altering bomeegostasis and rendering the disease systemic
and essentially incurable (&p). Even though bisphosphonates provide an eWfedteatment
that can prolong survival and improve quality & licurrently there is no treatment that can cure

bone metastatic disease (10).

The occurrence of bone metastasis affects botluhbty of life and the life expectancy
of tumour patients. While occult and symptomlesshat early stage of development, bone
metastases can lead to significant morbidity arlatages. The most severe symptoms include
intractable pain, pathological fractures, leukoeryblastic anaemia (11), neurologic symptoms
(e.g. spinal cord compression) and hypercalcenjia (8

Bone metastases are thought to form as followstlfjrthe primary tumour cells invade
their surrounding tissue secreting proteolytic emey and then enter the circulation. Even
though many solid tumours preferentially metastasizthe bone, distant site tumour metastasis
is considered a rather inefficient mechanism. Animadels showed that only 0.01% or fewer of
the cancer cells entering the circulation develtp metastases (12). The cells that do survive
have to overcome the wall of the bone marrow s#aillvade the marrow stroma and generate

their own blood supply.

1.1.2 Breast cancer and bone metastasis

Breast cancers can be oestrogen receptor negdiRé¢)[ or positive [ER(+)], with ER(-)
cancers showing a more aggressive metastatic pfpnoft advanced stages, breast cancers
metastasize to bone in 70% of cases. Metastasbstlbfphenotypes of breast cancer lead to

increased bone turnover as determined by urinesandan bone remodelling markers (7).
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Breast cancer cells, however, are unable to dedrade directly. To achieve degradation
of bone matrix they need to recruit and stimuladgeablasts to produce osteoclast-stimulating
factors which then lead to osteoclast activatioth bone degradation (5). Current therapies, such
as bisphosphonates (synthetic analogues of inargamophosphates), are directed at blocking
osteoclast activity and slow down lesion formatidithough they reduce skeletal-related events,
they do not lead to restoration of the bone, wiscprobably due to the fact that the osteoblasts
are functionally “paralysed” by breast cancer celits osteoblasts breast cancer cells lead to
increased apoptosis, a change in morphology andpresgion in differentiation and
mineralization, evidenced by a lack of expressibalkaline phosphatise, bone sialoprotein, and
osteocalcin (13).

The abundance of RANKL in the bone microenvironmmight be one of the so called
“soil”- factors for RANK expressing breast canceli€ The ER(-) human breast cancer cell line
MDA-MB-231 expresses the RANK on its surface and\NKA induces the migration of these
cells that can be blocked by osteoprotegerin (OHGIs theory is likely to be associated with
the choice of RANK expressing cancer cells for basetheir preferential metastatic site (14)

(15). This is, however, not fully proven.
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Bone is a preferred target of breast cancer metasta ses

Primary malignant
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Fig. 1:Model of cancer metastasis

A simplified model depicting cancer metastasisaoddbut omitting most of the factors mentionechim tiext above.
The malignant cells multiply in the bone microeoviment. As the tumour grows its oxygen and nutrient
requirements increase and stimulate secretiongibganic factors that result in new vessel formatmensure
blood supply. The tumour grows and is able to s&hdhetastatic cells through those newly formedseésinto the
circulation. The metastatic cells get arrestedhéntione tissue where they adhere to the capillaftis wAfter

leaving the capillaries they interact with the rEnvironment of the host tissues and proliferate.

1.1.3 Types of bone metastasis

Based on clinical and radiological terms, the lesi@aused by bone metastases are usually
divided into two types, osteolytic or osteoblas@steolytic lesions occur through degradation of
bone, whereas osteoblastic lesions are charaadebyeexcess bone formation. The newly
formed bone, however, is of inferior quality witwaak and disorganized structure which leads
to pathological fractures (11). However, most bometastases contain both osteoblastic and
osteolytic elements, with one being more prevatiean the other.

In breast cancer bone metastases, osteolytic kgitsn more common. In these cases,
osteoclast activity is increased whereas osteoblastity is impaired (8). Almost always, these
osteolytic lesions contain an osteoblastic compowéich is regarded as a futile attempt at bone
repair by the osteoblast and explains the eleViatezls of alkaline phosphatase in patients with

osteolytic bone metastasis (11).
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1.1.4 Breast cancer bone metastasis and the vicious cycle

The model that to date gives the best explanatioy twmour cells metastasize preferentially to
bone and thrive in the bone environment was conediped by a pioneer in the tumour-bone
microenvironment field, Dr. Gregory Mundy and tedrike “vicious cycle” (11) (16).

Breast cancer cells are incapable of directly d#iggabone or activating osteoclasts (5).
Instead, they indirectly cause lytic bone lesions gsoducing factors such asanathyroid
hormone_elated protein (PTHrP)umour recrosis &ctoro (TNF-o) and interleukins 1, 6, 8 and
11 (17). These factors, especially PTHrP, stimulzteoblast expression of RANKL which
stimulates osteoclast differentiation and activati@ interaction with its corresponding receptor
RANK on the osteoclast surface. Osteoclasts theorloebone, leading to the release of growth
factors from the bone matrix such asnb norphogenic_potein (BMP), nsulin ike gowth
factor-1 (IGF-1) andransforming_gowth factor p (TGF{), etc. The release of these growth
factors supports cancer cell proliferation and oedufurther secretion of PHTrP from the cancer
cells (12).

Yin et al. created a TGEB- unresponsive MDA-MB-231 cell line which showed
significantly slower progression of osteolytic bolesions than parental cells of the same
lineage, proving that TGB-is a growth factor for tumour cells. On the otliand, TGFH3
receptor over-expressing MDA-MB- 231 cells showedréased tumour burden and osteolytic
lesions (18).

Degradation of the bone matrix not only leads ® riblease of growth factors from the
matrix but also of calcium. Tissue calcium leveisumd lytic lesions can reach concentrations of
up to 40 mM, compared to serum calciaoncentrations of 2.5mmol/L. It was suggested that
these high concentrations stimulate PTHrP expressydIDA-MB-231 cells (19).

Moreover, metastatic breast cancer cells inducesa of function in osteoblasts. They
suppress osteoblast differentiation, alter thdfiedkntiation and increase their apoptosis. When
cocultured with breast cancer cells osteoblastdym® higher levels of IL-6, IL-8 andanocyte
chemoattractant rptein-1 (MCP-1), factors that indicate an ostesblaflammatory response
(13).

1.1.5 Increased bone turnover promotes breast cancer cell growth in bone

Zhenget al. demonstrated that accelerated bone resorptiomqies breast cancer cells growth in bone
(20). Balb/c nu/nu mice receiving a low calciumtder 3 days prior to tumour inoculation developed
secondary hyperparathyroidism and increased bomedelling. The latter was proven by increased

osteoclast and osteoblast numbers, as well as rhigieulating levels of drtrate _esistant_ad
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phosphatase 5b (TRAcP5b) and osteocalcin. When MOBAZ2A1 breast cancer cells were injected into
the tibiae of these calcium-deficient animals, tunsogrew faster as compared to mice on a normal

calcium diet (20).

1.2 Interleukin-6 in cancer and bone metastasis

1.2.1 Interleukin-6

IL-6 is a pleiotropic cytokine originally identifie as a B-cell differentiation factor. It is,
however, also involved in various other physiolagj@nd pathological processes in the body. IL-
6 is produced by macrophages, B-cells, T-cellsptrelial cells, osteoblasts (13) and tumour
cells (21) and is active in the immune responsentaopoiesis, the acute phase response and
inflammation. It contributes to the physiologicahttion of the brain, heart and vessels, immune
system and liver. Pathological conditions with eased IL-6 levels include autoimmune
diseases, osteoporosis, and various cancers(£3)) The extensive implications of IL-6 in
numerous diseases make it an important therapugjet.

IL-6 is a 25 kDa protein (24) with a helical struat (23). It belongs to a family of
cytokines all of which transduce signals througé ¢p130 protein. The family consists of 10
cytokines including IL-6 itself, interleukin 11 (L1), dliary neurotropic _&ctor (CNF),
cardiorophin-1 (CT-1),_ardiotrophin-ike cytokine (CLC),_tukemia_nhibitory factor (LIF),
neuromietin (NPN), acodatin M (OSM) and the recently discovered interleukinsa?d 31
(IL-27, IL-31). The effects of all of these cytokim are mediated trough the gp130 subunit of the
IL-6 receptor family and 2 different pathways, eiththe nitogen-ativated potein knase
(MAPK) or the sgnal transducers andctvators of tanscription (STAT) pathway. The
activation of either depends on the ligand thadrentts with the IL-6R and is tissue specific (25).

1.2.2 Interleukin-6 receptor

The IL-6R belongs to the class | cytokine recefaomily which consists of high-affinity ligand-
binding and signal-transducing components and iss ttermed a multi-chained receptor
complex.

The receptor complex consists of two molecules Ro-@&nd_Gycoprotein 130 (gp130).
IL-6Ra is an 80-kDa molecule consisting of 467 amino ai¢¥) and exists in a membrane-
bound and soluble form which is generated by lichifgoteolysis of the membrane-bound

protein and translation from alternatively splice@ssenger RNA (26). The membrane-bound
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IL-6R can be found on hepatocytes, neutrophils, aougtes/macrophages and some
lymphocytes, whereas the soluble IL-6R has beendan numerous body fluids. A natural
inhibitor of the sIL-6R and IL-6 complex is the gble gp130, which does not inhibit the actions
of the membrane bound IL-6R (27).

Gp130, the signal-transducing subpart of the recem membrane bound and can be
found on almost any cell (22). The soluble ILe&6RSIL-6R) and IL-6 complex acts as a
proinflammatory mediator and binds to gp130 whichkes any gpl130 bearing cell susceptible
to IL-6 (22). This process has been termed tragisadling (26). After IL-6 binding, gp130 forms
a homodimer and initiates intracellular signall(@g@).

Gp130 can activate either the MAPK or STAT3 patiisv STAT3 is usually stored in the
cytoplasm as an inactive monomer and forms homadimafter activation through
phosphorylation trough anas protein-tyrosine ikase (JAK). It then enters the nucleus and
activates genes which in the case of breast camtisrare growth and survival promoting (28)
(29). However, other groups report that the STAE3hway is anti-proliferative, apoptotic,
osteoblastic and osteoclastic whereas the MAPKwaathis rather mitogenic, anti-apoptotic,
anti-osteoblastic and anti-osteoclastic (30).

1.2.3 Biological functions of interleukin-6

The pleiotropic cytokine IL-6 was originally idefiid as the factor responsible for inducing
immunoglobulin production in B-lymphocytes. Laten @ has been implicated in numerous
biological functions, wherein the effect on the iome system is considered most prominent
(22).

In the immune system, IL-6 is involved in the pielation and differentiation of T-
lymphocytes into cytotoxic T cells and the normalvelopment of B-cells. Moreover, it is
known to stimulate hepatocytes to produce variaugeaphase proteins, for instanceedactive
protein (CRP), regulate fever (21, 22) and the sdea anterior pituitary hormones comprising
prolactin, growth hormone and luteinizing hormone.

IL-6 gene expression can be modulated by diffeieffammatory stimuli like HIV,
Herpes viruses and a variety of cytokines likeriet&kin-1 and_fatelet derived gpwth factor
(PDGF). Moreover, IL-6 is involved in stromal renatitchg processes like wound healing
through up-regulation ofascular endothelialrgwth factor (VEGF) and thus angiogenesis (21).
The involvement in pro-angiogenetic processes $® dlelieved responsible for the tumour-

promoting properties of IL-6.
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Its hematologic functions include the expansion h&matopoietic progenitors and
proliferation and differentiation of megakaryocypeogenitors (31) (22). The cytokine and its
receptor are expressed in neurons of hypothalamgtenthat regulate body composition. IL-6
levels correlate with the body mass index. It waswa that IL-6 deficient mice developed
mature-onset obesity (32).

IL-6 plays an important role in bone metabolism.intluces osteoclastogenesis and
osteoclast activity that leads to increased boserption. Moreover, knock-out and transgenic
mouse models show that IL-6 suppresses bone farmdtecause IL-6 deficient mice show
increased bone formation and IL-6 over-expressimgershow decreased osteoblast and osteoid
numbers (30).

Liu et al. postulate that the bone protecting effect of g&ns and androgens is mediated
through the inhibition of IL-6 expression (25). &ftmenopause when oestrogen levels decrease
and their bone-protective effect is abrogated,|thé levels in the body increase. This effect is
considered one of the main reasons why postmenapaosien develop osteoporosis (24).

Parahyroid lormone (PTH) is released from the parathyroid glahén serum calcium
levels are low. In the bone it stimulates the redeaf RANKL from osteoblasts. RANKL in turn
mediates the bone-resorptive PTH actions by aatigaisteoclasts through the receptor RANK.
IL-6 may enhance this process by also increasingobtast expression of RANKL. In
experiments on mice an IL-6R antibody was ablekabit PTH induced bone resorption.

IL-6 fortifies the effect of prostaglandinpen osteoblasts by increasing the expression of
the prostaglandin receptors Edhd ER on the osteoblast surface. This effect inhibits @HeG
production in the osteoblast and thus increases RARANK interaction which in turn leads to
increased osteoclastogenesis and bone resorpBpn (2

Other roles of IL-6 include the stimulation of tkeadometrial vasculature during the
menstrual cycle, promotion of spermatogenesis, utéition of epidermal proliferation, neural
cell differentiation (24) as well as stimulation ofracture healing and bone mechanical
resistance (30).

1.2.4 Pathological functions of Interleukin-6

IL-6 plays an important role in many autoimmuneedses like heumatoid_ehritis (RA),
systemic onset juvenile idiopathic arthritis, sysi®e lupus erythematosus and inflammatory

bowel disease (33). Diseases that are accompaniddnly periods of inflammation lead to

10



1 - Introduction

cachexia and muscle loss. This process is medmtéld-6 presumably through its enhancement
of corticosteroid secretion (22).

With increasing age, the levels of IL-6 detectedtl®e body increase because of
decreasing levels of oestrogen and testosteronehwiormally down-regulate IL-6 secretion.
This is believed responsible for changes that catie older age and resemble those of chronic
inflammatory disease, like decreased lean body mMassgrade anaemia, lymphoproliferative
disorders, decreased serum cholesterol and albunurgased acute phase proteins and serum
amyloid, osteopaenia and Alzheimer’s disease (24).

For this work, however, the implication of IL-6 tlhe pathology of cancer is of particular
interest, especially its implication in breast acanand its metastasis to bone.

1.2.5 Interleukin-6 in cancer

Interleukin-6 is constantly expressed by renaldtda, prostate, cervical, glioblastoma, colon
and breast cancer cells. Breast, prostate, reryaloma and ovarian cancers also express the IL-
6R (21).

In many cancers high levels of IL-6 are associatgti a poor prognosis (34). Those
cancers include multiple myeloma, lymphoma, ovadancer, prostate cancer, metastatic renal
carcinoma and breast cancer (22). In multiple myelo prostate cancer and
cholangiocarcinoma, IL-6 serves as a growth fa(@8j.

IL-6 supposedly promotes tumour growth through echreg the production of anti-
apoptotic and angiogenic proteins. For example6 l&timulates the production of VEGF in
tumour cells which in turn increases the endothekd# proliferation and new vessel formation
and thus tumour survival (35). Moreover, it coukel $hown that in oesophageal carcinoma and
multiple myeloma cells IL-6 promotes survival thouthe induction of proteins such ascdll
lymphoma 2 and X1 (BCL-2 and BCL-X1) and inducegertoid leukaemia ell differentiation
protein — 1 (MCL-1) that inhibit apoptosis (36).

IL-6 is held responsible for the occurrence of Bapyoms like night sweats, fever, and
weight loss (24). Zaket al. showed that it is specifically tumour secreted6lithat leads to
tumour induced cachexia. When human prostate cdi@aeing nude mice were treated with the
IL-6 antibody CNTO 328 tumour cachexia was reduaddtive to that in the untreated control

group (32).
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1.2.6 Interleukin-6 in breast cancer

High levels of IL-6 were significantly correlated & negative prognosis and shorter survival in
breast cancer patients (36), (28), (37) regardietise ER-status of the tumour.

Median serum IL-6 levels are about 10 times higleed pg/ml serum) in patients with
metastatic disease than in those with localizedadis (38). The levels of IL-6 in patients with
more than one metastatic site are significantijh&@ighan serum IL-6 levels in patients with one
or no metastatic sites (6.9 pg/ml serum) (39). &a@anation for this was given by Salgasio
al. who stated that circulating IL-6 in the serum nbaypartly derived from spill-over of tumour
produced IL-6 and that thus high numbers of metiass#tes account for high IL-6 serum-levels
in affected patients (21).

Progressive tumour disease is characterized by rpalanced cell proliferation,
acquisition of invasive and metastatic potential awasion from the immune response (21). It
could be shown that in patients with progressiwease IL-6 levels are higher (86.0 pg/ml) than
in patients with non-progressive disease (40).

High levels of tumour-produced circulating IL-6 celate with the number of metastatic
sites (21) and IL-6 promotes the formation of distmetastasis (22). Different mechanisms for
this have been suggested. For example IL-6 mighinkelved in the formation of distant
metastasis in breast cancer by increasing the daetio motility of breast carcinoma cells.

Furthermore, IL-6 may mediate local osteolysisin@easing osteoclast activity (41) (34).

1.2.7 Interleukin-6 in MDA-MB-231 (ER-receptor negative breast cancer) cells

In breast cancer, IL-6 has been associated wittaresdd tumour cell growth, survival and
immune evasion (28). Many human breast cancerlicgs are tumorigenic in nude rodent
xenograft models, but the MDA-MB-231 cell line, ééwped by Toshiyuki Yoneda, is of
particular interest as it is strongly ‘bone-seeki(d). This cell line is oestrogen receptor-
negative, which gives it a more invasive profileghwhigher metastatic potential than its ER-
positive counterpart, the MCF-7 cell line (43). Batell lines possess the IL-6R and are thus
both susceptible to IL-6 effects. The ER(-) MDAlsghowever, are also able to produce and
secrete high levels of IL-6 (28). The increasedlkecretion by MDA-MB-231 cells is due to
increased activation of STAT3 in those cells (Z9)e constant STAT3 activation in MDA-MB-
231 cells is probably due to autocrine signallingrés since coculture of MDA cells with IL-6-
containing medium from marrow stromal cells doest nead to additional STAT3

phosphorylation and activation in those cells. R(E cells, on the other hand, adding IL-6-
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containing medium led to increased STAT3 activa{@s). MDA-MB-231 cells express RANK-
receptor and a TNireceptor (43). The proinflammatory cytokines TINH GH3 and IL-13
reportedly upregulate IL-6 production in MDA-MB-28¢lls (41).

1.2.8 Interleukin-6 and breast cancer bone metastasis

Osteolytic breast cancer metastases also contdamimatory cells such as macrophages and
fibroblasts, which are considered to enhance turgoawth, invasion and metastasis. Infiltration
of monocytes correlates with poor prognosis of $iremncers. Monocytes are recruited by
cytokines and chemokines such aacnophageaony gimulating factor (M-CSF) and onocyte
chemo-attractant rptein (MCP-1) which are highly expressed by breastour cells. In the
tumour microenvironment, monocytes undergo activaind differentiation and are designated
tumour-educated ouimour-asociated rcrophages (TAMS) (44).

Lau et al. found that one mechanism through which tumounstrob their osteolytic
activity is induction of osteoclast differentiatidrom tumour-associated macrophages. This
formation is supported by RANKL and M-CSF producbkg cells like fibroblasts and
osteoblasts. They state that breast cancer celi®tdonly stimulate RANKL-induced osteoclast
formation but produce a soluble factor that couddresponsible for the RANKL-independent
transition from a mononuclear phagocyte to an atasb (45).

According to Kudoet al. this soluble factor could be IL-6, as they showieat IL-6
induces osteoclast differentiation by a RANKL indegent mechanism. If this is true, MDA
cells induce bone resorption through the viciousleyand through IL-6 induced osteoclast
differentiation and thus enhance PTHrP induced togleemia which forms an independent
mechanism but enhances the vicious cycle (46).dqUestion how important that mechanism is
compared to RANKL induced osteoclast formation resi¢o be answered.

Selanderet al. found that blocking the IL-6R signalling in MDAB4231 cells reduces
the malignant potential of these cells (47). Whethes is due to the reduced endogenous IL-6
production in those cells or whether other factarder the control of the IL-6R are responsible
for their decreased malignancy remains unknownag&reancer cells significantly increase the
IL-6 production in osteoblasts which leads to iased osteoclast activation and bone resorption.
The concomitant decrease in collagen and osteocaémireted by osteoblasts co-cultured with
breast cancer cells confirms that breast cancés sappress osteoblast function in a manner

consistent with inflammation-induced bone loss olesgin bone pathologies (13, 48).
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1.3 Animal models in breast cancer research

1.3.1 Models of metastasis in breast cancer

Animal models of bone metastasis investigatingodeaviour of human cancers should meet the
following requirements: Firstly, the genetic andepbtypic changes that human cancers undergo
during their development should be repeated. Thawges include migration, invasion,
angiogenesis within the bone microenvironment,isahand growth with ensuing modifications
through the environment. Secondly, the models haveproducible and progress as quickly as

possible to allow timely interventions and measigets.

Animal models are important to investigate the psscof bone metastasrsvivo to fully
understand the pathophysiology of the metastasisegs and derive treatment opportunities for
humans. Finding a perfect animal model to mimichhiman setting is quite difficult because the
pathogenesis of cancer in rodents and smaller mésroaa differ quite significantly from that in
humans. However, there are different animal model®one metastasis that are able to duplicate
certain selected aspects of human cancer metastadighus form an important part of the
progress and advance of knowledge in the fieldavfcer biology. Further improvements and
refinements of the animal models are being devela@patinuously (49).

Animal models of bone metastasis include:

1. Spontaneous tumours that occur in rodents or smathmals
Syngeneic transplantation of spontaneously arigidgnt cancers
Chemical induction of cancers in selected strafrraits and mice

Transgenic mouse models

o bk~ 0N

Rodent xenograft models of bone metastasis utjisnmune incompetent animals

1.3.2 Nude rodent xenograft models of bone metastasis

Nude rodent (mice and rats) xenograft models adehlyiused by researchers because they can
be rapidly reproduced and can represent one or Bieps of the metastasis process depending
on the field of interest. Nude (nu/nu) mice aread@mally modified animals in such that they lack
a thymus gland which causes immunodeficiency dua kack of T lymphocytes and thus cell
mediated immunity. The T cell lacking mice thus dree tolerant to implanted tissues from

other species including human cancer cells. Thee bmetabolism in these animals remains
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unaltered and thus can be used as a model forothe-tomour interactions that can also be seen
in the human body.

To investigate the bone metastasis process thegrafted tissues or cells can be injected
subcutaneously into the left ventricle of the he&d investigate the ability of cancer cells to
grow in bone, or to study cancer cell interactianmi$ bone microenvironment, cancer cells can
be implanted directly into the tibia or femur. Tiveéstigate cancer cell behaviour in other
metastasis sites, cancer cells can be implantecdutarieously into the mammary fat pad, the
prostate gland or the lungs (49).

In breast cancer, many human derived cell lineseaumours in nude rodent xenograft
models. They are usually established either byagatrdiac, intratibial or intra-mammary
injection of these cells into the immunocompromisedmals (49). These methods lead to the
development of tumours including bone metastagis. dhoice of the appropriate model depends
on the step of the metastasis process that is umgestigation.

Direct delivery of tumour cells to bone: To createnodel of tumour metastasis to the
bone environment, tumour cells can be injectedctliréhrough the tibial cortex of nude mice,
into the bone marrow space below the proximal ltibiataphysis. These tumour cells establish
themselves well in the environment and producec fgsions at the injection site (50).The
advantage of this model is the relatively reliabteation of a tumour in a predetermined site
with a known number of cells, while the contralatdibia can be used as a control. This model
allows the evaluation of the effects the tumour ¢rashe bone microenvironment while the steps
of extravasation and establishment of micrometasta®e bypassed. The disadvantages of this
approach are that the piercing of the cortex amglacement of bone marrow in themselves
produce a marked inflammatory response that inflasrthe local bone metabolism and might
significantly alter the bone microenvironment.

This model has been used in all experiments of thsk concerning the bone
microenvironment and tumour metastasis establishrimethe latter, as the major aim of this

project was to further investigate the factors filay a role therein.

1.3.3 Assessment of bone metastasis in nude rodent xenograft models

End-stage lesions of bone metastasis should bly edestifiable and reveal to which extent the
tumour proliferation modifies bone structure sa #t@nclusions that can be applied to humans in
a clinical setting can be drawn. Overt or appadestons can be visualized by means of

radiology in the living animals or histopathologitea the animal is sacrificed and the tissue
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harvested. A limitation to the x-ray method is tbhaty severe lytic lesions and damage to the
bone can be detected, whereas minor lesions aadsa#trotic lesions remain invisible. The new
u-CT technology can differentiate between osteolgtid osteosclerotic lesions regardless of the
size.

To visualize micrometastasis more sensitive teakesdike polymerase chain reaction
(PCR) can be used to detect even very low amountanoour cells that get arrested in the
capillary beds and have the propensity to devettp metastases. This might, however, lead to
the overestimation of results (49).

It is thus not only important to pick the right aral model to investigate the step of the
process in question but also to choose the rigieictien techniques and to interpret the results in

the right way.

1.4 Hypothesis and aims

The role of IL-6 in breast cancer cell growth imtoversial. In the literature, IL-6 is often
considered a “double-edged sword” with some repesuggesting that IL-6 has tumour
promoting properties, while others indicate a tumiahibiting role. Despite these controversial
findings, there is increasing evidence that higliselL-6 levels are a negative prognosticator in
breast cancer patients (36).

According to the model of the vicious cycle (see\ad), osteolytic cancer lesions in bone
strongly rely on accelerated bone resorption,asteoclast activation through increased RANK/
RANKL interaction (11). The role of IL-6 within thiprocess remains to be investigated. In the
past, a number of studies have investigated thectefif IL-6 on individual components of the
vicious cycle. IL-6 is known to stimulate bone nggmn through an indirect mechanism, namely
by activating the osteoblast to express RANKL. Tihisurn interacts with its cognate receptor,
RANK, which is expressed by osteoclasts and stitesléahese to actively resorb bone (17).
Moreover IL-6 induces PTHrP production in osteotsdas a non-cancerous setting (51), which
in turn fosters tumour cell growth (13).

Furthermore, Kudet al. report direct activation of osteoclasts throuigté) while Zheng
and colleagues found that fuelling the vicious eyay a low calcium diet in human breast cancer

bearing nude mice leads to an up-regulation in FtENA in bone tissue (52).
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Based on these results, | hypothesized that IL-6 @ys an important role in breast cancer

cell growth within the bone microenvironment.

The aimof my project was to determine the role of IL-6bireast cancer cell growth in bone. To
achieve this, | chose the IL-6 secreting MDA-MB-2&ll line (which is known to be highly
malignant and bone seeking) and decided to knoetkndih-6 production in these cells via
shRNA technique. These IL-6 deficient cells werentlcharacterizedn vitro to determine
whether IL-6 knock down had any effect on theirvgitoand invasiveness.

In furtherin vivo studies, | then determined whether knock downLeflin MDA cells
reduces tumour growth in bone and non-bone tissues/o. Lastly, the human breast cancer
cells were introduced into a murine environment.il/murine IL-6 does not interact with the
human IL-6R on the tumour cell surface, human lis-@ble to interact with the murine receptor.
This means that the IL-6 that is produced by tmacwr cells will be able to exert its effects on
the murine bone microenvironment but not the othiay round (28). To further test whether
IL-6R antibodies targeting tumour derived-8_may have any effect on tumour growth, the
humanized antibody Tozilizumab was used to inhéitocrine and paracrine stimulation of

MDA-MB-231 cells in the murine bone microenvironren
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2 MATERIALS AND METHODS

2.1 Tissue culture

2.1.1 Breast cancer cell line

The human oestrogen receptomegative cell line MDA-MB-231 was obtained from.Dr
Yoneda (M.D. Anderson Cancer Care Center, San AotdiX, USA). All tissue culture media
and supplements were obtained from Invitrogen &ad, CA, USA).

2.1.2 Cell cultures

The cells were cultured in T175 and T75 cm? plassgue culture flasks in Dulbecco’s Modified
Eagle medium (DMEM) supplemented with 10% foetdl sarum (FCS, JRH Biosciences, KS,
USA) and 1% penicillin-streptomycin antibiotic sban. The cultures were maintained at 37° in
a humidified atmosphere of 95% air and 5% carbaxide (CQ) and subcultured every third
day when they reached about 80% confluence.

For subculture, the media and phosphate-bufferédesaolution (PBS) and trypsin
were incubated in a water bath until they reacheédngperature of 37°C. The old media was
removed from the flasks using a pump and the redeasnwere washed away with PBS to avoid
the inactivation of trypsin by media remnants. 1ailirypsin was then added and the cells were
washed gently before 2mL of trypsin were adminedefor a T75cm? flask or 4ml for a
T175cm? flask and left to incubate at 37°C for hiates.

To ensure that all cells were lifted properly, flasks were tapped gently and assessed
under the microscope. To terminate the trypsinvagtmedium containing 10% FCS was added
and the cell suspension was transferred to a 50ahtoR tube. The cells were then separated by
a syringe with a 21-gauge needle, counted usingeanbcytometer and the cell viability was
assessed by trypan blue exclusion. The mechanisimdéhis exclusion test is such that dead
cells have damaged cell membranes which allow tiygabh blue dye to penetrate the cell
whereas live cells are not stained. This is a stahgrocedure in tissue culture to determine the
number of viable cells in a cell suspension. Basethe cell count (to maintain the same amount
of cells in all flasks) an appropriate dilution wealculated for the propagation of cells in the
new flasks. The flasks were then incubated as bedwr37°C, 5% C@and 100% humidity.

Media were changed every 2-3 days until they re&@86 confluence.
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2.2 Invitro experiments

2.2.1 Knock down of IL-6 production in MDA-MB 231 using the shRNA technique

The knockdown of IE6 in MDA-MB 231 cells was performed with my supami Yu Zheng.
Briefly, a lentivirus vector-based shRNA expressgystem (Sigma, USA) was used to knock
down endogenous IL-6 mMRNA via shRNA in MDA-MB 234lls.

The IL-6 mRNA consists of 1.2-1.3 kilo base paiositaining 0.6 kb of coding region
and approximately 0.5 kb of non-coding region faia by a poly A tail (Cytokines in animal
health and disease by Michael J. Myers). Three taacts were identified that targeted the
protein translation region of the IL-6 mMRNA at 3felient positions, i.e. positions 211, 272 and
636.

1  Protein translation region 1201
bp ' ' ' .
shRNA - o ! —
targets 211 272 636

Fig. 2:1L-6 mMRNA sequence

Shows the sequence of the IL-6 mMRNA which is 12010dmg. 3 constructs that matched the mRNA at jorst
211, 272 and 636 were tried. The best results wet@ined by the 636 construct which was hence fetie
knockdown and is the reason why the knockdown eetie called MDA-636

The target regions at bp sequence numbers 211a@¥ 3536 of the protein translation
region of the IL-6 mMRNA were targeted. Targeting fitotein translation region at position 636
gave the best knockdown results, so for all furthgreriments only the 636 shRNA were used.
The control cells were transfected with a lentiginector encoding a netarget sequence. The
success of the transfection process in both knagkdand non-target cells was ensured by
puromycin selection (ug/mL) for two weeksFig. 2 shows the IL-6 mMRNA sequence with its

protein translation region.

2.2.2 RNA extraction

Ribonucleic acid (RNA) extraction was performed rogans of an extraction kit (innuPREP

RNA mini kit, Analytik Jena, Jena, Germany) follawithe manufacturer’s protocol.
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The cells were lysed by incubation in a lysis buffdich contains RNase inactivating
chaotopic ions. Then the RNA and some of the debagucleic acid (DNA) were bound to the
silica membrane provided. The DNA, salts metab®l#ted macromolecular cellular components
were removed in several washing steps using wadhirfigrs and the pure RNA was finally
eluted under low ionic strength conditions with Ra¢&-free water. The RNA purity and
integrity was checked by spectrometry (ration of0/280 > 1.8) as well as through gel
electrophoresis in a 1% agarose gel. RNA was relytikept at -70°C for long-term storage to

ensure stability.

2.2.3 Reverse transcription

Reverse transcription (RT reaction) is a technithe transcribes the RNA template into a
complementary single stranded DNA (cDNA) molecdle.initiate the reaction the flL RNA
were incubated with a reverse transcriptase enzypramer [(oligo (dT)] at 65°C for 5 minutes
to denature the RNA secondary structure and arthegbrimer. The samples were then chilled
on ice quickly to prevent the reformation of the@®dary structure. The RT reaction was then
initiated by adding dNTPs, an RNAase inhibitor ahé reverse transcriptase enzyme and
incubated at 50°C for 45min-1h. The reaction wantterminated by heating the mixture to
70°C for 15 min.

2.2.4 Real time PCR

Real time PCR is a quantitative PCR method for datermination of cope number of PCR
templates such as DNA or cDNA in a PCR reaction. Wed the intercalator based RT-PCR
method. A special thermocycler equipped with a is@ascamera that monitors fluorescence in
each well of the 96-well plate that contains thengi@s at frequent intervals during the PCR
reaction is needed. The intercalator-based methlst, known as the SYBR green method,
requires a double-stranded DNA dye in the PCR i@agthich binds newly synthesized double-
stranded DNA and gives fluorescence. We used SYB&1Gwith the iQ5 cycler (BioRad,
Munich, Germany) and SYBR green dye (SYBR Green RGRter Mix; Applied Biosystems,
Foster City, CA, USA).

2.2.5 Measurement of IL-6 protein levels by means of IL-6 ELISA kit

The IL-6 protein levels were measured in the cootd medium of parental MDA-MB-231

cells, non-target cells and knock down cells by mseaf an ELISA kit (Quantikine Human IL-6
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immunoassay, BD). The 3 different cell types wexeded in triplicates into a 96 well plate at a
concentration of 5x1ells per well. The conditioned medium was colldcéer 48 hours and
the ELISA was performed following the manufactusgorotocol. The experiment was repeated

3 times.

2.3 Characterization of cellsin vitro

2.3.1 Growth curve

To assess the proliferation rate, the parental;tagget and knockdown cells were cultured in
Dulbecco’s Modified Eagles medium (DMEM) suppleneshtvith 10% FCS and seeded at a
concentration of 10cells per well (3.8 cA) in twelve-well tissue culture plates and allowted
adhere overnight. The cells were then counted daily¥frypan blue exclusion after trypsinising
until they reached 100% confluence on day four. &eriments were performed independently

3 times to ensure the validity of the results.

2.3.2 Chemoinvasion assay

The ER-negative MDA-MB-231 cell line is highly insige and metastatic. The BD Biosciences
Biocoat Matrigel Invasion Chamber kEKig. 3) was used to assess the invasive properties of the
knock down versus those of the non-target cellswieae used as controls.

The principle of this assay is to mimic the mettstaehaviour of malignant cells in the
body, which unlike most benign cells, are capalbldigesting the coated membrane (Matrigel)
and crossing basement membranes and extracell@amxmFor this purpose the Engelbreth-
Holm-Swarm sarcoma basement membrane “Matrigetdtdbrmmonly used.

The Matrigel inserts provided in the kit were brbtigo room temperature and
rehydrated with 37°C warm serum-free DMEM in a hdified tissue culture incubator at 37°C
and 5% CQ atmosphere. The medium was then carefully remawvelthe inserts were put into
the wells of a 24 well companion plate which comeai 0.75 ml of chemoattractant (5% foetal
bovine serum in DMEM).

The cells were lifted from their flasks with trypswhich was inactivated with full
serum medium after 5 minutes. To avoid the interiee of the full serum medium with the
experiment cells were centrifuged for 5 minuted@0rpm. The full serum medium was then
removed and the cells were resuspended in serwem¥feglium. The knock down and non-target

cells were seeded into the Matrigel covered androbiinon Matrigel covered) inserts at a
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concentration of 2.5xffinsert. The plate was incubated in the humidifigsbue culture
incubator at 37°C and 5%G@tmosphere for 22 hours.

After the completion of the incubation time the riomading cells were removed by
repeatedly (and quickly to avoid drying of the sgflscrubbing” the membrane with a cotton
swab inside the bottom of the membrane.

The non-invading cells on the surface of the Maftrigjembrane were then removed
with a cotton swab. The membrane was then detaithedthe transwell with a scalpel and the
cells attached to the bottom of the membrane weaed with formalin then stained with
hematoxylin for 5 minutes.

After staining the membrane was put onto slides @adcells were counted after a
drying period of 24h. The cells were counted inePresentative areas in the center and the
periphery of the membrane. The invading cells werented and the invasion index calculated

using the following formulas:

MeanNumber OfCell sl nvadingThroughMatrigel InsertMembranex 100
MeanNumber OfCell sMigratingThroughControl I nsertMembrane

1. %l nvasion =

%Il nvasionTestCells
%/l nvasionControlCells

2. Invasionlndex =

The Experiments were performed independently 2ditneensure the validity of the results.
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BO Matrigel™ B8O Fakon™ Cell
Matrix Culture Insart

Colls
8.0 uym PET Membrane
BD Falcon TC
Chemaoattractant Companion Plate

Fig. 3: Chemoinvasion assay

The picture on the right side shows a model of Blie Biosciences Biocoat Matrigel Invasion Chamberug®
models of breast cancer growth. The invading @aksseated into serum-free medium on the bottotheofnsert
that is a porous membrane (pore sipenBcovered by matrigel. The insert is put into dlwentaining 5%-foetal
calf serum (FCS) medium that serves as a chemcttiteand incubated for 22h. The invading cellsanacted by
the 5%-FCS medium in the well and use enzymesnik&rix metalloproteinases to overcome the matimgtr of
the membrane and change the sides of the wellirihge on the left hand side is a scanning eleatmmograph
provided by BD biosciences showing two human fiaroema cells, having digested the BD Matrigel Matri
occluding the membrane and migrating through thenSof the PET membrane.
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2.3.3 Mouse maintenance

Four-week-old female BALB/c nu/nu mice (Animal Raesmes Centre, Canning Vale, WA,
Australia) were used for the experiments. The mieee maintained under specific pathogen
free conditions throughout the study at the Anifaallities of the ANZAC Research Institute in
accordance with Institutional Animal Welfare Guides and an approved protocol and were
allowed food and water ad libitum. All mouse mangbions were performed inside a laminar-
flow hood under aseptic conditions whilst maintaghigeneral anesthesia with intra-peritoneal
injection of freshly prepared ketamine/xylazinegf8a, St. Louis, MO, USA) at a dose of 75/10
mg/kg, unless otherwise noted. All anaestheticevpeovided by Sigma-Aldrich. For ah vivo
experiments, mice were monitored for changes irgiteand behaviour and were euthanized by

neck dislocation at the end point of the experiment

2.3.4 Cell preparation for intratibial in vivo injection

The cells selected fan vivo injection were the non-target and knock down celsth cell
variants were routinely passaged 1-2 times aftavaéfrom frozen stock before preparation for
in vivo injection into nude mice. As before, all media dM8S were prewarmed. Instead of
trypsin, Versene (0.02% EDTA) was used to lift ttedls from the bottom of the flask as it is
known do less damage to cells. After a PBS wasltétls were rinsed with Versene and then
incubated in 5ml Versene (for 175 tiftask) at 37°C for one hour with manual pattingtioé
flask every 20 minutes to support cell detachment.

Following detachment from the flask, the Versengpsasion was transferred into a 15
ml falcon tube and the cells were washed twicedntrdfugation at 800g for 5 minutes in 10 ml
PBS before an aliquot was taken to assess thdityatfithe cells by Trypan blue staining. Only
suspensions with >97% viable cells were usedrfervo injections.

After a final PBS wash and centrifugation, the <ellere resuspended in PBS at a
concentration of 5 X ml for both cell variants and injected into thieidie of nude mice (5 X
10* cells in1QuL each tibia). The cells were kept on ice to prglsurvival until the end of the

injection period.

2.3.5 Mammary fat pad injection

Matrigel was thawed on ice to prevent solidificatior 2-3 hours prior to injection. 2xi@ells

were grown per mouse (2 X 175 Tmo near 100% confluence for 10 mice). The cellsewe
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detached from the flask bottom by Versene treatmpobled into 50 ml Falcon tubes,
centrifuged at 1000rpm for 5 minutes, washed wlSRnd centrifuged again. The cells were
then resuspended in 5 ml PBS, the cell concentratims determined by means of a
haemocytometer and a volume of the suspension5ofnl.that contained 2xI0nl cells was
calculated. The required amount of the suspensias nemoved, spun down at 1000 rpm for 5
minutes and kept on ice for another 5 minutes wihigeMatrigel solution was prepared. The 1.5
ml Matrigel solution was prepared by adding 50% rigat into PBS. The cells were then
resuspended in the Matrigel mix.

The Matrigel mix was put into 1ml syringes and patice to ensure the viability of the
cells. The balb nu/nu mice were anaesthetized ¥With20Ql ketamine/xylazine (depending on
the size of the mouse) and 10@ell suspension was injected at the flank in® 44 mammary
fat pad visible under the skin of the nude micee Tiice were left in lying in the same position
the one in which the injection took place to allthe Matrigel to solidify before the recovery of
the animals.

The tumour was measured by digital callipers ev®fyday after injection for the
duration of 16 days. On the M&lay the mice were euthanized under anaesthesiaebly

dislocation.

2.3.6 Antibody treatment

The humanized IL-6R antibody Tocilizumab was adstgred every 3 days at a dose of
15mg/kg/3days via subcutaneous injection. The adtibwvas kindly provided by Prof. Frank
Buttgereit, Charité Berlin.

The doses for the antibody treatments were based suarvey of existing literature
where the antibodies were used for the treatmemh@&imatoid arthritis (53-55). Tocilizumab

was stored in aliquots in PBS at 4°C.

2.4 Anti-resorptive agents

To achieve rapid and profound inhibition of bongomption by the highly resorptive MDA-MB-

231 cells in the vicious cycle, recombinant Ostetgmerin (OPG) was administered to the
control groups of the knockdown cell and non-taxgt injected mice. The reason for the use of
OPG was to assess whether after shutting downitih@us cycle there would be a difference in

the growth behaviour of the knockdown cell tumaasssompared to the non-target tumours.
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OPG consisting of amino acids 22-194 of human OB§ed to the Fc domain of
human immunoglobulin G (Fc-OPG administered at aedof 3mg/kg/3days) was kindly
provided by Amgen Inc., Thousand Oaks, CA, USA. dbse of Fc-OPG is based on a literature
survey.

The drug was stored in aliquots in acetate buffer5.0 at -80°C and was thawed and

diluted in PBS immediately prior to use (56).

2.5 Radiologic methods

2.5.1 Faxitron X-Ray

The use of the Faxitron X-ray machine allowiedvivo monitoring of the developing bone
lesions. The mice were anaesthetised as beforassebsed by digital radiography (MX-50 X-
ray cabinet, Faxitron, Wheeling, IL, USA) at 3 tipeints following injection. X-ray doses used
were 26kV for 10 seconds for the long bones in si@éised mice (approximate magnification:
2 times). At the experimental endpoint the miceenmmesthetised, examined radiologically for a
last time, then sacrificed and the tissue harvested

2.5.2 Micro-computerised tomography (nCT)

After tissue harvesting, representative microcomgutomography images of tibiae were
obtained using a Skyscan 1172 scanner (SkyScaridipBelgium). The scans were performed
at 100kV, 100pA using a 1mm aluminium filter. Irtalp 1800 projections were collected at a
resolution of 7.58um per pixel. Reconstructionlef sections was performed using a modified
Feldcamp cone-beam algorithm with beam hardeningection set to 50%. VGStudio MAX 1.2

software (Volume Graphics GmbH, Heidelberg, Germamgs used to obtain 3D visualisation

of tibiae from reconstructed sections.

2.6 Tissue analysis

2.6.1 Tissue processing

The harvested tibiae were fixed in 4% paraformajdehbuffered with 0.1 M PBS for 48h and
decalcified using 10% EDTA at 4°C for 2 weeks wille EDTA solution changed every 3 days.
The tissues were then processed and embeddedaifiipaFive-micron sections were cut from

each specimen and stained with hematoxylin andneastcording to protocol for routine
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histological examination. To facilitate the adheswf the bone sections, the glass slides were
pre-coated with 2% (3-aminopropyl) triethoxysilanecetone solution and dried over night.

2.6.2 Measurement of lytic lesions

The Iytic bone areas of cancer cell-injected tibi@ere measured on digitally recorded
radiographs using interactive image analysis sof#w@mageJ, NIH, USA) following careful
identification and manual demarcation of lesiondeos which were observed as radiolucent
lesions in the hind limbs. The size of lesions ealsulated and presented as X fianeach time
point. The 2-dimensional measurement of the lytimeb areas using X-ray analysis has its
limitations and may not quite reflect the actuadadsize of lytic lesions. However, the animal
studies in this thesis were well controlled, theTuithages were used to verify the X-Ray
measurement and this should overcome the inaccuamesed by the measurement and produce
reliable data.

ImageJ was also used for histological analysisheftarvested and processed tibiae.
Measurements were performed in longitudinainSsections stained with haematoxylin eosin. To
determine tumour area, a representative sagittdioss was taken, that represented the upper
mid and lower region of the proximal tibia. All twer areas were measured including the
surrounding soft tissues if the tumour broke iritenh, unless there was an independent tumour
mass caused by leakage during the injection (whachly occurred). Total tumour area was
measured in each section and used as an indexnwutuburden. Cortical bone area was

measured in the same sections.

2.7 Statistical analysis

All data were represented as the mean = SD (or S&M) statistical analysis was performed
using the one-way ANOVA, the two-way ANOVA and theest by means of PRISM 5 Graph
pad programme (GraphPad Software La Jolla, CA USAnificance was accepted where p was
< 0.05.
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3 REsSuLTS

3.1 Invitro experiments

3.1.1 Knock down of interleukin-6 production in MDA-MB-231 cells using the shRNA
technique

To assess the role of IL-6 produced by MDA-MB-2&llsin their growth in the bone micro-

environment we decided to knock down the productibthis protein in this cell line using the

shRNA technique. As mentioned above, the MDA-MB-2&lls were transduced with a viral

vector containing the sequence for an IL-6 mMRNAéang shRNA.

Parallel to that, another batch of cells was traned with an empty viral vector to
create a proper control cell by making sure thatlémtiviral transduction process itself did not
influence the production of IL-6 in MDA-MB-231 csllThose cells were called “non-target” or
NT-cells. The success of the transfection was assgelsy measuring the IL-6 mMRNA levels via
real-time PCR and the IL-6 protein levels were mead via ELISA. We found that targeting the
IL-6 mMRNA at the 636 position yielded the best Kkamwn results and used the cells targeted at
this position for all further experiments. Thiswhy the knockdown cells will be referred to as
MDA-IL-636 cells.

3.1.2 Measurement of mRNA levels using real time PCR after knock-down

MDA-MB-231 cells which produce IL-6 constitutivelyere transduced with a lentivirus
containing a plasmid coding for an shRNA that tesdke IL-6 mMRNA at the nuclear acid bp of
the 636 to the 656 position. To assess the IL-6 AR&el in the knockdown cells we first
extracted and purified the IL-6 mMRNA and then perfed an RT-PCR using the Bio-Rad 1Q
software to quantify the mRNA knockdown in the paaé (MDA-MB-231), non-target (MDA-
NT) control cells and the knockdown cells (MDA-1))-6
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IL-6 mRNA levels after shRNAtechnique

2.5 - T

15 -

Normalized folds

0.5 -

MDA-MB-231 MDA-NT MDA-636

Fig. 4:mRNA levels

To prove the success of the knock-down, mRNA-levedse measured in parental (MDA-MB-231), non-target
(MDA-NT) and knockdown cells (MDA-IL-6). The mRNAnithe knockdown cells was reduced by more than 50%
as compared to parental and non-target cells.

According to real time PCR results shownFig. 4 L-6 mRNA levels in MDA-636 cells were
reduced by more than 50% as compared to the paMita-MB-231 cells, whereas the IL-6

level in the MDA-NT cells stayed at about the sdevel. The knockdown was stable over time.

3.1.3 ELISA

Knock down cells produce lower IL-6 protein levelscompared to parental and non-target
cells. To further prove that the IL-6 knockdown was ssstel we decided to measure IL-6
protein levels produced by the cells in the codctonditioned medium using the ELISA
technique. We decided to perform the experimefalirserum medium (FSM). As shown on the
left side of Fig. 5A the IL-6 protein production ihe MDA-636 cells was lowest in the MDA-
636 cells.

To exclude the influence of any factors containedhie serum on IL-6 production we
decided to measure IL-6 levels after conditionirly cll entities in serum free medium
(supplemented with 0.1%BSA).We found that treatmenIDA-MB-231 and MDA-NT cells

with serum free 0.1%BSA medium (i.e. cell starvaliteads to a dramatic increase in IL-6
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MRNA. Fig.5B shows the IL-6 protein levels measured in all eelities after treatment with
serum free 0.1% BSA medium. We found that despte tteatment, IL-6 production in the
MDA-636 cells was significantly lower in the knodown cells compared to MDA-MB-231

(p=0.0357) and MDA-NT (p=0.0079) cells and we relg#ris result as further proof for the
stability of our knockdown.

A IL-6 levels in 10% FCS B IL-6 levels in 0.1% BSA

*

*

1007

*%

El MDA-MB-231
= MDA-NT
] MDA-636

pg/ml
pg/ml

) ) l L) )
MDA-MB-231  MDA-NT MDA-636 MDA-MB-231 ~ MDA-NT MDA-636

Fig. 5: ELISA measurements of IL-6 levels in 10% FCS (foefacalf serum) medium and 0.1% BSA (bovine
albumin) serum-free medium

A: IL-6 protein levels of MDA-MB-231, MDA-NT and MB-636 cells measured in the conditioned full serum
medium after 24h incubation. B: shows IL-6 levebni all 3 tested cell entities conditioned in serfuee medium.
The IL-6 levels in the cells treated with serumefraedium are about 10-fold higher than in the dedlated with
full serum medium. Despite this treatment with 0.B%A serum IL-6 levels in MDA-636 cells stay comgiarely

low, whereas the levels in the MDA-MB-231 cells adidDA-NT cells go up dramatically which we regard as
proof for the stability of our knockdown.
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3.2 Invitro cell characterization

3.2.1 Cell growth

IL-6 is not a growth factor for MDA-MB-231 cells in vitro. This experiment was designed to
evaluate the growth of IL-6 deficient MDA-MB-231 llse compared to the growth of IL-6
sufficient parental cells and non-target cefisvitro after proving that the knock down was
successful by quantifying the IL-6 mRNA as well the protein levels. For this purpose we
seeded a growth curve of all cell variants in qupticates at a concentration of 104 cells per
well. A cell count was performed on every day af #xperiment anéig. 6 shows that the cell
numbers of all 3 cell entities stayed approximatily same on each day the cell count was
performed, with no or little variations. Statislieanalysis was performed by 2-way ANOVA and
no statistically significant difference in the gribmof the 3 cell entities could be detected. As
expected the statistical analysis showed a sigmfigrowth of cells of each entity over time. To
ensure the viability the experiment was repeategkthimes.

cell count

-o- MDA-PA
-m- MDA-NT
-+ MDA-636

cell number (10 %)

time [d]

Fig. 6: Growth curve

The 3 cells variants, parental (MDA-PA), non-tardDA-NT) and knockdown (MDA-636) cells were seecktd
the same concentration of 104 cells per well innH-pates. A cell count was performed daily. Sisipgly, the
knockdown of the IL-6 production in MDA-MB-231 celseems to have no effect on the growth of thebe ice
vitro, as the cell numbers were almost the sanadl i cell variants on all 4 days of measurement.
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3.2.2 Chemoinvasion assay

To further characterize the knockdown cells we dietito assess their chemoinvasive properties.
For this purpose we used a commercially availab&moinvasion assay (for details see methods
2.3.2). The knockdown cells were used as the tdktice and the NT cell line as a control. The
cells were seeded into an insert whose porousrhatiembrane was occluded by Matrigel. The
insert was put into a well with chemoattractive S#um medium. Invasive cells have the
property to overcome the Matrigel membrane by ude enzymes such as Matrix
metalloproteinases. As shownkiy. 7 the invasiveness of the knockdown cells was redltice
8.7% as compared to that of the non-target celisiwivas 19.5%. Statistical analysis using the
t-test showed that the reduction of invasive progegrin the knockdown cells was significant
(p=0.0004)

Invasion plate
25-

20+

154

104

Invasion in %

&

.
©

Fig. 7:Chemoinvasion assay

Assesses the of chemoinvasive properties of naetdMDA-NT) and knock down-cells (MDA-636). Nonrgget-
cells had a calculated invasiveness of 19.5 % vetsethe knockdown cells had an invasiveness of 8T78é.
reduction of invasive properties for knock downlgeblas statistically significant compared to norgét-cells
(p=0.0004).
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3.3 Invivo experiments

3.3.1 Assessment of non-target- and knockdown cell growth in vivo

The next part of the project consistedmtivo work. As shown irFig. 8 Balb/c nu/nu nude mice
were assigned to 4 groups containing 12 animalls. &t groups received a low calcium diet 3
days prior to tumour injection to accelerate bammdver and fuel the vicious cycle (20). All
intratibial injections contained a cell concentatdf 10 cells per mL phosphate buffered saline
and all animals were anaesthetised prior to irgesti For intratibial injection the MDA-NT cell

was chosen as the control cell to the MDA-636 cell.

Two animal groups were injected intratibially witlhDA-NT cells. One of the two
groups received a treatment with OPG to block dansver and interrupt the vicious cycle, the
other received a vehicle only. The remaining twougs received an intratibial injection of
MDA-636 cells and again one of the two animal gstgceived an OPG treatment, whereas the

other received a vehicle.

The development of lytic lesions was monitored hbgitdl radiography (MX-20
desktop X-Ray radiograph, Faxitron). The experim&as conducted for 21 days with X-Ray
images taken on days 10, 17 and 21. After 10 dhgslytic lesions were clearly visible on the
X-Ray images and after 21 days they were quitesla®m the 21st day, when the lesions reached

a size of approximately 1.5 nirthe animals were sacrificed and the tissue wasek#ed.
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I n vivo model (intratibial injection )

X-ray
Serum

Tissue
Tumour
Low Ca Harvest

Diet injection Micro
OPG X-ray X-ray cT

Day -3 0 10 17 21

Breast cancer cell line MDA-NT and MDA IL6-636

Four groups:

MDA-NT cells: 8 mice MDA-NT cells + OPG: 8 mice
MDA-636: 8 mice MDA-636 +OPG: 8 mice

Fig. 8:In vivo model for intratibial injection

Shows the experimental setup for the intratibiggdtion of MDA-NT and MDA-636 cells into 4 groupd oude
mice. All groups received a low calcium diet, twmgps received the MDA-NT cells, one with a coneatrOPG
treatment, two groups received the MDA-636 celfe of which also received a concurrent OPG treatmen

3.3.2 X-Ray analysis

MDA-636 cells producing low levels of IL-6 show aeduced growthin vivo compared to
non-target cells 10 days after tumour cell implantation, lytic ledesions were detectable by X-
Ray in 100% of the non-OPG treated mice. To mortitertumour growth in the different animal
groups X-Ray measurements were performed on dgy$718nd 21. The MDA-636 and MDA-
NT cell injected animal groups that received an QR&tment did not show any lesions that

could be made visible by X-Ray.
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Day 10

Day 17 DAy

C

X-ray analysis

15001

10004
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Lytic lesion area in mm?
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MDA-636

Day 10

Day 17 DAy

Fig. 9:X-ray analysis knockdown experiment

A shows X-Ray pictures of the animal group injecteth
MDA-NT cells taken on days 10, 17 and 21. T
development of the lesions progressed much quitiear in
the MDA-636 cell injected group (images taken opsd#0,
17 and 21 depicted in B). C shows Tumour gro
analyzed through the programme Image J. The lg8ohs
developed by the MDA-NT cell injected mice were afin
twice as big as those developed by the MDA-636 grow
every day that the measurement was performed. As
OPG treated groups did not exhibit any lytic lesiorsible
on the X-Ray images they were equated to zero snthas
not visible in the graph.

he

wth

th
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The lesions on the X-Ray pictures of both groupsewmeasured by using Image J for all
animals in one group. The mean was calculatedhirdsion size of all animals in one group
and then graphically depicte#id. 9. The pictures of the 2 OPG treated groups wectudrd
from this analysis as no lesions were visible ianth As can be seen ifg. 9C the lesions
developed by the MDA-636-cell injected mice wemnadt 50% smaller than in MDA-NT-cell
injected mice on every of the 3 days on which tleasarement was performed.

3.3.3 Micro-CT pictures

Following sacrifice on day 21, the tibiae were lesmted and Micro-CT images were takEiy.

10 shows representative images of an animal fromyegeoup €Fig. 10A: non-target and
knockdown cell injected tibiae, vehicle treatedwgrd-ig. 1B, non-target and knock-down cell
injected tibiae, OPG treated group). The Micro GiFQT) measurements confirmed that the
animals injected with the knockdown cells develogethller lytic lesions than the non-target
cell injected animals. As can be seerFig. 1B lytic lesions were not visualized in the OPG

treated animals by-CT which confirmed the results seen in the X-rapges.

A B

Fig. 10:u-CT pictures

A: Two representative tibiae from either the noméd or knockdown cell injected groups were chaoeerthis
figure. The left side shows an image of an MDA- bHIl injected tibia as opposed to a MDA-636 injectibia
visible on the right side. B shows tibiae of the@HPReated animals from the NT and 636 injected gsolAs
previously determined with the X-Ray images, nicligsions were evident hyCT.
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3.3.4 Histological analysis

Histological analysis of the harvested tibiae of hlfour animal groups. The tibiae were
decalcified, embedded into paraffin cut and staimétt Eosin-Haematoxylin staining and the
lytic lesions were measured through bone histonmrgry. The lytic lesion sizes for all
animals assigned to each group were added up,gecind the average was then graphically
depicted Fig. 12. On X-ray andu-CT images of the OPG treated animals injected wih-
target or knockdown cells, no lytic lesions coukl detected. Histologically, however, tumour
growth could be seen in the OPG-treated groupb@srsinFig. 11(B and D).

On histological analysis the tibiae of the OPG tedaanimals also contained tumour
tissue but to a much lesser extent and the comitdltrabecular bone was clearly retained. This
explains why the tumour lesions could be detectither by X-Ray nop-CT. Histologically
there was no difference in the tumour area betwlkerOPG treated MDA-636-cell MDA-NT

injected animals.

MDA-636 MDA-636+OPG MDA-NT MDA-NT+OPG

A Tumour B

Enlarged growth
plate
characteristic of
OPG treatment

Bone Cortical bone
marrow

Fig. 11:Effect of IL-6 knockdown in MDA-MB-231 cells after intratibial injection into nude mice.

Histological view of MDA-MB-231 knockdown cells (Adnd non-target cell (C) injected tibiae with (B+&nd
without (A+C) OPG treatment (magnification x10). @Rreated tibiae are recognizable by their charestigally
enlarged growth plate. In MDA-636-injected non-OfP&ated tibiae (A) cortical bone is still mostlyant, the bone
marrow cavity still contains bone marrow. In NTaofed non-OPG treated bone (C) almost all trabetdae is
destroyed and cortical bone markedly decreased.bbhe marrow cavity is completely replaced by NTscdn
OPG treated tibiae regardless of the cell entigycited (B+D) cortical and trabecular bones aré¢ istihct, which is
why radiographically no Iytic lesions could be d#¢sl even though the tibiae contain tumour tissue.
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Histomorphometry
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Fig. 12:Histomorphometric analysis

Histologic analysis of tumour burden in mice ingettwith MDA-NT or MDA-636 cells and with or witho@PG
treatment confirmed the results of the X-ray measients. The tumour burden in the knockdown cells wa
significantly reduced by approximately 50% in theokkdown cells as compared to the non-target c8RG
treatments lead to a reduction of tumour growtlaralgss of the cell entity.

3.4 Mammary fat pad injection

To investigate the effect of the IL-6 knock down MDA-MB-231 cell growth away from the
bone microenvironment, we decided to inject balbl@dnu mice with the non-target and
knockdown cells subcutaneously into the mammaryptd. The cells were suspended in a
mixture of PBS and Matrigel and injected into tmenaals. Tumour growth was assessed daily
by measuring the length, width and height of thedurs and the tumour volume was calculated
by using the formula for ellipsoid bodies 4/8 width x length x height. We started measurement
on the 2% day to give the Matrigel time to dissolve to avaitefactual measurements caused by

this substance.

3.4.1 Comparison of knockdown and non-target cell growth in mammary fat pad

In the mammary fat pad there was no differenceimnaur growth between knockdown and non-
target cells.Tumours were palpable from day one after implaotatinto the mammary fat pad.
Measurements were undertaken on every 2nd dayn@uhe following 16 days of the experiment,

tumour growth stayed the same in MDA-NT and MDA-&#8l injected animals. As can be seen in Fig.
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13A tumours of both cell entities exhibited the samengnorate on each day the measurement
was performed. Knocking down the IL-6 productionMiDA-MB-231 cells thus had no effect
on the tumour growth away from the bone microemuiment and the vicious cycle. On day 16
the animals were sacrificed and the tissue wasested. The tumours were weighed, the results

were added up and averag€dy(13B).
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Fig. 13: Mammary fat pad injection

Effect of IL-6 knockdown on subcutaneous tumourwgto A: Tumours were palpable from day one after
implantation into the mammary fat pad. Measuremesm®e undertaken on every 2nd day. During the fahg 16
days of the experiment tumour growth stayed theesenMDA-NT and MDA-636 cell injected animals. Bn@ay

16 the animals were sacrificed and the tumour ¢issas harvested. The bar graph displays the tumeight of the
non-target and knockdown groups (me8Db).

3.5 Invivo results for animal experiment with Tocilizumab

After we found that knocking down the IL-6 productiin MDA-MB-231 cells leads to the development
of smaller tumoursn vivo, we decided to conduct a secandivo experiment using the humanized IL-
6R antibody Tocilizumab. As can be seen in Fig.MBA-MB-231 cells produce human IL-6 which
interacts with the human IL-6R on the tumour calface but also with the murine IL-6 R on the scefa

of the osteoblast and the soluble murine IL-6Rhim $ystem of the mouse whereas murine IL-6 from the
murine bone microenvironment cannot interact with human IL-6R on the tumour cell surface (57),
(28). By injecting a human tumour cell line inteethone microenvironment we thus created a setup
where the only IL-6 that interacted with the huniaf6R on the surface of the MDA-MB-231 cell was
the IL-6 produced by the cell itself. According @ivennikovet al IL-6 is an autocrine and paracrine
growth factor for breast cancer cells (58). We as=ill that blocking the autocrine and paracrine
stimulation of the MDA-MB-231 cells by Tocilizumatould lead to decreased breast cancer cell growth

in bone.
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Diagram for antibody treatment

MDA-MB-231

Tocilizumab
hlL- 6R

hIL 6

mIL 6

. RANKL/RANK
Murine OB Murine OC

Fig. 14:Diagram for antibody treatment
Shows how the human IL-6 produced by the MDA-MB-221l interacts with the human IL-6R on the tumoal

surface and the murine IL-6R on the murine ostextbl@he murine bone environment derived IL-6, hosvev
cannot interact with the human IL-6R on the tumeeli surface. Administration of Tocilizumab thuslymhibits
autocrine and paracrine IL-6 interaction with IL-6R the tumour cell surface and creates a podgiliiestablish
the importance of autocrine and paracrine IL-6 aligmg in breast cancer cell growth in bone.
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X-ray
Serum
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Harvest
Micro
X-ray X-ray cT
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Tumour
injectio
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Breast cancer cell line MDA-MB-231 and 2 groups:

MDA -MB -231: 8 mice
MDA -MB -231+Tocilizumab: 9 mice

Fig. 15:Time-line Tocilizumab experiment

Inhibition of IL-6R signalling in tumour cells by ¢Eilizumab. The human IL-6R antibody Tocilizumab swa
administered to mice injected intratibially with MEMB-231 cells to prevent the autocrine stimulatimintumour
growth and IL-6 production in these cells.

For the Tocilizumab experiment, balb/c nu/nu micerevassigned to two groups
containing eight and nine animals, both of whiatereed intratibial injections of MDA-MB-231
cells. The nine-animal group received a Tocilizunr@atment, whereas the eight-animal group
did not receive any treatment at all. The expertmeas conducted for 22 days with X-Ray
images being taken on day 10, 17 and 22 to mothitumour growth in the animals. On the

22" day the animals were sacrificed and the tissuehaagestedRig. 15.

3.5.1 Tocilizumab reduces cancer growth in bone

Treatment of MDA-MB-231 cells with the humanized-6R antibody Tocilizumab reduced
breast cancer cell growth in bone. On each dayhwvhe X-Ray measurements were performed,
the lytic lesions in the in the Tocilizumab treatpdup were smaller than in the control group.
Fig. 16 shows X-Ray andi-CT picture for one representative animal from eaththe two

groups.
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Micro-CT

MDA -MB -231 parental
cells

MDA -MB -231 parental
cells + Tocilizumab

Day 10 Day 17 Day 22 D2y

Fig. 16:Radiographic analysis Tocilizumab experiment

On the left hand side X-Ray images of 2 represiemtaanimals from the control group (upper half)dan
Tocilizumab treated group (lower half) are showrday 10, 17 and 22. After the animals were saesfion day 22
u-CT of the tibiae were performed, the result ofethis displayed on the right side of the figure.

The X-Ray images taken on day 10, 17 and 22 ddralthals in one group were analysed with

the programme Image J. The lytic lesion area waasored for all animals in the group, added

up and averaged and the result was depicted gedjyhas can be seen in Fig. 17.
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Tocilizumab Data
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Fig. 17:X-Ray analysis Tocilizumab experiment

X-ray images were taken on day 10, 17 and 21 amdytlt lesion area anayzed by means of the progmaimage
J. The lytic lesion area in the Tocilizumab treadamimals was numerically smaller on every day oasueement
than in the control group. The result, however, natsstatistically significant (p=0.08).
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4 DISCUSSION

Breast cancer associated bone metastasis remeomsraon cause of morbidity and mortality for
affected patients. After metastatic breast carsdragnosed, the life expectancy of the patient is
reduced to approximately 20 months (59). Gregounty’s model of the vicious cycle is so far
the best way to explain why bone provides a fedoéd for metastatic breast cancer (11). All
factors that contribute to the thriving of tumowlls in the bone microenvironment, however,
are not yet completely known. It is important tdlyfuelucidate and identify the factors
responsible for the development of bone metastasisreate better treatment opportunities,
improve the patient's quality of life and maybe oday create a remedy for this hitherto
incurable disease.

It is known from clinical experience that breash@ar patients presenting with high
serum IL-6 face unfavourable clinical outcomes dngh mortality rates (28), (36). IL-6
producing breast cancer cells, like the ER (-) MBIB-231 cell line, are highly malignant,
metastatic and prefer bone as their metastatic\diéehypothesized that IL-6 might be one of the
factors responsible for the thriving of breast @neells and the accelerated tumour growth in
the bone micro-environment. It was the objectivehid work to investigate the role of IL-6 in
breast cancer cell growth in the bone microenvirenin

It was shown in this thesis that the productiorthef IL-6 mMRNA in MDA-MB-231
cells could be knocked down by about 50% usingstifeRNA transfection technique and that this
led to a reduction in IL-6 protein production byoab 7G-80% in the knockdown cells. The
discrepancy in IL-6 mRNA levels and actual protkEnels might be explained as follows: by
using the shRNA technique we were able to redueé hRNA levels by 50%. This led to a
reduction in IL-6 protein production by the knockdo cells. The lower IL-6 protein levels
produced by these cells might have, in turn, led kesser autocrine and paracrine stimulation of
the cells to produce IL-6. This would correspondhe observation made by Geioal. for lung
cancer cells that IL-6 stimulates its own produtiin an autocrine and paracrine manner (60).

When assessing the growth rate of the knockdowa aslcompared to the parental and
non-target cells, we realized that the knockdowah i@ effect on the growth behaviour of these
cellsin vitro. This finding might be due to the fact that theékdown of the IL-6 production
achieved through shRNA technique was incompletethatithe remaining IL-6 was still able to
stimulate the breast cancer cell growth in the kdown cells.

Sasseekt al. showed that adding exogenous IL-6 to MCF-7 adlég normally do not
produce IL-6 leads to increased growth and maligpan these cells but were unable to show
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the same effect for the IL-6 producing cell line MMB-231. Sassekt al. explained their
results through STAT3-phosphorylation which occdrie MCF-7 cells after adding IL-6 but
was constant in the MDA cells (28). It is thus likéhat IL-6 produced by the MDA cells leads
to constant STAT3 activation in an autocrine anchgane manner, to which adding exogenous
IL-6 does not contribute. STAT3 activation in tumbelieved responsible for more increased
tumour growth and malignancy. It is hence possib& in our experiment the remaining IL-6
whose production we were unable to knock down tdéesufficient STAT3 phosphorylation and
thus unchanged growth in our knockdown cells. Ituldobe interesting to check if in the
knockdown cell STAT3 is still activated. If thattise case it would explain why we were unable
to see any changes in growth in the knockdown .cells

Moreover, for the cell growth experiment the céldgl to be held in full serum medium
as serum free medium led to cell death on @23 day. It would thus have been impossible
to conduct the counting for four days and providgniicant results. By using full serum
medium we were, however, unable to exclude theilplessffects of different growth factors on
STAT3 this medium contains in the knockdown cell.

Another possibility is that endogenous IL-6 is aogrowth factor for MDA-MB-231
cells and the reduction of tumour growth in the ¢«a@own cells is indirect through reduction of
bone resorption, reduction of growth factor releé®en the bone matrix and thus reduced
stimulation of tumour growth (vicious cycle). Thasuld correspond with the observation that
IL-6 is not an exogenous growth factor in ER(-);8lproducing breast cancer cells, made by
Sasseret al. and our own observation that knockdown of IL-@ diot lead to reduction of
tumour growth in the mammary fat pad, away fromlibee microenvironment.

Selanderet al. conducted a study in which they blocked IL-6Rnsiting through a
gp130 inhibiting molecule. This led to the inhibiti of the effects of almost all members of the
IL-6 family on the MDA cells, including IL-8, whiclsignal through the IL6-receptor and thus
excluded the influence of all those family membamnsthe cancer cells. They could show that in
the mammary fad pad model MDA-MB-231 cells with @iated IL-6R signalling were much
less invasive. They assume that since inhibiting-R_signalling leads to the up-regulation of
metallopeptidase inhibitor 3 (TIMP-3), an inhibitof VEGF and_ratrix metallopeptidase
(MMP-9), the cells become less invasive (47). In @ase knocking down the IL-6 production in
MDA-MB-231 cells could have also led to decreaspii3) activation and thus up-regulation of
TIMP-3. If this were the case, TIMP-3 would lead dodecreased MMP-9 activity in the
knockdown cells and provide an explanatory mecharir the decreased invasiveness of the

knockdown cells that we sawu vitro using a commercially available chemoinvasion asgés.
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were able to show that the knockdown cells werg balf as invasive as the non-target cell used
as a control.

Several RT-PCR measurements were performed in tloekklown cells trying to
elucidate whether the knockdown had either up-egdl the TIMP-3 mRNA levels or down-
regulated the MMP-9 or VEGF mRNA levels but weralie to show any correlation (data not
shown). This could be due to the fact that by imq@ating the knockdown technique we were
only able to reduce IL-6 production and not conwlietabrogate it. The remaining IL-6
produced by the knockdown cells can still activihie IL-6R. Moreover the other members of
the IL-6 family weren't affected in our experiment&hich is another difference to the
experiments by Selandetrral. The reduction of IL-6 signalling might not be enbug influence
such downstream factors as TIMP3, MMP9 and VEGFeredis the complete abrogation of its
production might.

Matsumoto et al. used a NkB inhibitor called dehydroxymethylepoxyquinomicin
(DHMEQ) that abrogates the constitutive®tfFactivation and effect of TNFon MDA-MB-231
cells. This led to a decrease in production of lar@l IL-8 by more than 50% and a significant
reduction in tumour volumeén vivo compared to DHMEQ free controls. NB has also been
shown to up-regulate the expression of several ngiogenic genes, directly or indirectly,
including urokinase-type plasminogen activator, MMBNd vascular endothelial growth factor
(37). Since NkB is also a possible factor downstream of the IL{6R), it would be interesting
to test whether in our knockdown cells the actiwfyNF«B is reduced compared to the parental
cells and whether that is in any way related tort#kiced intratibial tumour growth we saw in
our experiments.

So how can the effect of smaller tumours that we $& our in vivo intratibial
experiments with the knockdown cells or Tocilizumbb explained if the reducing IL-6
production did not lead to a significant reductadrgrowth or malignancy in the MDA cells?

A possible explanation that comes to mind is thatkey factor is the vicious cycle that
constitutes the difference between the settingg@mammary fat pad and the tibia and explains
why bone is the preferred metastatic site of breaster metastasis. To answer this question in a
satisfying way, however, a closer look needs ttaken at what is already known about IL-6 and
its influence on different participants in the wigs cycle.

As will be explained extensively later on the autoe and paracrine IL-6 from the
tumour cells is the only one able to interact viith IL-6R s on the tumour cell surface, whereas
murine IL-6 is not. The reduction of the IL-6 pration must have led to decreased stimulation

of the IL-6R and thus a decrease in STAT3-actratOne possibility why this did not translate
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into decreased tumour growth in the mammary fad aaave expected according to the findings
mentioned by Grivenniko# al. (58) is the following: As we showed in our ELI®Xperiment,
submission of the knockdown cells to starvatiomtimer words submitting the cells to stress, led
to increased IL-6 production in all cell entitiessted. Even though in the MDA-636 cells IL-6
levels were about 9-fold lower than in the two cohtells, starvation/stress was still able to
induce IL-6 production. This is most likely due ttee fact that we were unable to completely
knockdown IL-6 mRNA even though it was reduced 09dbas compared to our control cells
and that the knockdown cells still produced medsart_-6 protein levels.

Most likely injection of the knockdown cells intbeé mammary fat pad of nude mice
would have meant stressing the cells which couldehad to increased IL-6 levels in our
knockdown cells and increased STAT3 activation. this setup, away from the bone
microenvironment and the vicious cycle, the onlfgetf that would have led to reduced tumour
growth would have been the reduction of such dowast factors of the IL-6R as TIMP3,
MMP-9 and VEGF. If there is such an effect of theSlknockdown on these factors, it might
have been abrogated because as seen in our ELIg&iment the induction of IL-6 through
stress is still possible in our knockdown cellsreifé¢o a lesser extent.

Even though we were unable to do so, it would berasting to create a MDA-636 cell
with a complete IL-6 knockdown and see whethergtwavth of this cell will be reduced in the

mammary fat pad.

4.1 IL-6 and the vicious cycle

Breast cancer cells are known to produce diffefaciiors such as PTHrP, TMFIL-6 and 11
(62) which induce osteoclastogenesis. The overmtomiuof PTHrP by breast cancer cells in the
bone microenvironment leads to a hyperparathynmidike state consisting of increased
RANKL production by the osteoblast, increased adtet and lacunar resorptive activity (4).
Moreover, PTHrP increases the secretion of RANKLosteoblasts which leads to increased
osteoclast differentiation through interaction WRANK on the osteoclast surface (11). Thomas
et al. reported that the induction of RANKL in the odist was concomitant to the reduction of
OPG production.

After activating osteoclasts through RANK/RANKL @maction, active osteoclasts
degrade the bone matrix thereby releasing growtiofa like IGF-1, TG, FGF and C&
which contribute to cancer proliferation and inaeahe PTHrP secretion from the cancer cell.

This was backed up by the finding that cancer cslbly transfected with mutant TGF
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receptors unresponsive to TBHo not produce PTHrP, and cause significantly tessolytic
lesions after injection into nude mice (18). Theqgass of increased tumour proliferation through
factors released from degraded bone was termedittieus cycle” (11).

Within the vicious cycle IL-6 and PTHrP and IL-6taynergistically: Firstly, 1L-6
contributes to the vicious cycle by stimulating RlANproduction in osteoblasts. This effect is
mediated via sIL-6R as the osteoblast expressgsaosinall amount of membrane bound IL-6R
(17) (63). Secondly, IL-6 lowers the levels of OB@duced by the osteoblast, which in turn
increases RANK/RANKL interaction and leads to irased osteoclast activation (63). Thirdly, it
has been reported that IL-6 promotes bone resorgby increasing PTHrP production in
osteoblasts (51).

To sum up, IL-6 supports the vicious cycle in difiet ways like: contributing to bone
resorption through RANK/RANKL mediated osteoclastiaation. This leads to increased
degradation of bone and release of growth factans the bone matrix which in turn increases
the PTHrP secretion from tumour cells. Moreoverglis able to directly increase the PTHrP

secretion from tumour cells and osteoblasts (51).

4.2 |IL-6 and the osteoclast

IL-6 increases bone resorption in the followinghmddgical conditions: Paget’s disease (64, 65),
Multiple Myeloma (66), Gorham-Stout disease (68}ragen-deficiency induced bone loss (68)
and of course breast cancer.

It is, however, debatable whether IL-6 has a diedf#ct on osteoclast formation and
activation or whether the effect is indirectly magdid by increasing the RANKL production in
osteoblasts and PTHrP production in breast caredks. ¢

Severalin vitro studies investigated the role of different brezetcer cell-produced
cytokines including IL-6 on osteoclast formatiohVhereas Manelagaet al. stated that IL-6
requires cells of stromal/osteoblastic origin tdune osteoclast formation, Kuébal. designed
an study where IL-6 together with soluble IL-6R a#€CSF were added to CD-14uman
peripheral blood mononuclear cells and inducedftinenation of TRAP, VNR and calcitonin
receptor positive cells capable of lacunar bonerpg®n. This reaction could be inhibited by
anti gp130 but not OPG or RANK-Fc implying thatrinés a RANKL-independent mechanism
of osteoclast formation through IL-6 if the sIL6iRpresent. According to this study M-CSF and
IL-6 are crucial factors in osteoclast formatiordahis is a parallel mechanism to osteoclast
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formation through RANK/RANKL interaction. It seentkat this role, however, is of minor
importance since blocking the RANKL dependent odtesi activation by OPG leads to the
complete absence of osteoclasts (5) .

Morgan et al. designed a coculture model where different breasicer cell lines
including the MDA-MB-231 cells were co-cultured ispleen cells and osteoblasts, which led
to osteoclast formation. The production of IL-6;1l, TNFx and PTHrP in the tumour cells was
stimulated through the addition of T@Fwhich is the growth factor released from bonerafte
osteoclast induced bone resorption. Then antibaigbe cytokines produced by the tumour
cells were added but the only antibody that inkibibsteoclast formation was that to PTHrP. An
antibody to IL-6 failed to inhibit osteoclast fortitm (69) which contradicts the result obtained
by Kudoet al. A limitation to the study by Morgaet al. is that no soluble IL-6R was added to
the coculture system. As osteoclasts do not exgresembrane bound IL-6R (70, 71) the IL-6
produced by the breast cancer cells could notantewith the osteoclast in the first place and
thus the administration of an IL-6 antibody did neduce osteoclast formation.

According to these contradictory results it is dabke whether IL-6 contributes to
osteoclast formation by a direct mechanism as destrby Kudoet al. or only by indirect
mechanism as described for instance bydtial. The important thing, however, is that it does
contribute to osteoclast activation and that thsseoclast activation leads to increased bone
resorption, release of tumour growth promoting dgtowactors from the bone and thus
enforcement of the vicious cycle.

When relating these findings to the experimentd #ra the object of this work, it
becomes likely that the tumour inhibiting effecees in the intratibiain vivo experiments are
due to the reduced IL-6 production by the MDA-celighich led to reduction in RANKL and

subsequently to reduced osteoclast activation.

4.3 1L-6 and the bone microenvironment

The tumour microenvironment in the bone contairiedint cells that contribute to the tumour
development such as bone marrow stromal cells, cedfye fibroblasts, immune cells like

monocytes/macrophages, osteoblasts and the exttacehatrix. Fibroblasts in tumours have
been termed “carcinoma associated fibroblasts” eowtribute to tumour development by
producing Extracellular matrix (ECM), which prov&l@ scaffold for cancer progression, and
growth promoting factors like VEGF. Moreover, tdgat with osteoblasts they produce RANKL

which is a factor critical for osteoclastogene3i®)(
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Other cells that are capable of IL-6 productiorthea bone microenvironment are bone
marrow stromal cells, osteoblasts and monocytesbpaages (46). According to Bellice al.

IL-6 reduces apoptosis in osteoblastic cells thhodbge activation of the p21 gene and
contributes to the maturation of committed ostestitacells via JAK/STAT activation (25, 73,
74).

IL-6 increases the secretion of PTHrP from ostesiblan a non-cancerous setting.
Guillén et al showed that IL-6 together with IL-6sR rapidly isased PTHrP mRNA in human
osteoblastic osteosarcoma MG-63 cells and humamloisistic cells from trabecular bone (51).
Osteoblasts express the IL-6R s on a low level.dhlgas been established that IL-6 exerts its
effect on the osteoblast mainly through the sIL-6Rice IL-6 can increase the PTHrP secretion
from osteoblasts in a non-cancerous environment possible that the same happens in a
cancerous environment, where the IL-6 produced Hgy dancer cells could lead to PTHrP
secretion from the osteoblast. If this were theecdisis would be yet another way for breast
cancer derived IL-6 to contribute to bone resorpaad the formation of osteolytic lesions.

In another non-cancerous setting it was shown th& markedly potentiates the
effects of PTHrP. IL-6 appears to enhance PTHrPiated bone resorption by increasing the
pool of early osteoclast precursors that in turn ddferentiate to mature osteoclasis.vitro
studies have suggested that the effect of IL-6siaarlastogenesis may be necessary to mediate
PTH-rP-stimulated bone resorption (75). If thisdiimg is applicable to the breast cancer bone
metastasis setting this provides additional prdahe enhancing role we assume IL-6 to play in
the vicious cycle.

In a transgenic mouse model of rheumatoid arththitis overexpressed IL-6, a decrease
in bone formation in the developing skeletal systeas found. IL-6 reduced the osteoblast
activity and increased the expression of the BMReg@6). Applied to the situation in cancer
metastasis to bone it provides a possible explamats to why the bone repair is impaired and
the replacing bone is of inferior quality.

In the in vivo experiments described in this work human breasteracells were
injected into nude mice. It has been known for stime now that murine IL-6 cannot interact
with the human IL-6R, whereas human IL-6 can irdeveth the murine IL-6R (57), (28). So by
using the model of a human cancer in a murine enment a situation was created where the
mouse-derived IL-6 had no effect on the cancesaeliereas the human tumour produced IL-6
did have an effect on the murine bone microenviremmThus murine IL-6 could not influence

the knockdown cells for instance by enhancing lhr@duction.
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We thus assume that the reduction of IL-6 in the AViEells was not altered by the
murine bone microenvironment and the productiolLed from those cells stayed as low as that
which we measureth vitro. We also assume that the low IL-6 levels leaddorelased tumour
growth in bone through their missing enforcementtloe murine vicious cycle since the same
effect could not be reproduced in the mammary &ait @vay from the bone microenvironment.

The exclusion of murine IL-6 from influence on themour cell is thus an artificial
environment that cannot be found in breast canaéems since in the human body the bone
microenvironment can very well influence the humamour. It can, however, be seen as a
positive side effect to an experimental limitatioecause it allows us to have a look at breast
cancer and its influence on the environment ofnibgt without the host being able to influence
the tumour. The conclusions we derive from theataral setup can be seen as direct tumour
effects on the bone microenvironment without argip®cating effects from the environment
itself and thus allow a dissection of the involvedchanisms.

In a patient with breast cancer the situation wafldourse be different since the bone
derived IL-6 can very well interact with the tumazell. But in the humanized IL-6R antibody
Tocilizumab we have a potent drug that inhibits #H3¥R/IL-6 interaction and would thus also

prevent bone derived IL-6 from interacting with taenour cell.

4.4 1L-6 and the oestrogen receptor

ERo-positive breast cancer cell lines like the MCFellscare knows to be less malignant than
their ERy-negative counterparts. Bandyopadhgagl. stably transfected the MDA-MB-231 cell

with the ER and found that those cells showed Isaihificantly reduced homing to bone and
osteolytic potential. They hypothesize that thie&fcould be due to the reduction of RANK on
the MDA cell surface (43). Since estradiol antagesilL-6 function by repressing both IL-6 and
its signalling receptor gp130 (77) it could be gimssible that the effects seen in the MDA cells
after ER transfection could be due to reduced frdiluction. The authors did not measure IL-6
levels produced by their cells, so this is merealyamsumption that would be interesting to

investigate.

51



4 - Discussion

4.5 Future work

4.5.1 Interleukin- 6 and immune evasion in bone metastasis

The members of the TNF family relevant in bone phlggy, specifically osteoclast formation
and cell function, include the aforementioned BINRANKL and OPG (78).

As mentioned earlier, OPG is a soluble decoy recefir RANKL produced by
osteoblasts and is a pivotal factor in regulatingNRL thus preventing uncontrolled bone
resorption.

TRAIL is another member of the TNF superfamily efhican activate a cascade leading
to the recruitment and binding of intracellular qmnents of the death-inducing signaling
complex (DISC) and thus cell death. Blocking TRAdLctivity in vivo led to promotion of
tumour development and increased liver metastagggesting a role in immune surveillance for
TRAIL (79).

MDA-MB-231 cells have been reported to produce ORPBG binding of TRAIL by
tumour produced OPG could be a possible mechanispaptosis evasion by tumour cells (78).
OPG was found to have a similar affinity to bothfWL and TRAIL (78).

It would be interesting to investigate whether ¢hex a correlation between IL-6 and
OPG production in our knockdown cells and whethgrdducing IL-6 we could also reduce
OPG. If that were the case it would be anotherangtion why we saw reduced tumour growth
in the knockdown cell experiment, as reductionushour produced OPG would make the cells
more susceptible to TRAIL and lead to increasetagpeptosis.

However, as mentioned earlier, the result of thenmary fat pad experiment makes it
highly probable that the tumour promoting role &f@ in breast cancer bone metastasis is
mediated through its involvement in and suppothefvicious cycle since without them the IL-6

deficient knockdown cell tumour grew as quickiytlasir IL-6 sufficient counterparts.

4.5.2 Experiments with the murine IL-6R antibody MR16-1

In the experiment with the humanized antibody Tpaihab we inhibited autocrine and
paracrine stimulation of the MDA-MB-231 cells inetlhone micro-environment. Murine IL-6 is
not able to interact with the human IL-6R but hantia6 is able to interact with the murine IL-
6R (28).
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Since a murine IL-6R antibody called MR16-1 is &alale for research purposes it
would be interesting to conduct an experiment whkeeceffects of human IL-6 on the murine
bone microenvironment would be abrogated by theigidtration of this antibody. According to
the results we were already able to obtain in theiliktumab experiment described above, this
should lead to a significant reduction in tumousvgih.

The next step could be an experiment where a cahbm of both antibodies would
lead to complete inhibition of the IL-6 influence the murine bone microenvironment and
should yield an even more reduced tumour growthredeer, this setup would make the
creation of an MDA-MB-231 cell with a better knocksn result than we could already obtain
superfluous.

The conclusions derived from this experiment migkien be more reliable when
compared to the knockdown experiments, since kniewn that it is difficult to control the
knockdown technique and limit the knockdown to tidwget gene only. When implementing the
knockdown technique, up to 10% of the mRNAs of pthenes might be affected in the

transfection process which is an important limaatio that technique (80).

4.5.3 Clinical relevance of the project

According to our findings IL-6 plays an importamie in breast cancer cell growth within the
bone microenvironment. IL-6 producing MDA-MB-231elast cancer cells are known to be
more malignant, aggressive and metastatic than & deficient counterparts, (43) and show
reduced growth in bonia vivo if the IL-6 production is knocked-down. Bandyopgafet al.
transfected the MDA-MB-231 cell line with an ectogstrogen receptor. They did not measure
IL-6 levels in the transfected cells but sinceprantioned above, IL-6 secretion is regulated by
the ER it likely that these cells produced less@iL-6. These cells showed a reduced homing
to bone and decreased osteolytic potential, atlfi@ttmight be due to decreased IL-6 production.
Future work will show whether IL-6 is also importeor the homing of breast cancer cells to
bone or for their development of multidrug-resistan

Since the humanized IL-6R antibody Tocilizumab asvrclinically available it would
be a possibility to administer it to patients witigh IL-6 serum levels and bad clinical
prognosis. It could then be assessed whether Zogikb leads to any reduction in metastasis
formation or growth in the bone microenvironment @hus improvement of quality of life for

the patients and disease outcome. In humans, Zweiab would inhibit both the autocrine
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stimulation of IL-6 production in the cancer celied the effect of the IL-6 on the bone
microenvironment and the vicious cycle. This effemtild not be achieved in the murine setting
described in the experiments above, as the hunaizigbody does not interact with the murine

IL-6R and thus cannot inhibit the effect of tumoproduced IL-6 on the murine bone
microenvironment.
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5 CONCLUSION

Bone is known to be the preferred metastatic ditbreast cancer cells. The majority of the
occurring lesions is osteolytic even though mixesidns occur in 20 % of the cases. After the
occurrence of bone metastasis breast cancer bedoww@sble and significantly reduces the
patient’s quality of life and life expectancy. Gtal data suggest that IL-6 producing tumours
have more aggressive phenotypes, and are morermaatigdreast cancer patients with increased
IL-6 serum levels show a poor clinical outcome pnagnosis. The role of IL-6 within the breast
cancer bone metastasis setting is, however, poodgrstood and it is thus important to find out
the role of IL-6 within this setting.

Firstly, it is important to elucidate whether theduction of IL-6 production in IL-6
producing breast cancer cells leads to reducedgnaaicy and growth of breast cancer caills
vitro. Secondly, it will be interesting to see whetheduction of the IL-6 production leads to
reduced breast cancer cell growth in the bone r@oreronmentin vivo. If that is the case, it
will thirdly be intriguing to find out whether IL-8eduction has any effect on tumour growth in
other sites and the bone.

The general aim of this research project was teebeinderstand the role of IL-6 in the
development of osteolytic breast cancer metastadi®ne. The project consisted of ianvitro
and ann vivo part.

In thein vitro part IL-6 production in MDA-MB-231 cells was knasdk down through
lentiviral transfection. To create a proper contoalls were also transfected with an empty viral
vector to ensure that the transfection proces#f ithe not affectthe IL-6 expression in the
investigated cell line. The result of the knockdomas assessed and confirmed by measuring IL-
6 mMRNA levels and IL-6 protein levels in the knooluh cells and the non-target cells (81).

The in vivo part of the project consisted of 3 parts all whiglre directed towards
assessing IL-6 deficient tumour growth in mice.st#y, immune-deficient balb/c nu/nu mice
were injected intratibially with the IL-6 depletédeast cancer cells and the tumour growth was
monitored weekly by X-Ray measurements. The X-Ragpsarements revealed reduced tumour
growth of the knockdown cells in the bone microeowiment as compared to non-target cells.
After 3 weeks the animals were sacrificed, the ésted tissue was subjected teCT and
histological analysis which confirmed the reductmintumour growth in the animals injected
with the IL-6 deficient cells.
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Secondly, we assessed the effect of the IL-6 knowkdin another environment, namely
the mammary fat-pad of nude mice. Two groups ofenudice received intra-mammary
injections with one group receiving knockdown celle other non-target cells. The experiment
was conducted for 16 days and the tumour growthagsasssed with callipers. We did not see a
difference in the growth of the two cell entitiesdathus concluded that IL-6 exerts its tumour
promoting properties through interacting with th@né microenvironment and enhancement of
the vicious cycle.

Thirdly, two groups of nude mice were injected WiibA-MB-231 parental cells and
one of the groups received a treatment with thedmired IL-6R antibody Tocilizumab. Murine
IL-6 is not able to interact with the human IL-6R the tumour cell surface, so the only IL-6
capable of this interaction was the IL-6 producedtie tumour cells in an autocrine and
paracrine fashion. This setup gave us the podsilbdilook at the autocrine and paracrine effect
tumour-produced IL-6 has on breast cancer cell grow bone. The experiment was again
conducted for 3 weeks with weekly X-ray measuresgrdrformed and we also saw that the
Tocilizumab treated animals exhibited reduced tungrowth. From this result we concluded
that tumour produced IL-6 enhances tumour growthth@ bone microenvironment in an
autocrine and paracrine manner.

These findings may have clinical implications bessathe humanized IL-6R antibody
Tocilizumab is now available and approved by theAFD could be administered as an adjuvant
therapy to patients with advanced IL-6 producingast cancers with bone metastasis and
improve the quality of life of these patients ahdit disease outcome.

Further research needs be done with the engind@ezkdown cells that might show a
decreased homing of breast cancer cells to bodeaeased multi drug resistance. It is also very
important to find out whether the administration thie IL-6R antibodies can reduce the

occurrence of bone metastasis in IL-6 sufficiemtalst cancer and/or reduce drug resistance.
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