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Abstract

As approximately 5000 males are diagnosed with prostate cancer every year in Norway,
prostate cancer persists as a medical issue today. It is shown that tumor innervation is
important for development and progression of the tumor, as sympathetic impdlsessin
adrenergic activity in the tumor microenvironment. Increased adrenergic activity plays an
important part of supplying the tumor with blood and nutrients by inducing angiogenesis and
neurogenesis. The2-adrenergic receptor (ADRB2) is the most prentbdrenergic receptor

in luminal cells of the prostate, contributing to progression and development of prostate
cancer. ADRB2 has been shown to induce neuroendocrine differentiation (NED), trans
differentiating prostate cancer cell to neuroendoelike(NE-like) cells, which is known to
promote tumor progression and recurrence by autocrine stimulation and apoptosis resistance
by attaining NElike characteristicROur research group have shown that patients using

blockers, ADRB antagonists, have redupeasstate cancer related mortality.

The overall aim of this study is to demonstrate the migration of the prostate cancer cells (PC
3-Luc2-GFP and C4£B) towards neural PQC2 ADH cellspre-stimulated to induce neurite
outgrowthandSchwann cells (RSC98p characterize their migration ray stimulating

the cell lines witlthe tho-associatedtinaseinhibitor (ROCK-inhibitor) and the ADRB2

agonist isoproterenol (ISO), we wanted to determine the optimal concentration and time of

each stimulation to inducke longest and highest number of neurite.

By stimulating the cells with ROCHkhhibitor and 1ISO, we demonstrated thatr®d ROCK-
inhibitor induced the highest total neurite length per cell. This was mainly due to the
increased number of neurites per céh@ugh the average neurite length was also
substantially increased in PELuc2-GFP cells. A migration assay was performed,
demonstrating that the P&Luc2-GFP cell line had the highest migration rate, in which the
stimulation with ROCKinhibitor did notdecrease the migration in our study. We
demonstrated that stimulation with RO@#hibitor, decreased the migration of R€ ADH

cells and RSC96 cells. In contrast to-PR cells, stimulation with 5&M ROCK were shown

to decrease the proliferation in PCARH and RSC96 cells as well as in Bd.uc2-GFP

cells. ISO had no effect on cell growth in either cell lines. Taken together, the results of this
study indicates that use of ROCK inhibitor can reduce the growth and progression of prostate

by suppressingrpstate cancer proliferation and cell migration toward nerves.



Sammendrag

Ettersom cirka 5000 menn diagnostiseres med prostatakreft hvert ar i Norge, vedvarer
prostatakreft som et medisinsk problem i dag. Det er vist at turmervasjon er viktig for
utvikling og progresjon av svulsten, da sympatiske impulser induserer adrenerg aktivitet i
svulstens mikromiljg. @kt adrenerg aktivitet spiller en viktig rolle ved a forsyne svulsten med
blod og neeringsstoffer ved & indusere angiogenese og neurodehadeenerg reseptor
(ADRB2) er den mest utbredte adrenerge reseptoren i prostata, og bidrar til progresjon og
utvikling av prostatakreft. ADRB2 har vist seg a indusere nevroendokrin differensiering
(NED), transdifferensiering av prostatakreftceller til remndokrinelignende (NElignende)

celler, som er kjent for & fremme svulstprogresjon og tilbakefall ved autokrin stimulering og
apoptoseesistenwyed adtilegne NElignende egenskaper. Forskningsgruppen var har vist at

bruk av spesifikke ADRBAntagoniste b-blokkere, redusere dgdeligleat prostatakreft.

Det overordnede malet for denne studien er & demonstrere migrasjonen av prostatakreftceller
(PG-3-Luc2-GFP og C42B) mot nevrale P2 ADH celler forhandstimulert for & indusere

vekst av neuritter ogc®wannceller (RSC96)for akarakterisere deres migrasjons

frekvensen. Ved a stimulere cellelinjene med-aissosierte kinase inhibitoren (ROCK

inhibitor) og ADRB2agonisten isoproterenol (ISO), gnsket vi & bestemme den optimale
konsentrasjonen og tidearfhver av stimuleringene for & indusere det hgyeste antailele

lengste utlgperne.

Ved & stimulere cellene med RO@#hibitor og ISO, demonstrerte vi at 5 ROCK-

inhibitor induserte den hgyeste totale neuritt lengden per celle. Dette skyldtesdkeligds

det gkte antallet neuritter per celle, selv om den gjennomsnittlige neurittlengden ogsa ble
betydelig gkt i PE3-Luc2-GFP-celler. Det ble utfart en migrasjonsanalyse, som demonstrerte
at PG3-Luc2-GFRcellelinjen hadde den hgyeste migrerings frekeen der stimulering med
ROCK-hemmer viste seg a ikke redusarigrasjonens frekveris/art studie. Vi demonstrerte

at stimulering med ROCKemmer, reduserte migrasjonen av-FLADH-celler og RSC96
celler. I motsetning til C2B-celler ble stimulering mef0 mM ROCK vist & redusere

spredning i PC12 ADHog RSC9éceller sa vel som i PG-Luc2-GFPceller. ISO hadde

ingen effekt pa cellevekst i noen av cellelinjene. Til sammen indikerer resultatene av denne
studien at bruk av ROGKemmer kan redusere vekstmggresjon av prostata ved &

undertrykke spredning av prostatakreft og cellevandring mot nerver.



Abbreviations

ADRB2 1 b2-adrenergic receptor
ISO T Isoproterenol

DRG 1 Dorsal Root Ganglia

PNI i Perineural invasion

SNSi Sympathetic nervous system
CNSi Central nervous system
NE i Neuroendocrine

shRNA' Shot-hairpin Ribonucleic acid
HS T Horse serum

FBST Fetal bovine serum

IF T Immunofluorescence

HCI 1 Hydrogen chloride

EtOH 1 Ethanol

Ach i Acetylcholine

PFA T Paraformaldehyde

NGF i Nerve growth factor
GPCR G-protein coupled receptor
BPH i Benignprostatichyperplasa
MLC 1 Myosin lightchain

GFP i Greenfluorescent protein
PH 1 Phase contrast

PKA T Protein kinasé\

ROCK 1 RhoA-associated kinase

AR T AndrogenReceptor

PC1 Prostate cancer

KO i Knock-out

PNS1 Parasympathetic nervous system
ANS'T Autonomic nervous system

NED i Neuroendocrine differentiation
PBSi Phosphate buffered saline

FCSi Fetal calf serum

DMEM 1 Dulbecco's Modified Eagle Medium

BCA i Bicinchoninic acid

MetOH 1 Methanol

WR 1 Working reagent

STE T Sodium ChlorideTris-EDTA
BSAT Bovine serum albumin

DCX T Doublecortin

Epi i Epinephrine

TME T Tumormicroenvironment
VEGF i Vascular endothelial growth factor
DAPI i 4 Ngiadnidinc2-phenylindole
TRITC T Tetramethylrhodamine

cAMP 1 Cyclic adenosine monophosphate

GDNF i Glial cell line-derived neurotrophic factor
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NOD i Non-obese diabetic

Rapli Rasrelated protein 1

CAF i Cancerassociated fibroblast
NPY 1 Neuropeptide Y

CO21 Carbone dioxide

Ca?*i Calcium ions

ECM i Extracellular matric

RhoA T Ras homolog family member A
IL-671 Interleukin 6

H20 1 Water

FITC 1 Fluoresceinisotiocyanat

TRIS-HCL 1 Trisaminometan hydrochloride
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1. Introduction

Prostate cancer (PC) is one of the most prevalent neoplasmg menoday, and generally
(8). In 2019, total of 4877 men were diagnoseth PCin Norway, in which 37% of the
incidents were discovered in the early stages. Most of those diagnosed are over 60 years old

and the median age is approx.(3Q

Caner neurobiology have become @merging field and it is of big interest to see how the

nerves can contribute to tumor growth and distant metagifgisrhe neursignalingand

the crosstalk between the nerves and PC cells have become important for treatment, as the
mechanism leading to tumor growth and metastasis can be used as therapeutic targets for PC.
Blocking communication between nerves and cancer cells may be aayetw stop cancer

developmenandmetastasis in the future.

Previous studies have demonstrated that the mechanisms causing PC is not only itestricted
cells in the prostate epitheliubut is also strongly associated witle communication of
nerves andancer cells in the prostate stronsaggestinghat nerves are active playend®?C

metastasi§10).

Perinaural invasion PNI) has been defined as the invasion of cancer cells in and on nerves
(11, 12)and is the most prominent association between PC and the nervous system, and is
known to be one of the most important mechanisms for PC metd4@)si8NI are more
commorty observed irmdenocarcinomasvhich has a low rate of distant metastasis but is
more locally aggressivid4) and is considered being accountable for extracapsulastasia
(15). PNl is associated with poor tumor prognosis and is ofteretinkith a low survival rate

in most cancetypes(16). Studies suggest that PNI in prostate cancer have been associated
with poor tumor prognosis, having a high score on the Gleason grading $§tetii) In

PNI, the prostate cancer cells invade and surround the ré&)eghere the PC cells can
metastasis to other tissues by the ne(¢8%and enables the cancer cells to spread and
migrate on the nerves extending from the tumor towards the central nervous systemt(CNS).
is found that the PC cells can metastagisising the nervous system as a track, and in

ma st er 6 wewamedtg irvestigate underlying mechanisms for metastasis in PC.



1.1 The human prostate gland

The prostate gland is a part of the male reproductive syd@mocated under the bladder

neck and posteriorly to the rectum.

The main function of the prostate gland is to provide the seminal fluid (semen) with secretory
proteins secreted from the prostate lumen. The secretory prostatic proteins have various roles
in the semen, like protecting the sperm cells or increasingutioktyl of the semeifl9). The

prostatic proteinsglave through the prostatic ducts, and mixes with thesgmeen released

from the seminal colliculus and forms the semen before ejacul#8pns

1.1.1 Anatomy of the human prostate gland

The prostate gland consists of a base and an apex. The base is the upper part of the gland and
is located under the bladder neck. The apex is the lower part of the prostate, right over the
external urethral sphincter. The prostate surrounds the uretkeradeg from the bladder to

the external urethral pincer, in addition to surrounding the ejaculatory duct branching from the

urethra.

a Central zone

b Fibromuscular zone
€ Transitional zone
d Peripheral zone
Ejaculatory duct— e Periurethral gland region

Figure 1| The anatomy of theprostate gland Schematic illustration of the anatomical strcuturéwhanprostate gland, with each
zone within the glandnd adjacent structure. The figure illustrates the compostion of the gland, and the enclosement of the ure
in the transizional zone, brancing to ejaculatory ducts through the central zone. Adapt&kéves et af6) with permission from
ScienceDirect and RightsLink.



The prostate is divided into 3 different zones, consisting of a cenqtesipheral and

transition zongFigure 1) Thetransitional zone is the portion of the prostate which enclose

the urethra and is located between the anterior region and the peripheral zone. The transition
zone is the smallest zone in the gland and represents only 5% of the gland and is the inner
zone d the gland(20, 21) The peripheral zone is located in the progpatserior,

accommodating 70% of the whole glaaehd is considered the largest zone in the prostate
gland(22). The peipheral zone enclose the central zone which envelopes the ejaculatory duct,

leading to the seminal vesicle which secretes fluids necessary for the semin@ifjuid

Prostate enlargement often occurs in the transition zone and is generally caused by a prevalent
benign prostatic hyperplasia, and is often seen in elderly(BigrDepending on the size of

the enlargement, the hyperplasia can pressurize the bladder which may lead to urination
complications. While benign enlargements occur in the transition zone, malignant tumors

often grow in the peripheral zo20).

1.1.2 Tumor growth in the prostate gland
PC mostly arises as adenocarcinomas and is defined as an neoplasm (neoplasia). The

peripheral zone is most prone to malignant PC and up-tb¥®of all tumors arise in this
zone, whilst the transition zone is more prone to benign prostatic hyperplabin(E3p

Most of the nerves are located in the peripheral £84g25) The cancers which may arise in
different zone of the gland can differ structurally and clinicgll). PC is diagnosed based

on results from pathological assessment of morphological tissue sd@tles

Even though it is many factors which can lead to PC, there is no factor alone which directly
leads to it. Some actors related to occurrence of PC is: aging, heritage, unhealthy lifestyle, and
smoking(27). As the tumor is usually diagnosed in men over 50 of agee may be one of the

most influential factors associated with tumor development in the prostate gland.



1.1.3 Tissue and cellular structure of the human prostate gland

Theprostategland is composed @inouter basement membrane, a prostate epithelium, lumen
and fiboromuscular stroma. The prostate gland consists of basdirtetighe basement
membranend luminal cell&nclosing the lumermwhilst the neuroendocrine cells areest
throughout the glan¢Figure 2) (22). Generally, these cells can be separated based on
expression of different keratin in each cell type and some specific proteins which they secrete

and expresg28).

Prostate lumen

Luminal cells

Neuroendocrine-like cells Basement membrane

Basal cells :
Neuroendocrine cells

Prostatic stem cells

> Prostate epithelium

> Prostate stroma

Autonomic nerves

Smooth muscle cells

Figure 2| Cellular structure of the prostate epithelium. A illustration of the placement of each cell line in tF

epithelium of the prostate gland. Proteins and

markers for identification of each cell line in the prostateen(1-3). Created with BioRender.com

The luminal cells are androgen dependent cells and are androgen receptor (AR) positive cells
(29), expressing high levels of timeiclearreceptomwhich also can be detected the
membrang25). Th luminal cells function to secrete proteins into the lumen where its joined

with the pe-seminal fluid (semen(R1). Some of the most important proteins secreted by the



luminal cells are the prtate specific antigen (PSA) also called kallikrein related peptidase 3
(KLK3) (30). PSA is a serine protease known to functioning to liquefies the seminalritliid a
enable the sperm cells to swim freely in the fi{#d). Elevated or high levels of PSA is often

related to malignant tumor or other prostatic ailments.

Located at the basement membrane, the basal cells are epithelial cdilséackiPSAandare
AR negative celler expressrery low levels oft (2, 3, 29) Unlike the luminal cells
expressing important secretory proteins, the function of the basal cells is not cléas but
believedthat these cells are important for supporting the luhtells and the glandular

structure.

The last cells in the prostagpitheliumis the neuroendocrine cells. They are intraepithelial

cells which secrete prostatic proteins like serine protease. Some theories suggest that these
cells ae in control of growtAnd differentiation in the prostagpitheliumand controlling the
vesicular transport. The prostatic stroma, which is a fiboromuscular layer of the gland located
just under the false capsule. The prostate stroma is composed of various cells, like neurons,
blood vessels, smoot muscle, endothelial cells and fibroblasts. The smooth muscle fiber laying
in the stroma is innervated by nerves extending from the spina(Z®yxd

1.1.4 Neural innervation of the prostate gland

Innervation of the prostate is among the most thoroughly studied organ innervations, because
of the perceptible nervous inputs from the autonomic nervous system (BR)Syhe ANS is
responsible for controlling and regulating the autonomic and reflexive physiological processes
in the body, and innervates the smooth muscles in the (88¢4) The neural inputs are
essential for contraction of the smooth muscles in the gland, which is responsible for proper
functioning of thegland(35) and is also important for maturation of the prostate g(a86d

39). The prostate gland is wedlipplied with nervebom ANS and receives inputs from the

pelvic nerve and the hypogastric nerve, and tiegylate the gland by inputs from the

brainstem through the spinal cd@D), contolling the smooth muscle fibers in the stroma

(10, 41) The nerves are innervated both in the prostate epithelium and prostate stroma.
Prostate glands deprived of nerves cannot develop or mature and alters the proper functioning
of the gland15).

The nerves innervate the prostate gland as bundles and extends through the outer prostate

capsule and passes through the cerdrad transition zong5). The nerves extending from

5



the ANSand further divides into theympathetimervous system (SN@nhdthe

parasympathetic neous system (BNS), which have efferent and afferent axons innervating

the stroma andre proportionately distributed on the outside of the g{@byl The

sympathetic fibers are derived from the hypogastric nerve, whilst the parasympathetic inputs

arrive rom the pelvicnerv€23,35) The SNS i s responstiobl e for
flight O (42),ermardynnsreasing the blood pressure and other physiological

processes in response to stres¢es).

Unlike the distribution of the parasympatheigrves, the quantity and density of the branches
from SNS are higher in the dordateral apeX25, 40) The preganglionic parasympathetic
goes through the pelvic nerve and joins the pelvic plexbsreas the preganglionic
sympathetic fibers extends from the lumbar spinal cord and goes through the hypogastric

nerve and joins the pelvic plex(0, 29, 35)

The brain and the nerves communicate with the target tissue by using messengers known as
neurotransmitters. The release of the neurotransmitters are dependent on the S8N&sand P
innervating the prostate gland. These messengers are synthetized in he(newon) and
transported in axon of the presynaptic cell synaptic vedi5)eéfter a nerve impulse, the
vesicles fuses with the membrane of the axon terminaisfpraptic cell) and released into

the synaptic cleft where it can start a signal cascade by binding receptors on the dendrites

(postsynaptic cell43).

1.1.5 Cholinergic and Adrenergic nerves in the prostate gland

The nerve fiberfrom ANS innervating the prostate are divided in two group based on the
neurotransmitters they secrete; the cholinergic nerve fibers which seoegtieholine ACh)

and the adrenergic nerve fibers which secrete norepinephrine. The cholinergic fiberatan

the epithelium, whilst the noradrenergic nerve fibers innervate the s(@sind4) Both

cholinergic and adrenergic receptors are transmembrane proteins whicipartei® coupled
receptors (GPCRs). Activation bbth receptors leads to activation of thg@®teins, which

induce second messengers that activates downstream proteins which in turn elicit a response
that can be excitatory or inhibito(¢5). As a result, a neurotramitter can cause different

responses when activating tissspecific receptoré46).



The adrenergic nerve fibers secrete norepinephrine and include majority of the postganglionic
sympathetic fibers. Short adrenergic nerve fibers are innervated in prostate stroma, where they
induce contractions in the smooth muscle fil{86.

The majority of thea-adrenergic receptors have a propensity of being excitatory, and
activation of these receptors may result increased secretion of substances as a result of a
contraction of smoot muscles. Further, the adrenergic nerves are known to induce the
secretion of the prostatic secretory protein from the luminal cells which expresbes the

adrenergic recepto(g4, 47)

1.2 Tumor innervation

Tumor innervation can arise as a result of axonogenesis or neurogenesis. As a result of cancer
invasion, axons extend into the tumor from the nerves. The axapde preexisting axons

or they can be grown by axonogend4i3, 15, 48, 49)These axons are promoted by

chemokines and other neurotropfactors released in the microenvironment of the tumor,
promoting a neural network. It is believed that most of the neurotropic factors are a part of the
neurotrophin family, related to the nerve growth factor (N@B) 50) The PC cells can

stimulate axonogenesis through the neurotrophic factors. This were demonstrated in a co
culture study, were neurites from dorsal root ganglia (DRG) were grown towards the PC cells
in the coculture(51).

The precursor neurite growth factor (proNGF) have been suggested to promote innervation of
cancer in PC and oth&rpes ofcancer(50). By immunohistochemical analysis, it has been
observed that maligmt epithelial cells had a high cytoplasmic concentration of proNGF
compared normal stromal cells in the prostate. High cytoplasmic concentration of proNGF
have also been associated with cancers having a high Gleasor? 3¢oFaifther experiments

have ado shown that neurite outgrowth toward PC cells can be blocked by using antibodies
against the proNGF, suggesting that proNGF promote PC cell induced axono{Ese$ss

50).

In neurogenesis, the numhmErnerves penetrating the tumor may increase by formation of
new nerve fibers through neurogenddid, 15, 52)In vitro studies suggested that some of the
neurons in the PC extends from the CN& also suggested that these neurons are

progenitors from the subventricular region of brain, transported through the blood stream. The



progenitors can penetrate the tumor, where they can increase and develop as autonomic nerve
fibers(48, 50, 53) This is a tumor distinct process, which acquires neurons from the tumor
microenvironment (TME})hat promotéumor growth and metastagi4). The progenitors

migrating to the prostate gland are developed progenitors expressing the neural migration
protein doublecortin (DCX{55-57), making the progenitoidoublecortinpositive (DCX+).

DCX+ is used as a marker for the progenitors, which can be used to track these neurons in the
TME as they develop and serve as autonomic fibers and generate adrenergic nerve fibers.

The establishment of new autonomic nerves also leaatgit@tion of the cholinergic

receptors as well as theadrenergic receptors, which leads to the progression of tl{¢&C

58).

Inhibition of the neursignaling in the TME may contribute to suppressing the tumor growth
and metastasis, specifically blocking the cholinergic and adrenergic receptors in the gland and
TME (13). However, Mauffrey et a[59) suggested that genetic depletion of DCX+ can
suppress the development of tumor, when employed in the early stages. The density of DCX+
in the neural progenitors, is suggested to be associated with the aggressivity of the PC, where
higher density gives aone aggressive PC. These findings shows a cross link between the

nervous system and PC, which can be potential targets for PC treééSent

1.2.1 Perineural invasion amtkeural innervation of the tumor

In recent years, has beethat the neurons in the TME plays an important role in growth and
metastasis of PC. The best evidence is perineural invasion (PNI) of the cancer cells from the
tumor to the neurons, creating asstalk between the PC and CNS. As well as the neural
tissue, the TME contains neurotrophic factors, neurotransmitter and axon guidance molecules
which is crucial for tumor innervation. These proteins and molecules are secreted from the
active cells withirthe tumor: neuroendocrine cells, cancer cells and elements in the prostate
stroma(10, 60) The signaling in the TME, consgisg) of cancer cells and nerve cells, results

in crosstalk between these cells leading to growth and progression of PC, through perineural
invasion (PNI)51, 61) One of the welknown elements in the TME are the activated
fibroblastsreferred to agsancer associated fibroblasts (CAF). CAFs are known to regulate
PNI, cell growih, and to regulate the release of chemokines, cytokines and growth factors.
These soluble molecules and proteins are important for the communication and interactions

between the PC cells and TME, increasing growth and proliferation of PC.



In recent years, it has been revealed that nerve filaments are an important participant in TME
in some neoplasm, especially PC. This participation has been suggested to help migration of
the PC and promote the growth of the tumor through various mechéii¥m

1.2.2 Chemokines inducingerineural invasion (PNI)
Some theories imply that chemokines released from tivesienay engage the migration of

the cancer cells towards the chemokiflgls 6264). Chemokines are soluble signaling

proteins, which is secreted by cells and may regulate cell mig(&snThese

chemoattractant have also been suggested to play a crucial role in PNI and tumor progression
(66-68) and may also contribute to distant organ matastthrough the nervous systém,

69, 70) It is believed that norepinephrine released from the sympathetic nerveslorghe

root ganglia DPRG) can attract the tumor cells to neural tissue, promoting migration and

metastasis and thus inducing R[1).

Recent studies have also suggested that Schwann cells in the peripheral nerves is associated
with the invasion of the PC cells. It is known that these cells are crucial actors in nerve
regeneration and mediate repair of the aX@23 An earlier studyy Debordeet al.(73)
demonstrated that ti&chwann cells recruitgquancreas cancer ceti® nerves, an initiated
migrationalong thenerves This experiment suggested that physical contact is a crucial factor
for the migration61, 74) Earlier studies have also proclaimed that these Schwann cells
release soluble substances which is important in signaling with the cancer cells, leading to
migration of the cancer celtewardthe nerves. However, thimsonly beendemonstrate in

apancreatic cancenodel(61).

A number of studies have investigated the targeting of chemokine ligand 2 (CCL2) for
suppressing PNI in P®8), given its function in PNI in other cancerswis revealed that

CCL2 is associated with development of cancer and cancer progression in other cancers as
well (65, 69) It is suggested that CCL2 is one of the soluble proteins secreted by the Schwann
cells, whch can lead to cancer invasion. CCL2 is known to be a chemoattractant in neural
injuries, facilitating the attraction of macrophages to the damaged nerve or neurdlfigsue
Interestingly, expression of the CCL2 receptor, CCR2, has been detected in cancer cells
membrang11). Earlier studies demonstrated that binding of CCL2 teeiteptor CCR2,

caused pancreatic adenocarcindBig 68) It was stated that activated CCR2 can induce the

invasion of cancer an promote the growth of cancer. It was also reported that metastasis



induced by CCR2, led to colonization of the cancer cell in the metastasized tissues and organs

(76). However, there is a small number of studies on chemoattraction induced PNI in PC.

1.2.3 b-2 adrenergiaeceptor (ADRB2)

The adrenergic receptors are divided into two classemdb-adrenergic receptors and
further to subgroups o&-1 and-2, b-1,-2 and-3 (77).

When released, norepinephrine binds and activatds2thdrenergic receptor (ADRB2)

which in turn activates the GPCR. Active GPCR causes increase in cellular concentration of
cyclic adenosine monophosphate k¢R), which in turn activates the cAMP dependent

protein kinase A (PKA}78). Active PKA may then activate downstre@noteins, and then

elicit the excitatory or inhibitory response, one being increased concentrations af28a2+

79).

Theb2-subtype is the most prevalent out of Helass in the prostate and are generally
expressed by theminal cells in the prostate glar{@4). ADRB2 is also the most active
adrenergic receptor in the human prostate cancer cellkie®{©3, LNCaP and C£2B (77).

ADRB?2 is primaily activated by binding of adrenalin and norepinephrine, having a higher
affinity towards adrenalii78). Moreover, activation of the ADRB2 receptor can lead to
outgrowth of neurites. Active PKA can suppress the #égtof ras homolog family member A
(RhoA) by two mechanisms; directly inhibiting the-ratated protein 1 (Rapl) or activate the
serine/threoningrotein kinase 4 (PAK4) which may lead to the suppression of RBQA
When inactivated, the RhoA cannot activate the-B$spciatedtinase (ROCK), leadoto
outgrowth of neurite§24).

1.2.4 ADRB2 activity in PC

ADRB?2 is expressed in both benign and malignant tur8irs82) but studies have revealed
that the receptor is overexpressed in malignant tumor(8dl/s83) A study by Yu et al(83)
showed that the level of ADRB2xpressiomwasaltered in the metastatic process of PC. Both
in vitro and in vivo PC studies have demonstrated that ADRB2 activity in mice is increased
upon exposure to stresmdleads to promotionf angiogenesigd4-86) and metastasi83,

87), illustrating the adrenergic activity can induce PC progreg&iéhn
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The ADRB2 receptor is believed to be an important target for PC treatment. Studies on
transgenic PC mouse models have demonstrated that deletion of the ADRB2 gene or
inhibition by ADRB2 antagonists, caused inhibition of adrenergic activity, which resualted
tumor repressioB8, 89) These findings suggest that adrenergic signaling can induce tumor
growth and progressin, and that specific inhibitors of ADRB2 can inhibit the-pro

tumorigenic effect$32).

Recent studies in PC mouse models, have shown that adrenergic signaling is important for
tumor progression and may promote angiogenesis under tumor ¢it@ytd0) Deletion and
suppression of the ADRB2 gene have shown to inhibit angiogenesis to thg4\ntrese
observations suggest that angiogenesis is strongly connected to ADRB2 signalin@). PC

Additionally, Magnon et ali48) revealed that the density of adrenergic nerves was correlated
with the aggressivass of the tumoiThe studyfound that the density of both sympathetic

and parasympathetic nerves adjaderthe tumor were linked with poor prognosis of 8).

It is shown that norepinephrine may promote metastasis ed@ograft mouse. In a study
by Lang et a(87) theydemonstrated that stimulation witlerepinephrinen PG3 cells led to
high migratory activity24, 87) These findings suggettatmetastasis promoted by
norepinephrinemay be a result of the high migratory activity in the®€xlls. This activity

was inhibited by treating the cells with ADRB2 spexifiblocker ICF118,551.

Isoproterenol (ISO) is aon-selectiveshort actingo2-adrenergiagonist(91, 92) In a study

by Huang et al(61) PC-3 cells were stimulated with I8 of ISO in order to see if ISO

influences the migration and invasion of the PC cells through adrenergic nerve activation. The
results stated that ISO did not increase the migration of the PBC mefiosing that ISO

stimulation does not affect the migration of the PC cells dir¢@8y However, it remains

unknown whether ISO can cause migration of PC cells indirectly.

While the mechanism in which ADRB2 directly contributes to tuprogression is not clear,

many theories about the mechanism has occurred. It has been pribdstdss induced
catecholamine secretion by the nerves activate ADRB2 on luminal cells and that ADRB2 on

the stromal cells are activated by sympathetic satiar. Preclinical studies have

demonstrated that adrenergic signaling induced by stress enhance the tumor progression in PC
and other cance(82, 94, 95) Chronic stress has been detected in many cancer incidences

(96) and have been suggested to increase the levels of circulating and intralesi&iéanf

noradrenaling(4, 97) Upon activation, the stromal and luminal cells start the expression of

11



antiapoptotic and proangiogenic factofiis leads to favorable environment for PC cells and

leads to differentiation of the PC cancer cells to neuroendelikmeells(24).

1.2.5 Neuroendocrine differentiation (NED)

Neuroendocrine (NE) cells are a part of the epithelium of normal prostate and is known to
produce most of the VEGF in the prostate gléR). It is known that NE cells are present in
the prostate adenocarcinoma as both cluster or individ{@&8)y Studies have observed
elevated numbers of neuroendocriike (NE-like) cells in PC(100, 101)and adjacent to PNI
(102). NE cells are neuroendocrine cells found in normal prostsee and are distinguished

form the NElike cells which are trandifferentiated cancer cel(203, 104)

Earlier data strongly suggests PC cells is the origin of théikéEcells, and that this is
accomplished by the process of neuroendocrine differentiation (NEBB) 105, 106induced
by b-adrenergic stimulatiorand hormone deprivation theraf®9, 103, 104)NED is
associated with poor prognosis, progression oaReit have also been linked to androgen
independencgl07, 108)

Several studies have proposed that NED isiged by the increasestress levels, which in

turn is induced by adrenergic activity and hormone deprivation therapy. It is suggested that
increasedntracellular levels of cCAMP mediated by the PKA/CREB signaling pathiday,

109, 110)and by IL-6 mediated by the STAT3 and PI3K signaling pathw@ag®, 111113)
(Figure 3) The activation of both cAMPand PI3K/AKT signaling pathways are usually

linked to growth and progression of PC, and it is suggested that some of the PC cells can get
transdifferentiated amid the growth of a PA. In consequence, Nike cells are preexisting

in the PC before diagnosis, thus creating a resistaraesagreatments and therapies

targeting the PQ7, 101, 105, 114Besides prexisting NElike cellsin PC NED can be
induced by therapy or by several therapeutic agnRecent studies have shown that agents
againstcastration resistant prostate can€&RPQ, like enzalutamide, can induce NED and
revealed that NED increases mortality in CRRJ6, 115) Further, in a study by Lin et al.
(116)it was reported that NED was induced subsequent to castration in a gatieat!

xenograft(7, 116) suggesting that castration may result in NED.
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Figure 3| Purposed mechanism of neuroendocrine differentiation of prostate cancer celschematic illustration of
NED in prostate cancer cells, induced by several mechanisms which in turn is induced by high concentrations of
proposed that stressduces higher intracellular levels of both cAMP aneblUeading to NED by different signaling
pathways. Additionally, androgesteprived therapy has been shown to stress the prostate cancer cells, promotif¥g. M
Created with BioRender.com

Both in-vivo and irvitro PC studies in mice have shown thetreased ADRB activity

induced by stress promotes NEI®, 103, 104, 117)in addition to inducing angiogenesis
(84-86), metastasi§d3, 87)and causing resistance against apop{@&s118) A couple of
studies by Cox et a{79, 104)stated that both isoproterenol (ISO) and epinephrine can
increase intracellular concentration of CAMP, increasing the activity of PKA and the number
of NE-like cells(79,104). Further, it has been shown that cAMP induce NED in bo#3PC

and LNCaP cell$117, 119, 12Q)

Some studies have alsstablishedhat NE cells within the tumor can secrete neuropeptides
(24, 121, 122)enhancing growth of PC cells and also increase the energy intake through the
blood vessels. The NEke cells is not capable of proliferati@amd do not express PSA and

AR like PC cells (Figure 3)ut in contrast they express aapioptotic genes like BGR

(123)and survivin(124), contributing to resistance against treatments and thei@piasd

arethe factors distinguishing Nkke cells from NE cell€L03) These factors all together

ensure therapeuwtresistance and contributes to growth and progression of NEB)PC
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1.2.6 Angiogenic switch induced by adrenergic stimulation

A study by Decker et a{125)revealed that latent prostate cancer laying in treebwere
reactivated through adrenergic signaling in the sympathetic nerves inside the bone marrow.
This was shown using a in vivo mouse model, where NE secreted by the SNS could reactivate
the PC cells in latent bone metastasis through ADRB2 activéti2) These results revealed

that adrenergic signaling, which is involved in growth of(B8), also have an important role

by exhibiting the same response in PC that metastasis through the bone. Importantly, the
study stated the importance of nerves in PC, in which they play an active role in both tumor
growth and metastasi43).

This mechanism were then further analyzed by Zahalka @)alvho demonstrated that
sympathetic stimulation can lead to activating a angiogenic switch in knockout mice with low
expression of the adrenergeceptors ADRB2 and ADBR3 (ADRBko). Further, by

employing a tumor cell implantation in the ADRBko mice, it was observed that the growth of
the tumor were arrested as well as an shrinkage of vascular density. These findings suggested

thatactive adrenergisignalingis important for angiogenesis in the TME&E3).

Combined, these studies defined the angiogswitch which controls the metabolism of the
endothelial cells and asserts the critical role of the ADRB2 for tumor growth and progression
(Figure 4). The experiments exhibit the importance of the adrenengio/ation of the
endothelium, and how the adrenergic signaling control the metabolism of the endothelial cells
by stimulating the angiogenic switch which in turn leads to a-bigle prostatic

intraepithelial neoplasia that can develop into an aggresslignant tumor. Noteworthy, the
study by Magnon at a{48) claimed that both the ADRB2 and ADRB3 is required for the PC
progression, whilst the study by Zahalka e{4lfound that only ADRB2 were decisive for

the PC progression. These obsenatimake the ADRB2 a clearly target for suppressing the
growth and progression of R@3).
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Figure 4 | Angio-metabolic switch in the prostate glandSchematic illustration of the importance of ADRB2
activity in the progression and development of FJThe figure illustrates the mechanism of angiogenic swit
were released noradrenaline activates the luminal ADRB2 receptors, inducing angiogenesis and axonoge
enhancing cytoskeletal activity. This activation enables progression and growth of the tumor, resulting in
adenocarcinomdB) The figure illustates the angionetabolic switch, where the deletion or inhibition of ADR
leads to oxidative phosphorylation, inhibiting cytoskeletal activity. This mechanism inhibits angiogenesis ¢
as axonogenesis, leaving the tumor in the dormant g&ge). This figure was adapted from Chen ef3lby
permission from NEJM and RightsLink
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1.2.7 Rhoassociated kinase (ROCK)

The Rheassociated kinase (ROCK) is an important kinase in mammals, which is involved in
many mechanisms including migration of cells through the cytoskeleton and a crucial
downstream effector of the Rit®TPasd88, 89, 126) There are two isoforms of ROCK,
referred to as ROCK1 and ROCKR27) The isoforms are not so different from each other
having a 92% homology between their catalytic domg@i@8), but they are expressed
differently in tissues and have differaatgetg(129, 130) ROCK 2 is known to be expressed

in nervous system and neural tissues, whilst ROCK 1 is expressed in mostly skakatid

and norneuronal tissue®9). An overexpression of ROCK1 (ROCK) is seemany cancer
types, PC included, and have shown to increase metastasis and migration of tunftXells
132)

The high levels of ROCK are associated with poor prognosis and tumor progression in PC
(133-136), and it is also proposed that ROCK contributes to growth of tumor cells even
though the details of this mechanisms are not kn@&8, 137) Recent studies have shown
that ROCK signaling can promote tumor growth, through regulating the ECM and alter the
flexibility of the tissue€130, 138)

Earlier studies have shown that ROCK is involved-Myc stabilization through S62
phosphorylation in breast cancer, but HR@CK contributes to this mechanism is not clear.
ROCK is activated by binding to Rhe&TP, and the active ROCK can then activate
downstream protegby phosphorylatiotike for examplemyosin lightchain (MLC),

resulting in changes of the cytoskeletoohtecture(126) Activation by ROCK usually
results in the regulation of the cytoskeletArstudy by Zhang et a{128)demonstrated that
involvement of the ROCK regulation in PC growth. It was shown thatea®OCK induced
phosphorylation of the protoncogene dVlyc, which lad to an increased transcription of ¢
Myc. It was revealed that, increased transcription of the Rip#e resulted in a positive
feedback regulation by-Elyc on ROCK. The findings showelat, by directly or indirectly
inhibiting the ROCK activity can suppress the progression of a prostatic tumor, providing a

new target for PC treatme(it28)
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1.2.8 Inhibition of ROCK activity

ADRB?2 signaling tudies have shown that, by inhibiting the downstream protein of the RhoA
signaling pathway ROCK can be inhibited, resulting in the outgrowth of ne(kt88% It is
theorized that neurite outgrowth arises after recovery of damaged neurons and nerve related
disorder, lirked glial scars and death of neur¢h40, 141) It were reported that these injuries
and disorders may arise from upregulation or overexpression of RDAK 141) Inhibiting

the ROCK activity with ROCK inhibitor Y27632 induced the recovery of both neural fibers
and functiong142-144) Further observation in cell models, demonstrated that use of Y27632
also induced neurite outgrowth in the célld0), linking the response of Y27632 with neural
regeneration. In a study by Fujita et al. in a cell model, the effect of Y27632 and nerve growth

factor (NGF) were observed to give the samearsg(145147)

In the same way as Y27632, NGF were able to suppress the expression of ROCK. Further, the
neurite outgrowth by NGF stimulation were virtually everted by activation of ROCK,
suggesting that ROCK inhibition through NGF promoted neurite outgr@thl147) The
outgrowth of the neurites was observed within 3 days upon stimulation with Y27632 and

NGF, but it were speculated if the neurites were keep growing after 3 days and more. This
were testedim PG12 cells (pheochromocytoma cell line), which were inhibited with Y27632
and NGF for 6 days. The PI2 cell line is optimal for studying and altering the neural

functions. The inhibition with Y27632 for 6 days resulted in decrease in norepinephrine
secetion, whilst the cells stimulated with NGF did not respond the samé¢i8&y 149)

These results suggested that inhibition of ROCK with Y27632 may cause a resistance against
neurite outgrowth after 3 days, because stimulation for more than 3 days resulted in the

collapse of neurite outgrow{i39, 141)

Earlier study by Yin et a[139)proved that the adherent AQ ADH, a subline of P€12,

had a higher sensitivity against all ROCK inhibitors in outgrowth of neurites compared to the
original PG12 cell line(150, 151) Additionally, they discovered the resistangaiast

neurite outgrowth were linked to the enhances signaling of the cyclooxyeg@(@&ex-2)
pathway, even though the inhibition of the pathway did not fully enhance the resiStaace
findings purposed that several other genes and signaling pathwaysaya part in this
procesg139, 141)

The study by Yin et al139)demonstrated the effects of NGF and Y27632 in botiiPC
cells and in PE12 ADH cells. Both cell lines were stimulated with 300 ng/mL of NGF and 33
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mM of Y27632. The results showed that cells stimulated with NGF had neurite outgrowth
after 48 hours, whilst Y27632 did not induce neurite outgrowth in thé2P¢lls, coherent

with previous studiegl51) In contrast, Y27632 were able to induce neuntgymwth in the
PC-12 ADH cells, causing a resistance to neurite outgrowth after 72 hours or more. Both the
NGF and Y27632 induced neurite outgrowth in theIl2CADH cells, but the NGF did not
cause resistance as seen in Y27632. These results were colyahenstudy carried out by
Duan et a[150). The effect of both inhibitors was similar in the-BZ ADH cells, and there

was no significant difference was observed until 72 hours. Further, it was observed that the
resistance against Y27632 in the-PZADH cells occurred after stimaian 72 hours or

more, causing a significant difference in the effect of the inhibitors as the Y27632 effect
decreased significanti139) The resistance were proved by visually assestsamehby time

response curve, and were also coherent with earlier study by Dugi&d)al

1.2.9 b-blockers

Epidemiological studies in different cancer types, have reported thadatieenergic
antagonistl§-blockers), have shown beneficial and promising effects on mortality in some
studies whereas other studies have not seen a assol&@ri53) Oure research grouthe
tumor biological department Radiumhospitaletvas the first group to demonstraiat b-
blockerusewere shown to reduce PC relatadrtality, and thiswere also seen in other

cancer typesAs a resultp-blockers are used in clinical studies today, and can soon be used

to treat PC and inhibit metastasis.

In a study by Cardwell et al., a casantrol study was employed @rblockers and the PC
mortality was assessed. The findings of the study suggested thelbusokers was
associated with decreased risk of @62) In another study by Assayag et(@53)they
observed no association with the usé-tflockers and reduction in cancer mortality.
Furthermore, a metanalysis on 16,825 patients showed thatockers use was associated
with decreased risk of cancer mortalifyp4) Further, in two clinical cohort studies with
aggressive PC patients were carried out in Norway, reported-tilatker use warelated to
decreased mortality caused by @G5, 156) In opposition to this study, another casatrol
study in UK did not see an association with decreaseceRteéd mortality and-blocker use
(152)
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Without regard to the fiings, it has been stated thablockers have been linked to suppress
the progression of some cancer tyfEs7)and inhibiting distant metastasis. It is also
proposed that the use lofblocker lowers the risk of tumor recurrer(@®8)and can provide a

longer relapse free progno$it, 159)

All together these data suggest thdilocker is a promisingandidatdor inhibiting
metastasign PC but more studies are needadrder to demonstrate thele of ADRB2in

progression and metastasis of PC.
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2. Aims of study

The overall aim of this study is to demonstiabev the activity ofb-adrenergic receptsrand
Rho-associateinases regulatdhe migration of prostate cancer cells towards the
differentiated neural cellend how thisffectis modulated byschwann cellspreviously

shown to support nerveancer cell interactions.

Prostate cancer cells are knowmtetastasize through nenagsd ympathetic activation has

been shown to promote metastasis in several cancer types including prostate cancer. Previous
work from our lab has shown that useteblocker is associated with reduced risk of prostate
cancer specific mortality supporting a rolebsfdrenergic activity in regulation of the

metastatic process. To study migration of prostate cancer cells along nerves, we optimized the
experimental conditions for neurite outgrowth. Timaad concentraticdependent effects on
several parameters dedxng neurite outgrowth was determined by treating the cells with a
Rho-associated protein kinagghibitor, Y27632, and isoproterenol, bradrenergic receptor
agonist. The migration rate of prostate cancer cell line2@4dnd PE3-Luc2-GFP),

differentiated neural cells (RC2 ADH) and Schwann cells (RSC96) were determinedn co
culture experiments. As controls, we determined proliferative capabilities of each cell line in
the presence and absence of ROCK inhibitor or isoproterenol. Kiawek cell linesof b2-
adrenergic receptor was made confirm the putative rdbeaafrenergic activity on neurite

outgrowth and migration rate.

Finally, an exvivo model system with dorsal root ganglia andZBicells was established to
study the migration of the prostatancer cell lines towards the neural cell.
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3. Materials and methods

3.1 Cell Lines, Medium and Stimulations, Thawing and culturing

of cells

3.1.1 Cell Lines

The nerve cell used for this study were the adherent pheochromocytoma cell line isolated
from the adrenal glands of rats, the-PZADH (ATCC,#CRL-1721.]). The neural rat cell

line is widely used in neuroscience research, and the adherent phenotyl#ABPA8) is
distinguished from the original cell line PX2 by being a more adherent and enables well
attachment without coating. The PGAPH cell line is tumorigenic and expresses
catecholaminebke norepinephrine and dopami(E60)To improve attachment even more,
the PG12 ADH cellswere cultivatednodified Corning Cellbin8 T-75% (Corning #3290)

flasks with ventilation caps(160)

The other neural related cells used in this study was the Schwann cell line RSC96 (ATCC,
#CRL-2769. These are glial cells (nameuronal) that originates from the spinal cord of rat
(Rattusnorvegicus) andds a myelinating phenotype which provides a myelin coating
surrounding the nerves, specifically in the peripheral nervous system. This cell line is widely
used in research of regeneration of nerves and to treat axonic damages and neural disorders
(161) The RSC96 cells were cultured in Corriif-75% (Corning #430641U) flask with
ventilation capg162, 163)

Two different human prostate cancer cells were employed in this study, both being hormone
refractory. The transgerprostate cancer cell line FB=Luc2-GFP (Caliperls, #CR11435), is
isolated from metastatic site in the bone and originates from a human prostatic
adenocarcinoma. The PELuc2-GFP cell line expresses green fluorescent protein (GFP)
when expose to UV arekpresses luciferase. The cell line is widely used for in vivo
experiments and can be used for identification of GFP positive cells and in tumor models by
using the fluorescent activated cell sorter (FACS). The&8RQc2-GFP cells were cultured in

Corning® T-75° flask with ventilation caps.

The main prostate cancer cell line used in this study were the human prostate cancer cell line
C4-2B obtained from Professor Leland W.K Chung (8464, 165)
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The C42B cell line is derived from the LNCaP cell line from the human ptestancerfrom

a metastatic site in the bone.

Originally C4-2B cell linewasgenerated byhe injection olLNCaP cells into a male mouse
(164)with human fibroblasts. The mouse wesstrategost injection, and the injection of

the cells caused growth of a tumor, in which the cells were isolated from resulting inZhe C4
sub cell ling(165) Further, to generate the bone metastatic sublin2&;4solated C42 cells
injected into precastrated mouse orthotopicallypon developing lge tumors in the

prostate, the cells were isolated from the tumor, resulting in the hormone refracteB/ C4

cell lineg(164, 165)

The C42B cells were incubated in Cornfh@-75? flask with ventilation caps as well.

3.1.2 Thawing and culturing cells (morzultures)
Ampoules from each cell line were gently thawed in water bath, and then added to 15 mL
tubes with10 mL of respective growth medium. The tubes were then centrifugated at 1000
RPM for 5 minutes. Further, the supernatant were discarded and cell pelletesuspended
in 5 mL of growth medium. 10 mL of growth medium were then added to the flasks, and the
cell suspension were transferred to the flask. The flasks were then placed in the incubator at
37 C with 5% Carbon Dioxide (C£)and humified air.

When reaching #80% confluency, each cdlhe were split. The cells were first washed with
2 mL of 1x Trypsin (Trypsin, EDTA 1x, Sigma) further, 3 mL of Trypsin were added.
Trypsin is a proteolytic enzyme which breaks down adherent proteins, releasoelshirom
the bottom of the flaskCells were then trypsined at room temperature for about 5 minutes,
or to most of the cell had detach from the flaSke cells in the flasks were checked with the
aid of a microscope (4x) to confirm that all theleélad come off completely, if not if they
were shaken and possibly put back into the incubator for about 2 mihbéesell suspension
were then exposed to 8 mL of growth medium with 10% Fetal Calf Serum (HGS) cease
thetrypsinization effectThe celtsuspension were then transferred to a 15 mL centrifuge
tubes, and then placed in the centrifuge at 1000 RPM for 5 minutes. The centrifugation
collects the cells in the suspension into a pellet at the bottom of the tube. The supernatant
were discadted, and the pellet were resuspended in 10 mL of growth medium. Following, 100

nL of the celtsuspension were transferred to a Eppendorf tube, and pipetted b &8aiktte
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E ( Che mo meGE( and itsériedlinto the NucleoCoufitdC-2 0 0 E, whi c h
provides the number of live, dead and aggregated cells in thsusgension. The Vial

Cassette secure higinecision anatarries builtin fluorescent dyes (Acridine Orange and
DAPI) which automatically dyes the cells in the V@&hssette. The dyed cells daen be
analyzed, counted and categorized on NucleWewhich provides the precise numbers of
the living, dead and aggregated cel$66) Following, the cells were split; The P12

ADH and RSC96 cells were split to new T75 flasks with 800 cells per flask, G2B cells

were split to a new T7#8asks with 1000000 cells per flask.

All cell lines were given fresh medium evenB2lays.

3.1.3 Preparation of growth medium and stimulations

Mediums

The PG12 ADH cells were incubatddam's F12K (Kaighn's) Medium (Gibcd'
#21127022) with 15% HS (Horse Serum, Gibco #26050088) and 2,5% FCS (Fetal Calf
Serum, Sigma #F7524).

The RSC96 cells were incubated with Dulbecco's Modified Eagle's Medium (DMEM)
(ATCC, #3062002) with 10% FCS.

The PC3Luc3-GFP were incubated with RPMb40 (Sigma, #R875800ML) with 10%
FCS.

The C42B cells were incubate with 4 DMEM with 25%1Rk ham, 5% FCS and 5 mL- T

medium.

T-medium (100 mL)50 mg Insulin (Sigma #10516) where diluted in 5 mL of PBS with 0,1%
Bovine serum albumirBSA) and transferd to a glass flask. Further, 136 ng of T3 (Sigma

#T2877) were dissolved in 1 mL of 1 M NaOH (Sigma, #367176) and then added 24 mL of
DMEM. The solution consisting of 40 pg/mL T3 were diluted 1:100 in PBS with 0,1% BSA.

Subsequently, 340L of this solution were transferred to the flask. Further, 250 mg of
Adenine (Sigma #A3159) was dissolved in 1 mL of 10 M HCL and mixed with 24 mL of PBS
with 0,1% BSA to a final volume of 25 mL. Furthermore, 2.5 mg of Biotin (Sigma #47868)
and 50 mgpf Apo-Transferrin (8ma #T4382) were weighed and dissolved in PBS with

0,1% BSA.
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The final volume were then adjusted to 100 mL with PBS with 0,1% BSA. After mixing all
solutions, the final solution were filtered with Gy®1 Cellulose acetate membrane filter
(VWR, #5140064) andlivided into 20 tubes individual tubes with 5 mL in each.

Stimulations
A medium with of RPMI 1640 Medium, no glutamine (Gib¥¢p#21870076) with 1%
Glutamax and 1% HS (Horse Serum) were prepared and used for every stimulation

throughout the study. A low level of HS

(1%) were employed to partially starve the Concentration Stock (i) | dHO (L)
cells in order to synchronize each cell to the 1nM 2 98
same phase of the cell cycle and to prepared 10V 20 80
the cells upon the treatment and make them 25V 50 50
more vulnerable in order to ease tipake 50mM 50 0

of the inhibitors
Table 1| Dilution for concentrations of Rho protein kinase inhibitor

All cell lines were treated in order to Concentration Stock (L) MetOH (i)
stimulate the outgrowth of neurites and to 10MM 20 80
portray the how each treatment affects the 5nM 10 90
migration and interaction between the prostate 1 10 €L of 10 90
cancer cells and nerve cells. 0,1m 10 ¢L of 1 90

An Isoproterenol hydrochloride (ISO, Sigma  Taple 2 | Dilution for concentrations of Isoproterenol
Aldrich #15627) 10mM stock was prepared in

MetOH (Methanol) and the concentrations were diluted accordingly to table 1. The Rho
kinase Inhiltor (ROCK, SigmaAldrich #Y27632) stock were diluted in 312 of dH.O

(distilled water), and the concentrations were diluted accordingly to table 2.
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3.2 Detection of neurite outgrowth

Each cell line were stimulated with concentration curves of R@DKitor and
Isoproterenolin order to observe the effect of each concentration and determioptimal

concentrationinducing the longest and the highest number of neurites.

The cells were stimulatagp to72 hours and the experiment wapeatedtleast three times

(biological replicates).

A total of 6000 cells per well were seeded for the nerve cellsllPEADH and RSC9), and
8000 prostate cancer cells (@B and PC3_uc3-GFP) were seeded in each well of a 12 well
plate. In order to get a more acate measurement of the neurites and a lower confluence,

fewer cells were seeded.

Controls in well A1 and A2 were incubated with respective growth medium, asatethe

other wells were incubated in treatment med(fingure 5).

1 2 3 4

Controll 1 Controll 2 Controll 3 Controll 4
With growth medium With growth medium With RPMI+1% HS With RPMI+1% HS

0,1um 1uM 5uM 10 uM
Isoprotrenol Isoprotrenol Isoprotrenol Isoprotrenol

1uM 10 pM 25 uM S0 UM

Rho-Kinase Rho-Kinase Rho-Kinase Rho-Kinase

Inhibitor Inhibitor Inhibitor Inhibitor

Figure 5| A schematic illustration of the setup for concentration curves of ROCKinhibitor and 1SO. All
cells were cultivated in stimulation medium, except A1 and A2 which was cultivated in respectively gro
medium

After 24 hours, the wells were inspected on the microscope in order to see if the cells were
attached and healthy. Further, well-B4 were treated with a concentration curve of ISO, and
well C1-C4 were treated with a concentration curve of ROCK inhiblitoorder to perform

the concentration curve on the cell lines, concentrations of each inhibitors were selected based

on earlier studiesThe concentrations selected for stimulation were chosen based on earlier
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studies. The concentrations of ISO were:réyL, 1 mM, 5 "M and 10nM, and 1niM, 10 i,
25 M and 50niM for the Rockinhibitor.

The diluted concentrations of tR®OCK-inhibitor and 1SOwere stored at20 C in between

use and were always kept on ice under work.

Following treatment, thenicroplate were inserted in the IncuCyte FLR Imaging system-for 5

7 days and all experiments were repeated at least three times.

3.3 Cell counting

In order to get an accurate count and measurement of prolifeaaipaach cell line were
cultivated with stinulation medium with stimulation of ROCGHKhibitor (50nmM) and ISO (10

nM) up to 72 hour#n order toassesshe effect of the stimulations on proliferation.

Cells were grown in-#nicroplate with the same treatments conditions as the IncuCyte

experiments.

A total of 50000 PG12 ADH and PC3.uc3-GFP, and 7900 C42B cells were seeded per

well. The cells were incubated for 24 hours for attachment after seeding

Following incubation, the medium were changed to treatment medium. A total of 2 wells
were treated with 16M ISO, 2 wells were treated with M and 2 wells were kept as

controls. The cells were then grown for 72 hours resembling to neurite outgrowth experiment.

After 72 hours, the cells were controlled by visual inspection assegtimal microscopeto
ensure the cells looked normal and Hedfurther, medium in each well were discarded and
the cells were disassociated from the plate withrBO0f Trypsin. The trypsinization was
stopped by adding 2006 of RPMI with FCS 10%. The cells in each well were resuspended
thoroughly and then 200€L of the suspension were transferred to respective Eppendorf
tubes. The cells in each suspension were then sucked up with th€a&aétte and inserted

in the NucleoCounter NQOO in order to count the cells. Each well were counted

individually.

26



3.4 Co-Culturemodel studies

3.4.1 Co-culture
A co-culturemodelstudywasemployed to characterize the migratiateof the prostate

cancer cells (C2B and PC3-Luc2-GFP)cells nerve cellsRC12 ADH) and Schwann cells
(RSC96), with and without stimulation with 5®1 Rho Kinase inhibitor (ROCK inhibitor).

On day 1, the 4vell culture inserts (Ibidi, #80466) with 1@ volume were placed in 12

well microplate. The number of inserts used were depemhenumber of cell lines used for
each parallel. Only 1 prostate cancer cell line-gB4r PC-3-Luc3-GFP) were used for each
insert, whereas the nerve cells were seeded both individually anecakwes(Figure 6) A

total of 10000 cells were seed@d each well of the inserts, and the volume were adjusted to
100nL. Further, 5001 of treatment medium were added around the inserts to increase the

humidity in the microplate. The microplate were incubated for 24 hours.

On day 2, the medium for P22 ADH cells in total of 2 inserts were changed to treatment
medium with 50 ROCK. The PG12 ADH cells were stimulated for 24 hours, in order to

inducelong neurites.

A Scan on Demand were employed on day3 Whk Essen BioSencelncuCyté® FLR, in

order to observe the placement of the inserts. Following the scan, medium in every well were
discarded and the inserts were removiéte wells containing stimulated P2 ADH cells

were changed to treatment medium withn® ROCK inhibitor, whereas the remaining wells
were stimulated with vehicleethano) as a control. The plate were then placed in the

IncuCyté® FLR for 47 days, and9images of each well were taken every 3 hour. The
confluence data were then analyzed in Excel and the naurntber andength were tracked

and quantified using the NeuronJ plugin fr&iji ImageJ
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Figure 6 | A schematic illustation of the setup for caculture migration assay.A schematic

illustration of how the cells was harvested for the migration assay

3.4.2 Migration-assay (Ceculture)
In order to characterize the migration rate and pattern of prostate cancer ceksiaiaells,

a migration assay was employed. Thecatiureswere performed with and without the
optimal concentration of ROGIhibitor (50nM), to determine whether it increasa

decreasethe migration rate of the cells.

A total of three images from each well from different tipggntswere chosen, containing
both prostate cancer cells and neural cells separated by the Tingeselected images were
exported from IncuCyte to Fiji ImageJ, in order the measure the ocangady each cell
line for the three chosen tinp@ints It was ensurethe last image had at least30% of

unoccupied area in order to increase the accuracy of the results.

The migrated area were measured by tracing the migrated area for eacle ¢etldiach of

the three time periods, showing the total migrated area at the specific time.
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3.5 Dorsal root ganglia

DRG (Dorsal Root Ganglia) were isolated from transgene-&fpPessing NOD scid mouse
(non-obese diabetic severe combined immunodeficiency) by Stein Waagene at the
Department of Tumor Biologylhe mice used for the DRG isolations were betw&&0

weeks old at the day of harvesting. The size of the DRG is often dependent on the age of the
mouse and the placement of the DRG in the spine, as are result it is easier to isolate the DRG
from the spine obldermice The isolated DRGs were placed in 16%S DMEM growth

medium after harvesting at the animal care facility and brought to the unclean cell lab at the

department in order to cultivate the isolated DRGs.

A 12-well Corning micro plate were placed on ice, and then 2 [Matfigel (growth factor
reduced, withouphenolred) was pipetted in each well. Furthermore, the microplate were
placed in room temperature for 1 minute and then back on ice. This is done to harden the

Matrigel before placing the DRG inside the drop.

Each DRG were then scoopedrfréhe wells using 2 gauge needles, and then placed in the
drop ofMatrigel. The microplate were then placed in the incubator for 3 minutes, and then 1
mL of 10% FCS DMEM medium was added to each well. The microplate were then placed in
a incubator at 37C with 5% Carbon Dioxide (C¢) and humified air.

3.5.1 DRG and C42B co-culture
Neurite outgrowth starts-2 days after the harvesting the DRG depending on the age of

the mouse. The DRGs were observed every day in fluorescence microscope, to observe any
neurite activity2-5 days after DRG harvesting, 30.000-28 cells were added in each well
containing DRG. C4£B cells were added to assess ithteraction between cancer cells {C4

2B) and nerve cells (DRG), and to evaluate if this cortapendent interaction increases the
rate of invasion. The cells were observed and tracked for potential contact with DRG or cells
from the DRG.

Imageswere tken on the fluorescence microsceopth fluorescein isothiocyanate (FITC)
filter and phase contrast (PEYyery day after an interaction between the two cell types were
observedimages taken with FIT@lter and PHwere mergedo visualize thanteraction
betweenGFPexpressing DRG derived celisd C42B, distinguishing them froreach other
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Merging enables visualization of cells in different layers in the well by adjusting the focus.

The interaction between the cells were observed-days.

Thetreatment medium for each well were changed every otlyeiTthés were done to give
the cells nutrients and expose them continlyotasthe inhibitors. The medium change were
done carefully to preveiitarm on the Matrigel and relocation of DRG and2Bicdls.

3.6 Image Analysis

3.6.1 Neurite tracking
Images were selected based on number of neurites and osliseltsured that every image
had approximately the same number of cells and the same density of cells throughout the
whole image. All 16 photos from each well were exported IncuCyte FLR softarade total
of 5 Images were selected for analysis. For quaatibn and measurement of neurites, the
image processing program; Fiji ImageJ (Imagiid64 v1.153.c) were used. In order to track

the neurites, the ImageScience package and NeuronJ plugin were employed.

5 images from each time period and treatment wieosen, and converted teb& Tiff file,
which is a requirement in the NeuronJ plugin. Furthermore, thewealghanged from pixels

to mm.

Areas with approximately same amount of cells where chosen at 100% zoom (1/4 of the
image), and were used todkathe neurites. Furthermore, neurites can be quantified by: Add
tracings. The neurites were measured by pressing the start point from the cell body and out to
the end of the selected sprout. Incorrect quantification veeneved by: Delete tracings.

Neurites shorter than the cell body were omitted from quantification, and only neurites in the
selected areaeretrackedandquantified After quantification, the tracings can be displayed

by: Measure Tracings> Display group measurements> Run, displayingenofieurites,

total length of neurites, average length of neurites, min and max length of neurites. Total

number of cells were counted manually.

The data were plotted and analyzed on Excel.
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3.7 ADRBZ2 gene knockdown

C4-2B cells were transfected with plasmids in order to alter the expression of the gene for the

adrenergic intermembrane receptor ADR32 n e-adfeffieic receptor).

Short hairpin RNA (shRNA) are widely used in plasmids for gene knockdéien the
vector is integrated in the host genome, shRNA is expressed and then forms the RISC
complex. Active RISC can then bind and cleave the mRNA sequence, suppressing the
expressn of the gen¢€l67, 168)

The advantage of using shRNA is the generation of stable knockdown cell lines that usually
require no more than one round of transfection, but may in turn require more time to
successfully construct and select the shRdb&itive cells by using antibioti¢dleomycin G

41) to remove the shRNAegative cell§167). The selectiorgene Neomycitis drivenby a

SV40 promoter and the shRNAdsivenby a U1 smalhuclear promoter

In order to silence the expression of ADRB 2 gene, 2 different plasmidsisent&6 adrb2

shRNA Clone 1 and 79 adrb2 shRNA Clone 1. A third clone were transfected to be used as a
control, 81 shRNA ControClone 76 and clone 79 consists of different sequences, both
targeting and suppressing the ADRB2 gene, whilst the clone 81 issproific sequence

which design to not bind any RN#equence.

3.7.1 Concentration curve of @318

To determine the lowest toxic meentration of Neomycin 418 disulfate salt solution a dose
response curve were employed on the2B4cell line. Bysetting upa doseresponse curve
with G-418, theoptimalconcentration can be established and used for selection medium and

select all trasfected cells from untransfected cells.

C4-2B cells were split, and 1800 cells per well were seeded in&éll microplates with 1

mL of growth medium. The cells were seeded with a low confluency < 10% and were then
incubated for 24 hours.

Following incibation, the cells were treated with the following concentrations of Neomycin
G-418: 0, 100, 200, 300, 400, 500, 600, 700, 800 and AQOOL in separate wells.

The plate were placed in the IncuCyte FLR in order to get an estimate of the confluency from
each well every day, medium were changed eveBydays.
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The experiment were proceeded until the controls reached a confluency of 90%. The most
effective concentration were then selected based on total of dead cells compared to the

concentration of &18.

3.7.2 Reverseransfection
Reverse transfection is a widely used method, which differs from traditional transfection by
forming atransfectiorcomplex on the plate in absence of cells, whereas in traditional
transfection one forms the complex on the plated deverse transfection requires less
DNA and enables a higher expectation of DNA and cell contact, which may secure a higher

efficiency compared to normal transfectid69).

A transfection complegonsisting ofOpti-Mem™ | Reduced Serum Medium, shRNA
plasmids and transfection reagergre prepared in the wells of Il microplates
accordingly to the reverse transfection technique (see appendix). Total of 6 complexes were

created for each clone (6 wells for each clone).

First 59,6rmL of Opti-Mem™ | Reduced Serum Medium (Gibco3#985062) were pipetted

into all wells of 2 different 12vell microplates (6 wells per shRNA plasmid). Further, 0,40

ng/nL of the selected shRNA plasmids were pipetted on the l@@mn. The transfection

mixture were then gently mixed. Subsequentlyl3f X-treme GENE HP DNA

Transfection Reagent (Roche, # 6366244004re added to the wadhd the mixture were

gently shaken av few times. The plate were then incubated for 15 min at room temperature, in
order to enable the formation of the transfection com@éer the formation of the

transfection complex, the €B cells were then split and 2000 cells were added to each

well along with 2 mL growth medium.

After 48 hours the cells were trypsinized and transferred to CornfngelBulture flasks
with 12 mL of selectioomedium andncubated for 48 hours. The cells were observed every

day under the microscope.

On day twoupon harvestingthe medium in the flasks were changed to selection medium in
order to select the transfected cells and kill cellsctvig not transfected. The cells were
incubated until approximately 95% of the untransfected control were dead and transfected
cells seemed to be growing. At this point the positive selection of the trantsesgppeared

to be complete and the enrichmehthe knockdown cell lines couktart The knockdown
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cell lines were split to 6 Corning-T5%. After approximately 2 weeks of enrichment, the cells

were ready to be verified as ADRB2 knockdown cells.

3.8 Detection of ADRB2 receptor and verification of ShADRB2
transfectants

3.8.1 Isolation and purification of membrane bound proteins
In order toverify that the different cell lines in the study were ADRB2 positive, a membrane
fractionation isolation was done to prepare samples for further analysis to detect the level of
ADRB2 expression.

Cells were seeded in 175 flasks and placed in the incubéken the flask reached the

desired confluence (880%), they were washed with 10 mL PBS (Dulbeccos Phosphate
Buffered Saline, #D853800ML) 3 times. Furthermore, 10 mL PBS were added to each flask
and the cells were detached with cell scrapers and treedte 15 mL tubes. The tubes were
then centrifuged at 1000 RPM for 5 minutes. The supernatant were then discarded and the
pellet were frozen aB0O C until membrane isolation. The pellet from each sample were then
resuspended in 1 mL STi®mogenization buffer with 27% Sucrose (Sigma, # S7903), 50
mM Tris-HCL-pH 7,5 (Invitrogen, 15567027) and 5 mM of EDTA (see table 5 in appendix).
The resuspension were theeansferred to Eppendorf tubes. The resuspended samples were
then homogenized wita Ultrasonicator at 60 kHz for 10 seconds. The sonication were
repeated 5 times, with 30 seconds of cooling on ice inbetween each sonication. The
homogenized samples were then centrifugated for 5 minutes at 1000 RRM at 4
Furthermore, the supernatantre@elecanted t@4 mL Ultra-Clear tubes (Bekman Coulter,
#344060). The tubes were then placed in the Beckman Coulter B/&86 and centrifuged

at 27,000 g fo0 min, 4C in a Beckman JA 6,250 rotorSubsequently, the supernatant

were discarded, and @apellet were resuspended in 1mL of 50mM -HIBTA and the
resuspended samples were transferred to a Douncegigasshomogenizer (Kontes,
#8853010002) and stroked total of 10 times with pestle B. The stroked samples were then
centrifugatech second thein the Beckman Coulter Avan¥ J-35 at 27,000 g fo20 min,

4 C in a Beckman JA6,250 rotor.

The supernatant were discarded one more time, and the pellet were resuspended with 0,5 mL
of 50 mL TrisHCL + ImM-EDTA. The resuspended sample were then stroked 10 times in the
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Dounce glasglass homogenizer the pestle B. The samples were then transfermedv
Eppendorf tubes and were preserved by dregxing, using a dry ice/EtOH bath, and then
stored at80 C.

3.8.2 Protein BCA Assay
The bicinchoninic acid assay (BCA) is a widely used colorimetric assay for detection and
guantification of proteins in a sgle. The mechanism behind this assay is that proteins in
each sample reduce the Copper Nitrate'f0o Copper Oxide (Ci) in the Working
Reagensolution with alkaline, causing the color change from green to purple depending on
the amount of proteins in the sample. The Pierce BCA Protein Kit Assay (Thermo Scientific,
#23227) were utilized in this study.

The prepared membrane samples were thawadeo The assay were applied on 4 or 8
samples at a time, and total of 3 parallels were performed for each cell line. Standards were
made in order to compare the sample against a known value and eliminate certain

inaccuracies which may arise from the a#ians in the samples.

Albumin protein standards were prepared to be used as a plot, in order to provide the
absorbance versus the assorted concentration of known proteins. Further, can the measured
amount of the unknown proteins (absorbance) be plogjaihst the standards and compared
with.

The standards were prepared accordingly to table 3 and table 4. The bovine serum albumin
(BSA) standards were diluted TRIS-EDTA accordingly to table 3 and table 4.

A Working reagent (WR) was prepared by usihget Pi er ceE BCA Protein
mixture was prepared by using 1 part of BCA reagent B and 50 parts of BCA reagent A.
Dependent on the sample size, 10 mL (for 4 samples) of the mixture were prepared (20 mL for

8 samples).
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Standard curve (#)| Volume of BSA (L) | Volume of buffer L) | Final Concentrationn@/ni)
10 250 750 2,5
8 800ntL of dilutant 10 200 2
6 800nL of dilutant 8 266 1,5
4 500ni of dilutant 6 250 1
2 500nL of dilutant 4 500 0,5
1 250nL of dilutant 2 250 0,25

Table 3| Preparation and dilution of BSA standards 110.

Standard curve (#)| Volume of diluentflL) | Volume of buffer ¢L) | Final Concentrationn@/ni)
25 625 375 6,25
20 500ntL of dilutant 25 125 from 25 5
15 400nL of dilutant 20 100 from 20 3,75
10 200nL of dilutant 15 100 from 15 2,5
5 150 ofdilutant 10 150 from 10 1,25

Table 4 | Preparation and dilution of BSA standards 525.

Subsequently, 200 of the Working Reagent (WRyere added to the selected wells in the 96

well microplates (Corning #CLS3527). Furthemidof the standards were pipetted as

duplicates to their respective wells. The first row for both standards contained. 200VR

and 4L Tris-EDTA and were used antrols. Two parallels of the samples were added to

their respective wells as duplicates. First parallel with df the samples and 1fL for the

second parallel. The microplate were then gently shaken, and then incubated for 15 minutes at
37 C .Following, the microplate were gently shaken and then inserted in the The VICTOR3

Multilabel Plate Reader (Perkin Elmer) with absorbance of 562 nm, in order to measure the

amount of protein in each well. The data were then exported to Excel for analysis.
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3.8.3 Receptor radioligand binding assay
The receptor radioligand binding assay was done by Kjetil Wessel Andressen at the
Department of Pharmacology at the University of Osl@hiort,this assay was performed by
incubating the prepared membrane samples widldi@labeledetaadrenergiagonist, 125?
iodocyanopindolqglwith or without propranolol, betaadrenergi@ntagonist. This way one
can measure total ligand binding (without manolol) and nospecificbinding (with
propranolol), and form this get the specific binding and calculate the concentration of the

betaadrenergiceceptors in the samples (fmol/mg protein).

3.8.4 Immunofluorescencstaining
Two mixtures of antibodies were prepared. The first mixture containing the primary antibody
Beta2 adrenoreceptor (MBL, L-82656), diluted 1:200 in Hbuffer (1X PBS supplemented
with 0.1% BSA, 0.2% Triton XL00, 0.05% Tween, pH 7.4)ith 1% HS. Thesecond mixture
consisting of the secondary antibody Alexa Fluor Plus 555 (Invitrogen, #A32794), diluted
1:400 in IFbuffer with 1% HS.

PG12 ADH- and C42B cells were sown out in Ibidi®-flide 8 Well (#80826).
Approximately 10000 cells with 200rL growth medium were seeded in 8 wells, 4 wells per

cell line. The plate where then incubated for 24 hours.

Medium in each well were changed, and 2 wells for each cell line were treated with 50
ROCK-inhibitor. The slide where then incubated for 24 hours.

The slde where taken to fume cupboard, because of PFA toxicity. Medium in every well were
removed, then washed with 160 of PBS Further, the washed cells were then fixated with
150nL of 4% PFA (paraformaldehyde) for 30 minutes at room temperature in order t

preserve the structure of the cells and neurites. The fixated cells where then washed with PBS,
and then washed 2x5 minutes with IF buffege table 6 in appendix). Furthermore, cells were
blocked with IF buffer with 10% HS (Horse Serum) for 30 minutéslls were then washed

3x5 minutes with 15@L of IF-buffer. Following, the cells were incubated with primary

antibody mixture overnight at ££. Next, the cells were washed 3x5 minutes with H50f

IF-buffer followed by incubation with the secondantibody mixture for 1 hour at room

temperature. Furthermore, the cells were washed 3xwith PBS, and then incubated with
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Hoechst blue (Invitrogen, #33258) diluted 1:5000 in PBS. This were done to stain the cell

nucleus. The cells were then washed a finahdoof 3 times with PBS.

The images were then taken with the fluorescence micresaitp phase contrast (PH),
DAPI filter to detect nucleus and lastly the tetramethyl rhodamine (TRIR€)in order to
detect whether the cells were ADRB2 positive.

3.9 Statistics

In order to determine significant difference of the stimulations compare to the controls, a two
tailed student Fest with unequal variance were perfornre@&xcel. Standard deviation was

performed on all bar charts in order to shown the veedar each sample/experiment.

3.10 Mycoplasma test

To avoid any infection of bacteria, each cell line were tested for mycoplasma regularly.

A total of 2 mL of medium from each cell flask were extracted to 15 mL tubes, amd_1§i0
the extracted mediumvere transferred to Eppendorf tubes and store?20a€ . The samples
were then analyzed using Venor GeM Mycoplasma Detection Kit (Minerva Biolabs,
#MP0025), which is a PCR based metlfimdmycoplasma detection.
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4. Results

4.1  Stimulation withROCK-inhibitor resulted in outgrowth of neurites in

every cell line
In order to study migration of prostate cancer cells along neurites, one can induce the

formation of neurites in neuron like cell (A2 ADH) and Schwann cells (RSC96), and

observe thénteraction with prostate cancer cell lines {8 and PE3-Luc2-GFP.

To induce outgrowth of neurites, the cells were treated with a R@kiKitor (50nM

Y27632) and Isoproterenol (ISO,t®1) and imaged every 3 hours over a 72 hours period.
Representat® pictures of the different cell lines at 48 hours are shown in figure 7. By visual
assessment, ISO (M) stimulation induced neurite outgrowth only in the prostate cancer
cell lines C42B and PG3-Luc2-GFP (Figure 7).

Quantification of the total lengthf neurites showed that PC12 ADH cells treated with
ROCK-inhibitor (50mM) reached maximum at 24 hours, whereas the neurite length increased
till 48 hours in RSC96 and 2B cells (Supplementary Figure 1). The effect was slightly
lower after 72 hours iall cell lines. These findings were supported by the neurite parameter
demonstrated by the length of neurites divided by total @aligire8), total number of

neurites per cell (Figure @nd the average length of neurites per cell (Figure 9).

As shownin supplementary figure 1, 58M ROCK-inhibitor induced (p<0,01) neurites in
PG-12 ADH cells within 24 hours of stimulatioA. slow decrease of the neurite length was
noticed after 24 hours of stimulation (Supplementary figure 1) but the number of neurites
increased up until 48 hours of stimulation. 1ISO A0) was observed to induce neurite
outgrowth upon 6 hours of stimulatiomthe C42B cells(Supplementary figures 2and

similar results was observed for the-BCuc2-GFP cells
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Figure 7 | Morphological changes induce by the stimulation with ROCK and ISORepresentative pictures of control cells and
stimulated cellsafter48 hof every cell line used in the studill testedcell line weresensitive to the ROCHhhibitor (50nM), whilst
the prostate cancer cell lines (2B and PC3-Luc2-GFP) werethe only cell lines sensitive to ISO (b®1) observed by visual

inspectionlmages was obtained from IncuCyte (10k)e arrow indicates neurites inducedIBY (10nmM) stimulation.
39



















































































































































