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Tiivistelma

Tutkimuksen tausta ja tavoitteetEturauhassydpa on kolmanneksi yleisin syopaan liittyva kuolinsyy
lansimaissa. Esimerkiksi Suomessa on diagnosoitu -ROUda noin 5000 uutta
eturauhassyopatapausta lfja vuosi. Eturauhassytpé havaitaan nykyisin useimmin kasvaneen PSA
pitoisuuden my6té verindytteestd. Laajalle populaatiolle toteutettavassatB8M seurannassa on
kuitenkin my6s haittoja, ja tdméan vuoksi edelleen etsitddan parempia tapoja havaita jaaarott
pahanlaatuinen eturauhassyopa. Esimerkiksi MikroRRA poikkeava ilmentymistaso voisi
tulevaisuudessa olla yksi monista mahdollisista syovan tuntomerkeistd eli markkereista, silla sen
tiedetaan olevan eri tasolla pitkédlle edenneessa eturauhassyovésseattuna eturauhasen
hyvanlaatuisen liikakasvun tilanteeseen. Taman tutkimuksen tavoitteena oli kerata tietoa mikroRNA
32:n ilmentymisesta ja vaikutuksista eturauhasen eri lohkoissa eri hiirimallien avulla. Hiirimallilla
kerattya tietoa voidaan kayttdasamerkiksi suunnitellessa jatkotutkimuksia ihmisen eturauhasen
osalta.

Tutkimusmenetelmat: Kayttamalla tarkkaan valittuja primaarivastineita
immunohistokemiallisisa naytevarjayksiss@ystyttiin naytteistamaarittamaan, onko naytesoluissa
meneilladn esnerkiksi proliferaatie, mitoosi tai apoptoosivaihe. Vaikutusten analysointiin
kaytettiin eri genotyyppeja (villityyppi, PTHiterotsygootti, Myeonkogeenia ilmetéiva, mikroRNA
32:ta ilmentava), jotka toimivat erilaisten eturauhassyOpavaiheiden mallin@TEN
heterotsygootteja, 1911 kuukaudenikaisia hiiria kaytettiirmallintamaanhyvanlaatuiserkasvaimen
eli epiteelikudoksensisdisen neoplasiatilannetta. Kolmen kuukauden ikdist§ Mycgeenia
yliekspressoivaa hiirimallia puolestaan kaytettiin aggressimiman, primaarisen eturauhassydvan
mallina. Normaaliepiteelid analysoitiin kolmen ja kuuden kuukauden ikaisista hiirinaytt¢ista. w u
Green -fluoroforiin perustuvaa kvantitatiivista PCR:4a kayiettvarmistamaan Myonkogeenin
lasnaolo hiirinaytteissd. TagManmenetelmaa  kaytettin - mikroRNA2:n  ilmentymisen
todentamiseerkaytetyssa hiirisukupolvessa

Tutkimustulokset ja johtopaatdkset MikroRNA32:n havaittiin ilmentyvan tutkituissa hiiren
eturauhasnaytteissa, mutta silla ei todettu olevan selvaa vaitatiesimerkiksi proliferaatioon,
mitoosiin tai apoptoosiprosessiin  missadutkituista hiirimalleista tdssa tydssa tarkastelluissa
aikapisteissa Myds Myegeenin ilmentyminengenotyypiltddn Mysgositiivisissa hiirindytteissa
vahvistettiin. Normaalitilanndééa, hyvanlaatuisia kasvaimia eli neoplasiam primaarista
eturauhassyopaa malliavissa hiirissa havaittiiesimerkiksi ettd mitoosimarkkeri FH3 ilmentyi
kaikissa malleissavdhin maara f3:a havaittin normaaditurauhasnallissa, ja eniten mitoottisia
tumia voitiin havaita Mysarjan eturauhassyopamalliss/aikka tamén tutkimuksen tuloksien
perusteella ei pystyttykdan osoittamaamnerkittavia miR32:n vaikutuksia voidaan tutkimustuloksia
kayttdd jatkotutkimuksien pohjanaHiirimalleilla tehdyt tuloksetantavat sovellettavaa tietoa
erityisesti ihnmisen eturauhasen tutkimukseen.
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Abstract

Background and aimsProstate cancer ithe third most common canceelated cause of death in
developed countries. For example, solely in Finland roughly 5000 new cases of prostate cancer in
men have been diagnosed every year during the current decade. A tumor in the prostate is
nowadays ofterdetected by increased PSA concentration in blood. However, thes&8&ning has
several drawbacks, and additional markers for prostate cancer are therefore constantly searched for.
In future, it might be possible to use microR®2 as a one of the markersince it is known to be
expressed differently in severe CRPC (castratisistant prostate cancer) form of the disease
compared to the benign form, BPH (benign prostate hyperplasia). The main objective for this thesis
was to gather data from miB2 expession and effects in different lobes of mice prostate by using
different disease type models. The information can then be used as basis for further studies on, for
example, the human prostate.

Methods: By usingselected primaryantibodies in immunohistoamistry, the proliferatiort,
apoptosis and mitosis statusf the samplesould bediscovered Differentmodel systemgwild type
genotype PTEMNeterozygous, Myexpressing, mif32 expressing) were used to analyze the effects

in different tissue context PTEMeterozygote 1Q11-month-old mice were used as a model of
slowly developingntraepithelial neoplasiaMY Ggeneoverexpressing, -Bhonth-old mice were used

to simulate more aggressive, primary prostate cancer. Normal epithelium was analyzed from mice
samples aged three and six moetBYBR r&en-based gPCR was usedconfirm presence of Myc

in the mice samples. TagMajPCRwas used to confirm miR2 expression in the used mice
generation.

Resultsand conclusionsMiR-32-was found to be present butot to have any clear effectn, e.g.,
proliferation, mitosis or apoptosis processedilie different mice modelsin the age groups studied

in this work Presence of gene Myc was confirmed in samples, which wereplelitive by genotype.

In mice models fothe normal state of prostate for intraepithelial neoplasisand for primary
prostate cancerit was detected thatfor example the mitotic marker PH3 was present. Amount of
P-H3 was lowest in normal epithelium and highest in Ndgsitive tissueThis thesis was not able to

find out significant effectsbut the obtained information will create a basis for possible further
studies Results from experiments with mouse models give applicable information for the research
of human prostate.
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Abbreviations

miR32
PSA
PG
CRPC
BPH
AR
ARR2PB
ARFARR
ARES
GR
IHC
1gG
MAb
PADb
PIN
DAB
HRP
PCNA
Casp3
P-H3
P-S6
PI3K
PTEN
mTOR
K67
VP

LP

DP
GITC
TBE

Micro-RNA32 (also abbreviated miR32 or miRR2)
Prostatespecific antigen

Prostate cancer

Castrationresistant prostate cancer

Benign prostate hypgrlasia/hypertrophy

Androgen receptor

Probasin promoter (PB) with two androgen response elements
Androgen(recepor) response element

Androgen receptor binding site

Genomic rearrangement (of for example AR)
Immunohistochemistry

Immunoglobulin G

Monoclonal antibody

Polyclonal antibody

Prostatic intraepithelial neoplasia

3,3-diaminobenzidine

Horseradish peroxidase

Proliferating cell nuclear antigen, a sliding DNA clamp
Cleaved caspase 3, an apaic marker

Phosphorylated histone 3, a mitotic marker
Phosphorylatedibosomal protein SGmarker of active PI3K/Akt/mTGrthway
Phosphoinositide &inase (antagonist of PTEN)
Phosphatase and tensin homolog, a protein and a gene
Target of rapamycin, mammalian system

Protein encoded by gene MKI67, a proliferation marker
Ventral prostate

Lateral prostate

Dorsal prostate

Guanidine/guanidium thiocyanate

A buffer containing Tris (base), borate (acid) and EBA&gting agent)



TBSTween
gPCR
RT

Ct
SQratio
AGE
RPM
RCF
22Rv1
PAXgene
TagMan

I -Actin
MYC
hiMYC
BTG2

Abuffer with TBSTrisbuffered saling andTween 20Polysorbate 2D
Quantitative PCR, a PCR reaction which can be followed iirreal
Reverse transcription

Threshold cycle, the number of the cycle on which thrésl®surpassed
Ratioof starting quantities

Agarose gel electrophoresis

Revolutions per minute

Relative centrifugal force, also known afo&e

A prostate cancer cell line 22Rv1

A product family for fixation and stalztion of tissues

gPCRassay type which includélse TagMan probe

Betaisoform of actin protein

MY Ggene (a proteoncogene)

Highlevel expression system for the gene MYC

BTG family member 2, a protein



1. Introduction

Prostate cancer is the third most common caneelated cause of death in the developed
countries(Damber& Aus 2008). Roughly 5000 new cases of prostate cancer have been found in
Finland each year during the current decd8aomenSydparekisteri23.09.2016). Aumor in the
prostate is nowadays often detected by increased PSA concentration in (aotber& Aus 2008).
However, the PSAcreening has several drawbacks, and additional markers for prostate cancer are
therefore constantly searched f¢AbateShen &Shen, 2000). Prostate cancer usually develops over

a long time period and its formation by age is so common that in an autopsy study, t3-g€ar

old men, two thirds of the men had had a latent prostate canddlia,Ulmert, & Vickers, 2008).
Therefore,there are many men in the screened population who do not benefit from the- PSA
screening, because a tumor in the prostate may be symptomless and the men can die of reasons

unrelated to prostate cancdiilja,UImert, & Vickers, 2008).

Prostate cancer an be in a primary form or in an advanced form, which is able to
metastasizéDamber& Aus 2008) Benign prostate hyperplasia (BPH) is a common, butlifen
threatening form of a prostatic tumdbDamber& Aus 2008). If prostate cancer advances,
metastaes usually form, for example, in lymph nodes and in bone, as they are easily reached by the
blood circulationAbateShen & Shen, 200@amber& Aus 2008). Malignant prostate cancer is
often treated with chemical castration, which depletes the amount ndlragens presenfAbate

Shen & Shen, 2000prugs canfor example,in adrenal glandsarget the conversion ofcholesterol

into a form, which is a precursor for the final dihydrotestosterone product (Watson, Arora & Sawyer,
2015). Other drugs target dirdgtthe androgen receptoin prostatic cells (Watson etl., 2015).
However, the prostateancer quite usually returns as a castratimsistant form (CRPC), which is
able to grow in androgedeprived conditions due to unknown reasdixamber& Aus 2008).
Changes in, for example, androgen receptor (AR) structure or copy number are suggested to be the

reason(Henzler et al., 2016).

MicroRNA32 (miR32) is one of the putative markers for advanced prostate cancer, as it is known to
be expressed differentlin the severe CRPC form of the disease compared to the b@nigtate
hyperplasigJalaveet al., 2012). MiR32 is also known to be regulated by @Rlaveet al., 2012)The
regulatory microRNAs are known to upregulate or downregulate expression ofipgpighich are

often important checkpoints for progression in certain cellular processes. For example,



downregulation of protein BTG2 by miR32 could lead to increased AR signal, since BTG2 is thought
to be the corepressor for AR ge(@lalaveet al., 2012).

In this thesis, the mi32 is studied further. Mice with different genetic backgrounds are used in this

study to assess the effect of m82 on various cellular processes. For example, the PTEN
heterozygous mice are used as a model of slowly developingtatic neoplasia and thilyc-
overexpressing mice are used as a model of an advanced tumor in the prostate. Several primary
antibodies can be selected for experiment so that they recognize proteins, which are markers of
specific cellular processes. Foaenple, detecting PCNA protein (proliferating cell nuclear antigen) in

I OStftQa ydzOft SA ¢2dz R YSIy GKIFG GKS OStf A& | dz
in indirect immunohistochemistry (IHC), and in addition to that method, quamnt#gaPCR is also

used to detect presence of the mB2 andMycin different samples.

With the help of the selected methods, this thesis is aiming to study the expression and effects of
miR-32 in mice prostatelnformation about the effects of miR2 is aluable especially for further

research on the field of prostate research.



2. Literature review

2.1 Prostate cancer and PSA

Prostake cancer usually develops ovatong time period andt is the third most common cancer
related cause of death in men in devpéa countries(Damber & Aus, 2008)Prostatespecific
antigen(PSA, which can be detected from a blood sample, is often used teceacpessible tumors
in the prostate, asthe PSAlevel usually correlates withthe prostate sizeand the assumption has
been that tumor formation would be the main reason fbe increase irprostatesize(AbateShen &
Shen, 2010; Carvalhal et al., 20D@&mber & Aus, 2008)

Most prostatic cells are androgeatependent, so limiting androgen levels is used as treatment
(Damber & Aus, 2008If prostate cancer is treated with chemical or surgical castration, batiotu
size and PSA level in blood usually initially decré@sevalhal et al., 2010However, @ite often
prostate cancer returns after an interval as an androgetependent, castratiofresistant prostate
cancer(CRPQQbateShen & Shen, 2010; Damber & Aus, 200®)st tumors relapse t@n incurable
form within 2 years of the first treatmeriDamber & Aus, 2008f the prostate cancer advances and
produces metastases to bone, there is a high probability thatpatient will die in the following
years due to canceaelated causegDamber & Aus, 2008)The information abauthe type of the
tissue where metastases occgre.g.,in lymph nodes near prostate versus metastasizing to distant

tissuesg can be used in prognosti¢Bamber & Aus, 2008)

Despitethe possibility olsevere prosate cancer conditionsccuring if a malignant tumois formed

in the prostate there is also quit@ high probability that the prostate cancer will go undetected due
to almost absensymptoms and the person in question can die of other natural causesebtfe
prostate cancer an even showany detrimental effects to his healtfDamber & Aus, 2008)n such
case, detection of an increased PiB¥el in a screening coulbad to treatment or treatment
consiceration which couldonly lower the LJI { A Kagping3siand life qualifpamber & Aus, 2008)
Thus, an easy to use, cheamd a more precise marker alternative to PSA would be a welcome
addition to the tool kit of modern mediae. One of the main problems of using the PSA as a marker
is thatthe PSA is prostate ¢ not prostate cancer;, specific antiger(Lilja, Ulmert, & Vickers, 2008)
PSA is produced in all types of prostate: in normmakate, in benign hyperplasia of prostate (BPH)
and in malignant stages of prostate cancer (PCa, CRPQ.igc.VIimert, & Vickers, 20D8

2.2 Anatomy and histology of mouse and human prostates
The nouse prostateconsists of several lobes, which amganized in a different way compared to

the zones in ahuman or dog prostatgOliveira et al., 2016)The mouse prostate also does not

spontaneously develop a prostate cancdmigh could metastasize into the skeletal systédiiveira



et al., 2016) Still, the mouse prostate is often used as a tool when the biology of the prastaids

to be studied and tens of genetically engineered misdfor mouse prostate cancer exigtbate
Shen & Shen, 2010; Oliveira et al., 2028) shown irFigurelB, the mouse prostate consists of four
major lobes: antedr, dorsal, lateral and ventral lobé®liveira et al., 2016)Out of these four, the
latter three are studied in this thesis. In contrast to the use prostatethe human prostate could
be seen as a combination pkripheral zone, central zone, transition zone and a region of non

glandular fibromuscular stroma (s€égurelA) (Oliveira et al., 2016)

A Adult human prostate (sagittal section) B Adult mouse prostate (lateral view)

. Ductus deferens
Seminal
Central vesicle

Seminal
vesicle

zone

Peripheral
zone

Anterior
o prostate
‘entra
prostate

Lateral

~ = prostate
Urethra—)‘ f= =

Dorsal prostate

Urethra

Figurel. Anatomy ohuman prostate (left) and mouse prostate (right). Note the location of doedefal and
ventral areas in mousprostate, which is studied in this thesBiroma locations are not specifigdthe image
Imagesource(Toivanen & Shen, 2017)

According to some sourcés.g.Oliveira et al., 2016}the peripheral zone of the human prostate can
be compared to he dorsolateral area of mousgrostate by their homology in mRNA egpsion
signatures and anatomyput this view isnegated byconclusions from a meeting, which was held
specifically to form a consensus opinion on the ma{t&happell et al., 2004)n addiion, there are
propositions that the central zone could represent the moasgerior prostate, but there areo
proposed counterparts in mouse prostate for the zone, whidbhdatedbetween the peripheral and
central zone in human prostatéOliveira et al., 2016)However, considering that 16 yearsviea
passed since the previous consensus meeting in 280appell et al., 2004nd that there has been
rapid advance in methds in molecular biology in the 2Xkentury (Cameron, Bashor, & Collins,
2014) a precise scrutiny similar to the meeting of 2001 could provide us with new information and

help settle the dispute of mouse and humprostate similarity or dissimilarity.

The mouse prostate lobes casuallybe distinguished relatively easily by assessing the structure of
a hematoxylin and eosifHE)-stained mouse prostate sample. The ventral lobe usually has very little
eosinophilicsecretion to the lumen but has some tufting of the epitheli(@liveira et al., 2016 he

lateral lobe is located between dorsal and ventral Iehed it usually has only fewinfoldings of the



epithelium (Oliveira et al., 2016)Dorsal lobe has only a little of infolding of the epithelium to the
lumen, varying amounts of eosinophilic secretion to the lumen and sometimes stroma surrounding
the structure (Oliveira et al., 2016)All three lobe types mentioned above have a gland structure
with a lumen in the middle of thertsee for exampl&igure7). The tissue structure diie prostate is

versatile and accalingly, so are the molecular processes in normal and in neoplastic prestate

2.3 Characteristics of prostate cancer
Primary prostate cancer has relatively low mutational burden compared to gilierary cancers

such as tumors in bladder, colon or lungs acowydo The Cancer Genome Atlas déRmbinson et

al., 2017) Prostate cancers in primary or metastatic stages also have less immunoinfiltration than
many other tissue¢Rdinson et al., 2017)Immunoinfiltration can be measured to evaluate host
tissue immune responseie., to discover whether, for example immunosuppressive or pro
inflammatory cells are preserfRobinson et al., @7) Metastatic prostate cancer cells are also
known to frequently containi.a., amplifications ofthe androgen receptor gene, certain gene
fusions, mutated p53 gene (also known as TP53) and alteratidhe PTEN genéWise, Hermida, &
Leslie, 2017)Metastatic and castratiomesistant prostate cancer could have genetic alterations of
the androgen receptor gene in even in 75% of the cdstenzler et al.,, 2016)so the genomic
sequencing of a patient could be perhaps used in diagnostics together with a hypothetical treatment

for a cancer of this stage in the future.

Prostate cells undergo drastic changes initheetabolismduring transformatiorfrom normal cell to
premalignantand later malignant @l (Costello, Franklin, & Feng, 2005prexample, intake and
accumulation of zinc is a requirement for metabolism of normal prostate cells, but the cells lose
their ability to accumulate mc in the cancerous stag€€ostello et al., 2005Although debatable,

zinc is thought to induce mitochondrial apoptogenesis in certain condifj@astello et al., 2005)
Thus, lower zinc concentration in prostatic cells create®lastacle for apoptosis, which benefits
malignant tumor cell{Costello et al., 2005)The &sence of zinalso effectively reverses many
metabolicprocesses, further promoting tumorigenic behavior of the ea|for example the altered
energy metabolism is often linked to activated oncogenes sucthedMyc gene(Costello et al.,
2005; Hanaha & Weinberg, 2011)

2.4 Androgen receptor
The androgen receptor(AR)and the signaling pathway linked to it are important factors in the

development ofa castrationresistant prostate cancgfalava et al., 2012 heandrogen receptor is
a soluble receptor located in either cytosol or the nucleus and it binds dihydrotestostett@éorm

into which different androgens are processédu, Wang& Sun, 2017Watson, Arora & Sawyers,



2015. A treatment used in chemical castration utilizes drug called enzalutamide, which is often able

to compete with dihydrotestosterone for the binding site at the androgen recefiidaitson, Arora

& Sawyers, 2015 Enzalutande can also affect androgen receptor by blocking its translocation to

ydzOtf Sdza 2NE FyR 060f201Ay3 O0AYRAY3 (2 HWatson2NJ 0A Y|
Arora & Sawyers, 2015

The androgen receptor is known tandergo dimerization to bind the DNA strand at androgen
response element areas, but it is not confirmed which domains of the androgen recagtdhe
ones interactingHu et al., 2017)In some cases, even a truncatediaat protein without theligand
bindingdomain has been able to bind the DNAenzler et al., 20160 it would seem quite likely
that dimerization can be achieved with the Diiding domains in the presence of DN@so,
androgen receptor variants for example a normalone (wild type)anda c-terminally truncated one

¢ could pair as a heterodimer and still activate genes in an andrdgerived cellular conditiofHu

et al.,, 2017) The androgen receptor shares homology witie glucocorticoid receptor, so
dimerization with a glucocorticoid receptor could be possidewell,and regulation by this kind of

binding has been reporte(Hu et al., 2017)

The treatment of malignant prostate cancer often includes chemical castration, which should lower
the levels of androgens and therefore also lower the activitthefandrogen receptoDamberé&

Aus, 2008; Jalava et al.,, 201¥owever, the androgen receptor is apparently able to retain its
activity in some cases after the castration, which would suggest that there couleldh@lterations

in the structure, amount or regulation of the andgen receptorg Jalava et al., 2012)

There are multiple theories to explain the persistent activity of the androgen receelated
pathways in a situation where the receptor should be almost silent because ofatbeence of
androgens.The copy number ofthe androgen receptor gene could be amplifiethlava et al., 2012)
the structure of thegene could be rearrangedr even truncatedoy a mutation tg for example,
enable trarscriptional activitywithout the androgenligand binding domairfHenzler et al., 2016)
the translocation from a dormant state at the cytosol to the active regulation in the nuctauld be
promoted (Hu et al., 2017)a corepressor for androgen receptor could be instead promoting cancer
cell proliferationby downregulating other regulatory proteirislu et al., 2017)or the stability ofthe
androgen eceptor could be altered by for example specific phosphorylation pattern in order to
protect it from protein degradatiorfHu et al., 2017)Practically, there could baffecting factors in
parallel at any step between ¢hvery first stepsn gene expression activation and the final protein

function.



The androgen receptor can promote activation of genes by binding to specific ditesvhi as

androgen binding sites, ARB&sandrogen response elements, AREsar them(De Bruyn, Bollen,

& Claessens, 2011; Jalava et al., 20I8% binding site or element is believed to contain two motifs

4 dzOK -ABBACH Q> ¢ KA OK | NB aSLJ Nlpair§Be Baugret al,ROB. She @ NRA | 6
principle often applies, even though the iderddtion of AREs is not always certgDe Bruyret al.,

2011).

Several genes are known to be activateddoygirogen receptor binding especiallythre castration
resistant prostate cancer cells asdmeof these genes are proteicoding, but some are also genes
for short noncoding RNAs, microRNA3alava et al., 2012)for example, the microRN3A2 is

believed to be androgebinding regulatedJalava et al., 2012)

2.5 Function of microRNAs and the microR»MA
MicroRNA are short, regulatory RNAs, which do not code for protéldaniel et al., 2017)

MicroRNAs are known to be processeafier transcriptionin several steps, in whichonger pre
MiRNA are processed inta shorter form and often also combined with specifimteins ofthe
Argonaute potein family(Daniel et al., 2017)he microRNAs can then function by helping to silence

their target gene expressidianiel et al., 2017)

The processingf miRNAdappens in ocleus andn cytosol(Shen & Hung, 20150 pri-miR isfirst
cleaved by Droshaibonucleaseand otherenzymesin nucleus(Shen & Hung, 2015)The stem
looped premiR is further cleaveth cytosolto from the mature microRNA structure, which functions
together with RISC proteingShen & Hung, 20157he process can be regulated by different signals;
For example, phosphorylationf certain Argonaute proteins leads to decrease in appropriately
matured miRNAs, which therefore are not available for RISC coempléShen & Hung, 2015).
MiRNAs are needed for targeted posttranscriptional gene silencing, so they effect of regulation can

be drastic (Shen & Hung, 2015).

MicroRNA32 from Homo spiens (lsa-miR32) was presumably first dedbed in 2001 (Lages
Quintana etal., 2001) and later studieldy many other groups (Jalava et al. 2012, Leitalet2011
(Malcomson et al., 2017; Sun et al., 2QlA)genome, it has a #ip longpre-miR-sequence bultt is

much shorterg 22 basepairs- in its mature fornms (miRBase, 2016)

In previous studiesthe human miR32 has been found to respond to androgen stimulation and
reduce apoptosis in vitr@Jalava et al., 201ZJhe study located an androgen binding site in an intron
at about 14 kb distance from the miRH Qa (AajavaNRay, 2012)ls0, in another studythe

miR32 has been found to increasproliferation and to haven increased expression in prostate



cancer cell modeléAakula et al., 2015)Together with observations of its effeoh protein targets
(e.g. BTG2), it was concluded that A3IR might be a oncomiR and a potential marker for
aggressive, CRRa@m of the diseasdJalava et al., 2012The previously mentioned BTG2 protein
was hypothesized to form a feedback loop with the androgen receptor, where dnogen receptor
signal would upregulate miB2, which would downregulate BTG2, which subsequently would lead
to upregulation ofthe androgen receptor, because BTG2 wouldvhaeen its corepress¢dalava et

al., 2012)

One form of the microRNA2, the miR32-5p, has been studied furthesis a marker of prostate
cancer(Daniel et al., 2017)n the study, miR82-5p level in blood was found to be downregulated in
prostate cancerTherefore, it could be used as a marker but only as aedangether with other

markers(Daniel et al., 2017)

In addition to the prostate, effects ahe miR32 have been orare being studied in areas such as
brown adipe tissugNg et al., 2017)colon tissugMalcomson et al., 2017preast cancer cellia

et al., 2017)and in lung tissugSun et al., 2017)Therefore, miKB2 has been identified as a
regulatory micreRNA in many pathways, includitige p38 MAPK pathwayhe NF¢ -pathway and
the cyclin Edependent cell cycle regulatiqialcomson et al., 2017; Ng et al., 2017; Xia et al., 2017)
As an example of crogalk between pathways, th&R* :pathwayis also apoptosiselated (see
Figured).

But what does thenumber 32 in the name of miB2 mean? The miB2 was32"¥ micro-RNA which
had been reported in a publicatiomiRBase, 2016Because of the sequential numbering, the
systam is not intuitive: for example, theniR200 family consists of miR00a, b and ¢ but alsof
miR429 and miRL41 (Liu et al., 2017)

2.6 PTEN

PTEN(Phosphatase and tensin homgiae) is a tumor suppressor genehich regulates many
signaling pathway with its phosphatase activiffi Cristofano etl., 1998) PTEN is one ohé most
commonly altered genes by somatic mutatios ¢ in all metastatic cances(Robinson et al., 2017)
Loss of PTENNCctionis alsocone of the main events ithe development ofprostate cance(Wise et
al., 2017)

PTEN is a majoegulator, especially irthe phosphoinositide &inase (PI3K) signaling netwodsit
antagonizes kinase PI3WVise et al., 201;7Song et al., 2092 This way, the most direct effect of
PTEN isnthe PI3K/AKT/mTOPRathway (seeFigure2), which is one of the many cell cyelargeting

regulatory systemgWise et al., 2017)There are several known twdirectional negative feedback
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mechanisms betweenthe PIX/PTEMsignaling system andhe androgen receptor signaling
pathways(Wise et al., 2017)Deactivation oPTEN is linked ta notable activationof PI3K ad the
androgen receptor pathway<.g.,in aggressive prostateancer(Wise et al., 2017PTENcan also

directly interact with other tumor suppressors such as pB8se et al., 2017)
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Figure2. PTEN/PISK/AKT/mT@Rthway. Note S6Km{arked with bolded lettee), which phosphorylates the
ribosomal S6 protein. Also, the PTai MYC, wich were partially absent or present abundarnitidifferent
mousemodelsystemscan be seems a part of the pathwaySeveral upand downregulated targetsbplded
letter b) in cell proliferation are listed, even though the&Kior PCNA, which were used as markers in this thesis
are not listedFigure fromSong et al., 2012)

Complete inactivatin ofthe PTEN gene will result in embryonic lethality in mammals, and a deletion
of one allele in spontaneous development of tum¢is Cristofano et al., 1998Nevertheless mice

do not spontaneously developrgstate cancer (Oliveira et al., 2016and therefore genetically
engineered mousenodek needto be usedin order to study prostate cancer in mic€herefore,
PTEMeterozygous mice have been used in many prostdacer studiefAbateShen & Shen,
2010)

Mice with a PTEN+/ genotype often form (higlgrade) PINesions (prostatic intraepithelial
neoplasia), which could be called a precancerous state of pro§sieven, Lowe, & Young, 2002)
PINlesions have atypical epithelial cells and large nuclei compared to the cell viBiemen et al.,
2002) Highgrade PINesions have the most intraepithalineoplasia among the Ribksions(Steven
et al., 2002) The PINesions which originate fronthe PTEN+/ genotype are not invasive before

more mutant traits are introducedsuch aghe deletion of one allelén the protein 27 gene (p27),
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which is shown to produce invasive Rédions(Trotman et al., 2003)ThesimultaneoushPTENand
p27-mutant mice develop tissue which resembles the human benign prostate hyperplasiman
et al., 2003)

2.7 Myc

MYC is a gene with an important role in transcription regulation,ibig also relatively prone to
tumorigenic behavior and is thus often calladoncogeng(NCBI, 2017A viral and a human version
of Myc are known, and here Myc refers to the human MyéM{c). The effect ofthe Myc
overexpression can be seen, for examplethia emergence of PINesions orin immortalization of
non-tumorigenic prostatecells in humaa (AbateShen & Shen, 201@y asan increase in prostate

mass and in proliferation of epithelial cellstive prostate(Geng et al., 2017)

Therehave alsobeen seeral reports of an effect, wheran everincreasing expression of oncogenes
such as Myc would actually lead to apoptosis because the constant signahifraative Myc would
trigger a response from the clHanahan &\Veinberg, 2011)lt is likely, that different observations

are not only dependent on Myc (over)expression, but the outcome is dictated by the complex
regulatory circuit, where Myc crosstalks with many functional signaling pathgdlge complete

cellularenvironment, so to speafHanahan & Weinberg, 2011)

MYCcan be overexpressed by mutations in genes regulating it, fompbea the gene for SPOP
protein (Geng et al., 2017dr with expression systems suchtag transgenic introduction of the rat
probasin promoter, which is accompanied by two androgesponsie elements (abbreviated
ARR2PBAbateShen & Shen, 20107 he latter system isatled hiMyc or lowMyc depending on the
expression leve(AbateShen & Shen, 2010The ARR2PR8/stem is discussed further in the next
chapter @.98).

Depending on the presence otherrgdic alterations (e.g. for p53 and Pten), thégc mice have

had various malignancy stages: there are also reports of mice with benign prostate conditions, but
majority of the mice have had microinvasive or fully cancerouslitions in the prostate (Kiret al.,

2012). Therefore, in this study, the Mgegerexpressing mice are used as a model of a primary

prostate cancer.

2.8 ARRZ2PB expression system

ARRZ2PB is probasin promoter with androgen receptor response elemegtadriani et al., 2001)
The system enrdes activation of a gene downstream from the promotor thre presence of
androgen receptors and androgens such as dihydrotestoste(dndriani et al., 2001)The system

has been shown to be activated only in prostatic cellanandrogenrdependent way ad similarly,
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it has beendemonstratedthat the AR receptor pathway inon-prostatic cells in the presence of
androgenis not activated (Andriani et al., 2001)Also,the ARR2PBystem is not activated in
progatic or nonprostatic cells if they do not have androgens presg@itdriani et al., 2001)Thus,
ARR2PB was previously chosen to be the promggstem for miR32xpression(seeFigure3) and
Myc-gene overexpression in micsed in this studypecause it only affecthe prostatebut noother
tissues(EllwoodYen, 2003; Latonen etl., 2017) Lentiviratbased overexpression systems aiso
quite often and quite effectivelyusedin simlar setups(Liu et al., 2017)but the ARR2PB has the
advantage ofissuesspecificity (Andriani e4l., 2001).

1 4 ARR2PB 488bp polyA 327bp -~ 960

miR-32 70bp
in M.m. genomic
seqment of 110bp

Figure3. A transgene, where ARR2p®moter system is used for m#2 expressionA polyA-tail -producing
region is also shown. Figure abridged from Latof28i4).

2.9 Detecting activity of different cellular pathways with IHC

Histology studies organization of the cells into tissues, for example in this case the different
structuresand types of cellsgn prostate. With immunohistochemistry, the tissue samples and the
cells in them can be fixateglalmostas they were in vivoThe current state of the cell can be then
analyzed with suitably selected antibodies. The following sections presgibody markers, which

can be used to detect apoptosis, proliferation, mitosis and activation of PI3K/AKT/pattdikRay

with immunohistochemistryFinding different amount of the studied proteins in different models

enables deducing which pathways wexetive inthe samples oach model system.

2.9.1  Apoptotic markers

Caspas8 is an importantenzymein the apoptosis procesee Figure4) and a part of caspase
protein family (Fulda, 2014)t is cleaving proteolytically other keygbeins of the apoptotic cascade
such as poly (AD#bose) polymerase (PARP), but it is also a target of cledismigCascioléRosen

et al., 1995; Fulda, 2014The zymogen forrmof caspased iskept inactive by inhibitors such as XIAP

protein andactivated by cleavagenly after the inhibitors are inhibited (Fulda, 2014)
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Figure4. Caspase 3 is part of the apoptosis, the cell death pathwetwvation of caspase 3 requirefor
example cytochromec exported from mitochondri#o activateit and at the same time theleactivation of the
inhibitor XIARs required Image is simplified and does not sha@ag.,PARP proteirHgure fromFulda, 2014)

Caspas8& which is cleaved specifically at aspartate i1§ghought to be a signabf an active
apoptosis pathway(FernandesAlnemri, Litwackt & Alnemri, 1994since caspasg will induce
apoptosis if not inhibited (Fulda, 2014}aspase is also known by names CBP and Apoptain
(Casciole&Rosen etl., 1995; Fulda, 2014).

2.9.2  Proliferaton markers
PCNA can be used as a marker of proliferation as its name hints (Proliferating cell nuclear antigen)

(Jurikovéet al., 201§. PCNA is a sliding clamp protein that assists in replicati@Neéf(Jurikovéet
al., 2016).Regulators ofcell cyclesuch as cyclin dependent kinases regulate it for exanbyle
binding to PCNA(Jurikovéet al., 2016).Also, PCNA is a part of the mechanisms for DNA excision

repair, assembly of chromatin, cell cyclentol and transcription of RNAl(¢rikovéet al., 2016).

The Ki67 protein is aother widely accepted proliferation marker because it is known to be present
when the cell is in stages G1, S, G2, or in mit@ihdzen & Gerdes, 2000Respectively, K7
(staining) is absent irhe quiescent phase of the céBcholzen & Gerdes, 2000d therefore it has
been successfully used in immunohistochemical experiments in staidjes(Geng et al., 2017; Liu
et al., 2017; Scholzen & Gerdes, 20067 is a norhistone protein in the nucleus and it may be
related to the cell cycle progression evernotigh the mechanism istill unknown (Scholzen &
Gerdes, 2000)

Used together or alone, PCNA anebKiare quite reliable markers of proliferation. Still, the two do

not always corredte to one another (Jurikovét al., 2016). A major drawback of the PCNA as a
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proliferation marker is that it may be present in cells as a part of repair mechanisms and not as a

markerof DNA replication (Jurikova &t, 2016).

2.9.3  Mitotic markers
Histone 3 (H3) is one of the four nuckmmne core histone proteins and can be modified on its tail

like all the other histone¢Zhang & Reinberg2001) The phosphorylation of histone 3 at its tail
region at serine 10 and 28 and at threonine 11 is often correlated thithcondensation of the
chromosome, which occurs durinthe early prophase inmitosis (Tapia etal., 200§. Thus,

phosphorylated H3 @Pi3) can be used as a mitotic marl€apia et al., 2006

2.9.4  Markers for PI3BK/AKT/mTQRthway

Phosphorylated Sfrotein is yet another commonly used marker in immunohistochemid&gervari
et al., 2011) The S6protein is a component of 40S ribosome butoats substrate of the Skinase
(Magnuson, Ekim, & Fingar, 2012)his way,the S6protein is related to thePI3K/AktmTOR
signaling pathwaynfTOR = target of rapamycin, mammalian forRI3K = phosphoinositide- 3
kinasg, which integrates signals sues mitogens and growth factors frothe cellular environment
to inhibit the catabolic and tgpromote anabolicellular functions in the ce(Magnusoret al., 2012;
Wise et al., 2017)Phosphorylated Sfrotein is therefore a marker of active PISK/Ak/mTOR
pathway.

Protein S6is regulated by phosphorylatiomspecially at serine 235,38, 240,244 and 247
(Magnusonet al.,, 2012. The consequence of theébosomal protein S@hosphorylation is not
completely understood, but ihas been in some castscorrelate withmitosis (Egervari ail., 2011)
and with the increased translation of mRNA transcripts, marfywhich code proteins, which are
involved inthe progression of the cell cyclMagnusonet al., 2019. Some of the mRNAs also
encode ribosomal proteins or elongation factors, which are required @ tthnslation process
(Magnuson et al., 2012. This way, the active PISK/Akt/mT@Rthway might havea direct
regulatory role butthe effect might be in some cases independent from the S6 kinases andSbe P
(Magnusonret al., 2012. Concisely said, the-86 is a marker of active PI3K/Akt/mTF@&hway, but
active the pathway does not always appear together i phosphorylagéd S6éprotein.

2.9.5 Immunohistochemistry

2.9.5.1 Fixation
In immunohistochemistry, the cofty i 2 F GKS (A a&adzS atoleeSethe OSt f a

histomorphologyandor the antigenicityfor analysisDepending on the use purpose, the fixative can

also be chosen to preserve nucleic aciidact histomorphology is often required for thlogy
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purposes, whereas keeping biomolecules in native form is essentitiidormore detailed analysis

of for examplemarker proteins and nucleic acid sequerigap et al., 2011)

Fixationof the sample withfor example formalin leads taa partial or complete masking of antigens
asthe proteins become linked to one another or to nucleic adi¥arford et al., 2014. Therefore,

epitope retrieval is needed before the samgien be used for staining.

Retieval can be done in a proteaggduced way or by using heat, btlie heat induced epitope
retrieval (HIER) is the more common choice for formalin fixed and paraffin embedded samples
(FFPEs) if the samples are not freshhatéd (Warford et al., 2014. Heat and a suitable buffer

unmask the antigens, but the mechanism is quite poorly unders(@¢atfordet al., 2014.

Fixation of the sampleften preserve eithethe biomolecules in the tissuer onlythe histology of
the sampe. A PAXger@based storing method has been shown to preserve the biomoleculas in
sample quite welbecausethe fixation by PAXgene does not crdis& moleculegKap et al., 2011)
Also, the same study found ouhdt there were no notable differences betweethe histology of
PAXgeneand FFPitored samplegKap et al., 2011)Therefore, PAXgene seems to &#eetter
choiceof these twqg especiallyif i KS & I Y LI S Q aNABiptotEinsmebdtobe Répt v their
native form(Kap et al., 2011)

2.9.5.2  Indirect immunohistochemistry
The basic principle of immunohistochemistrydistecting specific antigens with suitable antibodies

and then deteting the bound antibodies witHfor example a chromogenic substance. An example
of anindirect immunohistochemistrfechnique with two antibodies, an enzymand substrates is

presentedin Figureb.

Amplification
DAB+H,0,
Brown color
%\ @ HRP \

+«—— Secondary antboby ————

Polymer

gtk

Antigen.

Figure5. The basic principle aidirectimmunohistochemistry. Staining Wiprimary and secondary antibodies
gives the specificity and the horseradishperoxidase (HRP) together witthe chromogenic DAB
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(diaminobenzidine) and the substrate £&) producesthe brown colo, which is amplified duringnincubation
period Image fromKim, Roh, & Park, 2016)

Monoclonalantibodies (Mab) recognizepecific epitops on the antigen For examplein this thesis

a monoclonal atibody was used to detect specific phosphorylated sitethathistone H3 tail.The
ability of nonoclonal antibodieso bind to a certain epitope is at the same time a great advantage
but also poses a threat; a change in the epitope structure (becaugdyodsylation for examplé
may prevent recognitiofLipmanet al., 2005) Polyclonal antibodies (PAb) recognize many epitopes
asthey are more heterogeneoufiipman et al.2005) They are also more stable and withstand

more varying irthe pHlevelthan the monoclonal antibodieipman et al., 2005)

In indirect immunohistochemistry, the secondary antibody must be produced sattiatargeted
against the immunoglobulins of the same species, in which the primary alytibad been produced
(Lipman etal., 2005). The main benefit of this approach is that the primary antibody can be specific
to a wanted, unique epitope on an antigand simultaneously, a generic, repor@oleculebinding

secondanantibody can be used (Lipmanadt, 2005).

Indirect immunohistochemistry can be applied witlior example, polymerbased detection
techniguessuch as the HRP/DARuir (seeFigureb). The torseradish peroxidase is an enzyme which
Oy LINRPRdzOS | oNRgy O2f 2 NJ-digghindbenNdnk ihé présghcedmK S NB
H.0, (Kim et al., 2016 However asa drawbackatoo strong HO,-concentration could destypsome
antigens such as the Cigdlycoprotein(Kim et al., 2016)Hematoxylin can be used as an auxiliary
stain, so that previously unstained cells vidl stainedblue. HRP/DARactivity lasts only about 10
minutes (Warford et al., 2014)which is a relatively short time compared to other alternative
enzymes but often more than sufficient to produaeetectable amount of brown staigsthe color

reaction is amplified by polymerizatig¢Kim et al., 2016)

2.10 RNA extraction ancDNA synthesis with reverse transcription
The RNA extraction methoddepend on the strategy which has beensed to store the sample.

PAXgen®is a relatively new way of storing the sample, and spepifitocols are made for itA
traditional alternative RNA isolation technique utilizes Triddbroformextraction. The two
methods have been found to be similar in extraction quality greld (Remakova2013) PAXgene
preserves botlthe histology and the biomolecules of the sample, which is usefidecially in cases
where, for example immunohistochemistry and RNA isolatinoeedbe done using theame samples
(Kap, 2011)Reverse transcription cathen be performedfrom isolated RNA extractsyith reverse

transcriptase enzyme® synthesize cDNAhecDNA is the main source material ®FgPCR.
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211t/ w gAGK {,.wnu DNBSY
The quantitative PCR with SYBR D NB&hod utilizes the ability of the SYBR Grekumorophore

to bind to the minor groove of the double strand€&NA.The amount of the dsDNA is detected at

the annealing phase of qPCR cyélkso, the temperature at which the DNA strands sepafeaten

each other (denaturation, loss of signal) on average can be determined, when a melt curve step is
programmed to the ending of the gPCR process. Two types of graphs can bebthared one is
formed by comparing fluorescence signal and temperaturel the othergraphby comparing the

change of these two to the temperature.

One major disadvantage dhe { , . wu 3INBSY A& AGa FoAfAde (2
However, with several different graphs (melt curve, melt peak etc.), the user damgdishwhether

a contaminantis presentor just the intended PCR produ€fhermo Fisher Scientific Inc., 2015)

this study, the gPCR with SYBR Green was used for genotyping the samples totbenfiresence

of Mycgene, which was expressed with the ARR@RBnoter system.

2.12 gPCR with the TagMan® assay
The TagMan® assay is especially suitable for microRidAksto the (i S O K y hitjhdsi§rata-

noise ratio(Applied Biosystem006). Frst stepin TagMan assais the reverse transcription of
mMiRNA into cDNA. When the cDNA is used in the TagMmas®d gPCR, the TagMan® probe anneals
specifically to a complementary sequence between the forward and reverse primer sites. The probe
(seeFigureb) has a quencher and a reporter, which is cleaved out after polymerization and strand

displacement.

Forward
Primer
5’ e ®.>
3 5
5 3
-P g
Reverse
Primer

Figure6. TagMan® probe at strand displacement stage. The probe has an area (in blue) complemethiary to
cDNA sequence, quenchers (NFQ and MGB) and a reporter (marked with |eftex Bavage ofthe reporter
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enables fluorescent signal due to the loss of proximity of the quengtserthe forward and reverse primers
and the polymerase (P) ashown Image modified fromApplied Biosystem@006)

The ckavage means that the reportgrart of the probe is no longer in the proximity of the
guencher, and therefore it emits fluorescent signal, which can be detedtbd reporter can hdor

example fluorescein amidite (FAM) and its derivati@gplied Biosystems, 2008pne of the major
advantages of the TagMan® assay technique is its specificity to the sequence and thus specific cDNA

can be amplifiedApplied Biosystems, 2006)

In this study, the TagMagPCR was applied in genotyping MBiRin the samples. The previously
introduced SYBRye would not be applicable to miRNA expression studies, since the dye molecule
binds to at least 20 bp long dsDNA segment, and therefore a 22 nucleotides long miRNA would be
almost compétely bound by the dye (Wang at., 2010). An effect of this could be the distortion of

the fluorescent signal in the miRNA sample populationr(§vetal., 2010).
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3. Objectives

MiR-32 functions in mouse prostate are still relatively poorly known, and more information is
required especially about the effect of m#2 for different malignancy stages of prostatic neoplasia
and tumors. The objective of ththesis was therefore to gather data from r8R expression and

effects in different lobes of prostate in different mouse models.

By using selected primary antibodies in immunohistochemistry, the proliferatepoptosis and
mitosis status could be disvered. Alspthe activity of PI3K/Akt/mTORathway was studied.
Different model systems (wild type genotype, PTiederozygous, Myexpressing, mid2
expressing) with different age groups were used to analyze the effects in different tissue context.
The{ ., . wu -Pasdsl §BCR was used to confirm the presence of Myc in the mice samples. The
TagMangPCR was used to confirm the functionality of the ARRBIREB2 transgene, i.e., the

presence of the miR2 in the used mice generations.
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4. Materials and mdtods

4.1 Samples series for IHC staining experiments

4.1.1 MiR32-series: analysis of normal epithelium
This sample series had mice o€ months of age with wild type genotype or with n8R

expression by ARR2PBR32. Thus, the series gave information about thermal state and the
effect of miR32 in these conditiondror each of the sets for the four antibodies, there were 16 pre
mounted sample slides from 12 different mice with R3R+/- genotype(seesupplementaryTable3

for the sanple lis).

4.1.2 PTEN/miR32-series neoplasia model
The samples in thBTENseries were representing neoplasianditions.The samples were from 12

different miceof 10-11 months of age anwvith Pten+f miR32+/- genotype (seesupplementary
Table 3 for the sapie lis). Four tissue samplebad beenselectedfrom each mouseso that they
were in close proximitypf each other in the dissected tissue and containeghtyrade PINlesions.

Thesepre-mounted samples per mice were then used to study the tissue.

4.1.3 Myc/miR32-series primary prostate cancer model
The Myc/miR32 sampleseries served as a model of a primary prostate cancer in this siudy.

samples were from 2thdividualmice with Myc+# miR32 +- genotype (sesupplementaryTable3

for the sample ligt The Myeoverexpressing Hilyc-mice were 3 months old.

4.2 Immunohistochemistry protocol and antibodies

4.2.1 Immunohistochemistry protocol

The protocolfor immunohistochemistryhad been previously optimized for similar ug&lanen,
2014) Asthe first step, aeparaffinization was done by submerging the samples twice-liexane
liquid for three minutes and twice in absolute ethanol for two minutes. The samples were air dried
in a hood. Th antigen retrieval phase was done with a LabVision PT Module, in woadthfferent
buffers were used; pH &0 mM with Q05 % Tween 2@nd pH 910 mM Tris and 1 mM ED)Are

used buffer was heated to +98temperature and samples boiled in it for dinutes After cooling,
sample slides were moved to 1 x TB&een liquid and from there to a LabVision Autostainer 480
device for the staining program. There were three different Autostamachines to use: the chosen

and used Autostainer device was th@st modernmodel, fromthe year 2004

The staining program was manually set as follows; A wash with IKT&h. Applying of

endogenous peroxidase blocking liquid, 3%9:tbn samples for five minutes. Another wash with
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1xTBSTween. Primary antibody soloti was left for 30 minutes on samples before unattached
antibodies were washed away with 1xFBS8een. Secondary antibody, theHNstofine Simple Stain

MAX PO Multi (Nichirei Bioscience), was given 30 minutes to attach to the primary antibodies.
Unattachedmolecules were washed away with 1x¥B&een and after this the ImnmPACT DAB
peroxidase substrate (with 16l of DAB chromogen and 1ml of DAB diluent) was applied for five
minutes. Slides were washed with gliHand 1xTB® 6 SSy ® ! yFTA{f{ 6 SNBERwaal @ SN &

applied for two minutes. Slides were washed once again with BIV&8n and dbD.

Sample slides were placed in following set of solutions in preparation for cover glass placement;
dH.0 for two minutes, 70% ethanol, 94% ethanol and absolute ethanol &actwo minutes and
xylene twice for two minutes. After this, a Dako Coverslipper device was used to place glass

coverslips for the slides.

For testing purposeswo samples were stained witlin Akt-targeting antibody and one more with a
Ki67-targeting antibody. Second time, the protocol was carried out identically to the previous

staining procedure, except the two eHwashphases were discarded.

4.2.2  Primary antibodies
Theused primary antibodies were against PCN#ution 1:500Q Cell Signaling Technolggyouse

monoclmal antibody #2586S), againS6 protein phosphorylated at S235 and S2@6500 CST,
antibody purified from polyclonal rdibodies, #2211S, cytoplasmic marker), against histone 3
phosphorylated at serine 1@1:250 CST, antibody purifieddm polyclonal antibodies, #9701S), and
against cleaved caspase3250,CST, Rabbit monoclonal antibody, which recognizes only caspase 3
cleaved at Aspl75, #9579n the optimation phase and wittMyc/miR32-series, kb7 antibody
(Thermo Fisher, rabbit amoclonalSP6antibody) wasused in dilution ratio 1:100During the first
testing phase Akt-protein-targeting antibodes @-P-akt S473 (D9E) Mouse 1gG in 1:140 dilution and
a-Panakt (40D4) Rabbit IgG in dilution 1:25@ere usedas primary antibodies tetainthe sample.

Antibodies were diluted with normal antibody diluent

4.3 Scanning of the stained sample slides

{OFYYAY3 41 & LISNF2NY¥SR gAGK | @GANLdzZf gK2tS aft
Core Facility. The scanner system had an OlyrBp43 microscope system with a PL200 slide mover

system by JiLab and an Objective Imaging Surveyor (Objective Imaging Ltd) software. A 10x (for
normal epithelium and neoplasia sampjesnd 20x (for theprimary prostate cancer modedet)

magnification was sed in the optical pathway. Depending on the series, either the whole set was

scanned with one focusing distance or the distance was set for each slide separately.
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4.4 Quantifying images of IH&ained slides

Quantification of most of the sample images wasneoby analyzing scanned images with the
JVSview software (http://jvsmicroscope.uta.fi/?q=jvsview) and with the Imaged software
(https:/limagej.nih.gov/ij/). A view with 40x magnification was obtained from the JVSview and then
guantified in the ImageJ witlthe Cell counter-plugin (https://imagej.nih.gov/ij/plugins/cell
counter.html). Cell counter enables marking each stained nucleus with a colored marker. Depending
on the antibody, different categories for sorting and counting nuclei were used. Afteldttes was

collected for data analysis.

At least 500 nuclei were counted per sample when the antibody was staining nuclei. Forogthole
staining PS6, no fixed number of evaluated cells was used but instead a representative sample area
for each sample wasstimated. Quantifying was done every time without knowing the genotype of
each sample. Out of the three sample sections on a slide, the most average one was selected each

time.

4.4.1  Mitotic marker
Mitotic marker PH3 was assessed by comparing blue and bretimed nuclei.

4.4.2  Proliferation markers
Analysisof the proliferation marker PCNAor all sample typesvas done by using four calo
categaies: dark brown, medium brownyeak brown and blueThe staining by another nucleic

proliferation marker, k67, was catgorized into brown and blue groups.

4.4.3  Apoptosis marker

Analysisof the apoptosis markecleaved caspasg was done by using a binary category system;

nuclei were either labeled as brown or blue.

4.4.4  Marker for PI3K/Akt/mTOpathway

To find the most reliable anduitable method forthe cytosolicP-S6stainingquantification (where
individual nuclei cannot be countgdmultiple methods were sought Various approaches for
guantification of PS6 staining had been previously used. At the best, these methods were only

semiguantitative as one would expect with immunohistochemistry.

In the methodused herefor normal epitheliumsamples and previouslyy de Vicente et al(2017)

the slides were observed and sorted into categerof less than 10% of positive cells, &6@860f
positive cellspr more than 50% positive cells. The sample slides were viewed without knowing the
genotype of the samples. Additionally, the data was dichotomized iri® Rxpressing (more than

10% of thecells stained) and into-B6 negative (less than 10% cells stained) group.
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The samples from neoplasia model mice were analyzed with another systst@ad of evaluation
of the stained area, aveb-based software ImmunoRatio (jvsmicroscope.uta.fi/immunm@twas

used to quantify the amount of brown stain present in each slide.

The ImmunoRatio software is designed for analysis of nuclei stained with DAB and hematoxylin, but
it seemed to analyze quite well the whole cell area with a slightly modifiechgeflihe image scale
(pixels/um) was set as 1,0 and the images were saturated before the ImmuneaRatisis by +100
unitsin paint.netsoftware flotPDN LLE Theadjustmentwas performed for all images in the same
way. The reason for saturation was toh@ve the most realistic result without the saturation,

large areas of brown stain would have gone undetected. Thed2ibhs from the sample images
were cropped out of the background so that the ImmunoRatalyzed images contained only the
PINlesion To reduce the effect of negpecific staining, secreted matter from luminal space inside

the lesion was also removed from each image

4.5 RNA extraction
Samples used here were storadZenand had the Myc+/miR32 +f genotype The RNA extraction

from these PAXgenestored tissue samples was performedth the PreAnalytix PAXgene® Tissue
RNA KitPreAnalytiX GmbH, Switzerlgndccording tathe manufacture@ guide(see supplements
9.2). The volume of the extracted product was get 20ul for every sampleThe purity of the RNA
extraction product was analyzeshch timewith a Nanodrop 2000 device (Thermo Fisher Scientific),

which measures absorbaneg several wavelengths.

4.6 cDNA synthesis

For reverse transcription reaction, all tiamples were diluted so that a suitable volume containing

100 ng of the sample was obtained. The template RNA (100 ng) was mixed with 0,5 pl of a random
hexamer primer (¢ = 0,2ug/ul, Thermo Fisher Scientific) and nuefesesevater was added so that

the wlume was 13 pl for each sample. The samples were incubated in +65°C for five minutes and
chilled on ice. 4 ul of 5xRduffer (Thermo Fisher Scientific) and 2 pl of 10 mM diiDP(Thermo

Fisher Scientific) were added to each sample. Also, 0,5 pl of HwoBk RNase (Thermo Fisher
Scientific) and 0,5 pl of the SuperScript IV (a RT enzyme, Thermo Fisher Scientific) were added to
each sample. The PCR step consisted ofmihQte incubation in 25°C, 30 min in 50°C, and 5 min in

85°C. All cDNA samples weikitbd 1:20 and stored in Eppendetibes in &20°C freezer.

4.7 qPCR and datanalysis

For each sample and standard, two contemporaneous samples were made to better detect outliers.
The master mix for all gPCR consisted of 0,1 ul of the forward primer Andl @f the reverse

primer, 10 pl of the Maxima SYBR Green mix (Thermo Fisher Scientific) and 7,8 pl of fitedease
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water (Thermo Fisher Scientific) per sample. The Master mix was made for a few more samples than
what was needed. 18 pl of master mix aAqul of sample or standard or naemplate control was

pipetted into a well in a 98vell plate. The well plate was sealed with a-Riad Microseal B Adhesive

sealer and centrifuged with a counterweight for 1 min with 800 g (RCF). The well plate wasiplaced

a BicRad C1000 Thermal Cycler CFX96-fitealsystem-device and the following program was set

for gPCR: Step 1: 50°C for 2 min. Step 2: 95°C for 10 min. Step 3: 65°C for 30 seconds. Step 4: 72°C
for 30 seconds and return to step 2 for 49 times. SBeb0°C for 30 seconds. Step 6: Melt curve

from 65°C to 95°C with +0,5°C intervals every 5 seconds. For Myc qPCR, the temperature in steps 3
and 6 was 62°C.

4.7.1 gPCR for MYC gene
The forward primer MYC_F sequence was ACCAGAGTTTCATCTGCGACC and revers€ gRimer MY

sequence was GGGTCGATGCACTCTGAGG. The calculated anneal temperature was 62°C and the
expected product size 238 bp. The standard sample series for the MYC in the gPCR setup was a

human cell line pool cDNA set forMiYC as a dilution series 1:5 (cDNAlgweviously made).

472 ljt /| w -AEtRrdehe
The forward primer mBACTIN_ex4_F sequence was CGAGCGGTTCCGATGCCCTG and reverse primer

MBACTIN_ex6_R sequence was ACGAGCTCAGTAACAGTCCGC. The calculated anneal temperature
was 65°C and the expected product size 395 bp. The standaiidKo#Actin in the gPCR setup was

I Y2dzaS O5b! LR2f la I RAfdzZiAzy &aftawsausedasp 6 O5b
K2dza S1 S S LAY ActilliSa/Very chrimyo®Botein in mammalian cells.

4.8 Normalization of ha , / S E LIND & -Adtir? ekpregsibrii K |

data
Normalization was done with two methods to compare the results and to choose the most reliable

one. The first method was a ratio of starting quantities {&£3Q -aciin), in which the starting
guantities were calculated based on the expegnt. As the efficiencies were not the same for MYC

Iy RActin, Pfaffl method (see formula below) was used as the second method.
Y h

0 "0 WD Qé —
O

/G Aa GKFG Oeé Of feaxkon gydey onSuNith ihg fludrés&ence gigmal exceeds the
chosen threshold. The threshold was kept at the level which was determined best by thadBio
CFXsystem The threshold was in the linear area of the amplification cufe calibrator was the

standard pair 3 meafrom the standard sample series
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4.9 Agarosayel electrophoresis

The gel for electrophoresis was made by mixing 0,6 g of molecular grade agaotise)Rnd 60 ml

of 0,5 x TBBuffer. The mixture was heated in a microwave oven with roughly 900 W power until
the agarose had completely dissolved into the buffer. The liquid gel was cooled down and 6 pl of
10000 x Invitrogen SYBR Safe DNA Gel Staimaddesl. The liquid was poured down to a gel tray
with a gel comb or two (depending on the nhumber of samples). When the agarose gel had turned
solid, the running buffer (TBiuffer) was added to the tray so that the gel was submerged. Samples
from gPCR werenixed each with 2 pl of 6x Loading dye (Thermo Fisher Scientific) and 10 pl of this
sample mix was added to a well. When the agarose gel was cast with more densely packed gel
combs, a smaller sample amount (8 pul) was used to avoid overflow from the @glisof the
GeneRuler 100bp (Thermo Fisher Scientific) was used as a ladder. The electrophoresis was carried
out by applying 120 V and 400 mA electric current to the gel for 30 minutes. The result was imaged
with UV light.

4.10 TagManassay

Previously synthestrl cDNA was used in samples for TagMan assay. The dilution ratio for each
sample was 1:20. Standard sample series was made from cDNA extracted previously from 22Rv1
prostate cell line. The master mix was made for the gPCR by combining 54 pl of the TagMan
MicroRNA Assay 20x (rA#R2-specific), 540 pl of the TagMan Universal PCR Master Mix and 378 pl of
nucleasefree water. 18 pl of the master mix was pipetted into wells of 4tituden@¥ gPCR plate. 2

pl of the diluted cDNA/water/nosiemplate-control/RTFcontrol was pipetted into the wells. The well

plate was sealed and centrifuged for 1 min with 800 g. The Taeidaay was run in the BRad

C1000 Thermal Cycler CFX96 fea system. The program for g°PCR had 95°C temperature for 10
min as step 1, 95°C foblseconds as step 2 and 60°C for 1 min as step 3, after which fluorescence

was measured. Program was set to repeat starting from step 2 altogether 39 times.

The dita from detected FAMype fluorescence in the assayas normalized to RNU6B, which is a
comn2y G K2 dza S Séhddften isedhS s @iétrol gene(Reméakova et al., 2013)he
normalization ofthe miR32 results was done by calculating a ratiotltd mousesamples out of
which miR32-levels were assesseduring the experimental stage, but oudf which also RNU6B

levels had beeralculatedpreviously

4.11 Statistical analysis for IHC and gPCR experiments

Statistical analysis with IBM SPSS Statistics software version 23 was used on the results which

required furher analysis. For example, results from @@ NAstaining on dorsal, lateral and ventral
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normal epithelium were analyzed because of the complicated nature of the data set: multiple groups
had to be compared at the same time. 95% confidence interval wed as a criterium for statistical
significance. The normality of distribution was assessed from all tested sample groups. The used

statistical tests were ANOVA (odel 8 0 | YR t¢sti dzZRSYy G Qa
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5. Results

5.1 Immunohistological analysis of mouse prostate
To anajze the presence of different marker proteins as a sign of activation of pathways they belong

to, several model systems were used. The prostate samples were immunostained against different
markers and the cells and nuclei containing them were analyzddrsal, lateral and ventral area of

the prostate.

The next section presents some of the criteria used in the quantificairamplesre shownin the
followingimages, which show typical views of the samples and the correct way of interpreting them.

INthS AYYdzy2KAaG20KSYA&AGNE SELISNAYSydGas &t ljdzZ yia?
/ 2NNBOG NBO23AyAlGAZY 2F I NBFa gl a O2yFANXYSR o0& (F
5.1.1.1 Basic histology of mouse prostate

Shown inFigure7, is an exampleview of the tissue fromthe dorsal, lateral and ventral lobes

consisting of glandular structure®orsal lobe(7A) is characterized byscarceinfolding of the

epithelium to the lumen andvith variable amount of secreted matter from eosinophil® the

lumen. There may bstromatissue surrounding the gland structur€he lateral lobg7B)is located

between dorsal and ventral lobaa the prostateand it usually has only a few infoldings of the
epithelium The ventral lobg7C)usually hassery little eosimphilic secretion to the lumen but has

some tufting of the epithelium.

In each viewin Figure7, the areas wheranuclei could be countedre also marked. As, for example,
glands in the lateral lobe have relatively large lumenaasnd only a thin layer of cell in the

epithelium, somewhat large areas had to be analyzed to fill the limit of 500 counted nuclei per

sample area.
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Figure7. Examples of normal prostate epithelium in dorsal lobe (A), lateraBoend ventral lobe (C). The
bottom of the panel () also shows in light green color the correct areas which could be used for nuclei
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analysis for each lobémage is from normal epithelium analyésiR32 +/- genotype)with anti-PCNA
staining.

5.1.1.2  Mitotic marker FH3
For analysis of mitotic ratey primary antibody agaimsnitotic marker PH3 was usedThe smples
stained with PH3-targeting antibodies were sorteth a binary fashion,i.e., either into the brown

(positive)or the blue (negative)category.The Figure8 below shows nuclei with brown stain and

blue counterstain.

Figure8. An example of staining with andP-H3-antibody. In this view, three brown staineeH3-expressing
nuclei can be seen drare pointed at with arrowdmage is froma neoplasia model samp(ften++ miR-32+/-
mice)with anti-P-H3-staining.

5.1.1.3  Apoptosis markerleaved caspase
To analyzeate of apoptosisin the tissue the apoptotic marker cleaved caspa3evas assessed.

Sampés which were stained witthe cleaved caspase -Bargeting antibody shoed brown staining
of nuclei andorown-stainedapoptotic particles. Examples of stained nuclei aadiples can be seen

in Figure9. The nuclei were sortedo category brown or category blue.
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Figure9. Example of staining with antibody targeting cleaved caspase 3. In the image on thdtdé nuclei
stained brown are showgarrows) whereas only staineapoptoticparticles can b seen in the image on the
right (arrows) Image is froma neoplasia model samp({Pten++ miR-32+/- mice)

5.1.1.4  Proliferation marker PCNA
A system with HRP/DA8hromogen and PCN#rgeting antibodies create a range of different

shades of brown color dependimg the amount of PCNA present in the nucldesr quantifying the
PCNA staining in the nuclei, four different categories were used: dark brown, medium brown, weak

brown and blue. Nuclei from all these four categories lbarfound below irFigurel0.

Figure10. Example of different intensities of amCNAstaining. The color gradient was divided into four
classesln the example picturesjumber 1 stands for a weakly brown stained nuclélis dark brown 3 =
medium brown and 4 blue.Image is frormeoplasia model sample seri@den+f miR32+/- mice)

5.1.1.5  PI3K/Akt/mTORathway markeP-S6
Brown color produced by staining agains6® was not nucleipecific, and manual counting could

not be used and therfere ImmunoRatiesoftware was usetihstead In Figurell, the original image
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and its pseudocoloredversionby ImmunoRatiaccan be seen on the left side of the panel and the

saturated image witlits pseudecoloredversioncan be sen on the right side.

ImmunoRatio ImmunoRatio

Sample ID: P-S6_40-38_leesiossa_r| Sample ID: saturoitu_P-S6_40-38_le
Date: 27.6.2017 10:54 Date: 27.6.2017 10:56
DAB / nuclear area: 66.2% DAB / nuclear area: 78.9%

Figurell. Comparison othe original anda saturated image in the ImmunoRatanalysis. The original image
(upperleft) and the pseudeolored imaggbottom left) can be seen on the left side of the pafidle saturated
version of theimage with its pseudaecolored versioncan be seen on the right side. The computationally
detected amount of brown stain was @6percent and 78 percentin these casesespectivelylmage from
neoplasia model sampkeries, mice genotype waBten++ miR32+/-.

Analysis of a whole Pildsion froma sample othe neoplasia model series withnti-P-S6staining
can be sen in the image belowF{gurel2). The upper image is the original saturated andpopex

image and the one below is pseudolored.
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ImmunoRatio

ID: 34-68
Date: 6.6.2017 14:20
DAB/ nuclear area: 82.7%

Figurel2. Immunoratieanalysis of a cropped and psaturated image of antP-Séstaining of awhole, high-
grade PINesion. The upper image is the original saturated and croppede and the one below is pseudo
colored. The computationallyetected amount of brown stain wa2.7% of the whole PIN lesiohheimageis
from the neoplasia modederies(Pten++ miR-32+/- mice).

5.2 Effect of miR32 in normal epithelium

The normal epithelim was assessed in three different prostate lobes per sample: dorsal, lateral and
ventral prostate area. These areas were stained with four different antibody markers to study the

molecular processs in the normal state of theouse prostate.

5.21 PH3

Stainhg with antiP-H3-antibodies produced partially abnormal staining. The last six slides in the set
(out of 13 were probably inadequately rinsed and hd@d a too long staining time.The
unrepresentative samples were excluded and the remaining data wastaggdduce the graph of

the percentagebrown nuclei in differentissue typeswhichis shown inFigurel3. The differences
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between miR32 positive and-negative sample group were not statistically significant in any

prostate loke.
3,00%
2,50%

2,00%

1,50%
1,00%
0,50% i
0,00%

Dorsal Lateral Ventral

Brownstained nuclei (%)

H miR32-negative m miR32-positive

Figure13. Percentage of brown nuwglin different lobes in normal prostate epitheliymiR32 +/~ genotype)
with an anti-P-H3-staining. ARR2RBIiR32negative samples arshown in hlle and miR3ositive in orange
Six sample out of 13 were excluded due to staining abnormalitg are not shown hereétandard deviation
(SD)s shown with barsSD bars are shown only in only plus direction.

5.2.2 Cleaved caspase

The results othe staining againsthe cleaved caspasg in the normal epithelium samplesvere

excluded, since the analysis result was likely affected by a bias.

5.2.3 PCNA

In the sample set with anf?’CNAstaining there were four categories for staining and the same
three prostate lobes as beford@he anti-PCNA staining regsalare shownin all setupsn Figurel4.

The differences betweeARR2PBniR32negativeand positive sample groups were not statistically

significant
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60 % 60 % 60 %

100 % 100 % 100 %
80 % 80 % 80 %

Stained nuclei (%)

40 % 40 % 40 %

20% 20% i 20%
0% — 0% 0%

miR32-negative miR32-positive miR32-negative  miR32-positive miR32-negative  miR32-positive

m Dark brown ® Medium brown

Weak brown  mBlue

Figurel4. Combined graplirom quantification of antPCNAstaining in normal epitheliunmiR32 +£) in the

three studied prostate lobes: dorgdl), lateral (B)and ventral(C) Blue color represent$ie nuclei which were
PCNAnegative and stained blue by the auxiliary stain. The shades of brown repithgefCNAositive

categories. Standard deviatias shown for each category. The [@Ehegative sample group is on the lefide

and themiR32positive on the right side ithe panels A, B and C.

Tablel shows the results ahe one-way analysis of variander the PCNAstaining dataThe results
revealed no statistically significant differencéen 95% confidence intervabetween the miR32

positiveandnegative groups in any staining category in any studied prostate lobe.

Tablel. Comparison of mi#32 positive andnegative groups in arPCNA staining from normal epithelium

with oneway-ANOVA. There is no significant differerfoa 95% c.i.petween miR32ositive or negative
samples in any prostate lol{dorsal, lateral or ventral) in any staining category (dark brown, medium brown,
weak brown or blue). Thus, possible differences between the compared groups are due to sampling error
instead of a real biological phenomenon.

ANOVA
Sumof Mean
Location in prostate Squareg df | Square F Sig.
Dorsal Percentage of dark browBetween Groups ,0000 1 ,000( ,311] ,588]
stained nuclei Within Groups ,000 11 ,000
Total ,000( 12
Percentage of medium browBetween Groups ,016/ 1 ,016( ,709| ,418]
stained nuclei Within Groups 254] 11 ,023
Total 271 12
Percentage of weak browBetween Groups ,004 1 ,004( ,225] ,645
stained nuclei Within Groups 77 11 ,016
Total ,181 12
Percentage of blue staineBetween Groups ,036] 1 ,036( 2,400 ,150
nuclei Within Groups 167| 11 ,015
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Total ,203 12
Lateral Percentage of dark browBetween Groups ,0000 1 ,000[ 2,969 ,113]
stained nuclei Within Groups ,002] 11 ,000,
Total ,002| 12
Percentage of medium browBetween Groups ,0020 1 ,002( ,184] ,676
stained nuclei Within Groups 134 11 ,012
Total ,136] 12
Percentage of weak browBetween Groups ,015/ 1 ,015( 1,745 ,213]
stained nuclei Within Groups ,092] 11 ,008
Total ,106| 12
Percentage of blue staineBetween Groups ,003 1 ,003( ,503] ,493]
nuclei Within Groups ,057] 11 ,005
Total ,059 12
Ventral Percentage of dark browBetween Groups ,0000 1 ,000  ,099| ,759]
stained nuclei Within Groups ,002[ 11 ,000
Total ,002| 12
Percentage of medium browBetweenGroups ,00] 1 ,001] ,168( ,690
stained nuclei Within Groups ,097] 11 ,009
Total ,099| 12
Percentage of weak browBetween Groups ,008) 1 ,008] ,343( ,570
stained nuclei Within Groups 256 11 ,023
Total 264 12
Percentage of blue staineBetweenGroups ,002) 1 ,0021  ,222 ,647
nuclei Within Groups 06| 11 ,010
Total ,108| 12
524 P-S6

The normal epithelium analysis from afiS6stained cells was performed on dorsal, lateral and
ventral prostate areas. Staining was analyzed on IIPImage viewel/f{iptmage.sourceforge.net/)
on a semiquantitative scale, where the categories of either <10%;508% or >50% positive (=
brown) tumor cells were used. The method was originally used by Vicente et al. (Za&#nethod

is only semiquantitative (like alost all IH@elated methods), so the results should be interpreted

with certain reservations.

The results were also dichotomized into-SB positivity and negativity for simpler data
interpretation. In the dorsal lobe, 75% of B8R positive samples were pressing P56 whereas a
slightly smaller proportion (60%) of miRB2gative samples were-86 positive. In the lateral lobe,

only 50% of miR3positive samples expressedS8 compared to the higher amount of 80% in
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miR32negative samples. The ventral lobkowed almost the same expression level €86°in miR

32 positive or negative samples: 62.5% and 60%, respectively.

5.3 Effect of miR32 in intraepithelial neoplasia

In the PTENheterozygoteneoplasia modemice group, the assessed area was the fyghde PN
lesions of mice with a germline deletion of one allele of the PTEN gene. One group of the mice were
ARR2PB1iR32 positive and the other ARR2RER32 negative. The results in tisisction represent

the intraepithelialneoplasialike mouse prostatetate.

531 P-H3

When staining with antP-H3-antibodies and miR82-negative mice samples,. 2% of counted
nuclei were stained brown whereas the majority were blue veitd7.55% shareOnly a fraction of
more brown nuclei was founih miR32-positive mice samples.18% of nuclei were stained brown

and 9778% stained blueThe results are showas a graplin Figurel5.
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6,00%
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Brwnnuclei(%)
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miR32-negative miR32-positive

B miR32-negative ® miR32-positive

Figurel5. Average percentages of brown stained nucldiigi-grade PINesions(Pten+t miR32+ - mice)in a
staining with antiP-H3 -antibodies. The miR2-negative group is shown in blue and the positive in orange.
Standard deviatioffSD)s showrwith bars SD bars are shown only in only plus direction

5.3.2 (deaved caspasgd

In the staining wih antibodies targeting cleavedaspase3-antibodies in miRB2-negative mice
samplesonly 1.51% of counted nuclei were stained brown and3®86 blue. Irthe miR-32-positive
sample grouponly 141% of nuclei were stained brown and the remaining 98/b8tained hle. The

results areshown inFigurel6 as well
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1,00%

0,50%

0,00%
miR32-negative miR32-positive

B miR32-negative ® miR32-positive

Figurel6. Average percentages of brown stained nucldiigi-grade PINesiong(Pten++ miR32+/- mice) in a
staining with anticleaved caspasg -antibodies. TheniR32negative group ishown in blueand the positiven
orange Standard deviation is showvith bars

5.3.3 PCNA
The results fothe anti-PCNAstaining ofthe PIN lesionsre presented inFigurel?. The ttest on
independant samples (not shown) confirms that there are no statistically significant differences

between the miR3zositive andnegative sample groups.

140 %
120 %
100 %
m Blue
0,
80 % m Weak brown
60 % = Medium brown
m Dark brown
40 %
20 %
0%

miR32-negative miR32-positive

Stained nuclei (%)

Figure 17. Average percentages of brown stained nuclei intaingig with anttPCNAantibodies mouse
genotypePten+/- miR32+/-. ThemiR32-negative group is on the left drnthe positive on the righdide.Chart
groups are tilted to enable analysis of the otherwise overlappigdsrd deviation(SD)ars.
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5.34 PS6

Figurel8 shows the amount of brown stain in the highade PIN lesion.hg staining was quantified

with the Immunoratiosoftware (jvsmicroscope.uta.fi/immunoratio/). The amount of brown varies
between 47 and 92 percent and the average values for the RBRIR32-negative and-positive
samples are 84% and 73%, respectively. The two groups havedl@ercentage units of difference

in means, which is not statistically significant on 95% confidence interval, since standard error is 7,27
and p =0,12.

Anti-P-S6 staining of nuclei in miR32 positive and negative
sample groups
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Figure 18. Percentage of the brown area in lessdn samplesin Pten+f miR32+/- mice with anti-P-S6
staining The ARR2PB1iR32negative samples arehown ashollow blue circlesand the positve ashollow
orange rectangleDifference betweerthe two groups is not statistically significant.

5.4 Effect of miR32 inprimary prostate canceanodel
In this series, the results were gathered by analyzing the lateral area and the tissue type was meant

to represent the primary prostate cancdike state of the mouse prostatevhich expresses Myc
gene on a high levellhe glands of the lateral lobe were either visibly stained and griowar
normaHooking. The obvious difference between these two could pose a problem for the blinding

assumptio (see Discussion).

The series with antKi67 and anticleaved caspase Zantibodies were done with a different
immunohistochemistry protocol than the aA#H3-staining.The results foP-H3, cleaved caspas®

andKi67 are shown irFigurel9, Figure20 and Figure21, respectively
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54.1 P-H3

The antigen retrieval buffer used here wpd 9TrisEDTA bufferthusthis sample set iglifferent
than the cleaved asppse 3 and K67-stainhgs In the results Figure 19), two groups can be
distinguished: those with brown nuclei amount close to zero and those avigh 3% of brown nuclei
out of total. To simplify, the samples which had active Myc expression had bstaimed nuclei and
those which were Mywmegative, were also-P3 negative. MiRB2 expession did not seem to have

an effect.

8,00%
7,00%
6,00% [
5,00%
4,00%

3,00%

Brown nuclei (% of nuclei)

2,00%
1,00%

T
0,00% —— |

MiR32 pos x Myc MiR32 pos x Myc MiR32 neg x Myc MiR32 neg x Myc
pos neg pos neg

Figurel9. Analysis of fH3-stained nuclei in samples fromouse withmiR-32 +- Myc ++ genotype Thefour
genotypes are shown in theaxis. Standard deviation is also shown.

5.4.2 (deaved caspasg

The antigen retrieval buffer used here was the sytimal pH 6citrate buffer. The stainingwas
weak partly because of thisAs a result, lmost allthe counted nulei were blueand there are no

largedifferences between the four genotypésigure20).
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0,10% ;
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MiR32 pos x Myc MiR32 pos x Myc MiR32 neg x Myc MiR32 neg x Myc
pos neg pos neg

Brown nuclei (% of nuclei)

Figure20. Analysis ofhucleistained against cleaved caspa3énin samples fronmouse withmiR-32 ++ Myc
+/- genotype The bur genotypes are shown in theaxis. Standard deviation is also shoflars).

5.4.3 PCNA

The staining outcome was too weak for observations, and therefore this sample set was not scanned

nor analyzed.

544 K67

Two groups of samples can be distirggddin the results (sed-igure2l). Ki67-expression was
relatively strong (~15% of positive nucleiin the samples which hadhiMyc-expression and
respectively, the brown staing by Ki67 was almost absent if the sampieoup was Myenegative.
MiR-32-expression did not seem to have any effethe antigen retrieval buffer used here was the

sub-optimal pH €citrate buffer.
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MiR32 pos x Myc MiR32 pos x Myc MiR32 neg x Myc MiR32 neg x Myc
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Brown nuclei (% of nuclei)

Figure21. Analysis of Ké7-stained nuclein samples fronmouse withmiR32 +/- Myc +- genotypeseries.The
four genotypes are shown in theaxis. Standard deviation is also shown.

The quantification was done partly with the Immunoratio software. The results (not shown here)
were systematically differeng usually a lower percentagof positive nucle from the results
obtained by calculating manually, so the Immunoratsults for K67 were omitted. The
Immunoratio method also required image manipulation for each sample, but the time used per

image was on average roughly a mieghorter than the time required for manual counting.

5.5 Analysis of expression of transgenic MYC
As well as the samples used for immunohistochemistry, the samples used here represent a primary

prostate cancer model in this study. The samples were storekir before use.

The successfuRNA extractionwas confirmed each time bwbsorbance measurementswith
Nanodrop2000 device. The results, i.ethe absorbance measurements and ratios from them are
presented in thesupplementaryTable4. The absorbance ratiof wavelengths260 nm / 280 nm
providesan estimate of the purity of the nucleic acid, in this caseRINA The ratio is acceptable for
each sampleeven though there wasomevariation betweerthe lowest and te highest value2,06
and 2,49.

Assessing theabsorbance ratio 260/23Mhelps to identify possible contaminantshe obtained
260/230 ratioswere poor and variable between the different samples. A contaminant is therefore
suspected.The purity couldhave keen enhanced hadt been necessary (seBiscussiop The

concentration values, which were calculated from absorbance measuremargslso shown in
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Table4. Theconcentraton in the sample set was very variable, ranging from 30 ng/ul to over 360

ng/pl.

The cDNA synthesis process, which was done using the extracted RNA, was not quantified itself, but
the successful synthesis was confirmed by successful gPCR with the S¥BRM@réhe TagMan

technigues.

Quantitative PCRvas performed to find out, if Myc is expressed with ARR2PB construct in the used
samplesThe gPCR witthe SYBR Green technique was succegasfamplifyingthe Myc DNA, which

confirmsthe presence of Myc gentranscripts in the samples

Based on thdinear standard curve, @ efficiency of 118% was calculated andR& value of 0,971
was obtained. The ZRvalue was below the optimal area (>0,98)and the efficiency valuél168%)
wasalso not inthe optimal zone (95¢105%)but still acceptablei -! OG Ay Qa adl yRIF NR OdzN
gPCRgave aR-value (0,997)which is nearly optimal, while the calculated efficiency .(88)was
near but not quite optimalln addition to the linear standard curve, melt peak graphgre also
formed. The melt peak graph for both MyegPCR and-ActingPCRun hadtwo distinct peak (see

Discussioh

The data fromthe qPCR measurements tife test gene Myc andhe housekeeping gene-Actin
were compared to crate a normalized data set fahe Myc gene The normalization wasalculated
by two methods.The calculation results of normalized value for each sample with Pfaffl methadd
SQ ratio is shown ifable5, and the comparison othe results otboth methods isshownas a graph

in the Figure22.
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m SQ ratio
0,
) — -

MiR32 pos x Myc posMiR32 pos x Myc negMiR32 neg x Myc posMiR32 neg x Myc neg

Relative amount of Myc
= [6;] N

()]

Figure22. Comparison othe Pfaffl method(blue bars)and the SQ ratio(orange bars)n determining best
method for MYC genglPCR data namalization from samples withmiR32 +- Myc ++ genotype SQ ratio
showsthe highest relative amount in sample groups which are Jdgsitive by genotype, wheredle Pfaffl

method producesdata with overlapping standard deviation. Pfaffl methathta can beambivalently
interpreted, which could pose a problem.

Theresults of thegPCR assdgpr Myc and -Actinwere confirmed with agarose gel electrophoresis

(AGE)An example ofhe results fromAGHEor Myc sampless shown irthe Figure23.

182 184 189 NTC1

Non-template
control

MiR32 neg MiR32 pos || MiR32 neg
x Myc pos x Myc pos X Myc neg

Figure23. Anexampleimage of agarose gel after electrophais with Myc gene samples from qP@RR-32

+/- Myc +- genotype) A band is seen in the samples which were plysitive by genotypél81, 182 and 184)
but not in Myenegative or control samples. Themples are numbered anthe NTC1lis a norrtemplate
control. Image obtained from GeneSnap with/ light, exposure time 80 ms. Image adjusted for brightness
(+100 units) and contrast (+50 uniis)paint.net-software All testedsamples are not shown.
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As expected, MyDNAbands could be seen in the samples whéhe genotype was Mypositive.
These Mygositive samples were simultaneously also either 3@positive or miR32 negative.

Accordingly, no band was noticeable in Myagative samples or in neeemplate controls.

AGE resultsonfirmthe presence of -Actinin allgPCR sampledisregarding nofiemplate controls
and the most diluted standard series sampl@&se resultof electrophoresis with -Actin samples

are shown irFigure24.

Figure24. An ima@ of agarose gel after electrophoresis with housekeeping geietin samples from gPCR
samples withmiR32 +/~ Myc +- genotype Visible bands of-ActinDNA can be seen in all samples exdept
the controls (NTC1 and 2) and the most diluted standard ks (S5 and S6amples are numberetiTC =
nontemplate control and S1, S2, etc. are the standard sample skriage taken with GeneSnap and withv
light, exposure time 80 ms. Image adjusted for brightness (+100 units) and contrast (+50ypéte).net -
software

5.6 Analysis of transgenic m#2 expression
TagMan assay was performed to confirm the presence of-3@iRn the used samples. The

genotyping confirmed, that mi2 was still actively expressed in samples, which were-3BiR

positive by genotye.

Some of the samples did not reach high enough amplification levels to get a Ct value. The value for

these samples was manually changed as 0,1 to represent a value close to zero to enable calculations

for data normalization. All the amplification curve®re cut out because the program had only 39

repeat cycles, but this did not prevent using the data. Efficiency was declared acceptable (E =

151.9%) and the®alue (0,995) was above the advised threshold (>0,980).

The miR32 data was normalized t®NU6Bhousekeeping genekFigure 25 shows thegrouped

normalized values, which were obtained as a ratio of calculated starting quantities.
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