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1. Abbreviations

Al

AA
ALND
BC
BRL
CDK
COX
DBD
DFS
EGFR/ErbB
ER
HER
HR
HRE
HSP
LBD
NLS
NR
0OS
pCR
PFS
PG
PGE2
PPAR
PR
RFS
RXR
SERD
SERM
SHR
SLNB
TAM
TGZ
THR
TNBC
TRE
TZD

aromatase inhibitor

arachidonic acid

axillary lymph node dissection
breastcancer

rosiglitazone

cyclin-dependent kinase
cyclooxygenase

DNA-binding domain

diseasdree survival

epidermal growth factor receptor
estrogen receptor

human epidermal growth factor receptor
hormonereceptor

receptor tyrosine kinases

heat shock protein

ligand-binding domain

localization signal

nuclear receptor

overall survival

pathologic complete response
progressioffree survival

prostaglandin

prostaglandin E2

peroxisome proliferator activated receptor
progesterone receptor

relapsefree survival

retinoid X receptor

selective estrogen receptor dovagulator
selective estrogen receptor modulator
steroidhormone receptor

sentinel lymph node biopsy

tamoxifen

troglitazone

thyroid hormone receptor
triple-negative breast cancer

thyroid hormone response element
thiazolidinedione
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Introduction

4. Introduction

4.1 Breast cance

4.1.1 Epidemiology

Breast cancer (BC) is the most common female malignancy and the main cause ofetatezer

death worldwidg1]. In 2018, 2.1 million newly diagnosed cases and 0.6 million related deaths have
been recorded, respectively accounting for 24.2% of total new cancer cases and 15.0% of all deaths
in women[2]. It is noteworthy that although the mortality rates are decreasing in developed
countries due to the advances in cancer screening and adjuvant therapy, the inatdsrafeBC

are increasing in most countries whereas death rates are much higher in less developd8,regions
4]. Therefore, addressing the global BC issue is a huge challenge and it is necessary to develop early

detections and novel treatments for BC.

4.1.2 Local management: surgery and rdiotherapy

The complexity and heterogeneity of BC require a comprehensive and multidisciplinary approach
adapted to each patiefithe primary local and regional BC treatment remains surgical intervention,
with a constant evolution from the Halsted radimaktectomy5] from the19" centuryto the Fisher
modified radical mastectomy currenfly, 7]. Breastconserving surgery followed by radiotherapy

is established for most early BC cases because of developments in surgical techniques and
neoadjuvant systematic therapi8k Some researchers demonstrated that the overall survival (OS)
diseasdree survival (DFS) and relap$ee survival (RFS) are equivalent to those of mastectomy

[7, 9]. Remnstruction is a selection for women electing mastectomy with a relatively small breast

in setting of huge tumor, extensive calcifications, or multicentric dijé8se

In addition to tumor size, axillary lymph node status acted as a prognostic factor in early BC
and provides guidance for personalized treatment. Sentinel Igogehbiopsy (SLNB) replaced the
traditional axillary lymph node dissection (ALND) in nedegative BC patients, preventing them
from lymphedema, shoulder dysfunction and other complicafgi®, 11] ACOSOG Z0011 trial

proved that no survival difference was found between ALND and SURBAfter 10 year follow



Introduction

up, earlystage BC patients with 1 or 2 SLN metastases treated by SLNB alone had noninferior

outcome in OS aopared with those treated with ALND3].

Radiotherapy was recommended a critical adjuvant treatmefdr women afterbreast
conserving surgergr mastectomy with highisk clinical or pathologic factors (e.gositive lymph
nodes, large tumaize orlymphovascular invasignbeneficial forreduéng local recurrencgl4,
15]. In addition,the maincomplicationsf radiotherapy compse cutaneous, pulmonary and cardiac
toxicity and radiation techniques development (é&gensity modulated radiation thergpsnd
facilities implementation (e.gleep inspiration breath hold technique) woadahtribute tolower

rates of adverse everjti®].

4.1.3 ER, PRand endocrine therapy

Excessive exposure to estrogen, acting through estrogen rec@tdgs an important role in the

development of BC by stimulating cell proliferation and initiating atiohs during DNA

replication [17]. The majority of BC(approximately 70%)express ER  ( mo s tdlIBR) n a me
progesterone receptoPR) or both[18, 19] and assessment of ER and PR (together termed as

hormone receptadr HR) status has become the standard of care for BC patients. Patients with HR

positive BCexhibitlower recurrence and better outcome compared withlBieegative group and

HR was identified as an independent predictor in[BT 21] Besides, the expression of PR is
primarily regul ated by [2H.Rd$s aiPR ekphessior is carrelstedrtd pt i on a

a worse outcome in luminal canc§z8].

ER and PR belong to the steroid hormone recg@biR), a subfamily of nuclear receptor
superfamily[22, 24, 25] Guideline recommendatiom$ immunohistochemicaksting suggested 1%
or morenuclear ER or PR staining as posit[i¢ and endocrine sensitivity was determined by the
intensity of ER and PRoositivity [8]. Gene expression profiling identified a molecular subfype
BC, Aluminatliked, divided to A and B. Luminal B cancers were characterized as higher expression

of proliferation genes (K67) compared with luminal A23, 26]

Endocrine therapyepresents an important strategy in the management ofaeatadvanced
hormone positive Bq27], includng commonlyovarian suppression, selective estrogen receptor

modulators (SERMs) and dowegulatordSERDs)and aromatase inhibitors (Alsyhich was

8
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given consecutively after surgery dnemotherapy8, 28] For premenopausal ERositive BC

patients withsufficient risk factorsfor recurrence ovaian suppression wasecommended to
combine with adjuvant endocrine therd@9]. Tamoxifen(TAM), a SERM, actas a competitive

inhibition of estrogen binding to ERNd consequently suppressestroge-dependent gene
transcription, cell proliferation and tumor growW80]. Whereasfulvestrant a SERD pbinds toER

and makes iacceleratediegradationleading toreductionofc e | | ul ar [3IERIE(ey.ev el s
anastrozole, exemestane and letrozole), usually applied in postmenopausal women by reducing the
production of estrogen by blocking the aromatase enzyme activityk@adsvn as CYP19A[32]),

decrease the recurrence rates and mortality rates compared with[33AN4] ATLAS trial
demonstrated prolongation of TAM treatment for-gésitive BC from 5 years to 10 years produces

a further reduction in recurrence and mortdlay].

4.1.4 HER and anti-HER therapy

13-15% of BG overexpress the HER2 tyrosine kinase receptor, divided to two subgroups: luminal
B-like and noAluminal, which have a highest death rate compared with other subdidudsiman
EGFR (also called ErbBr HER) family comprise four transmembrane receptor tyrosine kinases:
HER1 or EGFR, HER2, HER3 and8R4.When active, formation of hormand heterodimers could
activate downstream pathways: PI3K/AKRas/RaffMEK E R K a n pathwai[35b Among
them, HER2 overexpressed in 25%0% of BC,correlates with pooprognosisand an important
therapeutic targdB7]. Trastuzumaba humanized monoclonal antibodygeing HER2, beamea
successfullyclinical biological drug together or sequéal with chemotherapyas adjuvant or
neoadjuvant treatmenivhich significantly increased OS and DFS in women with HpBd3tive
breast cancgB8]. Although no ligand is known for HERZ2, it appears to cooperate with other ErbB
receptors (HER3/HER4) in neoplastic progressidoreover HER3 serves aan indispensable
partner of HER2 dimerization amaeh essential function of proliferation on HER@sitive BC Thus,
drugs targeting HER3 may enhance the efficacy of dual HiaR@&ted approachd89]. The
function of HER4 in BC is controversial, resulting in good or bad outcomes.rksymt only in

cell cycle arrest, differentiation, apoptosis but also in cell prolifergdioh Besidesupregulation

of nuclear HER4led to worse trastuzumab response and poorer survival in HiERRive BC,

whereas cytoplasmic HER4 seems related to longef40S541. Overexpression of EGFR is
9
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frequently observed in tripleegative BC (TNBCand inflammatory BC (an aggressive subtype)
causingworse prognosift2, 43] However, EGFRargeted theies, monoclonal antibodies and
tyrosine kinase inhibitors, had s@nificantresults in clinical trials of B{44]. Nevertheless, anti

HER therapy or combined with other targeted drugs may be a promising strategy against BC.

4.1.5 TNBC and other potential targets

TNBC represents approximately 1520% of all BC, characterized as lack of ER, PR and HER2
expression. This teriis more aggressive with higher relapagesand poorer overall outcontlean
other types of BC, distinctly related to large size, high grade and lymph node involjénvent
46]. Six subtypeswvere identified by gene expression profile analysis, inclubasal like 1 and,2
immunomodulatory, mesenchyimanesenchymal steitike, and luminal androgen recepfar 47,
48]. TNBC patientsusually have abetter pathologic complete response rates (pCR) after
neoadjuvant chemotherapy and those who achieve pCR have-tetongurvivé [49]. Current

treatmers for TNBC arelimited to cytotoxic chemotherapgiue to thdack of effective targets.

BRCAY/2 mutations arenore likely to caushereditarybreast and ovarian cancarsd account
for around20% of patients with TNBCwhich pattern is susceptible to DNFamaging agents,
platinum compound and po{ADP ribose)polymerase inhibitorfs0]. p53 isanother mutant gene
considerably associated with TNBC and agents (e.g. PRIM#Wd APR246) restoring its wild
type properties maybe new treatments for [BC]. Dysfunction of PIBKAKT-mTOR signaling
pathway such as PIK3Ca mutation and loss of PTEMes rise to progress in breast tuigenesis
[52]. Inaddtion, PIK3Ca mutation is frequently observeduminal androgen receptsubtype cell
lines and make it sensitive to PI3K/mTOR inhibit{®3]. Thus, combination of anindrogen and
other target therapies may optimize current strategies in TNBiLe and more attentions are
diverted to individual and personalized therapy from standardized system based on TNM stages.
Precision treatment of BC is defined by analysisimmunohistochemeal markes and gene

expression, guidingreatment plamand responsassessmest

10
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4.1.6 Chemotherapy andresistances

Apart from endocrine therapy, aiER2 and more recent targeted therapy, chemotherapy was
regarded as a conventional and effective adjuvant systemic regimh indicationsdepend on
tumor grade, lymph nodavolvementor cell proliferationstatugwidely estimated by k67 index

[54]). Moreover, multiparameter gene expression assays were presentek fassessment and
prediction of chemotherapy benefit in patients witimilaHike diseasesuch as Oncotype DX and
MammaPrint[8, 55]. The routine agentsof current cytotoxic therapy are anthraogls andbr
taxanes givein combination or in sequenci®r both early and advanced stage B6]. Of note,
dosedense chemotherapy leads to a better progfagjisBesides, the purpose of chemotherapy in

metastatic BC is to maintain quality of lifelievesymptoms and prolong lif].

Drug resistance of BC liniitg the chemotherapy efficacy, brings a great challenge to survival
of patients which mechanisra underlying chemoresistaneeere defined.Higher expressions of
twist geneand multidrug resistancegene suggested as a prediction for response to chemotherapy
in BC [57, 58] ATP-binding cassette transportarmove chemotherapeutic drugs from celsl
result in chemoresistan¢g9]. Regulation of the behavior of tumor cells by cytokines and survival
of cancer stem cells promoted chemoresistg®@k In addition, other mechanisms include DNA

damageaepair[61], tumor microenvironmerj62] andmicroRNAS[63].

Mutations ofERgene and lack dER and PR expression are identified as causes of endocrine
resistance in B{B4]. Cyclin-dependent kinases (CDKalpy crucial roles in regulation of cell cycle
by synergizing with cyclin. CDK4/6 inhibitors contribute to overcome endocrine resistance BCs
combined with antestrogen or aHER?2 therapy65]. The PI3K/AKT pathway and ER signaling
crosstalk is caelated with effectiveness of amgstrogen drug$e6, 67] Otherwise, epidermal
growth factor receptor (EGFERErbB) family, STAT family and NfeB family are potential targets
for combination with endocrine therapeutic strategies inpB&tive BC[68-70]. Furthermore,
inhibitors of CDK4/6, PISK and mTOR have been applied in clinical trials with benefits for
advanced HRpositive, HER2negative BC. Ribociclib (CDK4/6 inhibitor) plus endocrine therapy
improved progressiofree surwal (PFS) and palbociclib, combined with fulvestrant, could

increase OS but the difference was not signififat{73]. PI3K inhibitors, buparlisib and alpelisib

11
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combined with fulvestrant, resulted in a longer PFS in endocesistant and PI13Ganutated
patients, respectively4, 75] Everolimus (mTORrihibitor) plus an Al, improved PFS in patients

with nonsteroidal Al§76].

Therefore, understandimgsistancenechanismand exploring novel approaches are beneficial

to overcomingchemoresistangand resistance to all targeted therapies

4.2 Nuclear receptor

4.2.1 An overview

The human uclear receptor (NR$uperfamily contains 48 members, some of whichHX-
binding transcription factorgactivated by endogenous and exogenous ligands and some of which
aresec al | ed A or p hesause the lgangsthamet baen identified77]. NRs play a
crucial role in a rang of physiological process, such as metabolifemeostasignd immune
response Dysfunction of NR signaling pathway lead to numerous diseases inclobiegity,
diabetes and cancpt8, 79] All NR proteins have a common modular, highly conserved structure
with four major domains (Figure 125]. The Gterminal ligandbinding domain (LBD), containing
ligandinduced activation function (termed A, involves in transcriptional activity by regulation

of ligand binding and coregulatoecruitment. The most conserved DNynding domain (DBD)
located in the central C region of NR protein with two zinc finger motifs. LBD and DBD could
mediate the dimerization of NRs in some cases. LBD and DBD are linked by a short hinge region
responsiblefor nuclear localization signal (NLS). In contrast to-AFAF1 is positioned in the
poorly identified Nterminal A/B region, interacting with coregulators through a ligaudependent

way [80, 81] Thus, NRs could activate or repress target gene transcription functions by ligand

dependent and independent regulations.

12
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A= AB C D EF  pE2

N nge LBD ~ C
'. NLS - % Y
caregulator binding t zine finger 2 (D box) ligand binding
ligand-independent zinc finger 1 (P box) coregulator binding

DNA binding dimerization

dimerization

Figure 1: The structure of nuclear receptor.

NRs have been classified as into four subtyhesto the classical genomic mechani$i®s
82]. Type INRs includeSteroid Hormone ReceptorSHIR9, such as ER, PR, androgeneptor,
glucocorticoid receptor and mineralocorticoid receplbeydisassociate from heat shock proteins
(HSPs) and form homodimers after ligand activation in the cytopl@ben dimes translocate to
the nucleus and bind to specific sequences of DNA knasvhormone response elements (HRES),
which subsequently regulate the transcription of target deyescruting coactivatorg83, 84}
Type Il NRs, such ashyroid hormone receptors (THR) and peroxisome proliferator activated
recepiors (PPAR), are retained in the nucleus bindisgheterodimers with retinoid X receptors
(RXR) to specific DNA response elements regardless of ligand actiuationanges in dissociation
of corepressors and recruitment of coactivai8e. Type Ill NRs, such as vitamin D receptor,
function similarly to type | NRs but bind to direct repeat instead of inverted repeat H{RieslV
NRsinstead bind as a monomterhalf-site HREs. Alternatemechanism of NR crogslk has been
recogni zed a sactiofisnimmepgndently mfi transcriptional regulatifd6, 87] The
genomic process gerally requirs a prolongedseries of actions (at least 30 to 60 minutes
modulate the transcription process@gereas nongenomic type elicits rapid cellular effects within
seconds or minutegnd is not repressed by inhibitorstodnscription or translatiof88-91]. The
rapid nongenomic actions of NRs initiate by binding to membracepters or interacting with
molecules, such as G proteins, ion channels, protein kinases, Src tyrosine kinase, PI3K and MAPK
One example is the presence of SHWRFHRsat the mitochondrial or plasma membranes, leading
to the rapid nongenomisignaling process[92-94]. Thus, subcellular localization of NRs may
play different roles in genomic and nongenomic actions, which should be considettesl

development oNR-related diseases

13
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In BC, ER and PR, two members of NR superfamily, afeparticular importancen
tumorigenesis and prognosiwhich give rise to more precise routine diagnosis for molecular
subtype in all patient®rugs targeting ERsuch agAM [30], fulvestran{95], and more recently
developed Al433] achieve a great succesimrentBC treatment strategieowever, it is still a
tremendous challenge to make relevant therapies for advanced or metastatic cases and TNBC

disease. More study of NRelated signaling plaway may provide novel therapeutic targets for BC.

422 PPARD

PPARs are liganddependent transcription factors, whiawonsist of three major subtypes,

commonly designateasP PARU, PPARB/ U a n demRBgeiR96, 671 RPARse d by

play critical roles in lipid homeostasis, glucose metabolism, inflammatory response and cancer
developmenf98,99] The human PPARO gene i s[l00]oPcPaAtReod iisn tchher or
most extensively described isoform of PPARSs, whidluences inflammation, cell proliferation,

differentiation, apoptosis and tumor angiogenfd]. Positv € | mmunor eacwasvi ty of
strong inthe nucleus of normal and benign breast tisshesvever, a decreased or no staining was

shown in malignant tissug$02-104]. High levels ofP PAR92 pr e d oathernulausolr y i n
cytoplasm were correlated with donger survival and favorable clinical characteristics, such as

smaller sizelower grade earlier stagand ER positivity102-106]. Besides,n a study previously

publishedimourl abor atory, cytoplasmic PPARmutahtBGved str on
than sporadic cases with no relation to prognfd$ig]. In a clinical studywi t h a PPAR2 | i gal
HERZ2positive BC patients with diabetics haal long-term survival after metformin and
thiazolidinedione TZD) therapy[108], indicating activation of PPARD
repression of BCHowever, patients with metastatic BC had no benefits from treatments with

troglitazone (TGZJ109] or rosiglitazone (BRL]110].

The function of PPARO i n t(Theromogengeoled s iPP ARoe ms ¢
has been reported in several studies, includinglBT-114]. Enhanced®PAR signaling induced
tumor incidence and mortality inansgenic mice with a ligariddependent PPARmutant[113].
Besides, T0070907, a selective PRARtagonist, and the dominamtgative PPABmutant,q#62,

significantly reduces cellular proliferation, migration and invasion in breast cancer cejllldgs

14
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On the ot her primarily as aumeér Buppreasortinsmost cancers, especially BCs.

BRL suppressed rpliferation in MCF7 cels line wi t h a -depdndei® omanneby

downregulating PI3K/AKT pathway, which was reversed byJBRtagonist, indicating hat ERU
negatively meiddmdleidn ¢ PtAlRRm o ugh ladtivatbnalsgnduces PP RE. P
overexpression of PTEN tumor suppressor g8l ERU and PPAR2 coul d compet
medi at i ng trmactvati@{llbled rnd smouse tumor model, PPAROD at
BC progression by upregulatinggtein tyrosine phosphatase receptor F, a downstream target of

P P A RLA7]. Moreover,BRL promoted apoptosis by activating Fas/FasL pathwagsiiman BC

cell lines [118] and induce cell differentiatiof119]. T h e biotinylated form o
(b 15d PoBuwodspntiprdifdrative and preapoptotic effects on MCGF and MDAMB-

231 cell Il i nes c ohmgheasatehuateddty h PPRAROIPGJI 2 encing with
of apoptotic mar ker 4120]. AERR Pverkexpressiath in BEeltpvaas e 7
accompanied with orothin ghnhebetiondg PPAR2 transcriop
PPAROY -induged celigrowtjl2l]. In additon,PPAR2 downregul ated CXCRA4
which played a pivotal role in mediating the development of BC invasion and metastasis. The
mechanism seedlt 0 be reversed by GW9abddecreasad IdRdsAORO ant ac
phosphorylated FAK, AKT and ERK1/2 in CXCR4 downstream signgdli®®]. TGZ inhibited

TPA induced NFe B a nHacti&afion and MMPD expression, the critical enzyme for invasion

and met ast asi sdependant meohgrigih28]. PP ARo

Besides the genomic effects of the NR, many other nongenomic effects have been described,
not only for ER [124], with membrane or cytoplasmic expressibluc | ear export of PPA
initiatedviaMAP K/ ERK/ MEK1/ 2 signaling, which restrains
genes and thereby inhibits its genomic func{ib®5, 126] uPA mediatedPON 1expression in
hepatocytes by regulating subamdal |i mldairc ecdo rPEPaArRtomenru
exportin a MEKdependentmanngt27l.Fat t y aci ds, ac thadangneepwsti® PARO a g ¢
effects in BC cells with inhibition of ERK1/2 ph
[128-130]. In another study, nuclear immunoactivity of PPARas observed in MCF cell line or
ER-positive tissues, whereas MBEMB-231 cells or ERnegative tissueshowed a cytoplasmic

localization strongly related witl-phase kinge protein(Skp2 expressionwhich is related to
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malignancy in certain tumar®ownregulated Skp2 could revertetradecanoyl phorbol acetate
induced nuclear export of PPAR MEK1-dependent pathwd{t31]. These findingsuggesthat
nuclear translocan of PPAR mayplay an important role in antitumor effeasad suggest that the
study oftheintracellular distribution of PPARmMaygive new insights to identifyovel therapy for

BC.

423 THR

As many other NR, THmodulate numerous physiological activitiescluding development,
differentiation, growth and metabolisagainby two distinct pathways, genomic and nongenomic.
The classtal genomic mechanisms are mediated mostly ByTHIR complex binding to TH
response elements (TREE)wo i sof or ms, T éhéotded hyiHRAaTdRAHRBgenea r e
which located on chromosome 17 anfll32-134]. The nongenomic actions dfH are related to
plasma membrane, mitochondria or cytoplasatations with receptors homologous or
nonhomologouso T HR s such a[32,185] ®he THi statusthudmtt®roid disorders
have a strong correlation with the development of Bgh levels of T3 was observed in BC
patients compared to benign breast tumor, positively related to aggressitBiCters, such as
larger tumor, lymph node metastases and negative ER and PR expf&36iol37] In addition,
BC patients were inclined to thyroid enlargement and a-amadidysis study showed that BC or
thyroid cancer predisposed an individual to developing the qt83, 139] These findings

indicated a significant association between TH signaling and BC.

Several previous studies reportech a t either THRU or THRb expres
compared with normal breast tisspemdicating downredation of THR during breast
carcinogenesifl40-143]. Loss ofnuclearT HRU expression was correlated
grade tumofl43]andnuclealT HRU2 was an independent flddpgnostic
145]. Other stugesf i gur ed THRb functioned Laosw al HRbmdre ved sp
predicted poor outcomes and enhanced resistance to chemotherapy byP&V§lgnaling
pathway[146]. In BRCAlmutated BCTHRbB wer e overexpressed compared
buthad a positver ognostic result whdqHdasRIHRODhrkbdueddt 80

growth by activating apoptosis and decreggliferationvia JAK-STAT-cyclin D pathways in
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the xenograft mouse modgl48]. The suppression of oncogenic RUNX2 activity was dependent

on T,HMRHB Tl negative MDAMB-231 cell lineg[149.Mor eover , mutati on of
promoted the development of Ba aberrant activation of STATBL50], which was consistent

with the result of another study regardingd R fyene mutation inumorigenesis oChinese BC

population[151]. In addition to other preclinical e s ear ches, THRbB1 coul d i nhib

invasiveness and metastasis formation in BC cell [[©&28, 153]

Studies of he protein expression and subcellular localizatdrout T H R fwere limited.
Shuttling of THR between the nucleus and cytoplasm was induced by TH, indicating that THR
mislocalization may contributeo the development of some types of carjé8B, 154, 155]One
study r epor tegplessioriwastpredbrriffithl in cytoplasm in B@nd positively
associated with EfRositive tumors, small tumors, lymph node negasitegusand longer survival
[156]. In anotherpreviousstudy, THR was described agxpressed in nuclei of benign and
carcinomain situ tissues, and in the cytoplasm of normal breast and infiltrative BC [@&IF.
Besides, overlapping genomic and nongenomic actions of TH are observed between integrins and
THR[93]. TH binding to Uvb3 induced nuclear transl oc
pathway [158]. In addition, this complex also regulates expression ofTth¢ R pELR,Uand
cyclooxygenas@ (COX2) genes and modulates pést ans | at i onal moxb9,f i cati on
160]. Thereforegexploring nongenomic action of THRs and its subcellular localization is essential
in BC development. The crosalk between genomic and nongenomic actions of THR may provide

new targets for BC treatment.

4.3 Cyclooxygenase

Targeting prostaglandins (PGs) pathway potentially plays a positive role in prevention and treatment
of cancersBiosynthesis 0PGs somebelongingt o P P A R ofrom ararlsidordcsacid (AA) is
catalyzed by a key enzyme, Cox, which has two isoforms;1Canxd Cox2 [161, 162] Cox-1 is
constitutively expressed in manyrnmal cells, whereas CeX is generally considered induced by
inflammatory cytokines and growth factorssultingin carcinogenesisf many tissuefl63, 164]

A metaanalysis study revealed that increased expression 620@XB8C ranged from 27.9% to

81.4%, significantly correlated with poor OS and adverse features, such as large tumor size and

17



Introduction

lymph node invasiorf165]. Prostaglandin E2 (PGE2), mhaction via Cox-2, induced CYP19
expression and aromatase activity, leading to the development-pb&ifRre BC5[166, 167] In
addition Cox-2 inhibitorsdecreased incidence and progression of BC through improving apopto
and repressing proliferation and angiogenf&8]. Combination of pecific Cox-2 inhibitor and
PPAR?2 agonist resulted in growth inhiHl6q9.i on i n a
Compared with Co®, less attention was taken to Cbxn tumors, although both selective and
nonselective Cox inhibitors prevent mammamytus[170]. Fewer studies demonstrated the tumor
suppression of selective Gdxinhibitors in BC, such aSG560, catechin an&R122047 More
interestingly combination of CoXl and Cox2 inhibitors had an addictive effect on tumor
repression in BC cell linefl71-173]. Besides,Corticotropinreleasing factor, a hypothalamic
neuropeptide, promoted cell motility and invasiveness through production ofi@Gex-1 not
Cox-2 in BC cell line[174]. Another study elucidated th#te antitumor propest of nonsteroidal
antrinflammatory drugsy cell differentiation wasot dependent on CeX pathway indicating
that potential role of Cot in the activation of PPAR [175]. In summary, the literaturstrongly
suggest that both CoxlL and Cox2 participate in PGs and PPARignaling pathways irolved in

breast tumorigenesis.

4.4 Aims of the studes

4.4.1 Subcellular expressioro f P PaAdReorrelation with Cox-1in
primary BC tumors

The role of PPAR, the most extensively described isoform of PPARas controversially

described as a tumor promoter or suppressor in different cafsess.as PPARIigands,are

produced from the conversion A by Cox-1 and Cox2. The aim of thistudy was to analyze the
relevance of combined expr essl)ioBCaadcorel&ignfd and Co
the data with several clinicobiological parameters including patient surkrivtale Publication | of

this thesiswe analyzedby immunchistochemistrt he subcel | ul ar expression o
two Cox proteins ira well characterize®08 primary BC specimens in relation to survival, to

determine if either one could, independently or in relation to the others, be linked to BC poogressi
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442 Expression and subcel | uprimary BCocal i zat i c
tumors

THRB1, also belonging to NR superfamigppears to aets a tumor suppressor in many malignant
neoplasmsWhile THRb1 clearly appears to be a key player in &Ctcinogenesis, the importance

of its subcellular localization remao be elucidatedThe purpose othis study was designed to
explorethe different roles of nucleaytoplasmiccompartmentalizatioo f T HR b lissuesm BC
Therefore, w investigated # nuclear and cytoplasmic expression of THIR by
immunohistochemistrin the sameohortwith 274 primary BGumorsand analyzed the correlation

of the results with clinicopathological parameters and clinical outcAihdata werepublished in

Publication llof this thesis
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Abstract

cobiological parameters including patient survival,

subgroups.

Background: The aim of this study was to investigate the expression of the nuclear receptor PPARy, together with
that of the cyclooxygenases Cox-1 and Cox-2, in breast cancer (BC) tissues and to correlate the data with several clini-

Methods: In awell characterized cohort of 308 primary BC, PPARY, Cox-1 and Cox-2 cytoplasmic and nuclear expres-
sion were evaluated by immmunohistochemistry, Correlations with clinicopathological and aggressiveness features
were analyzed, as well as survival using Kaplan—-Meier analysis.

Results: PPARy was expressed in almost 58% of the samples with a predominant cytoplasmic location, Cox-1and
Cox-2 were exclusively cytoplasmic. Cytoplasmic PPARy was inversely correlated with nuclear PPARy and ER expres-
sion, but positively with Cox-1, Cox-2, and other high-risk markers of BC, e.g. HER2, CD133, and N-cadherin, Overall
survival analysis demonstrated that cytoplasmic PPARy had a strong correlation with poor survival in the whole
cohort, and even stronger in the subgroup of patients with no Cox-1 expression where cytoplasmic PPARy expression
appeared as an independent marker of poor prognosis. In support of this cross-talk between PPARy and Cox-1, we
found that Cox-1 became a marker of good prognosis only when cytoplasmic PPARy was expressed at high levels,

Conclusion: Altogether, these data suggest that the relative expression of cytoplasmic PPARy and Cox-1 may play an
important role in oncogenesis and could be defined as a potential prognosis marker to identify specific high risk BC

Keywords: PPARy, Cytoplasmic, Cox-1, Cox-2, Overall survival, Breast cancer

Background

Breast cancer (BC), the most commonly diagnosed
malignant tumor in women, is also the most frequent
cause of cancer death worldwide [1] and a significant
global public health problem. BC is highly heteroge-
neous in its pathological characteristics, which raised
a tremendous challenge for treatment selection [2].

*Correspondence; udojeschke@med.uni-muenchen.de

" Breast Center, Department of Obstetrics and Gynecology, University
Hospital, LMU Munich, Munich, Germany

Full list of author information is available at the end of the article

B BMC

So far, few biomarkers have been well recognized in
invasive breast carcinomas, including estrogen recep-
tor (ER) and progesterone receptor (PR), which are
associated with a better outcome and are predictive of
endocrine sensitivity. Overexpression of human epi-
dermal growth factor receptor 2 (HER2) is related with
decreased relapse-free survival (RFS) and overall sur-
vival (OS) [3, 4]. Agents targeting ER and HER2, such as
tamoxifen and trastuzumab, have been very successful
as BC therapeutics. However, multifaceted mechanisms
emerged in tumors, causing resistance to endocrine
treatment in single or combination therapies [5]. Thus,

©The Author(s) 2020, This article is licensed undera Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction inany medium or format, as long as you give appropriate credit to the ariginal author(s) and
the scurce, provide a linkto the Creative Commons licence, and indicate if changes were made. The images or other third party material
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material

is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the copyright holder. Toview a copy of this licence, visit http://crea-
tivecommons.org/licenses/by/4.0/. The Creative Commaons Public Domain Dedication waiver (http://creativecommons.org/publicdo-
rnain/zero/ 1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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comprehensive identification of more biomarkers and
molecular targets is essential for optimal and personal-
ized clinical BC management.

Peroxisome proliferator-activated receptors (PPARs)
belong to the nuclear receptor (NR) superfamily [6] and
function as ligand-activated transcription factors [7]. Fol-
lowing activation by ligands (e.g. 15d-PGJ, or the syn-
thetic ligand thiazolidinedione), PPARs heterodimerize
with retinoid X receptor (RXR) and interact with pro-
liferator-activated receptor response elements (PPREs)
present in target gene promoters [8]. Although the NR
superfamily was defined due to genomic actions of the
receptors which require nuclear localization, it has been
suggested that PPARs localize first in the cytoplasm with
specific associated functions [9].

Among the three PPAR isoforms («, f/8 and y), PPARy
plays a crucial role in adipogenesis and lipid metabolism
[10] and is also found expressed in many human cancers,
including BC [11]. PPARy influences inflammatory pro-
cesses, cell proliferation, differentiation, apoptosis and
tumor angiogenesis [10, 12]. A tumor promoting effect of
PPARy has been reported in some tumors, such as liver
[13], cancer [14] or colon cancer [15]. In addition, most
of previous studies have revealed that PPARy acts as a
tumor suppressor in BC, inhibiting cell proliferation and
inducing apoptosis in different in vivo and in vitro mod-
els [16-18]. Besides, PPARy has been suggested as being
involved in chemotherapy resistance of TNBC [19].

Interestingly, some of the PPARy ligands, prostaglan-
dins (PGs) are produced from the conversion of arachi-
donic acid by the cyclooxygenases Cox-1 and Cox-2.
Cox-1 is constitutively expressed in many normal cells,
whereas Cox-2 is generally considered being induced by
inflammatory cytokines and growth factors, performing
a significant role in carcinogenesis [20, 21]. Studies of
Cox importance in tumor progression and invasion were
mainly focused on the influence of Cox-2 [22]. However,
it was demonstrated that Cox-1 is highly expressed and
plays a pivotal role in some carcinomas, such as ovarian
[23] and breast cancers [24]. More recently, Cox-1 mRNA
and protein levels have been shown to be higher in malig-
nant breast tumors than in normal tissues, whereas
Cox-2 mRNA level was lower in malignant tumors.
Nonetheless, stromal and glandular Cox-2 immunostain-
ing showed higher levels in malignant breast tumors [25].

It appears therefore obvious that more attention is
needed to analyze the relevance of combined expression
of PPARy and Cox (especially Cox-1) in BC. In the pre-
sent study, we have analyzed expression of PPARy and
of the two Cox proteins in 308 primary BC specimens
in relation to survival, to determine if either one could,
independently or in relation to the others, be linked to
BC progression.
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Methods

Patient cohort

A total of 308 formalin-fixed paraffin-embedded pri-
mary BC tissues from 303 patients (5 of them are bilat-
eral BC) who received surgeries between 2000 and 2002
at the Department of Obstetrics and Gynecology of the
Ludwig-Maximilians-University Munich, Germany were
collected. Local and systemic therapy treatment was
given according to the guidelines at the time of diagnosis.
This study was approved by the Ethical Committee of the
Medical Faculty, Ludwig-Maximilian-University, Munich,
Germany (approval number 048-08) and informed con-
sent for nuclear factor analysis was obtained from all
patients who were alive at the time of follow-up. Data,
such as age, histological grade, metastases, local recur-
rence, progression, and survival were retrieved from the
Munich Cancer Registry and anonymized and encoded
during statistical analysis and experiments. All tumors
were assessed according to UICC TNM classification,
containing tumor size and extent of tumors (primary
tumor size, or pT, classified as: pTla-c, pT2, pT3, pT4a-
d), lymph node status (N), and presence or absence of
metastasis (M). Tumor grade was determined by an expe-
rienced pathologist (Dr. D. Mayr) of the Department of
Pathology of the LMU, according to a modification of
Elston and Ellis grading proposed by Bloom and Richard-
son [26]. Sixty (19.48%) of the 303 primary BC patients,
became metastatic during the follow-up. ER, PR, HER2,
Ki-67 and histological status were all determined by an
experienced pathologist of the LMU Department of
Pathology, as described below. HER2 2+ scores were fur-
ther evaluated through fluorescence in situ hybridization
(FISH) testing.

Immunohistochemistry (IHC)

Expression of ERa, PR, and HER2 was determined at
diagnosis in all BC samples of this cohort at the LMU
Department of Pathology, Germany. ERa and PR expres-
sion were evaluated by immunohistochemistry, as
described previously [26]. Samples showing nuclear
staining in more than 10% of tumor cells were consid-
ered as hormone receptor-positive, in agreement with
the guidelines at the time of the analysis (2000-2002).
HER2 expression was analyzed using an automated
staining system (Ventana; Roche, Mannheim, Ger-
many), according to the manufacturer’s instructions.
Ki-67 was stained using an anti-Ki67 monoclonal anti-
body (Dako, Hamburg, Germany) at a dilution of 1:150
on a VENTANA®-Benchmark Unit (Roche, Mannheim,
Germany) as previously described [27]. The Ki-67 cut-off
used to differentiate luminal A from luminal B tumors
(all HER2 negative) was 14% as this was commonly used
at the time of the analysis, although 20% is now preferred
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[28]. Data on N-cadherin and CD133 expression in these
BC samples were extracted from a previously published
study [29]. For PPARy, Cox-1 and Cox-2 analysis by [HC,
samples were processed as previously described [30, 31].
Briefly, sections were first cut and prepared from par-
affin-embedded BC samples using standard protocols.
Phosphate buffered saline (PBS) was used for all washes
and sections were incubated in blocking solution (Zyto-
Chem Plus HRP Polymer System Kit, ZYTOMED Sys-
tems GmbH, Berlin, Germany) before incubation with
primary antibodies. All primary antibodies were rabbit
IgG polyclonal used at a 1:100 dilution for 16 h at 4 °C:
anti-PPARy (ab59256, Abcam, Cambridge, UK) or anti-
Cox-1 (HPA002834) and anti-Cox-2 (SAB4502491, both
Sigma-Aldrich, Saint Louis, MO, USA). After incubation
with a biotinylated secondary anti-rabbit IgG antibody,
and with the associated avidin-biotin—peroxidase-com-
plex (both Vectastain Elite ABC Kit; Vector Laborato-
ries, Burlingame, CA, USA), visualization was performed
with substrate and chromogen 3,3-diamino-benzidine
(DAB; Dako, Glostrup, Denmark). Negative and positive
controls were used to assess the specificity of the immu-
noreactions. Negative controls (colored in blue) were
performed in BC tissue by replacement of the primary
antibodies by species-specific (rabbit) isotype control
antibodies (Dako, Glostrup, Denmark). Appropriate posi-
tive controls (placenta samples) were included in each
experiment. Sections were counterstained with acidic
hematoxylin, dehydrated and immediately mounted with
Eukitt (Merck, Darmstadt, Germany) before manual
analysis with a Diaplan light microscope (Leitz, Wet-
zlar, Germany) with 25x magnification. Pictures were
obtained with a digital CCD camera system (JVC, Tokyo,
Japan). All slides were analyzed by two or three inde-
pendent examiners.

Immunoreactive score (IRS)

The expression of PPARy, Cox-1 and Cox-2 was assessed
according to the immunoreactive score (IRS), deter-
mined by evaluating the proportion of positive tumor
cells, scored as O (no staining), 1 (< 10% of stained cells),
2 (11-50% of stained cells), 3 (51-80% of stained cells)
and 4 (> 80% of stained cells), and the intensity of their
staining, graded as O (negative), 1 (weak), 2 (moderate)
and 3 (strong) (IRS = percentage score x intensity score).
Thus, the range of IRS value is from 0 to 12. As previ-
ously described for LCoR and RIP140 [31] and for AhR
[32], PPARy cytoplasmic and nuclear staining were eval-
uated in parallel, with a separate determination of cyto-
plasmic IRS and nuclear IRS. Total IRS was calculated
by addition of cytoplasmic and nuclear IRS. For all other
markers, staining and IRS were determined in the whole
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cells, without differentiation of nuclear and cytoplasmic
staining.

Survival and statistical analysis

Receiver operating characteristic curve (ROC) analyses
were performed to calculate the optimal cut-off values
between low and high PPARy, Cox-1 and Cox-2 expres-
sions, based upon the maximal differences of sensitivity
and specificity. The threshold determined regarding OS
were an IRS=>3.5 for either total or cytoplasmic PPARYy,
> 0.5 for nuclear PPARy and for Cox-1, and finally> 1.5
for Cox-2. These thresholds were used to determine the
percentages of tumors expressing low or high PPARy,
Cox-1 and Cox-2 levels described in Table 2, besides the
OS analysis detailed below. To present the mean immu-
noreactivity levels described by the IRS in Table 2, the
groups were divided into low- vs. high-expressing cases
for total and cytoplasmic PPARy, Cox-2, or into not
expressing vs. expressing cases for nuclear PPARy, Cox-1
(cut-off values of 0.5).

Differences in nuclear PPARy expression among three
or more groups (Fig. 1, panel k) were tested using the
non-parametric Kruskal-Wallis rank-sum test. Correla-
tion analyses presented in Tables 3 and 4 were performed
by calculating the Spearman’s-Rho correlation coefficient
(p values of Spearman’s-Rho test presented). Survival
times were compared by Kaplan—Meier graphics and dif-
ferences in OS (or RES) were tested for significance by
using the Chi-square statistics of the log rank test. Data
were assumed to be statistically significant in the case of
p-value <0.05. Kaplan—Meier curves and estimates were
then provided for each subgroup and each marker. The p
value and the number of patients analyzed in each sub-
group are given for each chart.

Multivariable analysis for outcome (OS) presented in
Table 5 was performed using the Cox regression model,
and included cytoplasmic PPARy expression and relevant
clinicopathological characteristics as independent varia-
bles. Variables were selected based on theoretical consid-
erations and forced into the model. p values and hazard
ratios were indicated, knowing that the hazard ratios of
covariates are interpretable as multiplicative effects on
the hazard, and holding the other covariates constant.

Statistical analyses were performed using SPSS 24
(IBMSPSS Statistics, IBM Corp., Armonk, NY, USA).
For all analyses, p values below 0.05 (*), 0.01 (*¥), or 0.001
(***) were considered statistically significant.

Results

PPARy and Cox expression in breast cancers

The total cohort consisted of 308 samples from 303
primary BC (Table 1). Median age of initial diagnosis
was 57.98 years (range 26.66-94.62 years) and median
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Fig. 1 Immunohistochemical stainings of PPARy, Cox-1 and Cox-2 expression in breast carcinoma of 3 patients and a box-plot of nuclear PPARy and
Grading. PPARY (a, d, g), Cox-1 (b, e, h) and Cox-2 (c, f, i) stainings are illustrated for patients with different grading (Grade 1in a—¢, 2 in d—fand 3 in
g-i), with examples of null, average or high expressions. Nucleo:cytoplasmic IRS ratios are indicated in each photomicrograph (x25 magnification)
and scale bar equals 100 um. An enlargement of g (high cytoplasmic and null nuclear PPARy staining) is presented (j) and scale bar equals 50 pm.
Correlation between nuclear PPARy and grading was presented as box plot (k). The boxes represent the range between the 25th and 75th
percentiles with a horizontal line at the median. The bars on top and below depict the 5th and 95th percentiles. Values more than 1.5 box lengths
from the 75th percentile are indicated by circles (none) and values more than 3.0 box lengths from the 75th percentile are indicated by asterisks.
The numbers on asterisks represent the case number. Statistical significance is shown as p-value from Kruskal-Wallis test (**p <0.01)

follow-up time was 125 months (range 0-153 months). The expression of PPARy, Cox-1 and Cox-2 was
During this period, 41 (13.3%) and 60 (19.5%) cases analyzed by IHC staining, as illustrated in Fig. 1 for 3
experienced local recurrence and distant metastasis patients with Grade 1 (A, B, C), 2 (D, E, F) and 3 (G, H,
respectively, and 90 (29.2%) women died. I) tumors. PPARy expression (A, D, G) was present both
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Table 1 Clinical and pathological characteristics of all
patients

Clinical and pathological N=308" %
characteristics®
Age, median (years) 57.98
Follow up, average (months) 109.89
Median 125
Histology*©
Invasive lobular 41 1:3.31
Invasive medullar 10 325
Invasive mucinous 3 0.97
No special type (NST) 161 5227
DCIS with NST 78 2533
Unknown 15 487
ER status
Positive 248 80.52
Negative 58 18.83
Unknown 2 0.65
PR status
Positive 178 57.79
Negative 128 4156
Unknown 2 0.65
HER2 status
Positive 35 11.36
Negative 271 87.99
Unknown 7 065
Molecular subtype
Luminal A (Ki-67 < 14%) 170 5519
Luminal B (Ki-67 >14%) 63 2045
HER2 positive luminal 27 8.77
HER2 positive non luminal 8 2.60
Triple negative 38 12.34
Unknown 2 065
Grade
| 15 4.87
Il 102 3312
I 45 14.61
Unknown 146 4740
Tumor size
pT1 191 62.01
pT2 87 2825
pT3 4 1.30
pT4 12 390
Unknown 14 4.55
Lymph node metastasis
Yes 126 4091
No 163 5292
Unknown 19 617
Local recurrenced
Yes 41 13.31
No 253 82.14
Unknown 14 455
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Table 1 (continued)
Clinical and pathological N=308" %
characteristics®
Distant metastases®
Yes 60 1948
No 234 7597
Unknown 14 455

2 All information given refer to the primary tumor

b 5 of 303 patients are bilateral primary B, so we deal with the tumor as
individual one (n=308)

€ NSTinclude the formerly called “Invasive ductal”and “other” types

94 Local recurrence has been detected during the follow-up of 40 patients (1 of
them are bilateral BC, son=41)

¢ Distant metastasis has been detected during the follow-up of 58 patients (2 of
them are bilateral BG, so n=260)

in the nucleus and in the cytoplasm, while Cox-1 and
Cox-2 (B, E, H, and C, F, I respectively) were exclusively
cytoplasmic. The nucleo:cytoplasmic IRS ratios are pre-
sented in each panel (panel ] shows the enlargement of
PPARy staining shown in panel G). From now, all Cox-1
and Cox-2 expression refers to their unique cytoplas-
mic expression, with Cox-1 staining being much fainter
than Cox-2 staining, as described in Table 2. As dem-
onstrated in the panel K, nuclear PPARy exhibited a
statistically different expression according to grading,
with an inverted correlation (p=0.002). This correla-
tion is illustrated by focusing on the nuclear PPARy
expression observed in panels A, D and G of Fig. 1 (IRS
of 2, 0 and 0 respectively) for patients with respectively
grade 1, 2 and 3 tumors.

As presented in Table 2, the mean IRS of total and
cytoplasmic PPARy expression were 4.37 and 4.09
respectively, while it was 0.27 for nuclear PPARy. It
clearly appears that, in our cohort, PPARy expression is
dramatically higher (15-fold) in the cytoplasm than in
the nucleus, with maximal IRS values of 12 and 4 respec-
tively. This is exemplified in Fig. 1 with cytoplasmic
PPARy IRS values of 1, 6 and 9, and nuclear PPARy IRS
values of 0 and 2 (panels A, D and ]). IRS cut-offs were
defined by performing a ROC-curve analysis for OS. Of
note, the IRS cut-off of 0.5 generated for nuclear PPARy
staining is related to the low expression level of this
marker in our cohort, and create sub-groups with nega-
tive vs. positive expression, instead of low vs. high expres-
sion for other cut-off values. Considering cytoplasmic or
total expression of PPARy being high for IRS value> 3.5,
the high expression group is predominant in both cases
(52.7 and 57.6% respectively). Only 20 patients out of 262
(7.6%) had no cytoplasmic PPARy expression (IRS=0),
demonstrating the predominant cytoplasmic expression
of PPARY (92.4% of the tumors).
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Table 2 Distribution of expression of PPARy, Cox-1 and Cox-2
PPARy Cox-1 Cox-2
Total Nuclear Cytoplasmic
n 262 262 262 297 285
Mean IRS+SE 437+£017 0.27+£004 4094017 0.341+0.04 5194019
IRS range 12 4 12 4 12
IRS cut-off 35 05 35 05 1:5
Number of samples with 111 (42.4%) 213 (81.3%) 124 (47.3%) 224 (754%) 36 (12.6%)
negative/low expression
Number of samples with 151 (57.6%) 49 (18.7%) 138 (52.7%) 73 (24.6%) 249 (87.4%)

positive/high expression

IRS cut-offs were defined by performing a ROC-curve analysis for DFS. The cut-off of 0.5 for nuclear PPARy and for Cox-1 stainings, related to the low expression level
of both markers in our cohort, define negative and positive expressions, instead of low and high expressions sub-groups respectively

Table 3 Correlation between PPARy, Cox-1 and Cox-2
expression

n=254t0297 PPARy Cox-1  Cox-2
Total Nuclear  Cytoplasmic
PPARY
Total 1.000
Nuclear 0.037 1.000
Cytoplasmic 0959  —0215*  1.000
Cox-1 0179 —0.117 0.201%* 1.000
Cox-2 0261**  —0124*  0293** 0054 1.000

Correlations are statistically significant for p <0.05 (*) or p <0.01 (*%), using
Spearman-Rho-Test

Besides, the mean IRS of cytoplasmic expression were
0.34 and 5.19 for Cox-1 and Cox-2 respectively. This is
again exemplified in Fig. 1 with Cox-1 IRS values of 0 and

2 (panels B, E and H) and Cox-2 IRS values of 4, 6 and 9
(panels C, F and I), for the same 3 selected patients. Simi-
larly to nuclear PPARy, Cox-1 mean IRS being very low, a
cut-off of 0.5 was generated, with sub-groups of negative
vs. positive expression, instead of low vs. high expression
for Cox-2. In our cohort, 75.4% of the samples were then
Cox-1 negative, whereas the samples with a high expres-
sion of Cox-2 represented 87.37% of the cases (cut-off
of 1.5). Regarding nuclear PPARy, only 49 samples were
positive (18.7%) while for Cox-1, only 73 samples (24.6%)
were positive (with maximum IRS of 4 for both markers).

Correlation between PPARy and Cox expression

The correlations between the expression levels of PPARy
(total, nuclear and cytoplasmic), Cox-1 and Cox-2 were
analyzed (Table 3). Cytoplasmic PPARy expression exhib-
ited a strong and significant positive correlation with
total PPARy, and a negative one with nuclear PPARy. By

Table 4 Correlation between PPARy, Cox-1 and Cox-2 expression and clinicopathological or aggressiveness related

parameters

PPARyn=143to 262 Cox-1 Cox-2

Total Nuclear Cytoplasmic n=159 to 297 n=153to0 285
Age 0.004 —0.050 0.002 0041 —0015
pT 0118 —0.037 0113 —0.049 —0.066
pN 0.069 0023 0.065 —0.125% —0.043
Grade 0.007 —0.205* 0.054 —0.007 —0.062
ER —0.119 0117 —0.142% 0009 0.039
PR —0.048 0038 —0.049 —0.018 0.012
HER2 0.5/ —0.127% O;] /3= 0. 13i7r 0.090
Triple negative 0076 —0.062 0.085 —0.043 —0.052
Ki-67 0116 —0.039 0119 0084 O55F
Focality 0043 0074 0.016 —0.048 —0.028
CD133 0.221** —0.007 0230% 0132% 0.378**
NCAD 0412 —0.196** 0447 0241 0461

Correlations are statistically significant for p <0.05 (*) or p <0.01 (**), using Spearman-Rho-Test
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