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ABSTRACT
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SENSI TI'VE AND DOXORUBI CI N RESI STANT MAMMARY
LI NES AT CELLULAR AND MOLECULAR LEVEL

Bakkent itynitweredemfc eSc
Depar tomeMo | eiol loagnyG eBnie $
2 052

Met astasis and drug resistance are major cha
of existing therapeutic agents offersdae viab
nowWo ug discovery. This study investigated tF
commonl Yoblusekleprsopr anglolr dtad ofnecrsdand e e hbert i ¢
receptor antagoni-sdl)e catnidv d aagee baal dotl d m(¢aUdril anc & rs ¢
adrenergic reftegpndrdes)tugndd MEGO Dox breast canc

Cel | viability was determined by MTT and <co
assessed using wound healing analysi s. Cel |
cytometry, and mol ecul ar efefge atnsa |l weésties .5 et o |
t hat bot h apdo plraabreatlactid | a edoenpceenmiteeraat te ia G re i n
proliferation of both <cell l i nes. Labetal ol

compared to 48 hour s. Both -tomigmg scamadi cynd:

and MVMCBREOOODox cedlelpsenidemntt whasper . Mi grati on
propranol ol and | abetal ol significantly inhi
concenterveetni omasusing cell det adPhomgmnandlroolm itnho

apoptosis without causing a signifeftfamect cef
| abedfafl@ddt was associated with a G2 phase cel
apoptosi s Fiumtrtmoe eseltRINAnNal ysi s revealed that
tot al of 31 genes were upregul at-&8&r, o parnadn o5l4o |g,
326 genes were upregulated and-7/dbwh0 gyl atl

Vi



Labet al ol28t6r eeandne®m2 , genes wer e f o/unandt oMCoFe
71/0006x cell s,RNFspeanhmappgbkssol ol dOWRRege]| at e
potentially inhibiting nucl eoti dlea bseytoapl hoels i s
regul atPD@FB@A&Ane hgugagesctasn ctehrate fiftesc tasntmay be |

compensatory mechani sm.

I n conclusion, our findings demonstrate that
p r-aop otpitmand anti migratory properties that e X
effects. The distinct mechanisms of action o
synergistic combination therapies wiThi stanc
study prardaredesdlkuartapuwr ppofsi ng of propranol ol

adjuvant therapeuti ¢cragémesatin breast cance

KEYWORDBewaa@arenergic receptor antagoni st s, d

mul tidrug resistance
The Scientific and Technol @¢iRcAd Rresjewmrdcrh Co
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PROPRANOLOL VE LABETALOL! N DUYARLI VE DOKSOR
MEME KARSKNOMU H! CRE HATLARI ! ZERKNDEKK ETKK
VE MOLEK!LER D! ZEYDE A¢| KLANMAS

Bakkent | n vers tes Fen B | ml er Enst t¢s¢
Mol ek¢l er B yol oj ve Genet k Anab | m Dal &

2025

Me me kanser tedav s ndek en b¢yék zorlukl a
| a- d renc d r. Mevcut terap°t Kk ajanl ar e
s¢re-ler n n uvuzunlujuna ve y¢éidksalkh éemanladypet yag
ol arak kublakékraerbetan propranwonde dMARM® ODaket
h¢gcecre hatl ar ékapzser npetkansangtel vV e et k me
Propranol ol , b r neadrneenseplj °ske -a ecs @ goolnmésyta n W es
adrener jU-&kdrheme rdje k resepselrdktr f bd ork eajeadrechér
t emel amacé, propranol ol ve | abetal ol ¢n me r
mol ek¢l er etk | er n kapsaml é b r kek I de n
H¢e¢cre canl él eje MTT ve kol on ol ukumu anal z
anal y4 l e dejerlend r | d . H¢ecre do°ngeés e

l a-1 arén mol ekl earnadt kz |.Brrio @ rAsdedo || oalbeeMi@HAkot | r
ve MCF7/ hgooPpeolnferasyonunda konsantrasyon
neden ol muktur. Labetalol, 48 saate kéyasl a
Hemproprheml ath et aMHv e -7TMARM O00Dox hg¢gcreler n n
kapas tesved&obshnt gaazsayloma ybaa jreemden ol mukt ur .
anal zl er nde, propranol ol ve | abetbabolt gr] et
yék&kohsantr ashyoorl eeltalra tryasmeéd anldarman ddan uzakl ak
neden ol duj ProdPzheoimokt rhegcre d°ng¢gse¢egnde be
ol thampoptozu nd¢kl eepkeh, f éabetfal et kns anG2 f
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durakl amaséyl a Prlo pkrka nlod md r viem kabetal ol , l

ndg¢ k|l B&ymr &d a-sre R N&l near| sonp-rlopmrama udy BMEEES € ,

h¢creler nde topP awe, 3514 geear? nd yakajeee nl ed ] b
MCF / 1000Dox h paroglrara 6r de nyaviey klabr4é gyenning a kK a
d¢zenl ed J . habep qau loMCeFg é v e -7TMARM 00Dox hg¢cr el
séraséeyla 286 ve°néz dJgeglzemndyadki@sswergnal, zI| er
propr abBF&égann akaje y°nl ¢ de¢gzenl eyerek ng¢gk
vV e l a- d renc n ker malLpbea @DODGCF&W n tha K gyduékjaé
yenl ¢ d¢gzenl ekmersser d talc élnerannt n kar makék b r
ol ab | ecej n d¢kegndegr mekted .

El de ed |l en ver | er, propranolol ve | abetal ol

prol f ertavlenf gr apppha zeeniglelklileeyreen sah p ol duj un

k | acen farkleée etk mekan zmal ar &, stand
komb nasyon tedav | er nde kull anmak - n gé-
propranol ofnvmemabkbanbeoel tedav s nde potan:

ol arak yen den | lolnd mglaalnédkenuaal rearkas avdeerr .

ANAHTAR KELI MEe®B&EBTrener | k reseptor antagor
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1.1l NTRODUCTI ON

The most common cause of death in 112 out o
t he most prevalent type, [alcjcDlhueti Hgl If mar Kisl .

concept, proposed by Hanahan and Weinberg, a
tumppRs clohrecept includes six diingiogui st hgrf &
contributing to carcinogenesis include <cell
mechani sms) and envirommenttli §actocsall smokc
mul tiple mechanisms on cancer, i ncluding se)

di stih8}fions

BC is a heterogeneous, abnor mal ti ssue wi
promotes tumor [gtBowmhr gntdumpreadl |l s recruit
stromal <cell s, including fi 4r5dblCasntcse,r icnafnl ane

by modi fi afolda famdlmrorf act ors. Reducing modi fi
of candeér] Geanseetsi ¢ mut ati ons, particularly thc

are a major contributk[ng, Flactor to elevated

BC treat ment challenges such as recurrence
eafsltyage cases recurring. To select the most
grade, stage, and mpRBeduleanr menbsypganofbet mar

nomet astatic BC focusing on surgery and radi
systemic therapy aims to extend survival anc
treatments, chemotherapiyeandddmmuoonahetr heyam
types dflOcandgr

Chemot herapeutic agent s are developed to
preventing I nvasdkohheay darme tdliewiadvged ianntdo spyl natnht
based on their chemical composition, mechani



intracell ul ar DNA, mi crotubulf[els3, alDdgk ngtemersa |

is the most systemic approach in treating BC
Doxorubicin (Dox), an anthracycline antibic
Streptlolmy]clees i s known f or i tsg ramidl iDtNyA.t d oixn th
clinical use against various malignancies bu

effpg6kl71t causes cytotoxic effects on cance
damage, DNA intercal afilén, 1Ddixd ilnitpeirdacger owitc
mi tochondri al DNA, ap 4 ekfwh8ndHHowlkee ep 53 dsugn aleis
high cardiotoxicity make -rietsi aitfafnitc ulutmotro cwed «
resistance to other anticancer drugs, maki n
combination with ot hiemprowteo tcolxd nco tahgea mtpsy tr e ¢

resi stapit9patients

Combination chemotherapy is a treatment mel
and reduces side effect-scabyedqddiigps asgappwodo
result in a synergistic effect, reducing tox
of multidrug [28]JTshengrei (cMDRI)es of this trea
with different toxi#do ugf frecstis,t amrcey e bteii mg erfd
al dmel, 2 2]

Cancer recurrence is a significant chall enc

which develops against different chem@Bher ap

Combination chemotherapy is generally succes
complicatdgd2fdilkesatymenRt010) . Factors contributi
and genetic factors in cancer <cell s, with m
accumul ation, aut ophargeys,i satpaonpcteo {gkebn,.ep anBuhtwaatyi so, n

Betaarener giteAR)e caerpet omesmp(eos®iam | edea@r ener gi
family, which promote tum®dBf] gftowshudhdsmehab]
prostate cancer, mal i gnant méeARn @amd agloauk ¢ gi



been shown to inhibit enhanced tumor progres

tumor growth of 2&lclenpr alliifnarcatli cenvi débnce su

bl ockers in cancer patients in combination v
di sease increases survivall2.9awad opecdnoe |t vasr
bl ocker used in clinical trials which i1s wid:

i's a nohMell eoctkiewlei phoipghhillyi c , a n db rcaa nn [ckBadrisrsi etr |

Propranol ol has been demonstrated to inhibit
in different c-amdedepepdsnn[i hdndmtbeermaeal ol , a noc
biband seliestavegeri pheral antagdqmBidgi Laanbde taanl toil
amtan@AR antagonist, has been shown to reduce
types.

The drug repositioning strategy is defined
new indication by structwural modification. T

has contributed to the deweleagmeretr spfectthivse ft
Old drugs are investigated for different <can
cancer pBE8p&8REpesitioning ant blhly@ehatse sosfifveer ed
significantonrteesxutl.t sA inmu mbheirs ofd de novo drugs
and tested in preclinical trials [h&a¥]el heelrseo ids
growing body of <clinical evidence regardin
evere infan{Bbe Bé&RHARI emamul ati on i n heman
ells has been a subject of recemAR rhelsoecakrecrhs,
|l ay a regulatory role inardnicevasiewdnesso.l iH
hown that propranolol can inhibit the growt|

rol i f ermdatgirvaeadoreynt catnoxi ¢ effects on these ce
hownbhklheagdk ewhsen used before or along with c
ur vi val rates and reducpk8.7|nkearalsitearsi sesienarc
i ghli gmtheditthhebpARIi mMpackeot oandoeepinepwhe dee

a
s
c
p
s
cancer cells by Dblocking the effects of nore
p
S
s
h
cel |l proliferation and migration.



The potenti al cytotoxicity and transcripto

resistant cel | |l i nes have not been previous
i nvestigate the cellul ar and mohecewlnan teviee
doxorulkiscisnm ant breast( MUFI @0 dDova) MECEI | l i nes,
demonsthaewmiregdi cacy. For this purpose, the <c

abetal ol were d€t ammi7tMCBODNnc ¢ hle IMCire s . Con

concentrations that exhibited significant to
colony formation test wasbbiuvekers detat mence
formati oneamdstomM@rFrahdoMCEFOODoOXx cells. Compar
of t he bebfl foeckktesr sofon cel I-7 nma ngd-7aM T GoON0 D onx tcheel IMAH

effebbbookers on the cell €7y cal ned-7aMCiF 0D Do Kt ocsei
l i nes wmeirnee dd eutseirng f |l ow cytometry. Transcrip
RNA sequence anal ylbhlsodkercel | s treated with



2.L1I TERATURE

2.Breast Cancer

Cancer is the |l eading cause oafc choeadtiingi n ol 1t
Heal t h Or gani zAactcioornd i (nyHQ)o data from 2020, th

and 10 midfliamedandeat hs wo(rBG@)wpdeseBre®aat sc

gl obal heal th concern, ranking -ael ahedofmot ha
wor |l dwi de. It is the most frequently diagnos
preval ent t VBGe @ad c ocuanmntcienrg ifsor 11. 7% of al | C
(11. 4%) , colorectal cancer (10.0%) 6 %)n cs8Bt at e
the fifth | eading cause of cancer Blzaddhisntws t |
for 1 in 6 cancer deaths and [rBlnks first in
The OHall mar ks of Cancer 6 are defined as
transformation of nor mal cells into maligna
proposed by Hanahan and Weinberg, malmisgnantex
tumdpes.la8tially, the six hallmarks of cancer
principle, with the aim of elucidating the ¢
neoplastic [Bllowtrlrecenat sgxwddiesti ndeisehing fe
extended to inElgdeErdjghaddietaitametso t hese mol
a multitude of factors have been identified
include cellular mechanisms (genetic mutati ol
factors (smgkindg, idi atmpetrati ve to consider t
cancer, encompassing sex differencle4Q] hor mon



Avoiding Tumor-

immune promoting
destruction inflammation
Polymorphic Senescent
microbiomes @ cells
4w *
1y
Nonmutational P . Unlocking
epigenetic phenotypic
reprogramming / plasticity
W b
_ Qsl SR
Deregulating Lxed Genome
cellular ]]I[,II]I instability &
energetics / e mutation
e g, Enabling
Sustained i ./' ! replicative
proliferative o immortality
signaling
Evading /\ Resisting
growth P o cell death
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o Enabling factors
Inducing Activating Emerging hallmarks
angiogenesis invasion and
metastasis

Figare&chematic overview ¢BOTheahall mar BsEoBREndance

Al t hBGigsh a heterogeneous disease at the mol
devel oped t o redufclel aBhG sse theliyeramreanremaly change
structures of the mammary gl and that make u|
ti ssue. Mammary gland tumors <can be benign,
mal i gnant, suf AABB Caaarscei nionmatshe ter mi nal duc
coll ecting duct (the(Ffghe®henabkbrmnnal of obbes
ducts (ductal) of the mammaryB@Il7andldre the
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FigazRepresentation of female breestiandvi Bwt pDé
mammar y( Cdeatt ed by Bi oRender. com 2025)

BC, l i ke most ot her solid tumor s, has a st
promotes tumor BGCsorwa hk rmovwdn stpa elned . het er ogeneo
and are characterized [MAfha pumomar ymi t umenvicre
observed to recruit and activate untransf or me
and i mmune <cell s, t o s[u5fpoorr t e xtalveEHCe®, xcp oenNy i r
estroges( ERceppponogest{(RImMe mhemaept epi der mal 0
eceptor)?2 WHERe attriiviel ebreastiocanpeess (aAaNBC#s
ecepd4prs

]

-

Extensive studies have been ongoing for ma

cancer formation. Although the cause of <carci
ri sk factors involved i n c[a8CQcaenrc efr cartrhaabcybcerd ar
both modi f-maldl i abdenbactor s, il meddrevn td Uyaraays o |
has @ewingni ficant i1 ncrease i n bBdB,. 8RYd i inos bi
suggest that r educaicntgormodiefsipaebcliealrliys f or t he
could prevent 20% ofs o©odnce[uctjioadeersemp ol D &n oé



BCare hereditary, and the different mechani
environment al factor s, vary from patient t o
aff ectBIRCmhBReC AZ nes, have been identified as
an el evat eGneasn AdphiH BISRA.L BPPZT ESIT KA ATP 5h3ave al so
been reported to play[ @, 8pbl e in increased ca
TabdleRi sk f 8CE8) s of
Modi fiabl e | NoModi fi abl e F
Hor monal repl e Femal e sex
Diethyl stil Age
: Family histc
Fayel eal ac (of breast or
Overweight/ Genetic mut ar
Al cohol i n- Race/ et hni ci
Smoking Pregnancy and |
|l nsufficien :
Menstrual peri o
suppl ement at
Excessive expc .
i ght Density of br.
I ntake of pr Previous histor
Exposure to Nowancerous bre
Ot her drug Previous radia
The subtBYpsngf osignificance in understandi |
determining treatment strategies. Based on t
and human epidermalBCysowi ki ladt ont HERIMBA,j n S
A, (2) | umi ranlr iBnd(d3)4)HERZ2 pl e negaltuinvienablr eAa s

tumor-s0%60f
receptor
positive
negachareacteri zed

ar e

( PR)

and

patients)

ar e

dvepeéerp

expressed

posi LtumenalndB RBD®Roorte gpaplebi véeRt s )
can-emeg i RR e eldmadtmoo fes. p(dltBiR&nt s )
by
ERNdPRER2[A8gBMBIG® with

as estr
ar
negaPOtweof uphBRRB e (

triple negative



mol ecul ar sablpmése Thhoarsad cBlad diwg mesenchyr
( MES) , l umi nal a n d r masenchymal estere dike r(MSL) LaARI) |,

i mmunomodulfaddrRdg@dafr)ch has demonst BLtAed t he
compr ehensi veitssnuddryPptesntdoisinegndsfd micit dalai ocpt i mr ac

for treatment strategies
2. Breast Banepgy aft egi es

In the field of breast cancer (BC) treat me]
are pachmblLbettigesvras been observed that the di
eafsltymge BC cases. Consequently, it is imper a
to determine the most apprpoeprrs camtaeb g reedad me net f. f
treatment, it is necessary to determi[n®] the
BC tr eianarnewndi ncgh esmuortgheerrya py , radi ot herapy (RT)
t herapy and dammubneo tchaetreagpoyr,i zed anedg et (Emgmaien (¢
2.3313.0]

METHODS OF CANCER THERAPY

LOCAL SYSTEMIC

Endocrine Targeted
Surgery Radiation Chemotherapy therapy therapy

/ @ C~# Yﬁ* o =

Figa3BC treat me(nGr esatread elygyi eBi oRender. com 202

While the tmeaamwmeérat i cf bmnemast cancer i s a |
radt her aphye pri mary purpose of treatment is t
the tumor from the breas[tlO,Télgueéeramad meadgi omna



BCi s based on systemic ctah emga@apmsy ,zeeidthhiecrh pirse o

(neoadjuvant), postoperative (adjuvant), or
prolong | ife an[dl®Bdr epdtaitentsy mpitmodmsanet atsit @t b i
cancer, the use chifement@acgipyedt hdreamp, es and

provide additional suppdritO]f or the treat ment

2. BuXxgery

Two main | ocal treat ments f orcoenasrelrw iinmyv assuir
(BCS) and mastectomy. BCS denottuensoritmec commph &

with the surrounding healthy tissue. Mastect
tissue and is frequently 4dS83$aucigatcad wietmov alt
axillary lymph nodes is a useful procedure f
[ 9The surgi cal maanfafgeeaneend Iloff mprcha nmcedes i nvol ve
sentinel l ymph node biopsy (SLNB) and axil |l @
although BCS appears to be beneficulat s fiom fch
removal of al |l brelats ti st itshseuree f(omaes treecd commye) n d e
receive mastectomy[ 8Fk.their initial treatmen

2. 2. Raidher g p

The primary purpose of radi otherapy 1s to
deoxyribose nucleic acidutDNA)aitrmaae aantcieorn ,c esl L
rays, gamma rays, electron beams or pretons.
metastatic cancer cells, that is, cancer cell
A variety of maickas| iatriee se mgpn do yteedc hmi g he tr eat
mai n ones-diameen st mmaé¢ [( 3mDa d icootnhfeorranpay and i nt
radi ot her[adp®p dil tRAgr apy i s typically recommer
chemothésamywed to treat all subtypes of BC |
there is no clear indi[wWijJduali zed treatment f

10
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2.2. Endcagine Therapy

Endocrine therapysoma kommome t-p &t tmegwnd if ova
C with the aim of targeting eif{BRhe tdle] E€Rt o\
f hormone therapy is to either inhibit the
ensitivity of endocrine therapy is directly
rugs used for thistpurposmai ar dealdasngisf i dd eu
re included in the group under discussion:
e. g. tamoxi fen, toremifene) and selective
ul vestrant), Iwehifcdr abyleo crkeisnpgo nER $; and ar om.

etrozol e, anastrazol e, ex e heesd targeeg ¢ 18 Whda wehl sa

2. 2. Tlargeted Therapy

Targeted therapy, a hi ghly effective tre.
verexpressed HER2+ protein, which is found
mpl oyed in the treat ment of HR+ brleraesdstcan
ancers has been identified, yet this 1is nc
emonstrate a | ack[ 4#Mobeomhaket aegptedstbara
o drugssitdqhraaod iteaguwledas, i ncl urdmanlg gHRo wtHE Rf2a ¢ teqp
EGFR), vascular endotheli al growth factor (
nd edyecpleinndent kinase 4/ 6 (CDK4/6). The most
re HER2 i nhibitors: etcast AKOhanl@ ORpemthu Dbu ha
uparl i sib, et c.; praolbyo s(eg d eprod syimmeear adsiep h( dPSARRHPY t
alazopari b, et c. ; CDK 4/ 6 i nhi bitors pal b
evasizumab, et c.nt anndhiibmnuonres cpheentbkrpdol4i8zlu ma b

2. 2.3 mmnot herapy

| mmunot herapy does not constitute a recent

monocl onal anti bodi eesd (fnoABSst)h eh atvree abtemeenn tu toifl i

11



peri od. Monocl onal antibodies used in I mmuno
P D1 and-1 PDbhibitorsdrugndcoaptutghodg -d{ APC) ed i
monocl onal[ 44M,Tir35Ed iugu.ma b, the first monocl on
treatment of BC, was approved by the U.S. Fo
FDA currently approves drugs used in three di
empl oryetthiis therapeutic madedlli tdye aitmc Ftuedcee pg ro
i nhi bni vol gpen@lbr, ol icemim@albi, da®t amlildi mab) , progr amr
l i ghnd ADL i nha Rizodidonu tnab umemlel amab-) ymmidocTyt e
associ at-ed( &Ghit Aigrshiip bli t mumab) . TNBC, one of t
cancer, exhibits a very |l ow response to end:
Neverthel ess, it is Iimportant to note that a
such as nahigmeir irce €eke ctedrl s(CAR)ve | ed to notabl
managementf 5d0f. TBNBC

2. 2. 6Chemotherapy

The first chemotherapeutic agent used in c:
has demonstrated that the Wasé¢eesi|l medt andagase
the number of |l ymphocytes. Subsequentl vy, ni
agents that bi ndedt o nDNcAa, n cje® PAt r etaihlment cel | s
uncontrollably, independent of environment al
have been developed to ctamrcget ctehd se dihamrsa otr
preventing invasion and metastasis. Neverthe

chemotherapeutic agephti2, ca®d] induce toxic eff

Chemotherapy represents the most systemic
admini stered in a range of settings, i ncl udi
Chemot herapeuotti egomitiane dbwo di stinct classi fi
provenanderi vpeldanand synt heti c. Neverthel ess
mechani sm exhibited by <chemotherapeutics, t

12



chemical composition, mechani(Bmg o § aZ,t i Dh] a
Al kyl atnengp larsttii ¢ agent-met amdlhirtaesg chnde d,i saan
i nhi bitors ar e chemotherapeutic agents t hat
mi crotubul e agents is focused amgmiotfo taincg i noeggte
i nhi bceat®mr eangi ogenic factors. I n addition,
to targegsi npmpiskeEpad.y n

| Subgroup | ‘ Chemotherapeutic Agent
Nitrogen Mustards Mekloretam, Gyclophosphamide, Chlorambucil, Melphalan Ifosfamide
Nitrozoureas Carmustine, Lomustine, Streptozocin
Alkyl Sulfanates Busulfan
Alkylating Anti-neoplastic Agents Triazines Procarbazine, Decarbazine, Temozolomidine
Aziridines Mitomyein C, Thio-TEPA, Altretamine
Anti-neoplastic Platinum Compounds Cisplatin, Carboplatin, Oxyplatin, Nedaplatin

. R Camptothecin, Topotecan
Topoisomerase | Inhibitors Anthracycline group antibiotics (Danorubicin, Doxorubicin)

Topoisomerase Inhibitors

Epipodophyllotoxin Derivatives (Etoposide, Teniposide)

Topoisomerase |l Inhibitors Mitoxantrone

Primidine Anti-metabolites 5-fluorouracil, Cytosine arabinose, Gemcitabine, Decitabine
Anti-metabolites Purine Anti-metabolites Fludarabine, 6-mercaptopurine
Folic Acid Anti-metabolites Methotrexate
Hydroxamic Acids Trichostatin A, Vorinostat
Carboxylic Acids Valproate, Butyrate
Histone Deacetylase Inhibitors Aminobenzamides Entinostat, Mosetinostat
Cyclic Peptides Apsidine, Romidepsin
Epoxyketones Trapoxins
Vinca Alkaloids Vincristine, Vinblastine, Yinorelbine
Microtubule Inhibitors Eribulin Mesylate
Taxane Group Microtubule Inhibitors Paklitaxel, Dosetaxel, Kabazitaxel
Proteasome Inhibitors Bortezomib, Carfilzomib. Ixazomib

Figa@4a@hemot herapeuti ddi&neaclds dbiyf Bt @aRieoder . com

The cellular targets of chemotherapeutic ag
of actionA(kiybgateng. apents are genotoxic age
in BC chemotherapy. They gener al I-iyn deexpeen d etnhte
manner by al kylating react DWNé& ladnji nes, oxygen

13



Hormone and Hormone Hormone and Hormone
Antagonists Antagonists

/ol

Cytoplasm

/ % Targetd Therapy 7W

Nucleus
Immunosuppressive
AN
\ Microtubule Inhibitors
Transcription \_/
Histone I_)e_acetylase /

Translation
Inhibitors
\ Replication T ~—y ©
P NPV ¢
= RO —\_/\_’\
/ T \ Proteasome Inhibitors Cytokine Production
\ Alkylating Agents i ibi Anti i

FigasMechani sm of action pbédFTheambethebppBudoRenadgerend

Andnmet abolites can be defined as met abol i c
bi ochemical processes. The primary targets o
and protein synthesis. Consequenitcl yt,o tthheey S Xxf
of the cell cycle during DNA synthesis. The

through the incorporation 1lo/f] base anal ogs 1in

Mi t ostpiicichlhe bi t or s di srupt mi crotubule dyna
Therefore, +shegyi di e mWMioklkekalcoiagenitshi bit th
of tubulin heterodimers, while taxane group
l eading to mitotic parorldadtdrmmgntdsd@dnn hi D]i ti on of

Hi stone acetylation i s one of the epigene
( HDACs) remove acet]ly3.8]grDoAUCH si nfhri dom thoirsst -carrees ¢ h
sel ective @O isreHieltitti ovres BDIXh ad n ziynnheisb.i tHDBAQ iH
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i ncrease reactive oxygen species in the cell,
autophagy and differentli5a®t.i &, and inhibit a

Since proteasomes are involved in cell sur .\
cell s, proteasome inhibitors are often wused
Proteasome inhibitors exert a uaytooteaxiics ehfifge
cytotoxic effect of this inhibition | eads to

kB) inhOUpridtoei n k8nd thukBiahghat[68] pat htvay NI

Topoi somerases are enzymes involved in the
replication and transcription. Topoisomerase
inhibiting the activity of topoisomer a$eéeen:z
DNA damage, TOPO inhibitors are divided into
to DNA, break the phosphate backbone of the
preventing ONA.,relpdl]i cati on

2. 2. @Dox.orubicin (Adriamycin)

Doxorubicin (Dox), an anthracycline antibioc
t he baSttregptyaointyjceesse agents are also referred
a term given because of-sthanddoabwialSAt yh et d iirrstt
identified in this group and t he Ad ddomud ha mtokx
has a wide <c¢clinical use against di fferent S
cardio toxicity[] & dldjther side effects

Dox exerts cytotoxic effects on caFicrext cel |
causes DNA damage by inhibiting topoisomerase

cycleesul DNAgchain breaks occurbadgi dfree gp09 exrhb I

SecpbhNdA i ntercalation inhibits cell prolifere
Thijit dcauses | impe guilptielreo xfi adrama toinon of reacti ve
consequNeA tdlayma g e . Membr ane structure disrupti

15



sult of oxidative snterde 24 edlubiimg rantsd olmhm mame
t he hi gthoxd ar deifof[ eldbt, |dnf7 JaDoxt udy, AshiBé¢yl amddP

fluor@NAemnobe to ascertain that Dox does no
al so with mitoaoahaomudrmaaly ONA gure 2.6), Do x
proliferation, arrest in the G2/ M phase, DN
signaling pat hway.
Doxorubicin
Target Effects
Cell Poliferation Blockage
Cancer cell G,
=
Dox  ————» | W y
DNAinlElca\at(on G,
Cell Cycle Arrest
. v Apoptosis
Doxorubicin hm ['D’ﬂ T
Molecular St DNA Damage
Figaeeéytotoxic effect o CoafealRoxd dry Bd mderndeal. lco m,
Al t houghn Defxforts mavteher apeuti c agent, drug r
problem of high cardiotoxicity is an i mporta
clinic. With the emergence of tumor <cell s r
resismamtcel |l s al so show resistance to more

mechani smgl89ft actihomhly common to use chemot
with different cytotesponsag@genasetof i cmpemoehdte

mul tidrug resistance ( MDR)
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2. 2. 6Co2nbi nati on Chemot herapy

I n thel csenciomgeonpodoe gTheParslei Rixthobs t si gni
dod4emiting toxaagdverysauef fteocttsheanmd restricted
often develop resilsnt aamdccei ttioon,hewhlredrdirgisgs t a
are used, they can induce secondary maligna
targeting topoisomerases combined with other

treat mentsiadhda [g6eldeucctes

Combination chemotherapy is an effective t
reduces systemic toxici<twnlycldivhbiigsei nag slyonwe rdg
(beneficial) effect may occur with reduced t
effect may occur when the same dr ug -ciasn cuesred
drugs has been shownr tadappetsiuMd afnf ec ts,y nweirtgh st

to a reduced amount of chemotherapy. Further:
of MDR and ensures that normal ti ssfuzeGheare e:
generaleprohctpis treatment are: 1) drugs th

be selected, 2) drugs indcaogmbreatsboanskhobidh
mechani sms of action, 3) drugs sdatumentbestkdd
be initiated at an early stage i n cancer pat

should be minimal whil e c[h2ed220t her apy tr eat me

Using cell culdependtemdi ed f etches @ddseée he dr uc
t herapy can be determined. With these studi
proliferative effect 1 s deter miineddDlpe ncdoinntg o
on the doses of drugs in drug combinations,
occur. Synergistic, additive or antagonistic
being very highpecaguwell yor tlhhawert ,her ed f ects c:
they are admi[rRRid2t el8d tBadet her

17



The combination index equation (CIE) and co
met hods to calculate drug interaction, and t
a result of this method developedr pysChou @Gh
additive, and CI >1 as [ant,agoni stic effect (F

Antagonistic

/\

Additive

[Chemotherapeutic Drug B]

Synergistic

[Chemotherapeutic Drug A]

Fi g@flesobol ogr-ainf eést acnui e graph, the interaction greé
di fferent [cb@mEreematread i bynsBi oRender. com, 2025

2. Qul-Driug RegiMDtRgnc e

Cancer recurrence during or after chemother
one of the most significant chall enges to th
i s defined as ttuhmmoede swelampmento afi fferent che
exposure to a sing|2adMPpRemanhat apedttivel agemdaga
structurally di ssimilar to each ot her and
Combination chemotherape BscgessfaHowaveed t

intrinsic or acquired drfuygd ITevoi sntaamc é acao mplIsi

this difficulty: host fact or[ $.7Tdhned egveon evtiincg fc
resi stance of cancer cells has been associat
decreased or increased intracellular drug ac

18



di stribution (autophagypndchehd¢esyr hteaarpgoeptt o €
association, genetic mut ati oepbt haentds adiic &y gna $
transition (EMT) or mult]j23 (dFadgugiest2arBgde gene

Genetic mutation Epigenetic

Missing codon
AR

TR

Epithelial- Autophagy
mesenchymal
transition

......

Cell cycle

f Apoptotic
changes |

pathways

e 4 B
Vel ) . 1
N === \
4 A
Q LTarget
Drug efflux
(ABC transporter) Drug-target

reduction

NS

Fi g@8Mechanidsmsy ofd Ciretaareade by Bi oRender. com,

There are major mechanisms that have been

resistant. These mechanisms include alterat.i
inhibition of cel |l deat h, EMT amdal lespilgaewet b
demonstrated to signal EMT awelihadhesenosnalnc
found in stromal cells and extracellul ar mat
cells, resulting in [th&] secretion of wvarious

19



Exrtacellular Matrix
Drug Influx

——————— Drug Inactivation

——— Drug Inactivation e

|——— Epigenetic Effects ; e

|——— Drug Target Alteration &
DNA Damage

i
i

e

Drug Efflux

S
|——— Cell Death Inhibition

Cancer Cell

v

Cell Death Stromal Cells

FigaeMechani sms by w a can¢géBCcehtethuby BawvRlRedd

hich
2025)
I ntrinsic resistance is a mechanism of resi
to reduced efficacy of treat ment. Sever al st
to (a) inherited genetic c h areg else stsh an e sgpaounss
chemot herapy and target drugs, (b) unrespons
(c) removal of anticancer drugs through acti
efficacy of the d&Grond,s rpaggd aorrdlexpo saifr et [HBD @ ehre
70, AtQui red resistance is a mechanism of res
of chemotherapeutic agents with the recurren
can arise through (axnaogieweat itmaast ©danctda sdraicweard
(b) alteration of drug targets tp71tedu2k. rrec

MDR | imits the efficacy of many <cytotoxic
anthracyclines. At t he <cel l ul ar -ilnedvuecle,d tDhNeAr
damage, activation of ef fl ux pumjl®ependcdnta:

20



transporters or reduced drug entry, activat.

mi xfednction oxidases, and numerfolu3] ot her act

I n wdirturgos,i st ant model <celll |l ines can be obt:
drug concentrations. -7l mreuwrstprcawiceus cetlddil e ..
drugs such as paclitaxel, dedetaxelacvdnweili &
[ 74 ,anwd ]t hese cell Fies etsa arait @ tr yiii grei fnadd dtiot i boen t ¢
selecti[jveD)agestesdi es have shown that the MDF

l ines may be related to multiple molecular m

2.3. IDrug Effl uRe dMedt arn cd

One of the most common causes of MDR is <che
their f | oAT fpirrogpiend i eastsrsaen 4 por(tAeBrCy) have i mport
physical conditions. Their pri mary functi on
met abolism and excretion (ADME) of endogenou:

excessive acanwemulya tuitAiBi@ b mggp g rhteer pV.6M tt h mec
overexpression of ABC tranbpmptbaerppeuéei nsang
out ofddadreedmsrilgi gaccumul at[i2dB G nsriades ptohret ecresl lar
of nuwd ebitniddleemai ns ( NBtDamesnmrbd dotmvaoi ns ( TMD) . The
hel ps twmarmsgamtces by f or mmi ntgh ea ntehmabnrnaenle . s tNrBubc
of ATP Dbinding and is responsible for the
functioning of ABC pNBokt eads.tATR kydf olrynait s o
protein andobhhef egbemot herap&udt.Pg7l8dgemnt ct @iun
gp/ ABCB1/ MDR1) , mulet adedg presiesinanceMRPs/ ABC
protein (adnRdP/MVePgdst cancer resistance protei
devel opment of MDR.
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2. 3. 1RPgycpor ot egin (P

Pgp is one of the first members .offIsttaecAdB€E€d:
by the MDR1/ ABC subfamilynB,chmembsfomEle({(/ANRAB 1
me mb rrlaonceal i zed 170 kihlaosd atlwoo nr e gkiDoan)s ptrhoatte icnr o
Ssi x times andi ndwiongssh™mRitd deer gy mp xenobiotic:
cell80]Overexpgepssbohighl P correlated with MDF
studied protei nBhiisn pcraoddecirinsr dawaheveorl vhe.d 1 n i nt
functi onsayspuwuampg,wot hereby enabling the uptak
rate and their excretion8lf,Pg8m]reemovelsl satr uan
funct idamnvehrysger ophobi ¢ chembt bewr ampewcteisa Iceed 8 gt, S

reduced intracel |[Wl3dgr drug accumul ati on

2.3.1IMRlI tidrug ResistanhMRP)Rel ated Proteins

MRP (ABCC), ABC subfamily C, -Xwapurhp rcsdp dhllee
transporti n[g8.X]almcce rABdrCugsami |y consists of 1
associated with MRP (designed from MRP1 to
fibrosis transmembrane conductance Tregul at ol
(SUR1/ ABCC8 ang9) SUR2sABPCoteins rah§b kbawei
[ 85] The MRP family differs i1 n strucffurcetymeri
MRPs are responsible for the extracellular
compounds, xenobiotics, and their[gbhowmgdnat
the ABCC protein fgmilg faencstiimon,ar MRR sPel e
accumul ation of antineopl ast i aumndirdiigrse citnisa ndael

driven. manner

2. 3. 1Br3east Cancer Resi stance Protein

The breast cancer drug resistance protein

transporter protein family, was dreésnmntsitfained ME
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7 breasdelcasnsceewdhe of the | ast members of t h
di sco[v&&&pPdancer cells show resistance to vari
topoi somer ase | I nhi bitors and [@a&hq] flon ahuensa nb
this protein is I ocated on chr omoseagme BLRP ar
has a single TMD and si-tnrgd res pPNaBrDt ecro npreonp e ratnide
Si X mempananeng 7d8o.aLiOne AMBIC transport protei
BCRP has a wide range of substrate specificit

200, studi es t ocaatniadiytzye rteleatsitamug®iog e( SAR) ar

2.3.22Zung Resi st(@nRR/ W)X ei n

Lung resistance protein (LRP/ MVP) I's not a
because it f udinncdte poennsd eanst ammo [AeTdPul ar pump. | n &
LRP was identified within the nuchgaMDRemb:!

(multidrug resistance) selective resistance
vincristine[,9hadilédDapossdeqdn@aocdedolhyitnhe hume

l ocusn the absence of experessiaospotheobLRBuUubsS

hor mones and mRNAs within the cell. This pro
by thP2IDRRrexpression of LRP can | ead to re
agents, including doxorubici n(,Romist,oxa@ar0tarfian 4 ,i
to lung cancer, LRP overexpression is also ¢
|l eukemied] Bymphoma, gangliogliomal[s23,asQ2]Jocyt

2.3. Drug Reddicguameed by AlApempdtoit o s Pian htwhag s

Resistance to chemotherapeutic agents may |
the apoptosis ability of cancer cells. Apopt
in celll6b9dA®@EBMHMt osi s is critical for various p
homeostasi s, and eliminating damaged or unwz:
[ 94]Aut ophagy is also a process that maintair
recycling nutrients,g amndfprewi dipeRp cptesr Piys i
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defined as the process by which cells under g:¢
pat hwa9, T®8] process of apoptosis can;tbhee expl
extrinsic pathway which is activated by deat
pat hway, whi ch S initiated by wvarious si g
dysfuph®86] on

Studies have also identified a | arge numb.
apoptotic pathways representi ng9.3dmeegense anbdl
cancer cells express survival proteins, whicl
[ 9.®Rr-apoptotic mol ecul esprpapsolp hfodre caud lels deaat h,o0
i4creating a dynamic balance th®3, h@djpsomadamt
incr eapsreopoppobdileeviesish -2as -8Blcl Mc, Il A1/ Bfl 1 and s
decr easapoipnt epyietsh as Bax, Bad, Bxid , NoBxaak , p IBay
i mportantresobkéapaopt asoi s. At the same ti me,
transcripteiBoanflactherr &&ponse to cytotoxic ag:e
are important fadtodr.s Mf7dt hdroawbotdsxisthadhegs
death and susvimualt adreomadgetsed t herapies can

based on the cancer cel | S overuse of t hese

2. 3. LChanmpe<Lel | Cycle and Drug Resistance
Theeguloat idarel cycleianmdl apoptasrscate net w
proteins that coordinate cel l ullamr tphreol d d retr eax

chemot herapy, t he -ceeapeea mgkearcte drfu g erl & s icsytcd rec e
chall enge that must be addressed to ensure t
regul atedebendgnti RithaisesadlCrDKwel)edded that t
types of G&IDKKsS9 )(,CD/Kelte sneothavd aofclteharl y defi ne
Cyclins are a familcyompfiviexhoC®K®s $ nshatr ewail lasck
di stinct types, including A, B, D and E, whi i
The presence of cyclins has BphO&&Lhed&kmpwon ntt rsa twae

24



the cell cycle function as surveillance syst
cycl e, and thus provide the cell with an opp
cells are equipped with two pribmdmoy echmedclop o icl
A pathway involving chkl is respgb@esyobolienfBri:
inhi bited as aigepbt hjg@%h tihrap carhtkalnt contr ol

cycl e, the transitiitamlfrgam @hapslkeagsd o( tSh e hiars
whi ch DNA is replicated) i s( p&sgwp parteesds dory ¢ ehree

Additive and synergistic cytotoxicity has b
treat ment with numerous common chemotherapeu
I and || i nhi bitors and al kylsaftulnlgy algeeanvtes .c yTc
in S phase by causing a del-talyeriaapyS pchoansper.i sTi
targeting checkpoints in the cell cycle and

to produce synergisoncokefCBEKtsnhThet oombandt

has the potenti al to inhibit cell proliferat
that a combination of <cell cycle and checkp:«
crucial ciimcarnmvernttd he potential for [elxX0c0gssi v

2. 3. DDNA Damage Repair and Drug Resistance

Dysregofatpiron eins involved in DNA repairtr n
genomic instability, which 3]sCelnles ol aou &8 beovmali \
excebdDdAvdamage response (DDR) mechanisms to ¢

to the complex protei mnameagnadt i roenpaiirps thhMA. 1 @:

initiate DNA repairtr mechani sms in response
radi ot[hleOrla,pGh &t her apeutic agents induce a
mul tipllkohiesiowgsradiation (I R), anthracyclin
cause DNAtdanOl ébreakst(®88s preakagl &SBs) , a
When DNA damage is i1rreversible, all these |
wi de range of pat hways, i ncluding apoptotic
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pat hways, DNA t ol erooomrada eaved&krsi srhatamel ate r
progre$688pn

AmondghENA repai rOephkhivgyani ne DNA al kyl tran
been shown to facilitate direct repair of al
demonstrated t o rSeSpBasi Fu rbtahseer ndoarmea,g en uacnlde ot i de
has been observed to repair bul ky -DINMk adedpai
has been shoiWwnnkwo, fwkilcer oBNA mi smatch repai
mi smatches aetdi dmsleodapon/ Behahadyi omomMbBRdgans
homol ogous end joining (NHEJ) [hlaOv3e, bleOedn] de mo

Dr ugsirst amewveadgoapichhetmot her apehutair ghd@DgRe nrtesp ai r
me c hanlihsemsu.se of therapeutic agents targeting
as a critical strategy -targetivegtdr ggsodStiancil
The combination of DDR i-damagtong ombemanhemap
has been demonstrated to induce sensitizati
ef f i[c6a9c]y

2. 3. 6Epit AMelsieanlc hymal Transiti on

Epi t imelsieanlc hy ma l transition (EMT) is the pr
|l ose their epipgdledritatd § parog ea tmeesse monhkdy mal phen
mi grator y1lbMAhsatvrioomrg association of EMT with
met astasi s wasamyd-isesoivsetr-dendtc e MCBa dirnn t he earl y 1
studies have demonstrated that EMT occurs du
tumoet ast asi[slO&md | MNRng t he acquisition of EN
the actin cytoskeleton, the exprecadioar iofn am
occludin decreases, the expression of mesenc
N-c ehder i n i ncreases, and the activitixhofar mat
associated with an invasive phenotype, incre:

role in EMT inductjd@8phnd tumor metastasis
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With increasing studies, tumor cells can be
with the presence of di stinctive -bglemiess tds E
strengthened the theory that tjulnmo3hxetidasl wil
[ 10PJjund that the ABC transporter f amidluy i mags

transcription factors, including Twist, Snai
genes involved in drugineassboand®@d@dmdt astash
Thetil iwfatcbemot herapeutic agents tduoneosr no't
mi croenvironment, resulting in the apoptosi
efficacy of the drugs used is reduced by the

with MDR phenot[lyp®e7]Tse afl sot ctaludate dEMT possessc¢
signpadit hgays offers a wide spectrum for new

2.3. Epigemdaadi ©s ug Resi stance

Epigenetic changes are inherited changes i

DNA sequence. The DNA is packaged otroggaentihzeerd \

structure <called chromatin. Genetic i nf or ma
modi fications of DNA and histones. Gene inac’
rates than inactivation of t heacaqurer ggck nteh rboyu
mechanism of inactivati otnhatf tahigse neevyentt iiss nhm

met hyl[ddu®bnhough the majority of drug resi si
related to genetic alterations, some studies
involved in mechanisms such as increased dru
r eplalilrl]

Studies have shown that -etxlpag esse oof od e matmoy

genes -xeamsinerzesi sramgt cancer Thel lcsombo ndthies

conventional chemotherapeutic agents with efj
|l i keli hood of cancer recurrence and to offer
[ 6.9]
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2.Brug Repositioning

Drug repositioning strategy is defined as t
a new indication through structur al modi fi cal
of a drug and enables theeuseyobtoxugs ewi elot
pur poses. I n this context, two main advantag
accessibility, 2) toxicity and pharmacol ogi c:
any structuraioecéshwnwgeppooaegprer ug. Many drug
the treat ment of cancer, skin, infectious, n
2.10). Ol der drugs are stildl being investi g:
foowd to have-cpatent p@8B8Bggbhei eesting and reposi
t hat ar eutnodfidzeerdgamcer treat mewtancleut pwbipeht p
fewer side effects, has prouen toebemantenco

@

Fthionamide = Metformin
— —d —_—

@

Repurposing of Approved Drugs
Skin Diseases Cancer Diseases

Valsay l Chloroquine

apluesador

Neurodegenerative Diseases Inflammatory Diseases Infectious Diseases

Figar@Repur pos[e3d7 ,drCuig@sht ed by Bi oRender.com 20
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Il ntroduced in 1899 as a pain reliever, acet

a drug repositioning strategy. Aspirin was r
doses. Since this d2 uign hiisb ibtei gopno,s &i othanneat shlast o Chhx
reposiottiobenefdi €l d of oncol ogy. Because in canc

praopopéebtect-208n@OKr omote appp@thei g eipro sd an oer

the drug metfonmriav eérasi ableeinn crecent year s.

designed on -dddirec éorasmec lbpdniasnms, various studi e
the proliferation of tumor <cells. At the san
me trhiom i s used in combinatif@dB]with chemot her:

The repositioning of amb li choyhpaesr & einesli d’eed dgiug
results infn38hhesr ecoingegtowing clinical evidet
propranol ol i n the treat mp85 , BB&rsgeivreg ee viind eam
t he MmARBEddfenergic receptors) stimulation in
the questi bAR olil ovhkeedrheerpl ay a regul atory rol
mi gration/invasivenlatshi bSttuidoine sofh anvcer esphionwenp ht
| ung adenocarcinoma and colon carcinoma, ovVva
exer tmr oanitfie rmaitgirvaet,oragntand cytotoxic effects
evidence has ussheo frlm f otchkaetf st ee di agnosi s or C (
chemot herapy may i mprove survival and reduce
findings mai nly emphasi ze DbARe bliobkéi$ or
nor epi nephr H med/uecppidnoetpehfrieirnaet i @ 8.74nd mi grati on

2. BAdr engRecept or s

Gprotein coupled receptors (GPCRs) constit.?
The majority of reactions to signals from t
hor mones, neurotransmitters, aind1A@RoCcRasl ammeed i aa
receptor superfamily Whelhi caévedomiai ass nend r e
heterotri mgRBi7¢dTiIGeprooremna cylindrical struct:
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times across the double Iipid | ayer. They ha
pol ypeptifeotchians. c @suibutdi pamd3vhmai 1 he GPCR
activated by a signalidgumahetulies, r@DRabedn
instead. GTPgsumlmunintg daouserse &G conf or mati onal
fromepiphael rG The separated subunits interact w

such as enzymefgl1l1h3d ion channel s

Betaa@renergi badreecreprnt ®@&ABDp tlamme,;mber s -pif oit ehien G
coupled adrenergic receptor family. Adrenerg
according to theilanéite uepiue s mtnar § uarcdaj onb di \
Ug, Up, s, bzsa nldc; br ecept ors ar &, sarbil [ ¢ 1 @EEa nint o
receptors differ in pheteinsatraeebhdbay math
physiological responses upon stimulation. Th
used to denote agoni strsss Adn hbeght amuleatee d i t
group agonists (i.e. noradreonalenbpl achr e@ahbhrc
stimul @darnfeceptors in different tissues resu
Consequentlgicaherephgosacikyoitislzeedr el axati on of
muscle, which is broug-AR abomul byi bhe teabubt
in cardiac contraction and force. It i s evid

the clinical manalglelnbelnt of hypertension

Ther e ar e st udhbAR sthiomu Ingt i tomatof stromal
mi croenvironment promotes tumor growth and m
(Sloan et al. 201®ARLaamrpbedtli nrul atle d dRY id 1. e
stimulation and activation of adenyl ate cycl
Activation of adenyl at e cycl ase | eads t o
monophosphate (cAMP) and i ncheapldr wlyaattihers i ¢
ki nase A ( PKA)e xacnhda nagcet ipvraottieoinn odficrAeMPtelgy | ad teidv
guanine nucl eot iERACe XTchh asn gaec tfi avcattdrosn (|l eads t

i mportant transcriptional regul atorsl,ofandel |
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ETS) and affects inf][ &aibha(tHlagéu]raen d2 .alnlgi- o glenn eas
dependent activation @f rBAgD] adaomgmpent efnt ha
apoptotic tendency of cells,[2.8kreby opening

@
@ @ Epinephrine

Norepinephrine.\

Beta-
adrenergic
receptor

o _MN (AP AP
Adenylyl
cyclase
— @’
ATP/\‘ cAMP v EPAC

A2
R MEKT/2

+—— (ERK1/2

0O

Figareignal t r abPASRd u cetc{e@riecarisad by Bi oRender . com

2. Badrener gi ¢ Rec ebpbtloorc)klenrtsagoni st s (

b-adrenergic receptor antagoni sts t hat i nhi
receptors &abloablsloscikaelhlisdiAR t AR pat[hWwa¥]s

Today,bbd ome&kweatrs as | abet al olUARr ebrARNn cawmit atgm nh &
[ 118b]l ocwkeerres one of the first alternatives us
i nclude drugs commonly used for t he treatn
hypertension, abnormal [sTXYT®]ss and ischemic h

b-bl ocrkeeduwsce the activity of the sympARhet i c
subt Flplescakreer scl assi fied nodveol ¢hiselee ontaii ne cl wists

bl ocking VYafi-tABRugrnyt agoni sts with different ph
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properties

simultaneousl ybbfecaedsgémet aprohol ,
t h ébyr escheopwvi ldr Tsly it ehda ng B-hlean@ k ayroh o

agents.

(carvedil ol ,
b-bl oc k er ss ed redatrtidvedgtiavbel ne
selectiwel &rdmevdenadiRr d

Al pbd@ant ago

Tabd2eAR

Because

have bee

antagonists

Adr

Prazosi n,

P h

Betbhaa nt ago

Mi xed ant
Il n studies on bre
modef-ASR antagoni sts

met astasi s

mo |

ecul

ar

without

p at iAW yesf freecdtisatam gt umor

n develbdbgdeod kend .t Femres targa
bl oc kperrospr gamadl ot i mol ol ,-s edtecc.t)i v a rhehonrdeocrielpd ok s

i2n. 2.

AR

bbhesiehndaltolveg 3Pptr o pROhim@ew and

bi sopro

mai n

antagonists h

signalingpmecbagsaées ms

al

and (mahfiecidr Reeodne gt @amldZ@®llhad i avi t

ener gi c ¢
d o x

enoxybenz

Phent ol ami

Yohi mbi ne
Met oprol o
At enol ol
Acebutal o
Betaxol ol
Esmol ol

Propranol
Carteol ol
Ti
But oxamin
Labetal ol

mo !l ol

Receptor

Carvedilo

ast cancer,
have been
affecting

32

v}
u> ,U
Nonsellec

o

=

=

o o o oo

1
Nonselbglt

Nonselbdt
Nonselbdlmt
bl
Nonselbglt
angdel eldt i

Nonselbglt
and seJ ec

prostate

found t o

car ci

bl oc

tumor ubaowtiihdo

progressio



[ 28] Recent clinical evi delnlcec kseuw gsg eisnt s c a rhadr
combination with chemotherapy or before the
reduces the [a2e, ol2mhet @288hsi s

2.6. 1Propa ah

Developed in 1964 by Jameédbl|l Blckek, upreapi anal

This drug is widely and primarily wused in
nonselbebehtliovcek er, i s highly |l i-poapihnlbafda@d@r c@B
(Figure 2.12). Apart from the treatment of h
treat ment of heart di seases, mi gr ai ne-s, sep

rel ated[ &k]Jat hi si a

Figar2Chemical strucftlu2®] of propranol ol

PropranobAR 61 be&sand-mendhialietds sryempep thert i ¢

(@]

ompl ete absorption occurs because of or al a
nto the systemic circulation.cilrtcudad ianl amg
90% to pl a[s3dma,.prDd3]Jei ns

Al t hough its anticancer effects are not f ul
of head, neck, stomach, colon and prostate ¢
shown that i nhibition of nor epginmenpahramae ©dli
carci noma, ovarian and pancreatic cancer C ¢
anti m,gnatoytyot oxi c [3f7ffl]Eot sowhnghéheelbksent
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of propranol ol in the treatment of severe |

properbbil ®es kefr s have[ 12 dly increased

Il n our pr gwi9g uwse ssthwodwed t hat propranol ol (
mi gration and i nvars,i 29T baenlda vHep G2o0fc eMCFKE t o
depending on the concentlrtathiaosn aa nsdo bdiereant sschno w
expressed at h-rghet | be2tob cehedmsi.MEFbi t ory conc
(lspopropramoMav § 5éM, &eMlandeMd Of or ,a2nd4d, 7428 h tr eat
respectivel y. €M eatonpe mth siedtliehe @an@0CI1 118, 551 f o
hours reduced t h7e cmeilgrsat ilom addiMGFon, propr a
found to inhibit i nvasibdsnelaencd icveel la tneingerlaotli.o nl
bl ocker drug clasee thhe peehi §bowhi bao pbpé&daoan
in different caarmcc r-deagerede nitn naa ntnieme ahkhadwe ver
mol ecsuluadri es of propranoksi stasbcicatéd werk

studi es.

2. 6. A.abet al ol

Labet alomls,el| @ bpi avned s e Uyeice ipaee i pher al ant agc
anti hypert@EngevewWhgleemtrecently developed thi
mechani sm of actionb-bt ockhenopr amowelhvemamongs k
approxi mhoedtyh oness potledl, $Shainl gomr otpo amrod Pl &
about 25% of | abet al ol enters syst4imife oifrc

approxi matfdl2y ]6 hour s
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OH O

ZT

NH;

OH

Figar&hemical strucit2u8&le. of | abetal ol

This results in a more beneficial hemodyna
" pubtbd 'ocker Bblooc kaurr =. However, it also contri
overall Il ncreased Il ncidence of Fade rdf ebes
extensive, available data suggest that the d
a similarbblad®k erss 'pwaote @3l pcloeranod oh ,aPpuprea

antagonists (nifediapilnye,acvte rnagp almiulg)s [aTc2l8ocne ndti

Labetal ol has been shown to reduce cell gr
significant interaction of | abetalol with th
I n addition, |l abet al ol was f ounad ctoon ciemhirhaitti

dependent manneral ardcbhi a@ 0HATt €Er 24 hours, si
the resul[tls2 OwWemrocet lseerenst udy -pderhd f etrraatievce tel d ec
i BE2) and SHEP neur obdcaosntcoermal e @et inldbaeinff h @@&nne r
LabetUaalnd@ARant agonhiasst sbeen shown to reduce the
when administered in diahfdedependantemannpes
cytotoxicity and mol ecul ar stedisesaonftf tablkts:
founlddei st adi es .
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3 MATERI AL AND METHODS

3.Qel | Cul ture

I n this study, $eraME@H adaldd0CnrMIidoxmar ubi ci n
( MGF/ 1000Do xwe russuebch.e ne e s i-g8t scoebl IsMQwie e e e |boyp e d
clonally selecting cells exhibiting [é&48i13t an:«
(Figure 3.1). T h eo fr e shieswsaunll ki cnielngd idei @vsi d{iopfh)g t h
valoktbse resi st ahlegCysau buteihpeaerse rhsyMC F/d €llOlIO0ODox c el
exhi biftolad 1h6i0Ogher resi stance to [dbXDbJrubicin c

MCF-7 Clonal Selection ! Resistance
Resistant Cell
Death Cell 5 i
| ' i Sensitive Cell Ry
\l--_._‘) /'.7; ~ \J—._,__(ﬂ' H ‘/ m—-—y
H LI
s Le®e, 7 MCF-7/Dox MCF-7
=g H
w S —
Doxorubicin Application Application Cycles
FigBr8chematic illustration showing t7eceslell elcitn eo n( M(

71700606 )Created by Bi oRender.com 2025)

3.1. 1Cel | Culture Conditions

The NMCRNnNd-7MCEFEOODoOXx cells were maintained a

culturd4day®irngldénerent cell s wer ecaqulttuurea filna
(Nest Biote¢ hsmmall omd ya,i nGhdi ba mL and 12 mL. RP MI
The NMCEell l i ne was cultured in RRNMIpI|lardtrd

with 10%-i(nwa/cut)i vieaaetd f et diCapovicoe mnadGdmomd WvE V)
penicstt epndmyapirn corn, MEFMmMAORPODIThtean't cel |
cultivated in RPMI 1640 medi um, c oinrtad tnii magt €l
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FBS, and 1% svriept pregnglicmdriaishéwer e i ncuwubated
i ncubpHe€bi wikdehpa®m)%» (v/v) humi di fAildd eagsuei dpamedh |
f ocre |l | culture hads ebadidpzremvmmee duisesed Icsd msgd ma b | e ¢

3.1. Passaging (Subculture)

When the number of cells covering the cult.
cells were treatedEWTA&W sOe n2t5 % u(lw/avo)d |tidreytp&sai hna
from the cul tur e ifnlgalshke snuerdfiaucne waosr rpeansosvaegd f
and washed wvbiutfhf epheads pshadtiene ( PBS)EDTRhesm,| udi 2!
(approximately 1 mL) was added to cover the
flasks conwerei hgcubwpeidinaets IHAC If drh e5 ardihrer e
from the flask surface. TocdadmpREME alted @ hme dir
(approximately 3 mL) was added to the cultur
for 5 minutes at room temperature (Ther mo Sc
and the cell pell ets weme Thesuspendedi ahecnl
were transferred to new culture flasks. Al

medi um, MndoX®O Wbncin was ddaed to the resis
3.1. Freezing and Thawing of Cell s

The passaging protocol has already been des

flask surface are centrifugend. oThd reweze mmga tma

added to the cell pell et with the (adidmetihoynl ¢
sul foxiCkd) s in freezing medium must be at
cell s/ mL. Thaewecreer anstiepeadi oiihe cryow#als we

hour-20A€, then80R€andghteaanlif@euireédni trogen tar
USA) fdoerimosgorage.

To thaw the cell s, the cells were removed f
bath at 3mAGi unidtisbssotihveed. The cel | suspensi o

37



wi tmL 3f ul | medi um and centrifuged at 1500 rop
supernatant was discarded, and the <cell pel
suspension was transfermledcadamplae tnee wnefdiausnk acn

under the growth conditions mentioned previo

3.1. i able Celll Count by Trypan Bl ue

The viability of cells in a telypaaxudbdlpwRiso mn
tedhe premise of this experiment is that, I n
integrity, |living cell sneimdvtahndetu nlcitmiotnsa It h empier
of spec[ilf3il2c] cdyeashaaddbapeleclasiubl ue t he uptake o
whil e | ireimagmed elidlsssdaged cel |l €Eehlesuspanpeadec
trypan bl ue seorleutmiomned Gimbca)lwl ratio,- and |
stained) cells were manually counted under a
hemocytometer. Cell concentration was cal cul

6 Qi aa D 60 Qi & FEHIGN 1 6 OIOMa 6 OE S & |
pnnf Equation 3. 1]

3. Determination of CytodobtloxacdEELE&aketalbbdbl Propr

Based on the conversion of substr atsesiadyo c hr

one of the most widely used viability tests.
of theowabée yel l-0#dBmpet hMERIR)[-d&i zpohleny |l t et r az
bromide] to insotuyptbealgshreplaec tfi@mmmazZanmmi t oc hot

measurement of (tOD®t9@PMm iicalugded stidydeter mi ne
cells, with foswmbdudband zead sl se df €li3pEEt ber er 83 c 2
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Cell seeding in well plate (2) MTT reagent addition (3) 10% SDS addition
and adding different concentration

drugs
MCF-7/8 and w
MGF-7/1000Dox g
S Wi _
P BEEEED : ]
Incubation for 3-4 hours
@ Colorimetric reaction to determine cell viability @ Absorbance reading
595nm
d | ) . .
€D .
Mitochondrial | "= \
reductase HV
\. J
Formazan
FigB28chematic illusffiCatiaoredf diy BT DRansday . com
The antiproliferative effects of propranol o

gradient by MTT assay. As previously describ
MCKF and-7MCEGEOODox cel |l swenMelr emiscerabdpaidaititens @6t 85
cell s/ well, starting from the second col umn
conttodluaimd t he second column was the cell C
col umn, 100 OL of completei mgdcamuwmas. atldbdt t
at concent r alt. 86660 Mr afnogre st7tmeif MRME/F 1000Doxs. cel |
Propranol ol was test ed 480 ©OMn ®ME A7t/ t1H0E0i OoDno xr acneg
|l i he.our previous study, th-& cetbsowasi pyewof
at a concentr-&t0i0o[@®Jange of 0. 78

A volume of 200 OL of the sof ut hvwand maidydhe dt hte
the thimhechlummdm.ed OL was transferred hori zc

subsequent col umn, and sSeurbisaelqueéinft utyi om| Wa sv
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complteot e1d50 OL wi th ememp!| emiec rmed iaudmt.s DweArCe fiom
48 and TRehpeuagdDume of a 5 mg/ mL MTT sol uti
well pl andsnaoelb &t ®edr floour seL Foifnaa [-YyCHLIDSuU m

dodecylthydirl d @ahtlesoali wct iaccn dwas added to the well
incubatedThenopt i 83aACdensity of the solubild:i
550 nm using an ELI SA rceagddafSA)Bi oTek I nstrum

The term "inhibitegyyisonseatratdemot®"t ijeé Cc
mol ecul e or therapeutic agent that results i
Thessall ues are derived from graphs depicting
concentTrhaet itorngndl i ne method espo®chseor embdel on s
viability data. This method generates a theo
as the concegtratrenses.thbedRU value shown |
me a soufr ewb kel model fits the dataTheThthBlevsbhlUae
to 1, the better the model explains the act
relationship between drug concentration and
value iSheegemabdbt @ti on of these graphs occurs
of the formazan crystaln owhitceht riasz ofl drumme ds ablyt s
representing Tcheel Ic adrcaull iaftd roant iadanl.ccedldastgerdod n ftehr
OD of formazan cr yotranad 0 zweiiec ODwad ttthen medi
assumption was made that the viability of th
at different inhi bition conthbatcatiomsowerfer
wagenerated by performing a mini mum of t hr

concentration was repeated six times on each
3.Q8el | Mi gr dtSicohaltiesheayr o Woausay )Heal i ng

Thien wictmd ch assay is a simple and inexpen
[ 1314He met hod i s based a@an ntehwe aalt s &ri wa tai) o g atph g

is created on a confluent monol ayer of <cell s
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openg in an attempunttid <dnlewmd d etthben t @stdchrea thasd £t o
steps are tobonréehetemandbayatchel |l s, acquire
regul ar intervals during cell mi gration to cl

the rate of Fcglulr emi3glBati on

(1) Preparation of well plate (%) Cell seeding in well plate . @ Preparation of wounds and

. adding labetalol
Scales determined and drawn every
4
T W Ve
MCF-7/1000Dox Propranalal or fioc : Wounds were
f f created in each well

0,5 cm away MCF-7/S and
n T Tl Labetalol
g4 a B ———— using a 100 ul

Y |
g B 8 L 2 S pipette tip

A & e &

8 E Media removed and horizontal and
verticals lines drawn at the bottom

@ Identifying wounds under an inverted microscope and Wound Healing Assay Measurements

y To: scratch T1: healing
] L ®r----'§ B® S 18e Gap width (pm)
sffa-nf 3o E R (LR 8 k=1
: R --1 | Average distance between
afnadia iy, po---fiieie] Celigrowth SR, the edges of the gap
k- - - 158 : 'E-1 g

Fi gB3®8chemati cobkclrlautsctiirGatesodanged by Bi oRender. com,

Scrat cihn twiotturnol haesaglaiywgs applied to determ
propranol ol and | abdet plrelvi onl EWCé&re sacnydr ad @ Fo n
7/ 1000Dwer € edadnsdeteelce d at alcckedrdssi tpyerofwelddl10 n a
we l | pl ate ( Nesouyo$Chii mau hsautAifaad)e r 26t h monol ay
wer e washedhenwiitnhe aR BS cd radounh etsh eveg er f aglea tod t F
covered with ecepi peRetsentangelrsi0 aveeardet Ipe out si d
t he cul ttwr @ nddhiechasteer at ches and create a refer
wer e used aidok tkleeepscr at ches. Afctoerp neliee ulm weas \
added to each well and phoatogogramn@h &d., ,alh3,0 ,2 51,6
200 pOMpraewkske adderd atnod-7TMACAFOODoOoXx cel | $heres
concentrations of ,dmdelttd odM-Reore |tfhses aMQ@B 1 58 0
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and 450 OM-A/olrOOt0hDed xMeCcFelell $s were incubated |
described earlier. The scrfhaotuahadhteaerread swdroa |
an inverted |ight microscope (Leica DMi 8, Ge
GmbH (ModelGeTlmahg®, results were evaluated b
scratch areas u(sNatgi d melg elJn sstoifttumaese of Heal t |
the distance between scr at cweerse, naeta $inee ast, lah
val ues (d) wer e cal cuwad xepdr. e sTsheed cahsa nag ep @ rnc esn
heal i ngndaWwH)ul at ed according to equation 3. 2.

%WH= ({dl rstT d%a’ raatc(hl) lfcildosm]rsacTr £EQ]rCI11 ation 3. 2]

3.80ft Chdaorny For mati on Assay

The ability of cells to maimteaehfreepsodbcpr
and | abetal ol on col onystserwiellg @@@macictoy oafy
asgyay guTdeld asdrs aew ad nuadibihieaso t y pi ¢ ¢ hcahnagreasc tt ehrait z «

as {temgn survival effects, requirihg addiet iamn
the clonogenic assay assesses the clinical e
susceptibilityraogdy,cediltshero allodnBdtijochre i n combi r

42



@ Preparing 1% low melting @ Production of the bottom
agarose in PBS agar layer (0.5%)
A A =

@ Preparation of cell suspension

e ¥ Y 0006
sterilization . y |l 1%agar  Cellculire [ - S
~jorf —= 5 - -
1% agar |' o > mixlule‘/ \"‘-«,“"‘.
N W— the concentration of
i - cells to7.500 cells/ml
0 5"/(; agar
(%) Production of the upper agar layer (0.25%) () staining
After 7 days, stain with

0.8% NBT solutions

S

Y

1% agar  Cell
suspension

mixture

& 0.8% NBT
gﬂzesrwjdwmg " Medium should be
e -29% agar add change every 3-4 E
cell cultre media days by remaving the 7 days

old medium and
replacing it with fresh
medium

0.25% agar
with cells

Fi gB48chemat i cotollofmsytnragsisgothr eat ed by Bi oRender. co

A previous st udM\ 3a6pit ionirz el da btoreatcoalyony? f or ma
and MCREOOODox cells using thleldpbsphnoootdepubbi
3D embedded agarose plates, a solution of 1%
Germany) in PBS was prepared and autocl aved
stock agar solution wasaisneodeat w3ITACHh a wampe
to prevent the polymeri x®tw/svh)ook & bheragarsesek
diluted 1:2 with complete medium, yielding a
| ayer. Subsequently, 2000 OL ofwe0l.l5 % |aagtaer onseel
| eft to solidifsy althe+4cfeC Ifsorwe3rOe nihneunt & r ypsi n
in accordance with tHe andt7aMCIGFIODDeok @red tl sc ovle.r
at densities of 7,500 cells/ well. Cel | suspe
teoreate an upper @awavpudslegywemtoft o0 th2%sol i
agarose |l ayer, 2000 OL of cell suspension col
the preparation of the upper and | ower agar
were cahdubhaded @wo each agarose | ayer. The ¢cc
3pand 50 OM fcoerl IMCFandn802000@®WM/ 10@0BGKE cell s
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concentrations of ,dmdeltd odM-Feare|tVhses aMQ@B 156 0
and 450 OM -Tlox0atoxM@Fel | spl ahes 6werezincubz:
humi di fied incubator at 37 for 7 days. Dur
containing the tested drug con+e rdtaryast itoon sp rwe:
drying of t hubageaq weret ltaggyerhe compl etion of
met abolic ayefeddBTs twaisni ng t hei ncionlgo npireost.o cTohle ¢
necessitate the i mplementation of washing st
of cells embedded within agar(onw/BBT ayelrsti &nqg!
added to the wells and then |l eft to incubat
subjected to an incubation period at a tempe
objective of achievigmg otskee | aqgleir & i.pfhiTodt @t gia @ahp dhoefi c
antdhe s mawgebjected to analysis U&engumimage o
colonies formed per well and the awgruaage oaamo
3.3 was empl oyed tfor acnatl 8cFupl naotfe tthiaee hcsod xopnia veasime r
growgstudied in 3 replicates.

PE (Pl ating ukfihdhned BEgauya)t i o nC 7]
ShreztelrGh®&ehded EEfUat i on 8]

C: counted col oni es
S: seeded cell s

3.BlL.ow Cytometry Anal yses
3.5.1Cell Cycle Analyses

One of the first uses of flow cytometry was
studFegurNumeroOus DNA bindi ndgetteireas DNAnobebast
yeast, pl anPsppodi mammmatsde (Pl) staining 1is
by measuring the quantiTthyi sofp rDMNAc ipprlees einst bwaiste
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the amount of DNA in a celll chapdge&g|Tds si tdy e
functions according to the stoichiometric p
amount of DNA anrebkbeltelIS. phase cel As cehtl ai
progress through the cell cycle, their DNA c
i n PI uptake and fluorescence intensity. Con
t wice the fl uor esacseen ccee lilnst ednusei ttyo otfhle®8r] pdho u b |

Fluorescent dye
(Propidium iodide, PI)

o® S N
C Cell labeling Sample loading

MCF-7 and
MCF-7/1000D0x
cells treated with Detectors

propranolol and Laser beam

labetalol e “ Forward scatter
Analysis
_Analysis

Laser
a Side scatter

Fi g8s8chematic iflldopys b matail girCefecart ed by Bi oRender . cc

FI ow cytometry analyses Wgre e p &KICFCKrOnDehdor us
Ter kli.yeFor -7t cee IMCH i ne, 25:1an,d 3500 Gavhi dpwendp eGavh d |
applied for 48 hours:;;68nd109, anmadd3w®0@Maprpd A tee

for 72Fohroutrh§e/ IMXGOFO Dox cel | l'ine, ;190 2G0d 210d
OM | abweetrael odpplied for 48 houb$§, 800andand6@cC
| abewearlolapp!l i eWn tf rogealtdiesd Har worms .bot h celClelllisnes
wer e casunpreedvi ous IMCFaendd MCIFOD Dox cel | i nes
s irwke | | pl ates at dcelohseandatl bowedl -TbaaAdher

MCF// 1000Dox cells were suspended for fl ow c\
period and washed with PBS. The cells suspen
mi nutes. Thwmdssparmdatdantand the icedlldp2eddetv w
et hanol (Et OH) . While vortexing to dissolywv
dr opwi se. During thasdspepmealnldl ctehbetl sc ewd rse wle
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to separate them into single cells. The cell

t wo PBS washes were performed, and the cells
pellets were then mixed witio5@OLOPIRN@d et DN
Og/ mL) . Measur ement sCawei(ri@DrpRird ¢ imerdc aiss,i nlgS)a -
(488 nm/ 640 nm). Forward scatter (FS) and si

identi flyl 3Thee ceexiplesr i rheomr tme dw ewnrt éh peemrtl olge aasatl r e p |

3.5. 2ApoptiAsr &gk es

The FITC Annexin V ApopAABiss Daetadcghoy kIt

commonly wutilized instrument for the differei
apoptotic, | ate apoptotic, and cneenccreo tmicc)r oesmncpe
This technique involves the combination of t

target a distinct cellulda3(9Hihaunrge H.skG&)oci at ed

.,\(: FITC and 7-AAD

SO —\_, I

B —
Cell labeling [ Sample loading @
MCF- 7/‘1 000Dox L)
cells treated with
propranolol and Detectors
Laser beam
—.’— 6488nm
Laser
Analysis
gémnm
Fig@e®8chematic il | usatnrad(yCsoiesaf ed bhpoPBtoRésder. con

Annexin V is a protein that Dbinds wit-h high
dependent manner . Il n healthy <cell s, PS is e:
pl asma mehndAgaonpet osi s i s the translocation of
me mbroafnet he pl asma membrane. Thid4dl®kposaddpeS§
cells, Annexin V conjugated with fluorescein

exposed PS molecul 44@h the cell me mbr ane
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The fl uor ebsicnedntn gAANDY e MiF@a©t i nomy ci n D) S

i mper meabl e. Il 't pr ef erriecnht irael gliys hi sna oefd fcdad @ lAees

In living cells wit PADIDntcamtdtp lpasma trha mlurgehn et,
Ther dfiovcienlgl sstdwi mdMAD. As cells progress to | a
necrosi s, the integrity of thA&AAPpPIl aampamembma
cell and binfldgd] nucl ear DNA

TheéF1 TC Annexin V Apopt@AfbDksi Det BicoL @egpe Kd Xt waé
det er mi ne t h ep raopporpatnodt|ilocdo bt Fdel cathsd-7 MCEO O Do x c el
For t h7e cMeQF l ine, 25 and 50 OM propranol ol ;
for 48 hours; and 15 and 30 OM propranolol ;
hour s. F o7r/ 1t0h0e0 DMGQF d ®101 alnidn e 00 OM propranol o
| abetal ol were applied for 480hoand; 280 &MdI
were appliedeflweas e7 2camonyrese.vi ouslug pdadebdi me¢d, 1

cell s/ mL and stained according to the manuf a
usi I€ql i BD Bi osciences, UBasedrtoiwt atybomet 4.
FI TC detecti onl i(nh530/RBIO ppmss banrd | t el

7AAD 3n >F6L7 0 -mans 4 Jofnighhdr ear |l y and | ate apopt
were aphbaB9Eageri ments wer et hpteered loo gnead bvs it dap lait
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3. BrransceAmaloynmrsi s
3.6. 1Tot al RNA I sol ati on

Propranol ol and | ab€t ahdlF MEFOODagpkteketst 6ok
concentrations determined accor@obngenborael bo
propranol ol were deter mi-hednd-dDMB®EO0 05MATXOt efl o rs
concentrationsieotfrimali&cda itf olr b wehreen MC MCE 0 0 Do x
celUndg.r ealtled xxerved as controls. Ce)lslezdwear atc
2x90el l,ahhLtreated with the drugncohbaeinomnapel

tot al RNA was isolated from the cells wusing
according to the manufacturer's protocol . Th
The cell pellet Owa$PBSuDmandddsii i 20O Nng buffe
vortexed for 15 seconds. The cell suspensi ol

filter/ collector tubéedDNadé® I n(dONaslk/ RNak¥d)
added ®l flioloTdre Samepl es were then incubated
minutes. After incubation, 500 OL of wash |

at 8000 g for 15 seconds. After centrifugat:.
I 1 ebrufwas added to the filter tube, and it we
tube was removed from the collection tthidbe an
RNA, 50 OL of elution buffer was added to the
After centrifugati on,Thtehe sfoillatteerd tRNbA¢ Cwaass sdio

Optical densities at 260 and 280 nm wer e me
of solRaNtAe ds ampil eg NanoDr op. ( DRMA vd xnec &inStAn)lad it @ ¢
usi ng t heatab2s6o0r bnamc ewhab e eBNAdgaalbicstoy ibimgy cteo r ta
o260 nm to 280 nm. RNA sampl-2sweagshdenadA®R

sequence analysi s
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3.6. Preparation of the Sequencing Library

Tot al RNA isolated in two biologicale repl:.i
sequenci (Figgurie rBairb/d s o mal RNA was extracted f |
MRNA mol ecul es were fragmented into shorter

stranded c¢cDNA molecules were synthesized usi
synthesi esofamdaeldudDNA mol ecul e was accompl i
and the 5' end was repaired. 3 eb saadqdwealn ttloy ,t hD
fragments. Fragments that were deemed to be
amplified by PCR. The c¢cDNA |Iibrary was subj e

@ . % cDNA synthesis, }// MinICN flowcell

amplification, priming and
library loading

library preparation
_—r D E——
junmng
o oo ILLUMINA
) N NovaSeq

Total RNA cDNA library (6000)

®

cDNA
sequencing

-~ RNA extraction l

MCF-7 and MCF-7/1000Dox

®
Reads Alignment and @

read counting Base-calling

s

Total
FastQ file

Fast5
files

Reference genome

Fi g8F8chematic itrldnusdeandlt we&ir sfaotred by Bi oRender. co

3.6. Bioinformatics Analysis of the Obtain
Scantdirm@@nome Databases

For the purpose of data analysi s, the qual
FastQC (vO. IThe@aptmeprogreagmons andgeabuepnpcesads|
el iminated fromustihneg ttrhaen skca d tpg opmesge layn énmdul

efficacy of the subsequent sequencing produc
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(vl. 10utliltiwaemdnal gamate the results obtained
cleaned reads was performed using the Hisat?2
using the online tool gVol anuseddnvi ahd8B8URLSCOp v
assembly with the cllyeafnield er@eadsc.| e&ub sreegaudesn t
reference genome. The i btuob emerdf oprrno gtr laen fweaast u
identification of differently and significan
of the deseq2/ | i wmmmial/tiBddag @R pprrooggrraammmsi,ng | angua
(GO) analysis was performed using the ShinygG

The RNA sequencing servi dAmkwemeQP0 ovalded
80% was accepted as the success criterion for
changes gr efadled0 50 wer ¢ weval uated in relatio

mol ecul ar pathways based on the analysis res

3.8tatistical Analysis

The mean N standard error of the meway ( SEM)
analysis of variance (ANOVA) was employed for
using GraphPad Prism 10.0 softwagrae i (sGmap bkRd dv
mul tiple groups, the Tukey Multiple Compari ¢

di fferences betweeapsttha@t gstoiupal Iwersi gni fi canit
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4 RESUST
4 . Determinati on bdBfl otctkerBf fommctCxldf Prol i ferat.

Thanptriol i ferative effects of pro#@0&n®dMolanidn

| abet al ol-7o0and-hMCHETCEFEDox cel l |l i nes i nrRB0Oe <co
OM were determined by theoMTThas sd@ye-7oM0erx 4 8
cel |l .Tlhienenseasur ement s obtained from three e

viabi ITikteyall @ es bfborockactls were calculated from

ot he vi ealb(i %yietrysus concentratiormonhgreanpnCai o lomls
pl ¢ g wr)el
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MCF-7_48h
MCF-7 72h
@ MCF-7/1000Dox_48h

F MCF-7/1000Dox_72h
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FigdrLEBhetaproliferaptriowe amfdfl ddtdnadNMeCFainadlr MCEO O Do x
cebf#&8r and of2 dapasur e
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I n t he MTT exped/i/lmMODODox t kel IMCPBTrol i ferat
concentrati-degdatapbl ynomi adl curves a2 .both
The cal embabhtes a€cording to the fi fi gdx model

y = 2E-06x3 - 0.0022x2 + 0.4624x + 100.01
R2=0.9535
a ) 160

140 -
120
100

Cell Viability (%)
()]
o

r'S

20 0 200 400 MO 1000

[Labetalol ] (uM)

y = 2E-06x3 - 0.0025x2 + 0.5277x + 93.921
R2=0.9435

O
~

160
140 ~
120
100

Cell Viability (%)
()]
o

P
20 0 200 400 600 800 1000
-40 -

[Labetalol ] (M)

Fi gd2Bhe polynomial cell proliferation graph agai n:c
MCF/ 1000Dox cel l s
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ThesoV&l ue is the drug concentration at whi
calculated from the trendlines of the <cyto:

guantitativeshaoal poits of opheanbCol and-7l abet a

and MCROOODox cell l i nes.

The results showed that both propranol ol a
reduction i n prol-nfandt7/iMOBOODoOXt heelMCFI i nes
demonstrated a | ower cytotoxic effencti,n wthhech
MCKF and-7MCEGEOODox cell l' ines after 48&8a)hours
However, | abetal ol demonstrated a | ower cyto

proliferatdis7oanididMCIEOO0OMEGK cel Ir sl icroanp aa fetdert o7 24
(Fig@br)ee 4The results-7i/ildi0ddDtox tcledtl tthemeMCKF ea
exhibited a sigmafueanbmpahnhedbelbl tIBienaeMCFI n a
drug resistant cfedlld rdesmontsd a ad €iHd &p fe@dri asnt aln
| abetal ealompari som del Itshe( bMGFR d onsevtaneues2hofd
propranol ol and | abetal ol for resissptalnue scel
obt ai ned-7fer¢olns .MCF
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a
198.2
200+
3
=4
w
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—
100
b
51.3
0=
MCF-7_48h MCF-7_72h MCF-7/1000Dox_48h MCF-7/1000Dox_72h
b)
600
a
448.0
400
3
7
=
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MCF-7/1000Dox_48h MCF-7/1000Dox_72h

MCF-7_48h MCF-7_72h

Figd3 @hesMLl uaproprandll djedrm| MCFand-7 MCEOODox cell s.
Statistical signifi-waycAN@WEAs fdeltleaown ch ebldy bTyu koenye' s mu |
Different | etters represenstyasltuatsi GEpP .c abatda fdrea eemxcerse D

S E M.
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4 . Re.t er mi nat itoenr mio fSubrovngr Bl &€ K ercs sbyf Soft Ag
Formation Assay

A soft agar colony formatiofteasnsayrwayals ed
t hbebl ockerrandlpalopand | ab eatnadt7o0MOGFODNDMD oMCFRr el | s. T
were presented as a cellular growth curve, w
seeded cells as a function of the tinmeheerio
| oherm survi valamnd7 MOGe0 OMDOExrnee abus ed at t heir
| €oandsedsC det er mi ned .Tbhye tdceen dElNlt rasstsiaoyns of bo
colony formati bhabBEksfThMermumhbert eadf imol oni es w

the resul t saswes wef wiawismegin e d

Tab#leThe concenbtBrl otcikam IMCdFfand-7 MCFOODax edelilns t he col
formati on

48h 72h
ICs02(UM)  ICs0 (UM)  ICs02(UM)  1Cs0 (M)
MCF-7 Propranolol 25 50 15 30
Labetalol 7.5 15 50 100
MCF-7/10000px | Propranolol 100 200 80 160
Labetalol 150 300 225 450
A previousresedyoDn kkadpg i, 2024) optimized

assay ffforanMMCEGEOODoOX cells wusing the¢ l1lBHBJt ococ
The treat Aie mtn dOIMCEOP Do xb-bt ®lcke®rwi {{ipr opranol ol
and seven days of incubation in an agarose |
optimization experiments. Obt a50n0e dc eflrlosm wehree
on an agaresa&l mater-ti gornfigosur v-v vahdoMCEHCEDox cel
a ter treatment witHhHF gpuopr &mhdtl)ebrlom gsnudr vliavbaelt ad f
and MCBEOOODoxtrceht mé-Hfotcaaetels r epresentsead i n t
funwsboBSén
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48h 72h

Control 1C50/2 1C50 1C50/2 IC50

Propranolol

MCF-7

Labetalol

//
(\
Propranolol \D

MCF-7/1000D0x

Labetalol

OO0

D0OC
o080
QOO0

Figd4.80ft agar y formation result8 ahdpMEPrano
0

X -¢da@y lisnadlaetri &n
Treat men/ ahd-KMBEGOODOX rcoeplrbdannodii t htbreetaat|noeln t

resul t eddeipne nad echd stehmree miee@ars eo i o c mk dowilldsent r at i o
testeckcmpared to the &okhaweove rg,r ciinpc g hFéi gMIG Fee aAt. €
| abet al eM, (s6@&h)7.Soncentrati othhreuenthet oodncbobho
compared to the contr ol eMrloaupe.t aAtoia foceornlctehnet tri
compound demoaobifat &dinver leyf,f eidntl.ah®eDoWCFc el | s
with | abetal ol aM c(9bACe2ehn)t rcaad u soend odn 2i2rbcr e a s €
compared eMo (sh#8h)l5Q@roufg/ 1BOODMLCFceMI | apbet hkol
concent néthioovn adisd gni fcioomprawi ddat das eAdinn rdalt agr
obtained revealed that treat ment with propr
uncontrolled cell proliferation, 7/al 0f(uOnDloaxmecnetl

over the(Fioggr ¢ e4 m5) .
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MCF-7 MCF-7/1000Dox

a) 15 b) 1.5
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w w
s a o a
£ 1.0 1.0
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=05 1 [ = 0.5
Z " - b
& ¢ ¢ @ b
I I — C <
® N N S & ® & & P s
o R RS X®) & @8 o \%
Propranolol (nM) Propranolol (nM)
€) 15 " d) 15
E T ab a
7 @
= ab = a
g10 T 510 -
g g b =
= ab =
g L b 2
£ 0.5 = 0.5
& Z :
c [
0.0 T T T 0.0 T l T | I T
N AN
.éo & :\'io "Q;e :\'\3\ “O »Q”(‘ :\’I}\ )é\ :\'\?
o S o S S o o o S S
R R RS e ©o° ©° Y ©
Labetalol (nM) Labetalol (M)
Figds8urvival fraction was represented agq#t)he rati

proprandd)t|l abettahe®lcol ony numidderMCFha nuddtMFat ed cel | ¢

7/ 100f0®dro x7Stdaatyisst i cal signifi-waycAN@EAS fdeeltleaws ch ebdy bTyu ke

compari origerent. | etters representvastuatsi pi<d®alo5di f De
expressed as mean N SEM.

4 . Beter mi ntké i BhfbeBfl tosc koefr s on C&lclr aAbicspacyat i on b

The scrabnc wiotuemalt h(eal i ng) was usefdIltooc keeatser
(propranol ol and | abet-al ahi-7 MEGFO® GRBoMi ge lalt $ or
mi mics cell min g rweotuioadn héesarl menggt.i oned ear |l i er
evaluate bihhleoekérston od@i/ | amidg MCBFOODoad,eel | s
andsiMeal ues were obtained after 48 and 72h, d
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the concentrations of boTle dpugse us eaf iwo urhde
measured and expressed as a percent aagpairof t
intervals over a period of 72 hours (Figure
equation previousl.y2lImentriecsnéds( gual(popgegs®at e
4 ., 7)which illustrates the percentage of scrat

as a function of the incubation time foll owi

0 h 4 8h 24h2h

FigubRepresentative micrographas) oNon hter7evateeid sME@Rl) i |
treat memdM wbeha¥Olc&d@E e bars represent 174.1
Accordingly, propo gl 028 nao3nBctein® M ¢ fele e
mi grati o7 el MEF(p > 0.05) for the 2df h apj
propranol ol conh8@rvandt2®B®df OdMmoi5propranol ol
reduced wop+x@. i) MCFeel | s aftet ndBeansdd7Rr bpu
concentrati ong hieiaglr antoi oenf/ fe@cOtMdx c alf R&kr (hp >
applications. Propranol ol -f20000BDpxamyge8r &t ca
hi ncubatlinemeasing propranol ol concentration
(p< 0. 05) iarM @irdhr,ati on
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MCF-7
100+ s
abe 4 -
ab —
abce -~
. be cd
s abd
de
=
= el
& ef
r
25 30 50
Propranalol (nM)
b) MCF-7/1000Dox
80
) . 24h
a . 48h
Em 72h

% WH

NT 80 100 160 200
Propranalol (pM)

Fi gdT.Ef fect of proprandadMIFamb woMARL O@&IGIkeEg iosft i ¢ al

significance waway eANOWA nfeod Iboyweadn eby TukByf Eemahti pl
|l etters represent significant coinfffroedenwvees shist weemt ginen
bet ween application periods,) .anDatta eartemeenxtp raed s ssepde ca f
The results damensi vndtsednEr&HEHhnds106600OM did
af ftehoeft gr ati oh odl IMCF(p>0.05) for the 24 and
the appl i cad72 nhoturnse, rleaabcehteal o | significantly

MCF cattaess all .Ac cmomeretnrtataitamsn o f 7.5 OM | a
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MCF cell death after 72 h application, conse
hi gher | abetal ol concentrations of 15, 50, é
MCFKF cel l ' i ne, further Lalcatealseld ddrec d mtirta tail
and 300 OM had -"bl@®FGRax oel IMCHi gration (p>
application, whereas 450 OM | abetal ol signi f

concentrations siiggrnait€i0ocas(tpl ayf trerd uteetdh M4 8 and

a)
MCF-7
. 24h
. 48h
- )
T
P
x
1 T T T T T
NT 75 15 50 100
Labetalol (pM)
MCEF-7/1000Dox
50
. 24h
a - 48h
= 72h

404

304

% WH

204

Labetalol (nM)

Fi gu8Ef fect of | abet a{agMCFoann(bwo uMiGiFLD e @DliGksg.t 0 st i c al
significance wawayl eANOWA nfeod Iboyweodneby TukBiyf Eemahti pl
|l etters represent significant difference between gro
bet ween application periods, and treatment at speci f
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4 . 14dmpacbBloofc k er $peatCerdriPrOycles Ai oFnl ow Cyt o me

Anal ysi s

The i mpact of propranolol and | abetal ol on
cytometry. This method enabled the anhaamnwdi s
MCF// 1000Dox cell ' ines foll owidgwidtrlhugprexmproasr
and | abetal ol at di fferent concentrations af¢
formation and wolulhredotle allei expaesayes. the conc
inhibit cell growth owevisalilit HodwgvE@ %% aih ga
concentration used, the obs®©nveéetdecypyhbdbeesxhgne!i
t hesmlsCthe | owest concentration could i.nterfe
Therefore, experiments are coHmsucsHheadi Qu saidndg tcit
t osod CThis range all ows to observe changes frc
Thi s provi des detail ed i nformati obi alboait c aclc

respofisesl the drug.

The drug concentrations usedTabn 2t hdeh e erl d s wly
were subsequently presented as the percentag
(G1, S, and G2).

Tabd42eThe concebBlracdmmECFam d-7 MCEFO O Doxe @& eil ncsyt theemd tl royw.

48h 72h

MCE-7 PropranololQM) 25 50 15 30
LabetalolOM) 15 30 60 60 100 200

) PropranololQ M) 100 200 80 160
MCF-7/10000x | Jbetalol M) 15 30 60 60 100 200

Dopl ot graphs were obtained for different

performed using propidium iodide in flow cyt
graphs, the accuracy of the aoael FsigsrTeaed . D c
proportions of cells in G1 and G2 phases wer
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cell s. I n the generated Ri satrceqar am,p rtelsee nltesf tcre
while the right side of the histogram shows
these dat a, the G2/ Gl ratitammsarsd Dtelbe i B) AviR.l u(
gual ity control parameter, were also calcul a

a
) MCF7Dox C.009
Mo Gate
i . 61 |G @ |G

CIER Mean | CV Mean | CV
Diploid | 369,84 |4,53 68,00 |713,49 (4,21 16,00 |16,01 193 100,00 128

%G1 %G2 %S | G2G1 |%Total B.AD.

MCF7Dox C.009
Singlets

SS5C-Height

[ 256 stz 768 1024 0 256 siz 768 1024
FSC-Height FL2-Area

b) MCFTDUx 2001(!1 Plop 014

1024

G1 G1 Gz G2
Ol |jpan [ov Vean |G |%G2Z %S | G2G1 %Total |BAD.

Diploid (462,40 671 7507 (87094 6,12 1379 11,14 |188 100,00 337

%G1

-
3
kil

MCF7Dox 200uM Prop.014

SSC-Height
@
L

512
FSC-Height

Fi gd9.Repr esoridlalt iovyecl e analysis results obtained frr
cytometric analyses were performed for each treat men

values, and the appropriate popumaniog whe sebeatedflt
cells, it was de termlned which stage of the cell <cycl
are given in dei( &SIC;i i Mpp Scaitxer, FuG ;c i Fno, r wParrodp ; S C

Propranol ol )

According to cell cycle analysis results,

phase distri/banidd MCEOODECE cell l i nes at the
durations (48 and #2hand-PMOGEO®BDax | We lald tl e dhGCsii
propranol ol , the majority of cells (over 60¢

treated groups were f olupn.d lim -7t hheee MACLF | pi hnaes et r(eF
propranol ol for 48 hoturteegad lgo Dl pad hheyeev @aé meddg @ |
of cells in the G2 phase compared to the S p

63



not show a significant (p>0.05) efif ecectl | esn tah
the cells continued to mai ntlai)n tDreeipri treo rtrheel
application period of 72h, >PproO6p)aaeadbfettdod nl
of MCFcell sl1@)F.i giolel eddwi ng 48 and 72h treat men

cel | cycle phase i/ dt00i0ODwtxi ocne |l df® | tamled )MERF g u
Considering all these results, although ©pro
capacity, and migration, this effect does no

cycle blockade.

a) )
MCF-7 MCF-7
100 100
Control mm Control
; & & @ &
o 809 a 2 25 uM ~ 804 & T o 15 M
) . D 3 =z
L) o 50 yM 25 30 uM
g 60 —‘5 60
Fl s
7. 404 b b b 7 40
= =
] " " I 5
¥ 20 ¥ 20 b b b b
= 8 o @ = b b
T T T 0= T T i T
Gl S G2 Gl S G2
MCF-7/1000Dox MCF-7/1000Dox
100+ 100+ .
> Control 2 mm Control
a
= B0 & B 100 uM . 804 a q 80 uM
) = 200 UM £ e 160 kM
5 60+ S 60+
£ £
E s
Z 404 Z 40+
= = b
¥} q b b
204 b b o 3 L ~ 204 i LT o, b b
0 T T T 0= T T T
Gl S G2 Gl S G2

Figdr@he effept aotbhicepl lorwycl|l eME&F/s tarnids/uMOGEDMO Dox cel | s
termined by flow cytometry following treatment witdt
e Gl, S, adndbnG248p htta)saens?d K cpr opr at MCd1a ntdrdlBtFme nt o f
1000DPataehkre presented as mean N SEM of three ind
was deter mianye dAANGVAofeo |l | owed by Tukey's mal sambeel ebmpe

above the bars are statistically different from ea

de
t h
71
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According to celll cycle anal y(sp>=s0.rC&allldlst, e
cycle phase di7stcreilbutliionne iant MCGFe tested conc
720Fi guy4e8 4and 72h treat ment wit h(pabkeddfsgical d
on cell cycle phdseetdistriTbusi oesuht M@ARS sim
obtained fOFi puapadlddtiAdAlda8h treat ment with | ;
cel | csyec | dei spthrai b7u/t1i0o0n0 Diprk i Mf@H Howvelver, after 7
of applic@tFi/oh0@ ®Dd>x»xec M | l i ne, a statistica
in the proportion of cell s i n t hger oGi&p sphiaghe i
concentrations aexdpd@U2mwi nlgabeexttaclnodled nduced
G2 phase -6f1006DMLFcel |l l ine, cul mildparti ng 1in

48h 72h
a) <)
MCF-7 MCF-7
a Control 107 a mm Control
_ 80 15 uM S g2 e T 60 M
5 i f ‘ 30 uM °\: 100 uM
2 60 60 WM ,‘;E’ 60 200 uM
Ew- L 540-
?: 204 I L o ) S 20 b b EE b |i b 1
T T *"i‘ U 8 2 i'>
Gl S G2 G1 S G2
b) d)
MCE-7/1000Dox MCF-7/1000Dox
100 P 1009 ‘ - Control
~ 802 4 a a 15 uM -xo-d . ?a 60 pM
g LT o7 30 uM & _ i T 100 uM
5 o0+ 60:“M 3. ‘07 200 uM
gm- é.zo- . bed
ém_ t_,‘gbb b bbb © 30 S‘;h b‘il}'
i 0= T i| .l
(;l l (:Iz Gl S G2
FigdtBH he effect of | abetal ol &n atndd MC&IOIO Doxclce | dis:
determined by flow cytometry following treatment witft

Gl1, S, and GB)pH&8s-é})aapptriemplle | t-¢c) ahiamid) (MWCE a
7/1000DObart aelkre. presented as mean N SEM of three ind
was deter mvanye JAANDQVAofeo |l | owed by Tukey's mudiefrfeiné comp

| etdleawse the bars are statistically different from e
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4. bhe EfBH-RIcaclkdr Treat ment on Apoptosis: A FI

To investigate potenti al apoptotisaf ebWwect s
cytormeatseeydal ysi sThwasapuyospgtdosi s analysis -was pe
FI T@ADstaining to differentiate betwaed vi a
necrotic cell populations. The dwepeeonoestI:
| i stTadl en4. 3. The percentage of ceVvilabrdidn eac
apoptetdcsiphleayed.ul td wera(  BHogupedeth. T2h)i s pl o
negative for both -AoB) ewerescpPpAsBndered health
only Annexi nV-AABNn mmeexien +to,ns7 dered early apopt
both (AnprAeAXDI+NViwer7 constiidcer eCde |llast e haapt o pmeor e ¢
AAD (AnHheAXADH) were considered to have under

pat hway than apoptosis, e.g. necrosi s.
a) b)
104 1044
10 FL1-H- FL3-H+ FL1-H* FL3:H+ 10 FL1-H: FL3H+ . .FL|.H0 FL3:H+
[1.07%) [2.28%] [2.26%) [17.02%)
= =
[ ©
I ] i |
b L
£107 402
= R o |
[ ; [ i
I I
o) )
| | — |
™ o
107 FL1-H# FL3H- 10" FLI-H- FL3-H- FL1H FLIH-
] 8.38%] ] [21.02%) [58.60%]
10° 10? 107 10° 10* 10° 10 107 10° 10
FL1-Height::FL1-H FL1-Height::FL1-H
MCF-7/1000Dox Control MCF-7/1000Dox Propranolol ICs

Figdr2Represofgapgtivrei s determination results obtain
Annexi n-AAMDaweér? used to determine the percentage of
were analyzed using the propor tsi d m-pdafotdod|Gr apdipsu lodt iad

experiment al groups studided are given in de
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The effect of 48h treatment wioMCHroplt hBeol ¢
not significantla3)p>0EXHBénd(ifniggutree 4t reat ment
demonstrate a significant (p>oMQF5 ) ceff Fect Fiod

43 FiguwPeogradol ol did not induce a stgnifi
7 cells at any odx pdiseurceo nfcifeimg sr3)at ePtrodpdr am o | o |
power f lbesppendent i nducer7/0lfO 00Dt ocseil sl si nwi MGR

(Figwakep. 4AIlt hough propranol ol exhi-bit1t@ed0OBoxgtTr
cel | | i moef atfrteeart nde8nt , it did not hohdttceastmgn
(p>0. 05) 3)Priogpurraemod! edpeodo t 0 s i-7s/ 1iOn0 OMDWRXs c@lb $ &1 v e
a t4e8lyet tekpbpeared taopoepuada ct lked fects . of pr
ConseqgMERt/ I 0ODmkxg x hi bit meckbasass@mnicaptreod wi t

apoppat hways

48h 72h
a) b)
80 c 301
o e Control = a Control
3 60 ICs012 3 . . [ ICs012
£ ICs g 20 4 ICs
= b =] a a
7 o i3 E g e
é 204 a L a j
B T T X
0 T T 0 T T
MCF-7 MCF-7/1000Dox MCF-7 MCF-7/1000Dox
Figdr@&ropranol ol i ndutednadaphMPEFEOEDex i meIMICS. The gr a
percent age-pofsiAnnwexicrelV s as a7 memdcuMEE 000 D caxp ocpetlolssi swe ri
forad)@nd (b)wi7rh hpuopgranol alel ®tvoaindtentrr ateisprest i Data ar
mean N SEM of three independent experiwaryt ANO¥Y¥Aati st

foll owed by Tukey' s Conllutmnp!l ¢ abempd reiwsy dein &sit thaensed ¢ fafrper e n
statistically different from one another
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Control Labetalol ICso (72h)
s i S 80 2wk 35 TN My X i) v drmn, > < e’

MCF-7

MCF-7/1000Dox

Fi gdt4Representati veambpt ogi(aZpObX@abf st be

48hreat ment with | abetal ol at al | concentr
apopbMELiFs cel | s 54 Fi gdowewverl, 72h treat ment of
significagp<@wi®&ne renmgeanterdo It &gor oaunpd ainodd OM | a
applicatioshy. (Ri gBhetdedt ment with | abetal ol
in MCFcells at high cdo8nhc elnat breatta loonls7 {( 126080 Blelk) t
cells have a signifd0c &kt 4£ bd)g wtrleaobne taapl coplt owsa s
effective apoptogiid0i00dDoxemseinh | hih @ & BC Echeal tl i n
| iae,a high concenhr asthioowi n(@2 ®0 sOM)niffarc aha di
contr ol groampc amidpao®ih@&53 SH{ )Fhguoésér ted G2 ph
in th@é/ MCEODox cél abetakobhfteeabtent is | ikel
of apoptosis, triggered by high doses and pr
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48h 72h

a) b)

304 b . 60 5
= b _! b Control = b Control
o T ‘ 15 1M o T b 60 uM
@ @
£ 20 30 uM £ 40 ! 100 M
f_’ A c ¢ ¢ 60 uM é 200 uM
£ s a I T 5 i a
= 104 ~ g 204 -~ a
: 2 : 2 3
B3 = B

0 T T 0 T T

MCF-7 MCF-7/1000Dox MCF-7 MCF-7/1000Dox
Figdr® abet al ol i nduc-édangopCBEROBox nc MICIFs. The gr a

percent age-pofsiAnnwexicrelV¥ s as a7 memdcuMEE 00 D caxp ocpetlolssi swe ri

f ora) 48 and (lba)be7t2alhoolu rast ewibtebanncternetsrpaetcitoi nvse. Data are |

SEM of three independent experi ment-waySABNOVAtfialal oweé d

Tukey's multiple comparisons tewithCaol mmmeh sffalialsead cva
di fferent from one another (p<0.05)

4 . Br.incipal Component AnAfltpeBil sctaerGdneaEmpne:

According to preliermocoanyagaeaabityotcahtrehss
quality score were O30 (Q30 vcadddeuBawlkidcmnco
the results of prior experiments conducted b
one concentration (for one drugs) and one tir
t hat showed the most dibherengratfeatscehlco

experiments were udgedimhgr Seransomi Bt &milc det @

time intervals used.

Principal component analysis (PCAi)merssiaorsala
data to a | ower di mension. PCA transforms t he
call ed princ[ilpdadl] rc otntpaomsecnrtispt omi ¢ data anal ys

in di mension reduction, visualizat-axing @GR@D)
andaxXis (PC2) represent the two | argest sourc

of the total varnanege, 142a60dd ( FGgeedpl, these t
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explain 56.25% dhethée stanalesv dbet weea. exampl e
gene expr esPCilon sprtohfei laexsi.s -ThandIMg&EOaADex th
groups. Due to their-7gamdgt? MEFOODDer gnoeps tCb
| argest source of wvariation-sicmltethadiddta®atc.e
exprse on when applied to both cell groups. L a

scattered than the ot hers.

MCF-7-DOX-15uM-Labetalol-1 o MCF-7-DOX-CONTROL-2

MCF-7-DOX-50uM-Propranalol-2 MCE-7-50uM-Propranalol-2
MCF-7-DOX-50uM-Propranalol-1
MCF-7-DOX-CONTROL-1 L1

MCF-7-CONTR!

MCF-7-50uM-Propranalol-1 ——  —

MCF-7-15 uM—L{be[aIUI— 1
\
MCF-7-CONTROL-2
group

MCF-7
@ wcrFi-cox

PC2 (22.13%)

. 7-DOX-15UM- -2 o
@—MCF-7-DOX-15uM-Labetalal-2 MCE-7-15uM-Labetalol-2

a4 02 0o
PC1 (34.12%)

Generated with “The R ggplot2 Package’ version 3.4.2

Figdr@&rincipal componenbndnhHrstaslnefntpr opr ano

4 . Haw Read CoBrdtos kefrt efr eat ment

I n transcriptomi-8e od)a,t aa amard ygi apH{ RNAowi ng

(millions)" is often used for quality control
hel p us understand tShee samafd e sermd dBeBp twie echfi 8RAN.
per sample are sufficient to obtain reliable

raw read counts for the firtonandl75e®@RrRd r
propranoi7dll1,008®BiXr ol ,-7Ah0d0o-MIDMixabegmbops range
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from 30 to 90 7mil Gewear &dIFli gur &l rde.gddliepdp b, heohiec

makes the dataset more reliable. However,

applicatiofi and7VMEGFCMTCBox cell l i nes k®ad suf:
million), the second replicate did not (3 mi
may require more careful evalwuation in the a

Total Raw Read Count (Millions)

MCF-7_Control
MCF-7_15uM_Labetalol
MCF-7_50pM_Propranalol
MCF-7/1000Dox_Control
MCF-7/1000Dox 15pM Labetalol
MCT-7/1000Dox 50pM Propranalol

MCEF-7/1000Dox_50uM_Propranalol 2
MCF-7/1000Dox_50uM_Propranalol |
MCF-7/1000Dox_15pM_Labetalol 2
MCF-7/1000Dox_15pM_Labetalol 1
MCF-7/1000Dox_Control 2
MCF-7/1000Dox Control 1

MCTF-7 530uM Propranalol 2
MCF-7_50uM_Propranalol 1
MCF-7_15uM_Labetalol_2
MCF-7_15uM_Labetalol_1
MCF-7_Control 2

MCF-7_Control 1

T L] 1
0 2107 4107 6107 8107 10

Raw Counts (Millions)

Figdr&lot al raw read counts
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4 . Bi.f ferenti al BsetnetkBw pt e sbiBil &k er Toreautpme n't

Di ffer enBxipale sGegmen Anal ysis (DGE) i's an 1 mp
studi es. |t i's used to identify statistical
bet ween two or mor e MEKp earnidiieMOEa0l0 Doooxn dcietlil o nlsi.t
withlkM50roparadoM blabwasal ahal yzed in comparison
(controdndgetompwmbere xohfi bypg reegg | ati on and downr
deter.bii hedrenti al Gene Expressiosni dall yssisg wi
(p<0.05) gehet pxpvedesoasquantitative resul't

at higher or | ower | evel sFiiguBemawdgr ¢ hp o o mba
genes whose expression | evels have changed wu
Regulation
164
MCF-7/1000Dox_Control_vs_MCF-7/1000Dox_50puM_Propranalol =
326
2
MCE-7/1000Dox_Control_vs_MCF-7/1000Dox_15uM_Labetalol=]
62 uP
DOWN
54
MCEF-7_Control_vs_MCF-7_50pM_Propranalol =]
31
1
MCF-7 Control vs MCF-7 15uM Labetalol—
286
0 1‘30 2(')0 3(']0

Figdre&i fferenti al Genep Expramsdali b Atnall ¢ylsitsr eat m

Compmadg MCF7 control group with gtrhoeuept BadOMdl &b
286 genepr evpwleadt eld, gene was i tihvencMoeOpu loptr @aadh o |
treat ment, Bphe gelamtde dwér ever e downregul-ated.
7/ 1000Dox controleM glraluet awicliho tieheeatt M@t genes
upregul 2werde adcawnTheg eMlOapgreadpr anol ol treat ment

genes were upregulated and 164 were downregu
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For gene expressiabon®@regdelye musns imeerted wo cr
must be statisvalcmd)l.y Seagandlificealndthepamgset ge & A
2f ooMdl cano plots were used to filterthae wyemn:
more fHflodmeldapt ed andf dledsrsé ghaant 2d wkoe Tonshe
anallyeg3.fold change (MalgwRer C)p adjd) aarjeu stt leaed tp
volcano plot. The names of hhgkgeomes swiotnh cthla
are provided in 9he ghepron(Exgumnded 4Hehe exp
exhibiting expr esfsaloch -fddddvier2csr ebdesteweyerea te2 d a s

significant
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The number of genes de mernsatnrddtMOBP OWDorxe glell dt
treatecMwptbopaé@deNMéllabeasal ahal yzed in compardi
cel |l ' i nes I(rmonh& okEBIgoelmpeyvwee,dent i fi ed t hat e
upregulnatrieeponse to propranolol, i hdabpéantdent
upregul ates teh8gerapr en-sitdme!l WMCIFi2nDe. (Friogpurraen o4
upregul ates tbhh7gerea r e B-3 /it hiked OMCFe L BeMIl iamet al ol
treat memtbotupr ecgeutl haetlee n p mge v 0 chON®Ii mi | ar t o !
eMpropranol ol , umr abgeutldxhperee slad leoimmheist RNF SF 12
TNFSFTh3 s finding indicates that these two dr
and chemical structures, camlmhiel ircesulda siumigl

proprandl b&abdteaxcltola common gene response in r

[ MCF-7 15uM Labetalol

[0 MCF-7/1000Dox 15uM Labetalol
MCEF-7 50uM Propranolol
MCF-7/1000Dox 50pM Propranolol

57

Figd2@ompari sonregubenerdhnidp MEE@P Ot0ODe&i € EM5 0
propranot¢Mllabaentdallosl comparfaddt MCEDIOOBLIxed MCF
The number of genes de(nkoingsutlrieant 4MFa d o-wMECE g u
7/ 1000Dox <cell leMnesopraaeclddl asbewhalS@®dhal yzed
comparison to untr eatRrdo pcreanlorlkog noédsotwend o hbheole x
obgenes i A7 tcheel IMAHFH ne. rgopbated| bRgemanp rtehses i ©
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MCF// 1000Dox Tbhel f i hdhegs showed that downreg
hi stonelpraddi nhson to these results, no gene:¢
drug.

[0 MCF-7 15uM Labetalol

[0 MCF-7/1000Dox 15uM Labetalol

7771 MCF-7 50uM Propranolol
MCE-7/1000Dox 50uM Propranolol

Figd2Eomparison of genes7adnodw iV OrReOgOut0Cestexd b M OMC F
propr anoé¢hMllabaentdallosl comparfaddt MCEDIOOBwIxed MCF
I n order to enhance comprehension of the bi
by DGE analysis and filtered by volcano pl ot
evaluati on. Genes associated whtéa, canteéest we
associated with cancer was gener attea@ngddf dom t h
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Cell Line

MCF-7

MCF-7/ 1000Dox

Tabd43eAl t erac@@esogemeé £di n

Group Gene Name

uUpP

DOWN

uUpP

TNFSF12
TNFSF13

CAV1
DKK3

COL3A1
TNC
COL12A1

TGFBI

GREM1

MMP14
SERPINE2

EFEMP1

H3C2
H3C13
H3C7
H2BC4
H3C11

H2BC17

TNFSF12
TNFSF13

TNFRSF11B

PER1
DUSP2

ADAM33

r e pprnosper & mo [5dI

Description
TNFSF12TNFSF13Readthrough$ourceHGNC SymbojAcc:HGNC:33537]

Caveolin 1 BourceHGNC SymbojAcc:HGNC:1527]

DickkopfWNTSi gnal i ng PatSowaEHGN&Enhi bi tor
SymbolAcc:HGNC:2893]

Collagen Typdll Alpha 1 Chain $ourceHGNC SymbojAcc:HGNC:2201]
TenascinC [SourceHGNC SymbaojAcc:HGNC:5318]
Collagen Type&Xll Alpha 1 Chain $ourceHGNC SymbojAcc:HGNC:2188]

Transforming Growt3®ourédeldGNCor Bet a Ki
SymbolAcc:HGNC:11771]

Gremlin 1,DAN Family BMP Antagonist SourceHGNC
SymbolAcc:HGNC:2001]

Matrix Metallopeptidase 145ourceHGNC SymboJAcc:HGNC:7160]

Serpin FamilyE Member 2 BourceHGNC SymbojAcc:HGNC.8951]

EGF Containing Fibulin Extracellular Matrix Protein $¢urceHGNC
SymbolAcc:HGNC:3218]

H3 Clustered Histone 2JourceHGNC SymbolAcc:HGNC:4776]
H3 Clustered Histone 13purceHGNC SymbojAcc:HGNC:25311]
H3 Clustered Histone SourceHGNC SymbolAcc:HGNC:4773]
H2B Clustered Histone 45ourceHGNC SymbojAcc:HGNC:4757]
H3 Clustered Histone 11SpurceHGNC SymbolAcc:HGNC:4771]
H2B Clustered Histone 18purceHGNC SymbojAcc:HGNC:4758]

TNFSF12TNFSF13 Readthrough [Source:HGNC Symbol;Acc:HGNC:3353
TNF Receptor Superfamily Member 11b [Source:HGNC
Symbol;Acc:HGNC:11909]

Period Circadian Regulator 1 [Source:HGNC Symbol;Acc:HGNC:8845]
Dual Specificity Phosphatase 2 [Source:HGNC Symbol;Acc:HGNC:3068]

ADAM Metallopeptidase Domain 33 [Source:HGNC
Symbol;Acc:HGNC:15478]

77

Fold Change

242.121
28.902
18.938

8.884
7.614
6.72

6.335

5.176

3.735
3.526

2.512

0.093
0.106
0.139
0.202
0.123
0.15

72.453

19.444

18.901
10.846

8.414

-t reemd-7mMBt 0 OoX¥ o xM CcFe |

Adj_P_Val

0.000536
0.0047
0.0198

0.000669
0.000123
0.00354

6.97E06

0.000669

0.0189
0.00504

0.0306

0.0000195
0.000095
0.00239
0.0047
0.0286
0.0469

0.000308

5.8E51
4.43E09

0.00809

S



CSF3R

FLCN
TNFAIP3

PDGFRA

NR1D1

DNAJB1
TRIB3
GADDA45B

PIM3

BIRC3
E2F7
B2M
CREBRF
SESN2
MMP1
TNC
EPAS1
IRF1

PTPRK
NFKBIA
H1-2
RRAGC

Tabl gCa@nt3i)nued

Colony Stimulating Factor 3 Recept@durceHGNC
SymbolAcc:HGNC:2439]

Folliculin [SourceHGNC Symbo]Acc:HGNC:27310]
TNFAIl pha Kndu cSeulceHEN® SymbojAcc:lBGNLC:11896]

Platelet Derived Growth Factor Receptor AlpBaljirceHGNC
SymbolAcc:HGNC:8803]

Nuclear Receptor Subfamily 1 GrolpMember 1 SourceHGNC
SymbolAcc:HGNC:7962]

Dnaj Heat Shock Protein FamiliA$¢p4Q MemberB1 [SourceHGNC
SymbolAcc:HGNC:5270]

Tribbles Pseudokinase S¢urceHGNC SymbojAcc:HGNC:16228]

Growth Arress AndDNA Da mage Kn d GauicshilGNC Bet a |
SymbolAcc:HGNC:4096]

Pim-3 ProteOncogene, Serine/Threonine KinaSe{irceHGNC
SymbolAcc:HGNC:19310]

BaculovirallAP Repeat Containing BpurceHGNC SymbojAcc:HGNC:591]
E2F Transcription Factor 7ourceHGNC SymbojAcc:HGNC:23820]
Beta2-Microglobulin [SourceHGNC SymbojAcc:HGNC:914]
CREB3Regulatory FactorJourceHGNC SymbojAcc:HGNC:24050]
Sestrin 2 $ourceHGNC SymbolAcc:HGNC:20746]

Matrix Metallopeptidase 19ourceHGNC SymboJAcc:HGNC:7155]
TenascinC [SourceHGNC SymbaojAcc:HGNC:5318]

EndothelialPAS Domain Protein 1$ourceHGNC SymboJAcc:HGNC:3374]

Knt erfer on Re§ourtedGNE SymbdAacdHGNO6116] |

Protein Tyrosine Phosphatase Receptor Tp8ourceHGNC
SymbolAcc:HGNC:.9674]

NFKBKn hi bi t SourceAGNE ByanbdAcc:HGNC:7797]

H1.2 Linker Histone, Cluster Membe8¢urceHGNC
SymbolAcc:HGNC:4716]

RasRelatedGTPBinding C [SourceHGNC SymbojAcc:HGNC:19902]
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7.665

7.453
7.193

6.883

5.457

5.178
4.702
4.538

4.417

4.182
4.1
4.063
3.93
3.782
3.554
3.528
3.443
3.325

3.29
3.214
3.1
3.054

0.0214

1.43E23
1.04E12

0.0473

4.49E22

2.44E18
4.18E16
2.65E18

1.81E16

3.31E16
0.0000779
7.76E13
1.28E10
2.99E14
3.14E10
0.0000104
0.000118
1.49E07

1.01E06
1.69E13
4.74E06
9.37E06



TIPARP

DDIT3
H2BC8
RND3
IRS2
BTG1

GREM1

BCL3
DUSP4
MLH1
CGAS
RYBP

PIM1

BCLOL
ELF3
CLDN1

GRB7

DAPK3
BCL6
NFKBIE

ERRFI1

ATP6V1B2

RICTOR
CREBBP

Tabl gCa@nt3i)nued

TCDDKn d u c i BADReRibBse)IPglymeras&purceHGNC
SymbolAcc:HGNC:23696]

DNADamage Knduci BdureHGNCsSynthalAce:HGNC.2726]
H2B Clustered Histone 8&ourceHGNC SymbojAcc:HGNC:4746]
RhoFamily Gtpase 33ourceHGNC SymbojAcc:HGNC:.671]

Knsul in Rec e BauroeHGNE BynthdlAccaHGRC:6226]]

BTG Anti-Proliferation Factor 13ourceHGNC SymbaojAcc:HGNC:1130]

Gremlin 1,DAN Family BMP Antagonist SourceHGNC
SymbolAcc:HGNC:2001]

BCL3 Transcription CoactivatoijJourceHGNC SymbojAcc:HGNC:998]
Dual Specificity Phosphatase 8durceHGNC SymbojAcc:HGNC:3070]
Mutl Homolog 1 BourceHGNC SymbojAcc:HGNC:7127]

Cyclic GMP-AMP Synthase$ourceHGNC SymbojAcc:HGNC:21367]

RING1 And YY1 Binding Protein $ourceHGNC SymbojAcc:HGNC:10480]

Pim-1 ProteOncogene, Serine/Threonine KinaSe({irceHGNC
SymbolAcc:HGNC:8986]

BCL9 Like [SourceHGNC SymbojAcc:HGNC:23688]
E74Like ETSTranscription Factor 3JourceHGNC SymbojAcc:HGNC:3318]
Claudin 1 BourceHGNC SymbojAcc:HGNC:2032]

Growth Factor Receptor Bound ProteinSo{irceHGNC
SymbolAcc:HGNC:4567]

Death Associated Protein KinaseSburceHGNC SymbojAcc:HGNC:2676]
BCL6 Transcription RepressospurceHGNC SymbojAcc:HGNC:1001]
NFKBKn hi bi t oSourcBH&BG SymbolAct:HGNC:7799]

ERBBRecept or Feed®oarceGNKnhi bi tor 1 |
SymbolAcc:HGNC:18185]

AtpaseH+ Transporting/1 SubunitB2 [SourceHGNC
SymbolAcc:HGNC:854]

RPTORKndependent MIORGompiek DBourdeHGNC
SymbolAcc:HGNC:28611]

CREBBInding Protein SourceHGNC SymbojAcc:HGNC:2348]
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2917

2.886
2.881
2.87
2.825
2.587

2.566

2.549
2.537
2.514
2.429
2.419

2.416

2.398
2.382
2.382

2.376

2.373
2.338
2.291

2.272

2.203

2.161
2.155

3.46E08

7.01E07
0.0155
3E-08

0.000004

0.000925

0.00119

0.0000526
0.00836
0.000762
0.0000278
0.00365

5.54E07

6.42E06
0.0072
0.00247

0.000332

3.28E06
0.00035
0.000475

0.00466

0.00823

0.0239
0.00248



DOWN

PPARG

CREB3L2
SQSTM1
ELL

STK40
RBM15
H3-3B
WEE1
CARS1

GADDA45A
XBP1
HERPUD1

GATAG6
BNIP1

CDKN1A
DHFR
H1-5

Tabl gCa@nt3i)nued

Peroxisome Proliferator Activated Receptor Gam8aufceHGNC
SymbolAcc:HGNC:9236]

Camp Responsive Element Binding Protein 3 Lik&@urceHGNC
SymbolAcc:HGNC:23720]

Sequestosome BpurceHGNC SymbojAcc:HGNC:11280]

Elongation Factor FARNA Polymerasél [SourceHGNC
SymbolAcc:HGNC:23114]

Serine/Threonine Kinase 48¢urceHGNC Symbao]Acc:HGNC:21373]
RNA Binding Motif Protein 15 $ourceHGNC SymbojAcc:HGNC;14959]
H3.3 HistoneB [SourceHGNC SymbojAcc:HGNC:4765]

WEE1 G2Checkpoint KinaseJourceHGNC SymbojAcc:HGNC:12761]
CysteinytTrna Synthetase BpurceHGNC SymbojAcc:HGNC:1493]

Growth Arrest AndDNA Da mage Kn d uSourdeHGNC Al p h a
SymbolAcc:HGNC:4095]

X-Box Binding Protein 1$ourceHGNC SymboljAcc:HGNC:12801]

Homocyst ei ERProkem withdJbiduitireLike Domain 1
[SourceHGNC SymbojAcc:HGNC:13744]

GATA Binding Protein 6 $ourceHGNC SymbojAcc:HGNC:4174]
BCL2Knt er act i BogrceRGNE SyambaAcc HGNC:1082]

Cyclin DependerlA[SduiceHGNdCe Knhi bi t or
SymbolAcc:HGNC:1784]

Dihydrofolate Reductas&purceHGNC SymbaolAcc:HGNC:2861]

H1.5 Linker Histone, Cluster Membe®8gurceHGNC
SymbolAcc:HGNC:4719]

80

2.132

2.118
2.092
2.084

2.07
2.064
2.055
2.037
2.034

2.021
2.01
2.009

2.006
2.005

2.004
2.016
0.162

0.0113

0.000499
0.0000211
0.0094

0.0499
0.000637
2.48E06

0.0117
0.000257

0.00836
0.000372
0.00291

0.0102
0.00583

0.00593
0.00678
0.0109



Cell Line

MCF-7

Group

UpP

Tabd44eAl t er e scarcdtc at ed

Gene Name
PDGFRA
ALOX5
IGFBP7

DKK3

SNAI2

RAC2
CAV1
SOD3
PRF1
TNFSF12
MPEG1
MMP2
ITGA4
PDGFD
LOXL4
COL1A2
FOXQ1
BTK
PRRX1
MMP1
MMP3
COL3A1
VIM
SFRP2
GSTP1

Description

Platelet Derived Growth Factor Receptor Alpha [Source:HGNC
Symbol;Acc:HGNC:8803]

Arachidonate 8.ipoxygenase [Source:HGNC Symbol;Acc:HGNC:435]

Knsulin Like Growth Factor Binding
Symbol;Acc:HGNC:5476]
Dickkopf WNT Signaling Pathway Knhi

Symbol;Acc:HGNC:2893]
Snail Family Transcriptional Repressor 2 [Source:HGNC
Symbol;Acc:HGNC:11094]

Rac Family Small Gtpase 2 [Source:HGNC Symbol;Acc:HGNC:9802]
Caveolin 1 [Source:HGNC Symbol;Acc:HGNC:1527]

Superoxide Dismutase 3 [Source:HGNC Symbol;Acc:HGNC:11181]

Perforin 1 [Source:HGNC Symbol;Acc:HGNC:9360]

TNF Superfamily Member 12 [Source:HGNC Symbol;Acc:HGNC:11927]
Macrophage Expressed 1 [Source:HGNC Symbol;Acc:HGNC:29619]

Matrix Metallopeptidase 2 [Source:HGNC Symbol;Acc:HGNC:7166]
Kntegrin Subunit Alpha 4 [Source: HC
Platelet Derived Growth Factor D [Source:HGNC Symbol;Acc:HGNC:30620]
Lysyl Oxidase Like 4 [Source:HGNC Symbol;Acc:HGNC:17171]

Collagen Type | Alpha 2 Chain [Source:HGNC Symbol;Acc:HGNC:2198]
Forkhead Box Q1 [Source:HGNC Symbol;Acc:HGNC:20951]

Bruton Tyrosine Kinase [Source:HGNC Symbol;Acc:HGNC:1133]

Paired Related Homeobox 1 [Source:HGNC Symbol;Acc:HGNC:9142]

Matrix Metallopeptidase 1 [Source:HGNC Symbol;Acc:HGNC:7155]

Matrix Metallopeptidase 3 [Source:HGNC Symbol;Acc:HGNC:7173]

Collagen Type Il Alpha 1 Chain [Source:HGNC Symbol;Acc:HGNC:2201]
Vimentin [Source:HGNC Symbol;Acc:HGNC:12692]

Secreted Frizzled Related Protein 2 [Source:HGNC Symbol;Acc:HGNC:10777
Glutathione STransferase Pi 1 [Source:HGNC Symbol;Acc:HGNC:4638]

81

g elh®=MI| d mettrrasd sayilforrelh@ F &0 d-7 MCEO0 0 D.o x

Fold Change

893.087
751.674
694.012

638.45

625.182

540.59
515.107
503.445
470.407
470.407
441.865
369.437
355.992
352.427
341.649
329.214
326.863
322.699
313.755
291.453
275.646
267.234
254.204
221.667
207.416

cell s

Adj_P_Val
0.000278
0.00178
0.002

0.0392

0.00453

0.00274
0.0316
0.00998
0.0209
0.0209
0.0183
0.0097
0.00428
0.0323
0.007
0.00565
0.0264
0.0392
0.000000972
0.000000123
0.00000359
0.00921
0.00602
0.0172
0.000523



TNC
TGFBI

COL4A2
FSTL1
FBLN2

ADAMTS1
COL12A1
GREM1

ITGBL1
FN1
COL8A1

PTPRC

STING1
MMP14
HCK

SERPINE1
FBN1
CLDN11
SLIT3
CD74
ADAM12
CDH11

FGR
GPX1

Tab l4e(Codn.te dn.u

Tenascin C [Source:HGNC Symbol;Acc:HGNC:5318]

Transforming Growth Factor
Symbol;Acc:HGNC:11771]

Collagen Type IV Alpha 2 Chain [Source:HGNC Symbol;Acc:HGNC:2203]
Follistatin Like 1 [Source:HGNC Symbol;Acc:HGNC:3972]
Fibulin 2 [Source:HGNC Symbol;Acc:HGNC:3601]

ADAM Metallopeptidase With Thrombospondin Type 1 Motif 1 [Source:HGNC
Symbol;Acc:HGNC:217]

Collagen Type XII Alpha 1 Chain [Source:HGNC Symbol;Acc:HGNC:2188]

Gremlin 1, DAN Family BMP Antagonist [Source:HGNC
Symbol;Acc:HGNC:2001]

Kntegrin Subunit Beta Like 1
Fibronectin 1 [Source:HGNC Symbol;Acc:HGNC:3778]
Collagen Type VIl Alpha 1 Chain [Source:HGNC Symbol;Acc:HGNC:2215]
Protein Tyrosine Phosphatase Receptor Type C [Source:HGNC
Symbol;Acc:HGNC:9666]
Stimul ator Of
Symbol;Acc:HGNC:27962]

Matrix Metallopeptidase 14 [Source:HGNC Symbol;Acc:HGNC:7160]

HCK ProtaOncogene, Src Family Tyrosine Kinase [Source:HGNC
Symbol;Acc:HGNC:4840]

Serpin Family E Member 1 [Source:HGNC Symbol;Acc:HGNC:8583]
Fibrillin 1 [Source:HGNC Symbol;Acc:HGNC:3603]

Claudin 11 [Source:HGNC Symbol;Acc:HGNC:8514]

Slit Guidance Ligand 3 [Source:HGNC Symbol;Acc:HGNC:11087]

CD74 Molecule [Source:HGNC Symbol;Acc:HGNC:1697]

ADAM Metallopeptidase Domain 12 [Source:HGNC Symbol;Acc:HGNC:190]
Cadherin 11 [Source:HGNC Symbol;Acc:HGNC:1750]

FGR ProteOncogene, Src Family Tyrosine Kinase [Source:HGNC
Symbol;Acc:HGNC:3697]

Glutathione Peroxidase 1 [Source:HGNC Symbol;Acc:HGNC:4553]

Beta Knd

[ Sourc

Knterferon Response C
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200.926
199.881

198.495
186.774
157.559

153.031
146.727
115.745

108.893
108.476
104.957

103.503

97.265
95.792
93.325

90.261
87.805
84.857
81.796
81.765
78.987
74.844

69.943
68.186

0.000000482
0.00000013

0.00382
0.0311
0.00000479

0.00279
0.00000106
0.0000031

0.00428
0.000000972
0.000173

0.000757

0.00111
0.00000821
0.00199

0.0000847
0.0000132
0.0000478
0.0000494
0.000709
0.00111
0.000905

0.0392
0.00119



UCHL1
MGAM
FGF7
ADAMTSL1
COL14A1
IL16
CSF3R

ADAMTS2

ITGA1l
AXL
DPYD
ELN

TGFBR2

MSN
FGF2

ADGRA2

FBLN5
FBLN1
FBN2
COL5A2
FCN1

ETS1

IGFBP3

PRKCB
CSF1
SLIT2

Tab l4eCodn.tu e)d .

Ubiquitin C-Terminal Hydrolase L1 [Source:HGNC Symbol;Acc:HGNC:12513]
MaltaseGlucoamylase [Source:HGNC Symbol;Acc:HGNC:7043]

Fibroblast Growth Factor 7 [Source:HGNC Symbol;Acc:HGNC:3685]
ADAMTS Like 1 [Source:HGNC Symbol;Acc:HGNC:14632]

Collagen Type XIV Alpha 1 Chain [Source:HGNC Symbol;Acc:HGNC:2191]
Knterleukin 16 [ Source: HGNC Symbol ;
Colony Stimulating Factor 3 Receptor [Source:HGNC Symbol;Acc:HGNC:243¢

ADAM Metallopeptidase With Thrombospondin Type 1 Motif 2 [Source:HGNC
Symbol;Acc:HGNC:218]

Integrin Subunit Alpha 11 [Source:HGNC Symbol;Acc:HGNC:6136]

AXL Receptor Tyrosine Kinase [Source:HGNC Symbol;Acc:HGNC:905]
Dihydropyrimidine Dehydrogenase [Source:HGNC Symbol;Acc:HGNC:3012]
Elastin [Source:HGNC Symbol;Acc:HGNC:3327]

Transforming Growth Factor Beta Receptor 2 [Source:HGNC
Symbol;Acc:HGNC:11773]

Moesin [Source:HGNC Symbol;Acc:HGNC:7373]
Fibroblast Growth Factor 2 [Source:HGNC Symbol;Acc:HGNC:3676]

Adhesion G ProteiCoupled Receptor A2 [Source:HGNC
Symbol;Acc:HGNC:17849]

Fibulin 5 [Source:HGNC Symbol;Acc:HGNC:3602]
Fibulin 1 [Source:HGNC Symbol;Acc:HGNC:3600]
Fibrillin 2 [Source:HGNC Symbol;Acc:HGNC:3604]
Collagen Type V Alpha 2 Chain [Source:HGNC Symbol;Acc:HGNC:2210]

Ficolin 1 [Source:HGNC Symbol;Acc:HGNC:3623]

ETS ProteOncogene 1, Transcription Factor [Source:HGNC
Symbol;Acc:HGNC:3488]

Knsulin Like Growth Factor Binding
Symbol;Acc:HGNC:5472]

Protein Kinase C Beta [Source:HGNC Symbol;Acc:HGNC:9395]
Colony Stimulating Factor 1 [Source:HGNC Symbol;Acc:HGNC:2432]
Slit Guidance Ligand 2 [Source:HGNC Symbol;Acc:HGNC:11086]
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64.959
59.288
58.483
57.845
57.756
56.819
55.934

51.975

51.351
49.012
46.653
45.383

44.209

43.057
41.029

39.136

35.349
34.393
32.248
30.975
30.549

28.984

28.055

27.366
24.171
22.132

0.0263
0.015
0.0358
0.0091
0.0119
0.013
0.000666

0.00694

0.00111
0.000821
0.0209
0.0012

0.00331

0.000343
0.015

0.00178

0.00211
0.00318
0.0279
0.00371
0.0047

0.0142

0.000821

0.0209
0.00935
0.0241



MCF-7/1000Dpx

uUpP

CDH13
ITGB2

DDR2

COL6A1
COL1A1
FCN1
BMP6
SOX4
RGS16
TRIB3
PER1
SESN2

Tab l4e(Codn.te dn.u

Cadherin 13 [Source:HGNC Symbol;Acc:HGNC:1753]
Kntegrin Subunit Beta 2 [ Source: HGN

Discoidin Domain Receptor Tyrosine Kinase 2 [Source:HGNC
Symbol;Acc:HGNC:2731]

Collagen Type VI Alpha 1 Chain [Source:HGNC Symbol;Acc:HGNC:2211]
Collagen Type | Alpha 1 Chain [Source:HGNC Symbol;Acc:HGNC:2197]
Ficolin 1 [Source:HGNC Symbol;Acc:HGNC:3623]

Bone Morphogenetic Protein 6 [Source:HGNC Symbol;Acc:HGNC:1073]
SRY-Box Transcription Factor 4 [Source:HGNC Symbol;Acc:HGNC:11200]
Regulator Of G Protein Signaling 16 [Source:HGNC Symbol;Acc:HGNC:9997]
Tribbles Pseudokinase 3 [Source:HGNC Symbol;Acc:HGNC:16228]

Period Circadian Regulator 1 [Source:HGNC Symbol;Acc:HGNC:8845]
Sestrin 2 [Source:HGNC Symbol;Acc:HGNC:20746]

84

21.045
20.266

17.291

17.142
10.461
15.212
9.281
7.742
7.419
6.049
4.127
3.952

0.0381
0.0241

0.0293

0.0047
0.0177
0.0182
0.0133
0.0065
0.034
0.000477
0.00221
0.00289



4. Gene Onandl KEAMER | ysi s

I n order to better understand the biologic:
anal ysi s, Gene Ontology (GO) enr ixplmamenéaaéa
compaBi®bmgi cal pr aoctédhses maoss tt hdk rMessrr spendad | d dhye 4
in the GObi whoghcalreprocesses, cell ue@r |l oc
anal ysis for biol oagti e@d e ipeerie pgr ot ees nisnvanl weder

into the under |l yiidg6hi ol ogi cal processes

The results of the GO enrichment analysis v
to the fold enrichment value. Fold enrichmen
bi ol ogi cal process is enriched d&drasddobmiema ratn a
Consequentl vy, the higher bi ol ogi cal process.
significant effects of drug applications on
Consequentl vy, t he 10 nho s tp r opcreesdsoensi N avietr e b isc

subsegmalnytsi s.

According tomdrg tThadl wep rdendutl had ed€ Fylepnfedoso e s s e ¢
rel atielddosot er one MEGOAMBBAIOwe rPer oarstsi c uwiatrH y  p
207.2f ol d enri chment . Ot her i mportanGprpteilocesse
coupled receptor signaling pathway involved in heart pfo6GO: 00 & 6 1A0E3X)t r ac e | |
matri X organi zatamd AVOQNMd 38eaBd Agmon( GOtO@4 2
downr egul a(tTeadb | gte pde. stap s t @onroigd lceaad ngiri  d eesds  wiad
Al ntedmmedkat ed si g(@@&0038hlgowp HAGBWalyd enr i chment
mportant processes i d e Nucledlai ehcbmatinnorganibatios st u
(GO: 19807MResponse -7t of GOnD@®ABAGKINCGe |l | ul ar res
nt er-4 eu®&®:n0AD 98761)

Accordeng botgl ogyof( GOjeragnudalayhetdlse AMCEO0 0O
el |l rleasnptopisnepr anol ,@Inrtircdhantementdi d .ATde ynoslk d

(@)

(0]

nriched biological p rgowleastse d dgeennt e sf i (eTda bal neo n4g.
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center fl GOMDIOIBRAMBiI7t)-hoI8dD . @ n Ot hleme nitmpor t ant
i dent i f i Med. reg.rotctoHikedrecepfor 4 signaling pathwd0:003414%0, Ndj.

reg. of transcription, DNAemplated (GO:004589% a n dRegf of apoptotic proc.
(GO:00429819.
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Cell
Line

MCF-7

TabdseSi gni fi cagehgsedinaM@EMCHOO proprangt olGOa ealt ymeingl 6 gir c al

Group

UP

DOWN

p value
0.0326
0.0326

4.11E06
0.001184
0.003641

0.006669
0.011961
0.005024
0.016047
3.43E10

1.06E09
1.10E09

1.10E09
1.36E09
3.83E09

9.47E12

1.30E11

Fold

Enrichment

207.2
190.0

30.4
28.1
19.8

15.6

12.2

10.4

9.6

506.6

370.7
353.4

353.4
330.4
249.1

144.3

109.1

GO ID
G0:0032341
G0:0086103

G0:0030198
G0:0007162
G0:0048732

G0:0042060

G0O:0070848

G0:0035295

G0:0030334

GO0:0038111

G0:1990700
G0:0098760

G0:0098761
G0O:0007000

G0:0030521

G0O:0006334

G0:0006333

Pathway

Aldosterone metabolic proc.

G proteincoupled receptor signalin

pathway involved in heart proc.
Extracellular matrix organization

Neg. reg. of cell adhesion

Gland development

Wound healing
Response to growth factor
Tube development

Reg. of cell migration

Interleukin7-mediated signaling
pathway

Nucleolar chromatin organization

Response to interleukin
Cellular response to interleukin

Nucleolus organization

Reg. of androgen receptor signalin
pathway

Nucleosome assembly

Chromatin assembly or disassemb
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Related Genes

DKK3

CAV1

Pprocesse:

TNC CAM COL12A1 TGFBI MMP14 COL3A1

TNC TGFBI SERPINE2 MMP14
TNC DKK3 CAV1 SERPINE2

TNC CAV1 SERPINE2 COL3Al

TNC DKK3 CAV1 COL3A1

TNC CAV1 TGFBI SERPINE2 MMP14

CAV1 SERPINE2 MMP14 COL3A1

H3C13

H3C13
H3C13

H3C13
H3C13
H3C13

H2BC4 H3C13

H2BC4 H3C13

H3C11
H3C11
H3C11
H3C11
H3C11
H3C11

H3C7
H3C7
H3C7
H3C7
H3C7
H3C7

H3C2
H3C2
H3C2
H3C2
H3C2
H3C2

H2BC17 H3C11 H3C7 H3C2

H2BC17 H3C11 H3C7 H3C2



MCF-7/1000Dox

upP

2.53E11

6.05E11
0.000185
0.004608

3.33E08

9.32E10

1.28E09

3.33E08

3.33E08

94.2

79.2
80.1
62.3

55

55

5.3

4.5

4.5

G0:0006323

G0:0006338
G0:0002467
G0:0034144

G0:0045892

G0:0042981

G0:0043067

G0:1902680

G0:1902531

Tab I5¢Codn.te dn.u

DNA packaging

Chromatin remodeling

Germinal center formation

Neg. reg. of tollike receptor 4
signaling pathway

Neg. reg. of transcription, DNA
templated

Reg. of apoptotic proc.

Reg. of programmed cell death

Pos. reg. of RNA metabolic proc.

Reg. of intracellular signal
transduction

88

H2BC4 H3C13 H2BC17 H3C11 H3C7 H3C2

H2BC4 H3C13 H2BC17 H3C11 H3C7 H3C2
BCL3 BCL6 TNFAIP3
TNFAIP3 NR1D1

CREBBP BCL3 XBP1 TRIB3 BCL6 GADD45A IR
NR1D1 DNAJB1 PPARG GATA6 FLCN SQSTM
ELF3 RYBP CREBRF E2F7 DDIT3 PER1-B1

CREBBP BIRC3 HERPUD1 BCL3 GADDA45B XBI
NFKBIA BNIP1 BCL6 GADD45A TNFAIP3
CDKN1A PPARG BTGl PIM1 GATA6 FLCN

SQSTM1 RYBP DAPK3 DDIT3 IRS2 STK40 PIN

CREBBP BIRC3 HERPUD1 BCL3 GADD45B XBI
NFKBIA BNIP1 BCL6 GADD45A TNFAIP3
CDKN1A PPARG BTG1 PIM1 GATA6 FLCN

SQSTM1 RYBP DAPK3 DDIT3 IRS2 STK40 PIN

CREBBP BCL3 MLH1 XBP1 NFKBIA ELL EPAS

IRF1 NR1D1 PPARG PIM1 GATA6 FLCN SQSTI

RBM15 ELF3 RYBP CREBRF E2F7 DDIT3 PEFR
CREB3L2 BCL9L

BIRC3 HERPUD1 BCL3 GADD45B XBP1 NFKBI,

TRIB3 BCL6 ERRFI1 GADD45A RRAGC TNFAIF

DUSP4 NR1D1 PDGFRA FLCN SQSTM1 RICTC
CGAS DDIT3 PER1 IRS2 STK40



Tabl gCodn.tS Nued.

1.35E07 4.6 G0:0080134 Reg. of response to stress
5.46E06 4.1 G0:0045595 Reg. of cell differentiation
9.51E06 3.9 G0:0042127 Reg. of cell population proliferatior

89

CREBBP BIRC3 HERPUD1 GADD45B XBP1
NFKBIA BCL6 ERRFI1 GADDA45A TNFAIP3 IRF!
NR1D1 DNAJB1 PPARG PDGFRA CLDN1 RICT(

CGAS CREBRF DDIT3 PER1

CREBBP XBP1 NFKBIA TRIB3 BCL6 ERRFI1
CSF3R IRF1 NR1D1 PPARG 88 BTGl PDGFRA
PIM1 GATA6 FLCN RBM15 DDIT3 BCLOL

TNC XBP1 NFKBIA BCL6 ERRFI1 TNFAIP3
CDKN1A IRF1 NR1D1 PPARG BTGl PDGFRA
PIM1 GATA6 FLCN CLDN1 RICTOR E2F7 IRS:



Accortdo ngge ngy ohn®@©) oandbwengeusl aotfe dt hgee wasa di n t he
MCF7// 106@e0lIsi hi neslpalnsteradtan( ma bd),e ednmeinct di d not vy
any r.eslihlet snost enri ched damoni @ gtiehgea Il uaghirendl ctgheen e is d
MCFcel IwaléB mmree t rf @b endd@ O :@0n0 §00,3 4w6hi ch Wdd$ 0 mdr i c he
(Tab6le dAt.her i mportant prerckecdersmaildemndalilf i édf fi
(GO: 0030 98iAitExtracel l ul ar matr ioxanadEg@mnaezat | ahart
struacngari(@@:t0 0043 06 2

Among t he uprieg ulhagt/eMiCE6g0e (cdes bid), ¢h eédn.smost enri ch
bi ol ogical pr oMietssali dealt v G @add @WmdD &FH 6fsdIsd

enrichment . Ot her i mport a@d mppreorceensts easc tii dveanttiic
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Tab46eSi gni ficantly efracké MCFoloDBettirad aMIGFe nt groups by GO analysis fo

Cell Fold
Line Group p value Enrichment GO ID Pathway Related Genes
8.17E+09 84.0 G0:0060346 Bone trabecula formation MMP2 COL1A1 FBN2
) . . MMP2 COL12A1ITGA4 FN1 COL4A2 COL6
8.23E+00 60.4 G0:0035987 Endodermal cell differentiation A1 COLSAL MMP14 ITGB2 COL5A2

TNC ELN FBLN1 MMP2 CAV1 SERPINE1
COL1A1 COL12A1ITGA4 FN1 TGFBI PDG
FRA COL4A2 ETS1ITGA11 LOXL4 FGF2
1.21E25 24.6 G0:0030198 Extracellular matrix organization = FBN2 FBLN5 COL6A1 COL8A1 SFRP2ADA
M12 MMP3 ADAMTS1MMP14 ITGB2
DDR2 FBLN2 COL1A2 FBN1 COL3A1
ADAMTSL1COL14A1 MMP1 COL5A2

TNC ELN FBLN1 MMP2 CAV1 SERPINE1
COL1A1 COL12A1ITGA4 FN1 TGFBI PDG
FRA COL4A2 ETS1ITGA1l LOXL4 FGF2
1.21E25 24.6 GO0:0043062  Extracellular structure organization FBN2 FBLN5 COL6A1 COL8A1 SFRP2
ADAM12 MMP3 ADAMTS1MMP14 ITGB2
DDR2 FBLN2 COL1A2 FBN1 COL3Al
ADAMTSL1COL14A1 MMP1 COL5A2

MCF-7
UpP

TNC ELN FBLN1 MMP2 CAV1 SERPINE1
COL1A1 COL12A1ITGA4 FN1 TGFBI PDG
External encapsulating structure FRA COL4A2 ETS1ITGA1l LOXL4 FGF2 F
1.21E25 24.4 G0:0045229 organization BN2 FBLN5 COL6A1 COL8A1 SFRP2ZADA
M12 MMP3 ADAMTS1MMP14 ITGB2 DDR
2 FBLN2 COL1A2 FBN1 COL3A1 ADAMTSL
1 COL14A1 MMP1 COL5A2
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3.35E10

9.79E09

9.79E09

9.79E09

7.7

7.3

7.3

6.9

GO0:0016477

G0:0007155

G0:0022610

G0:0048870

Tab l6gCodn.te dn.u

Cell migration

Cell adhesion

Biological adhesion

Cell motility

92

FGR SNAI2 CD74 ADGRA2 FBLN1 GSTP1
HCK CAV1 SERPINE1COL1A1 ITGA4 FN1
CSF3RRAC2 PDGFRA ETS1ITGA1l FGF2
FGF7 CDH13 SLIT2 SFRP2IGFBP3 MSN A
DAMTS1 MMP14 ITGB2 DDR2 FSTL1 TGF
BR2 COL1A2 AXL COL3A1 PDGFD IL16 C
SF1 MMP1 ITGBL1 GPX1 TNFSF12

CLDN11 SNAI2 CD74 TNC FBLN1 HCK CA
V1 SERPINE1COL1A1 COL12A1ITGA4 FN
1 CSF3RTGFBI RAC2 PDGFRAETS1ITGA
11 FBLNS CDH11 CDH13 COL6A1 COL8Al
SFRP2MSN ADAM12 MMP14 ITGB2 DDR
2 IGFBP7 TGFBR2FBLN2 FBN1 AXL COL
3A1 ADAMTSL1CS1 COL14A1ITGBL1

CLDN11 SNAI2 CD74 TNC FBLN1 HCK CA
V1 SERPINE1COL1A1 COL12A1ITGA4 FN
1 CSF3RTGFBI RAC2 PDGFRAETS1ITGA
11 FBLNS CDH11 CDH13 COL6A1 COL8A1
SFRP2MSN ADAM12 MMP14 ITGB2 DDR
2 IGFBP7 TGFBR2 FBLN2 FBN1 AXL COL
3A1 ADAMTSL1CS 1 COL14A1ITGBL1

FGR SNAI2 CD74 ADGRA2 FBLN1 GSTP1
HCK CAV1 SERPINE1COL1A1 ITGA4 FN1
CSF3RRAC2 PDGFRA ETS1ITGA1l FGF2
FGF7 CDH13 SLIT2 SFRP2IGFBP3 MSN A
DAMTS1MMP14 ITGB2 DDR2 FSTL1 TGF
BR2 COL1A2 AXL COL3A1 PDGFD IL16 C
SF1 MMP1 ITGBL1 GPX1 TNFSF12



MCF-7/1000Dox

upP

0.036033
0.036033
0.036033
0.036033
0.036033
0.036033

0.036033
0.036033
0.036033

0.036033

379.9

316.6

316.6
82.6
22.1
11.9

11.4
11.2
8.5

8.4

G0:0003183
G0:0001867
G0O:0003207
G0:0002065
G0:0002833
G0:0000122

G0:0009725
G0:0031401
G0:0010628

G0:0045892

Tab l6gCodn.te dn.u

Mitral valve morphogenesis

Complement activation, lectin
pathway

Cardiac chamber formation

Columnar/cuboidal epithelial cell
differentiation

Pos. reg. of response to biotic stimul

Neg. reg. of transcription by RNA
polymerase I

Response to hormone
Pos. reg. of protein modification prot

Pos. reg. of gene expression
Neg. reg. of transcription, DNA
templated
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SOX4
FCN1
SOX4
SOX4BMP6
FCN1 BMP6
TRIB3 BMP6 PER1

TRIB3 BMP6 PER1
TRIB3 SOX4 BMP6
FCN1 SOX4 BMP6

TRIB3 BMP6 PER1



To underfsunacntdi otnhaelo f | anipteg & @ddecref veodn t he di ffer
gene examnalsigrs iolmi ol ogi cal pat hways, KEGG pat hw
per f ofromedeach experimé&htal anamparssomenti fied
signaling pathways in which the genes showing

KEGG analysis gempnanpboéedttfHFatcméntmei pri mar |
affected pat hrwatyesi nr edliagteesdt (i 0@ G@ph)dd 4abss oirnpdii coant e
2361 d enfTatbimad md .a7d)diaciaoln, adhes(KBEGG:pHLdhwk vy s
showedoll®2 enDowmmegd &€ akwerde mainl yt raalsaregt it on
mi sregul atpatnh KaBYGGC@@Ma®as r edvefadledd dorydOm cthime nt .
ot her hand7/ 1M0aDbex MICHNF sliigmeaal YKtENGeG p 8)debnadd
fipat hways (KEhGCc ppoce0mdedrfeect ed by pr omr arheel oMCFt r €
7/ 1000Dox cell s, thmtredvastreegy | patehwgenes di d
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Cell
Line

MCF-7

MCF-7/1000Dox

Group

uP

DOWN

uUpP

Tab47eSi gni fi caKEG@ae hwiaybEdFand7 MCFEOPDoxr anedbment

p Value

0.017771
0.032905
4.14E08
2.42E07

2.49E07

6.12E05

0.000165
0.013634
0.003323
0.017486
0.022116
0.007599

0.008115

0.009838

7.43E05

0.000129
0.001084

Fold
Enrichment

23.5
12.0
64.3
45.4

45.1

35.4

27.6
9.4
9.2
8.9
8.5
7.9

6.3

6.1

4.6

3.4
29

KEGG ID

KEGG:04974
KEGG:04510
KEGG:05322
KEGG:05034

KEGG:04613

KEGG:05202

KEGG:05131
KEGG:05222
KEGG:04668
KEGG:05215
KEGG:04064
KEGG:04068

KEGG:05202

KEGG:05169

KEGG:05200

KEGG:05206
KEGG:04010

Pathway

Protein digestion and absorptic

Focal adhesion

Systemic lupus erythematosus

Alcoholism

Neutrophil extracellular trap

formation

Transcriptional misregulation ir

cancer
Shigellosis

Small cell lung cancer
TNF signaling pathway
Prostate cancer
NF-kappa B signaling pathway

FoxO signaling pathway
Transcriptional misregulation ir

cancer

EpsteinBarr virus infection

Pathways in cancer

MicroRNAs in cancer
MAPK signaling pathway

95

groups

Related Genes

COL3A1, COL12A1
CAV1, TNC
H3C2, H3C13, H3C7, H3C11, H2BC17
H3C2, H3C13, H3C7, H3C11, H2BC17

H3C2, H3C13, H3C7, H3C11, H2BC17

H3C2, H3C13, H3C7, H3C11

H3C2, H3C13, H3C7, H3C11
GADDA45B, BIRC3, NFKBIA, GADD45A, CDKN1A
TNFAIP3, BIRC3, IRF1, NFKBIA, BCL3, CREB3L2
PDGFRA, NFKBIA, CREBBP, CREB3L2, CDKN1A
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The KEGG pathway map (Figure 4.22) shows how
adhesi on pat hwa ytor e ant efdh eMe(pH s pr KE&GIGolanal ysi s r
expression of genes highlighted des ged iwmwso li wWic
the genes such as PKC and PI3K. This suggests
el evated i-nhr epatogpd amehsiti ve <cell s -ifroductehde el
cytotoxicity. As illusttrawayl émr iFG gmeret 4ma@B, o |
t he downregul at ed ge-heksd demonshmanes oh Bbe 4

mi sregulation in cancer pat hway. H3 (Histone
decreased, which mawpwycaettest rehatbdotogireglul pt
such as fAnucl eolar chromatin organizationo, i
Achromatin assembly or disassemblyo, ADNA pac

4. 5) . | nt elruesstteirnsg layr,e HB3egcat i ve r dduwl7gt ors of ¢
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As i1l lustrated in Figure 4. 24, the KEGG pa;
upregul ated genes in the "-path1wa/dsIMOR Dcoaxn cceerl’
Analysis revealed that the expreeesi din ghfl i gdin
red was increased, as were biollokghp2Bi mptdces
HlFan@ADDg&%able 4.5). This finding indicates
the damage induced kY pyophanopolkgut bpaicaat ef
apoptp@ptocesses, as we |l | as t he mai nt enan

sustangedgenesi s
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The KEGG anal ystirse aotferd aMCQIH MIEEO @Dox cel | [ i n
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cel | l'ine reveals a significant enri chment
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As il lustrated in Figure 4.25, the KEGG pat

expression of genes associat ed7 wdadlhl tlhien & pfad Ihl

treatment with | abetal ol. The raemsdu/lars fruenvcetail ce
group of genes highlighted in red were uprec
Aextracell ular matrix organizationo, fHAextracel
Acell adhesiono (TabPRK B.PIODGCF RAMIBEIg2a/t7Theabsoesf
particular significance due to their associ at

i nhi bitor r eAskits tsaingcneadl,i nfigP Ip3akt hway o6, and ARas s
The KEGG pathway map (Figuated.g@éneiéxpsesai et
the ®HEGEGR signaling Pp7a/tihOa0abyedl |isn ftoHd oMCRg tr eaé
| abetal ol, which is one of d@ashtedmapoptosgsl and
The upgreBldRéene i s i1 nvol ved i-tnr &mslnastcirampali omed u

geea@pressi on.
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5.DI SCUSSI ON

The genes r espobrasdirbelnee rfga rA D&RMRecoedpst jog asr  act i
norepinephrine and epinephrine, which induce
and epinephrine adrenergi bblreecksdprrannaoccltolv ae X
equal antagonbh-&4R éePAIRRcHewewebothabetal ol has
effect compared to propranol ol due to its va
studi es supfbolrotcikielwes] wuse chemowhehapy for br ec
t hddendarnegssnoft caromlsyi[ slt48B4dt r o l1leftlojmnd in their s
cancer patients -ssl agtbigh® pdrehp | dlad( hogher s
rates, | ower tumor grades, and | owetemet abt a
(bdAARsel egtii é)

This thesis study investigablklsodpemeopgredn all aali

and | abretMdCRaNd-7MCEOODoOXx cel l l ines and el uci
of acti on Thfe trlreessud tddt Mgeemoostthr adtreugs exhi bi t ¢
on both <cell |l i hespat hependepadat ebmedthi€gn ot o X i

ndidtchae both drugs exhibit di7f fceerlelntl icnyet oa vo
Figure 4. 2). hl aglyettroatl ooxli ce xehfifbeicttesd compar ed 1t c
Bincubationso Lhhed aDMI vb& Pxlo.px aGhdu,o bAti €7 2

ytotoxic effect odp p3r0o.por adnv)l,o Iwhiinl cer etahsee dc y(tlo
ecreased sdpg nliofOi(cka MAB)yyeT@i.8@ s ugege <ted | tsh anta yMQ®

evel oped an adaptation mechanism in respons

o o O M~ /

Doxorubi cM@F/r/ lDi0ODtDwxt &€ efl d s n & etsa speaonptr asos | o |
and | ahertpalreld7 toe IMCF. Thseo f4 8 aabnedt a7l2ohl (300 ONM
respecweirseegyi)fi cantly higher than those of [
propraamdrod effective than |Sibmeitlaa rd/lyl i0GVCiHo x g
cells exhibitfedl dpepsost macel yo8Il abet alodld, wh
Cresessi stance was o @ dlddelnaedd. eswiaft etbabol €c ker s an
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concomi t-memd i sctraonscse may be dulkr dRggpht e oenf MICUE X
7/ 1000Dox <cell s, whg £ 6.3 mv raecxt p r eas sp raecvtiiovues Ps
anotbihéocker, aagepnstubtivdOmsaeadrdiPti on to drug ef
bi nding cassette (ABC) transpmonedenchymdl wtarsan
( EMT) , alterations in ECM component s, suppr e
related to ceh¢§ ®Bhevimega hbauatriennga nicoo nmurl t i drug r
in MOFLOOODokxO0O@&ell13Thes®20mechani sms may al so
resistance that deard olpas mhetgadidollsst. propranol ol

The |l ongptelimf amdtii ve potenti al e/f apnrdo pr a
MCF// 1000Dox <cell |l i nes was eval aasts@@l aumsy ng
formation is a more cligintaée deemoasantat msas he

capacity of cells over -éxmensiedepkicoldveené
ressutfgest that both drugs significantly red

effect 1 nocarcendnrgh tdisepmel e nt manner .

Propranol ol treatment significant7l yanrdeduc
MCF / 1000Dox <cells compared Thethesgogbthkatohdig
propranoeldodsh@mmmi ©etll pr ol idteurmeotri ognr oamt dv si unp pbro
and MCEOOODox cpltobifdhat iang ief fect of propr
ability teadrbelnoecrkgiltetraeceptor s, thereby affec
signaling pathways (&«AMP/ PKAaA MAPHK)] cBI 3Kf Ady
HERRegati ve breast cancer treated witi7propr
(a proliferati-ZZe(guoitve ivie)l anmadhkBIE ) ((aapwoppitdod i c
protein)i egpga8édbddn

Similarly, | abetal ol treatment signdfican
and MCBEOOODox cells (Figdeemos#ash)yatAal ahcuwdlstia
| ower concentrations ands)s hior t®ag mpeaxrpiossouirtet a i

strongly reduced the surviormhlgeraexiposuat hi
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hour sQtudi es have reportcachcteratacltalvettayg!l dlhrew
of proliferation and induction of apoptosi s
medi ated through t3hpeh oPsl p3hKo r yAlkg t1liSam dp aGtShHKw

The outcomes of the colony formation assa

| abetal ol i nhi bit cel l proliferation, are s
uncontroll ed hcadlllmag ko wtfh cidshea rcomrceqn e-agd i @m
dependent reducti on I n survival fraction fu
repur posi ng i nNoctaanbc eyr, ttrhea tonbesnetr.v a teiccoonl otnhya t

formati on, i 7¢Il 0dO0OBY Ki ge MEFFgeHhHedpotent i al f

drugs to play a promising roteomnal combmothe

agents

The results on the effect of propranol ol
mi gr aveii @n concortchaomee bwiotnly faes.mgfmhe nmi gr ati on
of cancer cell s, a critical i ndicator of t h
heali ndsassdycated by the -iwocaeldl :hrheiahi hheass
exhibited a9 .l >ls%roef rtahhee (VBd gud eddtlw&dehour s t h
treated with increasiolg ddnccenmtarn &t iucrdse r avfe ngr
Treated with 50 OM of propranolol, the cell s
reaching approximately 50% of thehbevepeobed
Converetleyatead concentrations, cel l mi gratio
MCF// 1000Dox cells in the control group cl ose
in the groups treated with increasiamgeavandten
significantly. I n the group treated with the
mi gration decreased (tFo g3 .e4TH% g fftienrdi hy bBawng
continuous presence of propranol olThmasi rfti anidr &
further substantiates our hypothesis that pr

despite the -pessshapceftarpsseptanalcclor dmong
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vement of cancer cells and,] 1&B8nslégiyent |y,

Labetal ol has been demonstrated-andi-nhmbéi't
penden(tFingaunrneArt4 . Bi)gh concentrations, | abet a
mi grate away (fnregmttihveAsno igmditaeomgd by t he

says/ MEFIl s in the control group, which di c
osure rate of 62.06% of the wound at 72 ho
i's rate undedewernda sae cdidmgma cdavicamt i ncrlenasi ng
centrations of 15 OM and above, cel | mi gr
n attainAneasgatniive caaltuaelecl ine Iin migratio
exposure to 15 OMAPreo®@¥%.anToHiod ,r ai5hf Sak % rad re
100 OM. A negative migration rate dmeicat
4l

ilmadgced tomancmbyingthewatrhkd the wound site

Labetal ol has also been shadwdnOOODowhiclkil 1 s
ncenandt-demendent manner, with complete in
gh concentrations. The results dembaestoate
oup «f 1MOCBDox <cells without drug applicat
creased significantly in the groups treat
ncentrations of 300 OM @&nd nhShi®Mome Ul tced
hours and 72 hour s, respectivel y. The fir

hi bitory effect omapahcei tnyotaofl i d o x carnudb iicnivna sri

l 1 s

Studies sugges-adtadraer pl ockeogpbetsa may aff

owt h, angiogenesdanceaphiicetjdtsae s tneescihsani sm b
opranol ol inhibits <cell mi gration may inv
gnaling pathways associated with EMT, regul

pression of c€gl1ll55adhless6ilon mol ecul es
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Subsequent analyses of the cell cycle and
the hypothesis that the cytotoxic effects ar
The -approopt oti c effects of propranol ol have bec
b-adrenergic receptfor5Rsiogpmalnion !l i mMi st lmdite sr es
increase in cell cycl-# aelrles.t Haweavpeorp,t oasi St
apoptosis was-76h960Dedr c#48 MEG@fs of treat ment

no | onger evident by 72 hours. This findincg
propranol ol in resistant cells is suppressed
exposure ti mecs.r elshpeo Rasped PiOrd DMQF cel | s, whi ch i
suggests that the cells rapidly epvranp@®ptoéei cn
resi stance mechani smmd3dével oped in these cel

The effects of | abet al ol exhibited a di:
propranol ol treiaftimeant | Yy aibrdMFdd edli gpmopt bei s
yet had no €7V1leé00Dox MEFI s. However, at 72
concentrations (200 OM), it was oBb7sernide dMQFo
7/ 1000Dox cel |l l i nes,afotldowgdapypttdtei d nrdas
the study indicate thatcuhme tclyytrovgphkia mddlan
the G2/ M checkpoint and subsequEm2)ly hast iba
established that G2 phase arrest constitutes
damage. However, when such repair iIs not f ec:

apopf{dasivgi s finding, when considered in conj
subject, sugoédxatbettaheo| pdtoentnidailce cel | death
reest in a blockaseeaodof hilgd GPhMephrati ons

Labet al ol i mpedes t he7 mamgd7aMBOE OO ax accd Itlys c
a process involving cell deat h, rather than
the findings from the fdomw elydatoimen rlye tamed rny sli
apopt osCFs @ahd-7MCEFOODox <cells and the observe

observation tnloat dleanoertsalralt ediad si gni fi cant e
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suggests that iIits cytotoxic effect Is not pr

it is |likely tOGormel atuéeebittoi ampopfyod @iple omil gheast i
substantial evidence for i1ts potential use a:¢
cancer, partfieculsamainy itmmbdrsg

PCA analysis shows <cl ea¥f7 dinfdi7eMTHFODED0 xb ectev

l ines, primarily du[el50o]T hér=ea rdigfefneertarrcc eesargiag:i
gene expression profiling in the resistant C
are positioned on different PCAegxeesuabnsir
second s admpwiet ht rleaaliet al ol , there was a not.i
profiles between the st woitlreellhy s €dnbyg . t i soweae
read counts in that sampl essewhidah ar. e WMhe ¢ tes nto
can adjust for differences in read counts, &
read counts &aalgeassre reliable

Venn diagrams provide a numeri cal represer
groups as well as those that aTNFIHNFEGSF1I80 p:

was i dentified as be7TngndpMEMmKD actedd iln ntelse fl
treatment with pr,optrhainsol god n e Fdifeonlchaes tirmoe teb d s e
MCF cel | | Hmd dandca e@&@B/el 0 N0 Dxohxe Fcgli @l r. &lhidn.e2 0 )
protein encldNdFeSH NEFYS FgileBneea hy br ind cpmptosied of
cytoplasmic and tr anstmeenbtriamer dmamamensb erff # 2Zatnc
fused -t er mhealC domain of family member 13. Tt

and presentbs ntdh en gr edloogmatmarmib ér f 8w hff d6Btg ice | |

involved in a variety of bi ol ogical process
angiogenesi s. The results of KEGG anal yses
including cellgpapbpfesias$jiotgy,n eamad i shuinsstt aaibn d d

were aHigbeed. T&IFSHIN3 obfr ea st canaersocelalt et i mv
resi stance to pacHiigtha xTeNF Safn1d3l dmiggo t © b ii avicm e a S «
which can contri butante SAKMIIORA Ip ad hBvagr 1§00} e
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nfer resistance t o [sloSne, Valn6eBtbRshhrelrialpietudari sc Id
en i ndv eosvteirg athee 1pdtonddesackcent with DHFR, t he

MOCFLOOOBoYyce@lrlopranol ol i's significant.

The gene that demonstrated the most sigr

| abetal ol treat me PDGWRpal aitdsdrmattv € d egr awt ht hfeact

al

Pphagene, whi ch -feoXd i baPiDeSdgRpA 0t 8 P Bssagmniay aineg

pat hways such as [MAPK, alw@é Ph SKeé AKFabws h, pr ol

di
Pl
i n
ap
i n

fferenti atildre,, &KE&EIG)E wpravtihdweahyo nasatdritagseadt i ons i
Akt signaling p®&DIGW&RW.g nFad B tngenehnacsrseo,ci at e d

fl ammation in the lt6élomer umir e dPdEGaEWRIAO o nabéentta | ¢
pl i edoudell Ibse a <cell ul ar responsftebltocck®eawsnt e

fl ammatory pathways.
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6 CONCLUSI ON

It has been doebrmhomrc,kterrsst eddithggt propranol ol é

i ntricate and di stinct mol ecul ar actions or

established mechani sms of action. The integr
cycl e, appeprnesexpr eangdi on offers a promising
drugs in the treatment of cancer. Propranol
7/ 1000Dox <cell s. I n comernasatl, elfdbkeettaloonl tehxehi
MCF cells in the wound area, suggesting that
cel l mi gration but also on their capacity

substanti al evideheehypbcaoeplposs thave t he cap
metastasis. Although propranol ol e&/eXxQGODo»xi |

cell s, it has been observed to induce apopto
to elicit apoptosis associated with G2 phas
7/ 1000Dox cell l ine indicated arlyatt edhenedhag |
action.

Di fferenti al Gene Expression Analysis was

expressions in propranol7olanadwwdVCliFdDdtox| alel & sp
hours. A comparison was made bet wleemoretarcdl .drT
number of genes that exhibited upregulation
were utilized to filter the genes, and stat.i
t hafnol2d upregul at edderddwhastsedt wWwane2consider ec
I n order to enhance comprehension of the bio
DGE analysis and filtered by volcano pl ot s,

evaluati ecmci @Geareaels was h cancer were considered

and pathways in broader biological net wor ks
those identified as dasfsfoecrieantteidal d e/rodesx Ipd laes d & «
| abetal ol treatments, gene ontology enri chme

pat hway enrichment analysis weresee@erdatraneyi. el
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insights into the differenti al Aroel sei csutl aanrt rceesl

propranol ol and | abetal ol . These findings
physiological alterations -atlcléeshewicteh |lual baert aleo
resulted in an upregulation of genes associ
phenomenon is widely regarded as a cellul ar
drug. Propranollmér thamd meerir,i olmed htthetgenes r
cel |l adhesi on, and motility biological proce

MCF / 1000Dox <cell srdemehanhcat & da nbdo o lha bperthoapl roa n
alterati onsexipnosperdo pcrednosl chlave been associated
and repair, and sustained angiogenesis, as i
applied cells were rel atedantdoerseppobnisvel aarn ds tsrues
angiogenesi sKkBG&n aldy ciag.ed by

To our knowledge, this is the first study t
propranol ol and rleashiesttaalnotl birne ansutl WwcadsiocuiQo onpa r @ e
the potential cythdtl oxkersyiandie¢efrfoi aady def er
mechani sms o fTodrduegt stiruedayt nieamnsh e espfOfrafodid & ker s
on the transcriptome of breast cancer cell s.
and | abet lrimile hawmeivgarnatammrtyi, and gene mneegul at o
cell sThe data presented herein demonstrate
characteristics of cancer cell s -aeldatheadvegearn
expression. These findings provi dec as tprraotneigsiie

including combinations and repositioning.

The findings of the study may be | imited toc
in particular due to the models used. The eff
subtypes of breast cancer. aModl @edévamd adlatbled ad |
the subject of extensive research, their syn
i n combination with traditional chemotherape

The study doesnanotonproav itche ipnfocresses by whi
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di stribute wimét abclpihhAesdnaamkli matei cs) . Il n add
mechani sms should be studied at proteome and

extent to which in vitro pradinge.can be tra
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