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Metformin use in patients with type 2 diabetes and controls in Tayside, Scotland, 1993-2001

No (%)
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Calisma gruplan arasinda Patolojik Tam Cevap
(DM olmayan, T2DM, metformin ve T2DM)

Meme kanserinde en yiiksek neoadjuvan tedavi cevabi METFORMIN grubunda

2529 hasta neoadjuvant tedavi aldi (MD Anderson)

Awm | T
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J olmayan 4
pCR %16
I
I |
p=0.10

Jiralersprong S et al, J Clin Oncol, 2009



A. Cancer Incidence
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E. Liver
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Metformin kanser insidansini azaltmaktadir

%

+ Tum kanserler .. - ooy

incidence

v
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._/’“_Zhang P, et al. Cancer Epidemiol. 2013
/" Decenci A et al, Cancer Prev Res, 2010
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Metformin kanser survisini arttirmaktadir

Tum kanserler
Pankreas
Meme kanser|
Over
Kolorektal
Endometrium
Osefagus
Prostat
Akciger

Study HR (95% Cl) Weight %
Zhu et al., 2013 [25) - 0.10(0.01, 088) 160
El-Benhawy et al., 2014 [28] -~ : 011(0.03 044) 331
Xiao et al., 2014 (31) ST 028(0.12, 066) 601
Xiao et al., 2014 [31] —+—:— 0.31(0.18, 0.54) 862
Xu et al., 2015 [29] 3 047(0.26,086) 829
Xu etal., 2015 [29] —— 049(031,077) 972
Xiao et al., 2014 [31] —+— 0.49(0.25, 0.98) 741
He et al.,, 2012 [22] —— 052(028,097) 807
Cleveland et al., 2012 [27) —;—— 053(0.16,182) 396
Zhao et al., 2012 [26] —-0—— 063(022 180) 480
Peeters et al., 2013 [24] ’-0— 0.74(0.58, 0.96) 11.63
Oppong et al., 2014 [30] —%—0-— 0.80(0.33, 1.96) 581
Bayraktar et al., 2012 [21] —— 082(044,152 808
Lega et al., 2013 [23] 8 097(0.92, 1.02) 12.69
Overall (P = 78.9%, p = .000) Q 053(0.39, 0.71) 100.00
.
NOTE: Weights are from random effects analysis !
Favors metformin ; 1 1‘5 ; Favors non-metformin

/ Zhang P, et al. Cancer Epidemiol. 2013

/" Xu H et al, Oncologist, 2015



Metformin ve Meme Kanseri
httos://ClinicalTrials.qgov 3/4/2017

l Total: 44

Sourcehttps//ClinicalTrials gov


https://clinicaltrials.gov/

Metformin ve Pankreas Kanseri
httos://ClinicalTrials.qgov 3/4/2017

| Total: 21

Sourcehttps//ClinicalTrials gov


https://clinicaltrials.gov/

Metforminin Antikanserojen Etkileri
Mekanizmalar
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Kanser hucresi
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7 Poloz Y et al, Cell Death and Disease, 2015



LKB1-AMPK sinyal yolagt



PIBK/PTEN/AKT/mTOR sinyal yolag)
mutasyonlar, kanser gelisiminde onemlidir

Dephosphorylation of PIP3




Metforminin primer hedefi:
Mitokondrial Respiratory Chain Complex |

Benoit Viollet et al. Clin Sci. 2012



Metformin LKB1’ye bagh AMPK sinyal yolagini

aktive eder

NH NH

H,C
Metformin | ° N NH,

Hepatosit

/ Mitochondria Complex |/' — Fructose-1,6-bisphosphatase

{ATP/AMP

C_*%

Cytoplasm

@

17 B-oxidation

@ ‘ g;ane exprt-;ssion
O

l Lipogenesis

| ‘ Gluconeogenesis gene expression

o
\ Steatoz |— | Lipotoxicity —» | s:;:::l';g——-——i 1 i glukoneogeny

Benoit Viollet et al. Clin. Sci. 2012;122:253-270



AMPK

2 MTOR sinyali inhibisyonu = protein sentez inhibisyonu

Metformin

—

LKB1 —
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Meme kanser hucreleri

*10 MM metformin: 24, 48, 72. saat,

western blot
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o - -
o o o

P-AMPK (Thri72) | AMPK o
o
o

Metformin meme
kanseri hucresinde
(MCF-7) AMPK

- aktivitesini T

Queiroz EA, et al. PLoS ONE. 2014



Instilin/IGF sinyal yolag)



Metformin, AMPKTw172 aktivasyonu ile instlin/IGF
sinyal yolagini suprese eder

Pankreas kanseri huicreleri

B C
2 15 - 15
0
s z
T <0, g <0, N.S.
g N.S. = . i
= / % u - metformin { y
T ‘EL &+ metformin B
2 o5 2 05/
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= : ity 0 -
IGF-1 | - il I t IGF-l = il T t
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E F e
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N.S. Y -
215 - 1.5 1 i
e
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2 ] kol NS S LR 5 :
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: g okl Cell growth
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2 05 £ 05
g T
E o
&
0 ; ; : 0 ;
G-l - H oy # IGF-| 5 B &y B ¥
5 mM 25 mM 5 mM 25 mM Karnevi E, et al. BMC Cancer. 2013;13:235

Rozengurt EClin Cancer Res. 2010;16(9):2505-11.
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Proliferation (% ofcontrol)

Insulin/IGE-| cevab artmakta = AMPK aktivasyonunda

sorun=> Metformin pankreas kanser hiicrelerinde biyilime
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- 025 mM
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[
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Ctr Metformin Karnevi E, et al. BMC Cancer. 2013;13:235

Rozengurt EClin Cancer Res. 2010;16(9):2505-11.



Pankreas kanser hucrelerinde metformine bagh AMPK
aktivasyonu fizyolojik glukoz varliginda artmistir

P T Mia PaCa-2 PANC-1
?——————-4 pAcC » S ———
5 mM ﬁ:&W( PRaptorp | _'----‘d
- ' —— ‘| qTotal ACC » |
L . ¢ pACC » :
2 ) } Se wEm TN —-— "'154 pRaptor b

«Total ACC » R Y
0051 255 751 255

Metformin, mM

g 100 £100

=3 H =5

£ E

= 60 x 60

© T

s | 2

w 20 | ‘5 20

S Cw o wy S o 9§ @

R 0573345 01 23 45 50 0, 2345 012345
Metformin, mM SN Glicese Metformin, mM

- 25 mM Glucose

/" Sinnett-Smith et al. Biochem Biophys Res Commun. 2013



Metformin dozunun etkileri
Ortamdaki glukoz konsantrasyonun
etkileri
IN VItro;

+ Metformine bagli mTOR inhibisyonu fizyolojik
glukoz konsantrasyonlarinda suprafizyolojik
duzeylere gore T

— Hiperglisemi-> IGF-IR yolaginin stimulasyonu
- inhibitor AMPKSer485 fosforilasyonuna neden
olur > AMPKThr172 aktivasyonunu inhibe eder

+ Metformin - Doza bagli mTOR inhibisyonu
+ Metforminin cok dusuk dozlar da etkili:
(0.05 mM)

~ Sinnett-Smith et al. Biochem Biophys Res Commun. 2013



P53 aktivasyonu



Metformin tumor supresor p53’u aktive etmektedir

Metforminin anti-melanom etkileri

. A prsces C a05Lu cels D' yewocels -mutated for p53
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Michaél Cerezo et al. Mol Cancer Ther 2013



Metformin melanom invazyonunu p53 araciligiyla
inhibe etmektedir

A B 1205Lu cells
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Michaél Cerezo et al. Mol Cancer Ther 2013



Hiicre siklus arresti
Apoptozis



Hucre siklus arresti
Apoptozis

B/CDK1
M \

+ Metformin; ,K \/)/
— GO0-G1 fazda hucre siklus arresti GrelnA/cole
— apoptotik hucre sayisi (sub-G, faz)1

— hucre nekrozu?

+ FOXO3a (tumor supresyonu saglayan
transkripsiyon faktori) ile iligkili hiicre apoptozisi T

+ Metformin - p27, Bax, Bcl-2 ve cleaved caspase-3
T > hiicre apoptozisi gostergeleri

» Oksidatif stres (ROST) aracili antiproliferatif etkisi +

/" Queiroz EA, et al. PLoS ONE. 2014



Metformin G0-G1 fazda hucre siklus arrestini,
apoptotik hucre sayisini (sub-G, faz)
induklemektedir

‘Meme kanser hucreleri
10 mM metformin; 24, 48, 72. saat

*Sub G1 (=x2), G, - G, (%43-> 69), S %18 ->3), ve G2-M faz analizi

flow cytometry

Control Metformin
3 8
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Queiroz EA, et al. PLoS ONE. 2014



Metformin

Metformin AMPKdan bagimsiz
e e cyclin D1’i inhibe ederek

V " insan prostat hiicre hattinda
proliferasyonu %50 azaltir

\/) (GO/G1 blokaji ile)

CyclinB/CDK1

CyclinA/CDK1

Proliferating cells e 1 4 L)
24h  48h S 08| omets | 5 mM
0 Met 0 Met X+
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yclin D1 B
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p27kip
, 0 Met 0 Met 0O Met
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S——— 01"

/" Ben Sahral et al, Oncogene, 2008



Metformin = REDD1’l arttirarak AMPK’dan bagimsiz mTOR
complex 1 inhibisyonu (p53 bagimh)

Insulin
Inflammatory cascade ke
1+ Growth factors
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REDD1= mTORun negatif regulatoru

7 Gong J et al, Targ Oncol, 2016



Anfti-inflamatuvar etkiler:

Hucresel transformasyonun engellenmesi



Metformin hucresel transformasyon sirasinda
gelisen anti-inflamatuvar cevabi engeller

Meme kanser hucreleri
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Metformin £ tamoxifen
kullanilan huicrelerde
IL1B, IL1qa, IL6 ve VEGF
diizeyleri (ELISA)

»Vaskuler inflamatuvar
mediatorler 4
»AMPK-mTOR bagimi

VEGF{ HIE-14 PAI-14

Hirsch HA, et al. Proc Natl Acad Sci U S A 2013
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Metforminin Anti-inflanmatuvar etkiler
Kanser kok hucre dediferansiyonunu @ﬂg@lll@r
+ AMPK’ya bagh inaktivasyon: 2%
— NF-«xB
— STATS3 (signal transducer and activator of transcription 3)

— HIF-1a (hypoxiainduced factor)

+ Pro-inflamatuvar sitokin inhibisyonu:
— TNF-a
— IL-6, IL-8
— VEGF

+ Immin-modiilatuvar etkileri

— CD8+ tiimor infiltre eden hiicreler?
— Memory CDS8T hiicr T
“ Hirsch HA, et al. Proc Natl Acad Sci U S A 2013

— immiinosiipresif regl T hiicr T | " \u DH et al, Nat. Rev. Cancer 2009
/" Eikawa S et al, PNAS, 2015



Kanser kok hucreleri Uzerine etkileri



Kanser kok hucreleri (CSC)

CSC= Kanser baslatan hucreler

DNA yapimi hizli, anti-apoptotik, kendini yenileyen hucr
Kemo- ve radyo-rezistan hucreler

Rezistan metastatik hastalikla iligkili

llk kez 2009’da metforminin dogrudan CSC
hedefleyerek tumor gelisimini engelledigi gosterilmistir

CSC mitokondrial fonksiyona bagimli - metforminin
mitokondrial complex 1 inhibisyonu etkilemekte

Metformin = Warburg etkisinin engellenmesi (oksidatif
fosforilasyon-->glikoliz)

2@ “ Hirsch HA et al. Cancer Res. 2009
”  Del Barco S, et al. Oncotarget. 2011



Metformin 4 farklh genetikteki meme kanser
hiicrelerinde hucresel transformasyonu

engellemektedir
100,
I
:FEBO - .
il

(o] = Oh
') 60 [ | =2¢n
= 40 . 0 48h
&)

LELELLLY

0 | i iiE SEE

T

NSC SC NSC SC NSC SC NSC SC
MCF10A MCF7 SKBR3 MDA-

ER-Src MB- 468
NSC: CD44low |CD24"igh
: CD44rish _/CD24"*

»Meme kanseri hucreleri
»Farede MCF10A-ER-Src
CSC enjeksiyonu
»Enjeksiyondan 1 saat
once 0.1 mM metformin
ile tedavi

»CSC inhibisyonu

“ Hirsch HA et al. Cancer Res. 2009



M@tﬁ@mn, Kanser Kok Hucrelerinde
Inflamatuvar cevabi inhibe etmektedir

4 farkh genetikteki meme kanser hucreleri
CD44+ Kanser kok hucreleri

CD44+ CD44-

r
Metformin) - * - * -+ - %
—

—-_—_— (d)\'Bu

P

ey e —— uNFkB p65

" ", — I s me . phospho NFxB p65 (Ser536)

Non Specific Band
S s T "R
- #2888 « phospho STAT3
(- e
- 4 esss  LDH

Cytosolic Nuclear Cytosolic Nuclear

STAT3 phosphorylation

pt1 pt2 pt3 ptd
Signal transducer and activator of transcription 3 Hirsch HA, et al. Proc Natl Acad Sci U S A 2013

NF-xB 4
STAT3
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MikroRNA modiilasyonu



v

A 4

v

v

v

MikroRNA

Kucuk kodlama yapmayan RNA'’lar (20-25
nukleotid)

Post-transkripsiyonel gen ekspresyonunu
duzenler

Hedef mRNA’lara baglanarak

huicre proliferasyonu,
« diferansiasyon,
« apoptozis,
« stres cevap ve

* anjiogenezi duzenler

Onkogen veya tumor supresor gen olarak
davranir

Kanserde mikroRNA ekspresyonu regulasyon
bozukluklari+

“ Pulito et al Ann Transl Med 2014



Metformin Let-7 miRNA ailesinden
cogunun down-regulasyonunu
engellemektedir

Meme kanseri hucreleri

"’ 1 1 1
1.6 * m Non-treated

Im
-
2 1. Metformin
E ' = [amoxifen
» 0.8-
® = TAM+MET
E 0.4-

0-

let-7a let-7b let- 7(: Iet 7d let-Te [et f

Hirsch HA, et al. Proc Natl Acad Sci U S A 2013



Metformin, pankreatik kanser hiicrelerinde CSC fonksiyonunu
miRNA regulasyonunu etkileyerek inhibe eder
<> Hicre proliferasyonu, migrasyon ve invazyon inhibisyonu
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“»
#

Metformin,

A-Hiicre siirvisid
B-Klonlagma |
C- Yara
iyilesmesi ¥

D- invazyonu |
inhibe eder

Bao B et al, Cancer Prev Res (Phila). 2012



Metforminin mikroRNA modulasyonu

circulating microRNAs

breast cancer cell lines ¢
in diabetic patients

v miR-140-5p Y/
‘j‘ 4 miR-222 v

\ Metformin miR-142-3p

miR-33a A v miR-192 A

e @ ﬁ Ortega et al, 2014
/< microRN < lung cancer cell
>\,{< . _ lines
Y, | ! mir-222 V

v

p27, p57, PTEN

Blandino et al, 2012 N DA
Cioce et al, 2014 pancreatic cancer >\/<;/\
///.\/j

murine embryonic fibroblasts cell lines

miR-192 /\
miR-205 £\ miR-200 family A let7c A
miR-26a

DNA damage
v Wang et al, 2013
HMGA1

apoptosis

Cufietal 2012 Lietal 2012
Pulito et al, Ann Transl Med, 2014



Epitelden mezenkimale tranzisyomn:
Uzerine etkiler




Epitelden mezenkimale tranzisyomn

Metastaz olusumunda epitelden mezankimale
tranzisyonun rolu onemli

Diferansiye tumor hucresi motil mezenkimal
hucreye donusmektedir

Mezenkimal hucrelerin survi ve migrasyon
avantajlari vardir

Metformin, mTOR sinyal blokaji, transforming
growth factor-B, IL-6, NF-kB, MMP-2/9, Akt ve
Erk1/2 yolaklarinin inhibisyonu ile bu
tranzisyonu inhibe etmektedir
Samy Lamouille et al. J Cell Sci 2012
Jing Yang, Robert A. Weinberg, Developmental Cell 2008

Rattan R et al, J Oncol, 2012
Tan BK et al, J Clin Endocrinol Metab. 2011



Metformin tedavisi insan endometrial karsinom
hiicrelerinde invazyon ve metastazi engellemektedir

Migrasyon

B “paon
|

invazyon
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VEGF
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*6 ay metformin 2x850 mg, n=21
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Control
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Tan BK et al, J Clin Endocrinol Metab. 2011




Metformin NF-xB, MMP-2 ve MMP-9’u inhibe
ederek invazyon ve metastazi engellemektedir

Matrix Metalloproteinler
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Tan BK et al. J Clin Endocrinol Metab. 2011




Metformin AKT, ERK yolaklarini inhibe ederek
invazyon ve metastazi engellemektedir

A P-Akt S ST S e | « 60kDa
Akt —— . e <« 60 kDa|

008

v-akt murine thymoma viral oncogene

FPT'S r Sy S MmN homolog 1 (Akt)

Extracellular signal-regulated kinases (Erk1/2)
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L n
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Before Metformin
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I

w0126 — S Tan BK et al. J Clin Endocrinol Metab. 2011




Metformin IL-6’ya bagh akciger adenokarsinom
buyumesini, epitelden mezenkimale tranzisyonu ve
metastazi inhibe etmektedir

HCCa27

Xenograftlar

Metformin —

A

3 wccs27
I Hccs27-pselss
B Hcce27-pSB388+Met

§

Number of metastatic
nodules/field

A

'l

-
y

>

Tumor volume (mm’)

8

«—— Metformin

Metformin

/" Zhao Z et al, PLoS One. 2014
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Metformin, meme kanseri
hucresinde HER2

onkoproteini cloz ve zarmana

nagh olarak %85’e kadar
inhibe etmektedir

+ HERZ2 (human epidermal

growth factor receptor 2)
pozitif meme kanser
hucreleri

+ Metformine baglh HER2

overekspresyonu

supresyonu direkt p70S6K1

(MTOR indukleyici)

aktivitesinin inhibisyonuna

baghdir (AMPK-bagimsiz)

Vazquez-Martin A, et al. Cell Cycle. 2009



Kanser hucresi sensitivitesi

Metformin kanser + Kanser hiicrelerinin
hucrelerinin kemotoropetik radyo-sensitivitesiniT
ajanlara hassasiyetini T (AMPK-bagimli)>
— Cisplatin, Doxorubicin, .
Paclitaxel — ELGlLLE
Meme, over, garrostat.
— Kolon ca,

akciger,pankreas, prostat ca
— fibrosarkom

Kanser hucresi

P N\ XA

nukleus : |
Gotlieb WH, et al. Gynecol Oncol 2008

" Hirsch HA et al. Cancer Res. 2009

" HannaRK, et al. Gynecol Oncol 2012
" Storozhuk Y, et al. Br J Cancer. 2013
" Nur Atigah Binte Samsuri, Cancer Treat Rev, 2017



Metformin+doxorubicin kombinasyonu

Metformin CD44+/CD24- kanser kok hucrelerini inhibe etmekte

Doxorubinin sitotoksik etkisiT

Tléimor remisyon siiresi T, kemoterapi dozu ¥
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Hirsch HA et al. Cancer Res. 2009




Antikanseroz etkileri

[ 4 %
v

Direkt
(insulin bagimsiz)

Dolayl
(insulin bagimh)

‘ AMPK-bagimli AMPK-bagimsiz

¢ $

lCyclin D1
I Glukoz *prg':I;OR Hiicre siklus arresti
! Insiilin YNF-«B :An‘]’?gg’cz'ls
! STAT3 fosfrl
JIGF-1 : : p53 (REDD1)
Ins/IGF yolak inh e e
JFA sentezi ’

MiRNA re-ekspresyonu

JKolesterol sentezi
JVEGF{ HIF-1{ PAI-1




Neden tum calismalarda metforminin_
antikanserojen etkisi gézlenmiyor °/

D

+ Tumor tipi, klinik evre

l » Calismadaki hasta sayisi
l » Hasta iligkili faktorler

— Insiilin rezistansi, T2DM varhgi ve siiresi
— Yas, cinsiyet
l + Retrospektif calisma olmasi
l + Hasta takip suresi, zaman ile iligkili biaslar

l + Hastadaki genetik mutasyonlar (p53
mutasyonu)

” Coperchini E et al, J Endocrinol Invest, 2015



Klinik ve preklinik calismalarda kullanilan
metformin konsantrasyonlari

Metformin konsantrasyonu

|
Klinik/epidemiyolojik i IN VIVO I In Vitro
|
Toropatik doz X 0.15-1 : Toropatik doz X 2- 45 | T6ropatik doz X 25-1000
250-2250 mg/giin | 750 mg/kg/giin | 2-50 mM
|

Ryan J O Dowling et al. J Mol Endocrinol, 2012
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