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Breast Cancer

- Most common cancer in women worldwide, constitutes 16% of
all female cancers

- About 1.3 million women will be diagnosed annually and
estimated 15% death (American Cancer Society)

- Most common malignancy among Singaporean women,
accounting for 29.7% of all female cancers (ara-Lazaro et al., 2010)

- Most death are caused by metastases of breast cancer to other
organs in the body; bone, lungs, liver and brain

- Poor prognosis and statistics show that the 10-year survival
rate of metastatic breast cancer is only 10% with optimal

treatment (merck, 2008)
- A class of anticancer drugs: activators of PPARS (Elistner et al., 2002)
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- Among the three PPAR isoforms, PPARYy activation appears to play
an important role in diverse physiological events

Ligands: 15d-PGJ,, synthetic glitazones

Tumor breast cells express higher than normal levels of PPARY (Eistner
et. al., 1998; Zaytseva et al., 2008; Kumar et al., 2009)
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Ligand activation of PPARYy has been shown to inhibit proliferation
and induce apoptosis in several human tumor cell types

Mechanism of cell death unknown




ROS in Chemotherapy

- Intricate balance of ROS required for survival romaseli et al., 2010)

- Excess ROS -> cell death

- Antioxidants: e.g. SOD, catalase, glutathione, metal ion
chelators

- ROS has been widely utilized in chemotherapy ->

Inducing cell death in cancer cells (akram et al., 2006, kumar et al., 2007;
Ozben, 2007, Low et al., 2010)



.

1)

2)

3)

4)

5)

7)

8)

9)

15d-PGJ,

15d-PGJ,

15d-PGJ,,
PGD,,
Rosiglitazone,
Ciglitazone,
Troglitazone

Ciglitazone

Ciglitazone

15d-PGJ,

15d-PGJ,

Troglitazone,
Ciglitazone

Concen
tration

2.5uM

5-—
20uM

8uM

, ‘OH, 0,

, OH

H,0, ONOO"
, ‘OH

H,0, ONOO"
, ‘OH

H,0,, ONOO"

, OH

H,0,, ONOO-

, OH

OH, 0,

,0,, ONOO’

H,0,, ONOO"

Carboxy-
H,DCFDA;
MitoSOX Red

Carboxy-
H,DCFDA

Carboxy-
H,DCFDA

Carboxy-
H,DCFDA

Carboxy-
H,DCFDA

Carboxy-
H,DCFDA

Carboxy-
H,DCFDA,
Lucigenin

Carboxy-
H,DCFDA

Suggesied
mechanism

Ngt reported

ADPH activation

Nucleophilic
addition
reactions with thiols

Not reported

Mitochondrial
depolarization

Disruption of
mitochondrial
membrane potentidl

anthine oxidase

InAibition of
mit&chondria
compiex |

B lymphocytes

Leukemic cells,

colorectal
cancer cells

Leukemic cells

Renal cells

Glioma cells

Osteoblastic
cells

Lymphocytes

Jurkat T cells

Ray DM et al, The Journal of
Immunology, 2006, 177: 5068—
5076.

SS et al, Clin Cancer Res
2009;15(17) September 1,
2009

Y.-C. Chen et al., Biochimica et
Biophysica Acta 1743 (2005)
291-304

C.H. Kwon et al. / Toxicology
257 (2009) 1-9

Dong WK et al., Neurochem
Res (2008) 33:551-561

S.J. Lee et al. / Toxicology 248
(2008) 121-129

A’ Ivarez-Maqueda M et al.,
The Journal of Bio Chem. Vol.
279, No. 21, Issue of May 21,
pp. 21929-21937, 2004

Soller M et al., Mol Pharmacol
71:1535-1544, 2007




What regulates mitochondrial
superoxide levels in cells?



Manganese Superoxide Dismutase (MnSOD)

- Antioxidant enzyme found in mitochondria and peroxisomes

Mitochondria

- Prime importance in maintaining cellular ROS balance

- ROS stress seems to render cancer cells more dependent on SODs
to protect themselves (Huang et al., 2000)

- MNSOD KO mice die just after birth (Lebovit et al., 1996)

- Down-regulation of MNSQOD in breast cancer cells lead to activation of
mitochondrial-driven apoptotic processes (Murias et al., 2008)

- Mouse MnSOD is a PPARYy target gene (ping et al., 2007)



Is human MnSOD a target gene of
PPARYy?




Putative PPRE sites in Human MnSOD Promoter
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PPARYy at three PPREs of MnSOD promoter

MnSOD is a target gene of PPARy and PPRES3 is the bona fide binding site.



What is the effect of PPARYy activation
on MnSQOD levels?
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PPARYy activation in vitro
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PPARYy activation in vivo
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PPARYy activation down-regulates MnSOD expression in
vitro and in vivo.



1) Human MnSOD is down-regulated by
PPARYy activation

Is this effect PPARy-dependent?
- GW9662
- DN PPARYy



1) PPARYy inhibitor: GW9662
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2) Transfection of dominant negative PPARYy
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Down-regulation of MNSOD expression is PPARy-dependent.



1) Human MnSOD is down-regulated by
PPARY activation
2) PPARy-dependent

How does PPARYy activation affect
Intracellular ROS levels?
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1) Human MnSOD is down-regulated by
PPARY activation

2) PPAR y-dependent

3) Increase 0, levels

Do synthetic glitazones have the same effect?



PPARY Activation by Synthetic Glitazones
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Group Diabetes Treatment
for diabetes
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Effect of Glitazone Treatment Iin Breast Cancer

MnSOD expression
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Synthetic glitazones achieve the same effects of down-
regulating MnSOD in vitro and in vivo.



1) Human MnSOD is down-regulated by
PPARY activation

2) PPARy-dependent

3) Increase 0, levels
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Changes in MNnSOD expressmns

pcDNA3 MnSOD

regulate ROS levels e T

A BT 549 MDA-MB-231 184A1 MCF-10A Bact ‘ —
- — ACTIN | . e sy s
Cts siMnSOD Ctsi siMnSOD Ctsi siMnSOD Ctsi  siMnSOD
S e - = ®OuM m10uM 15d-PGJ
MNSOD [N e |‘ dlEzinsd E--I ’ — - — 3 250 - i
) e | : <
B-actin _— == | —— ; - re— I” g % 200
o
mctsi #siMnSOD 223 150
o 250 T EE
o * 523 100
> T - O
5. S 3
g3 EREEES
S O X
7 e fpamd
= g = 0
% g pcDNA3 MnSOD
G mOpM ®10pM 15d-PGJ,
X C
S " 120 -
= BT 549 MDA-MB-231  184A1 MCF-10A % g_ 100
DS
g3E
() (40]
MnSOD o § < 40
C
o 20
0, —> H,0, + H,0 253 20
(N =
T pcDNA3 MnSOD




Kaplan-Meier curve showing survival differences of

MnSOD expression in patients with stage 1 and 2 breast

cancer
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Sensitization In Breast Tumor Cells

MDA-MB-231 BT 549
Ctsi siMnSOD Ctsi siMnSOD

MDA-MB-231- DOC

oy,

=
o
(@)

*

k
1S

siMnSOD

©
=
[
o
(&)
> E
©

0w 2
m‘-l—
3
|_

=
= o
S
o
0
o
(1
X

o

30 60
Docetaxel (nM)

MDA-MB-231- DOX

H
o
o

MTT assay
% absorbance from control

o

0.2 0.4
Doxorubicin (uM)

Suppression of MNSOD increases chemosensitivity of breast tumor cells to
anti-cancer drugs.




Normal Breast Epithelial Cells
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Normal breast cells are not affected by suppression of MNnSOD.
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Oxidation Therapy

« Cancer cells are generally under reactive oxygen species (ROS)
SIress (Heliman et al., 2004; Zhou et al., 2003)
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DOC and DOX: ROS-inducing anticancer
drugs

- Reported to increase the level of intracellular ROS (Hur Gc et
al., 2003, Wang J et al., 2008)
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Sensitization In Breast Tumor Cells
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Combination treatment sensitizes breast cancer cells and sensitization
can be blocked by overexpression of MNSOD.



Increased ROS Levels in Breast Tumor Cells
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Combination treatment increases ROS levels in breast tumor cells and
ROS increase can be blocked by overexpression of MNSOD.



Cell Viability of Normal Breast Epithelial Cells
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Combination treatment does not affect normal breast cells



ROS Leve

MCF-10A

E
180
(O]
o 160
>< —
o © 140
o=
w = 100
C o
== 80
-8 5 60
-
2
8 o\o 40
S 20
0
ROSIG
DOC

MCF-10A

- + -
- - +

F

180

S 160
2 _

o © 140
o=

g. 8 120

@ £ 100
8 o

== 80

-g 5 60
>
23

8 40

S 20

0

ROSIG

DOX

s in Normal Breast Epithelial Cells

MCF-10A

Combination treatment is specific to breast tumor cells



ROS req.
for death

ROS req.
for death

>

-
1B

Normal Tumor

nucleus

PO

MnSOD

ROS req.
for death

m) (0,)em0s -
| Chemotherapeutics -

B (o; D

>

Normal Tumor + PPARYy

111 &

Normal Tumor + PPARY
+ drug




- THE END -
AcknowledgemerﬁS\

=Most Priced Possession
= Ms. Diana Hay Hui Sin 15/
= Ms. Chen Luxi
o Ms. Loo Ser Yue &)
= Ms. Goh Jen Nee (Research Asst)
s Mr. Rohit Surana
s Dr. Eun Myoung Shin (Research Fellow)

»Shazib Pervaiz, Physiology, NUS, Singapore

le. Veronique Clement, Biochemistry, NUS, Singapore
-Tellez, Ireland

UH, Singapore

lversity, Busan, S. Korea




