Oxidative Stress
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Before coming to this session,
students should review the following items

Chemistry of biomolecules

-Chemistry of lipid
-Chemistry of protein

-Chemistry of carbohydrate
-Chemistry of nucleic acid

Metabolism of biomolecules

-Metabolism of lipid
-Metabolism of protein

-Metabolism of carbohydrate
-Metabolism of nucleic acid
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1. Definitions of oxidants and antioxidants

2. Types of oxidants

3. Types of antioxidants

4. Definition of oxidative stress

5. Consequences of oxidative stress
5.1 Adaptation
5.2 Damage (lipid, protein, DNA)
5.3 Mutation & epigenetic change
5.4 Repair
5.5 Senescence
5.6 Death

6. Oxidative stress related diseases



Definitions of oxidants and antioxidants

Oxidants are reactants that oxidize or remove

electrons from other reactants during a redox
reaction.
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Antioxidants are substances that can prevent or
slow damage to cells caused by oxidants.




Types of oxidants
Reactive Oxygen Species (ROS)

Radicals: Non-Radicals:
0," Superoxide Ezg% Eyd miTn pernx@de
_ ypochlorous aci
OH Hydroxyl 0, Ozone
RO, Peroxyl o, Singlet oxygen
RO Alkoxyl ONOO"  Peroxynitrite
HO, Hydroperoxyl
Reactive Nitrogen Species (RNS)
Radicals: Non-Radicals:
: . . ONOO"  Peroxynitrite
NO th”": Dx'd? , ROONO  Alkyl peroxynitrites
NO, Nitrogen dioxide N,Oj Dinitrogen trioxide
N,O,4 Dinitrogen tetroxide
HNO, Nitrous acid
NO,” Nitronium anion
NO Nitroxyl anion
NO* Nitrosyl cation
NO,CI Nitryl chloride

https://www.semanticscholar.org/




UV LIGHT Sources Of INFLAMMATION

ROS & RNS :
1&10. GQ‘ = "‘Bv.r'oré'téen

DNA \\ 1
DAMAGE METABOLISM

/////%/ﬁ b > Mltochondnon

AIR

/ ‘v. ﬁ s
POLLUTION T~ e
e

< \ =
@’ \q..d’

SMOKING

https://biologydictionary.net/oxidative-stress/



ROS and RNS generation in body

Peroxisome
proliferative =P Long-chain fatty acid
stimulus
B-oxidation

Acyl-CoA 7-T> Enoyl-CoA Lipid peroxidation

FAD  FADH, /—\
o, o, H L

LHﬁ L ;V LOO* L'A LOOH

(o) 2
Carcinogens with 2 Fe™ Fe3+ ﬂ
redox potential > 20, + 2|-|+ "OH +°OH H,0

2
Fenton reaction o s 1/2 02
GSH,
GSH peroxydase Catalase
2H,0 H,0 + 1/20,

Respiratory burst

. NADPH oxidase
Inflammation

NO s:,nthase\—> NO + 0, =% ONOO"

Thanan R et al., Int J Mol Sci.2015



Types of antioxidants

ANTIOXIDANT PROTECTION SYSTEM IN HUMANS

\
| l |

Endogenous antioxidants Dietary antioxidants Metal binding proteins
* Bilirubin * \Vitamin C * Albumin(copper)
* Enzymes: * \Vitamin E * Ceruloplasmin(copper)
- copper/zinc and manganese-dependent * B-Carotene and other carotenoids * Metallothionein(copper)
superoxide dismutase (SOD) and oxycarotenoids, e.g. lycopene and 4 Ferritin(iron)
- mn—d-ependent catalase | | lutein « Myoglobin(iron)
- selenium-dependent glutathione peroxidase . polyphenols, e.g. fl avonoids, flavones, « Transferrin(iron)
* NADPH and NADH flavoncls and proanthocyanidins
= Thiols, e.g. glutathione, lipoic acid, N-acetyl
cysteine

* Ubiquinone (coenzymeQ10)
* Uric acid



Oxidants vs Antioxidants

MPO = myeloperoxidase
SOD = superoxide dismutase

Ischemic injury iNOS = inducible nitric oxide
nephrotoxic injury synthase
HOCI GPX = glutathione peroxidase

phagocyte activation /\ Phagocyte activation

l Cl- '
Q7 -

_ - - Q7
Op+6 [ 03 [y H0, [_» OH- [X_> Lipid peroxidation
+

L-arginine NO- -
Equilibrium
GSSG )
L GSH B

Ischemic injury ~ONOO™
Oxidants\

2H,0




Definition of oxidative stress

Oxidative Stress
Depleted Antioxidants or Excess ROS
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Antioxidants "

K Oxndants

Oxidative stress is an imbalance between oxidant and
antioxidant systems that results in a large abundance of oxidants
rather than antioxidants.
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Oxidative stress adaptation

Low ROS
stimulate cell
growth
High ROS stimulate
l cell death
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ROS regulation of mitogen activated protein kinases (MAPK)

signaling pathway REVIEW

published: 24 September 2015
doi: 10.3389/fpls.2015.00769

13



Oxidative stress induces Nrf2 dissociation from Keap1.

=

Oxidative stress

MAPK
PKC
PIK3

Hindawi Publishing Corporation

Journal of Toxicology

Volume 2011, Article D 683728, 12 pages

doi:10.1155/2011/683728 14
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Effect of oxidative stress

Oxidative stress

Over productions of ROS & RNS

4

Oxidatively damage to biomolecules

endosome

'Lipid mitochondrion \ ~ lysosome
-Protein S = ‘
-Nucleic acid —

endoplasmic peroxisome

reticulum with
membrane-bound
polyribosomes

Dysfunctions of biomolecules

¥~ free ribosomes

nucleus plasma membrane
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Oxidative stress-driven diseases




Oxidative damage to lipids



Reactions at double bonds

Oxidation

Poly unsaturated fatty acid

\/ _V VA

HOH

R \/_\/ \/=\/coou
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» The short-chain aldehydes and carboxylic acids often
have unpleasant odors and flavors. Fats and oils
containing them are said to have become rancid.

* Rancidity is due to a combination of two reactions:
» Bacterial hydrolysis of ester bonds.
» Air oxidation of alkene double bonds.

R\/—\/ \/_\/COOH Lipid peroxide

l\

/

A, S

MDA 4-HDA

T\

MDA = malondialdehyde, 4-HAD = 4-hydroxyalkenals



Biological membrane

Glycolipid Carbohydrate side chains

Glycoprotein

Glycero- $ Y Plasma
phospholipid g membrane
bilayer N
- .‘ 890 ¢
Hydrophobic / % 4!
region
Hydrophilic
region
Proteins
Cholesterol
Polar Nonpolar
e Nucleus

Cytoplasm
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A T GOOR PUFA

H.-'7‘-.-'J_-._‘-.F-':"F|.
hydrany fatty acid

Chain breaking antioxidants

{ Reactive end products : - (5
: ",

H R’
EH '(:/YH Phitoprostanes

O0H i

MDA s

’’’’’
------------------------------------------------

DNA damage (edA, edC)
Protein damage
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Antioxidative Network Vitamin E and Glutathione

Electrophilic
Radicals Oxygen Radicals
CH, Pro Oxidants
(o]
Thioester ¢ CHs
. nf;" e 0 PUFA
Lo on, O CHs CHs oA Polyunsaturated Fatty Acids
Alpha Tocopherol
(Vitamin E)
Antioxidants
Glutathione alpha-Tocopherol ROO, RO, ROS
NAD(P) Lipoic Acid Dehydro alpha-Tocotrienol (Reactive
Ascorbat Oxygen
Species)
GSH-Reductase Thio- B . .
Lipoamide F B Vitamin C Vitamin E
Dehydrogenase ¥ Pedians Cycle Cycle
ROOH, ROH
ST Reduced
NAD(P)H SSG Vitamin C Harmless Radicals
g!:t‘:’th't',"e (0x) alpha-Tocopheroxyl
TAYOIO LPOIC alpha-Tocotrienoxyl
Acid (ox) Radikal
- Copyright © Dr. Alexander Michalzik
*0O

CHj4

HsC

I

CHy CH4 CHg
Tocopheroxy! Free Radical
(Oxidized Vitamin E)

CH,
CH3
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. DNA damage and mutation

Effect of lipid peroxidation

. Covalent crosslinking; lipid-lipid, lipid-protein— loss of fluidity
. Membrane fluidity changes; more rigidity

. Loss of membrane permeability

. Increase iron permeability

. Depletion of NADPH
. Inactivation of membrane enzymes and receptors




Pansteatitis, or yellow fat disease

|/ R
BioOne e
EVOLVED

PANSTEATITIS OF UNKNOWN ETIOLOGY ASSOCIATED
WITH LARGE-SCALE NILE CROCODILE (CROCODYLUS
NILOTICUS) MORTALITY IN KRUGER NATIONAL PARK,
SOUTH AFRICA: PATHOLOGIC FINDINGS

Author(s): Emily P. Lane, B.V.Sc., M. Phil., Dipl. A.C.V.P., Fritz W.
Huchzermeyer, Dr. med. vet., Ph.D., Danny Govender, B.V.Sc., M.Sc., Roy G.
Bengis, B.V.Sc. M.Sc., Ph.D., Peter E. Buss, B.V.Sc., M. med. vet., Markus
Hofmeyr, B.V.Sc., Jan G. Myburgh, B.V.Sc., M. med. vet., Johan C. A. Steyl,
B.V.Sc., M.Sc., Daniel J. PienaarB.Sc., Honours M.Sc. and Antoinette Kotze,
B.Sc., Honours Ph.D.

Source: Journal of Zoo and Wildlife Medicine, 44(4):899-910.

Published By: American Association of Zoo Veterinarians

DOI: http://dx.doi.org/10.1638/2012-0264R. 1
URL: http://www.bioone.org/doi/full/10.1638/2012-0264R.1

At least 216 crocodiles died during 2008-2012, especially in winter

Pathogenesis
- Steatitis (yellow fat disease), commonly results from an altered
balance between oxidants and the levels of antioxidants causing

lipid peroxidation
-The animals’ inability to move

Possible causes:
-Vitamin E deficiency
-Microcystin poisoning
-Heavy metals and other pollutants
-Ingestion of affected animals
-Pathogens as yet unidentified

24



Glucose-6-Phosphate
Dehydrogenase

Deficiency

Hemolysis

Broad bean

www.youtube.com

Pentose phosphate pathway (PPP)
Glucose-6-Phosphate

NADP+

Rate Limiting Step NADPH

Glucono-1,5-lactone-6P

v
6-Phosphogluconate

NADP+
%,K NADPH

Ribulose-5-Phosphate

L-glutamate + L-cysteine
Glutathione system i

| ~GCS

membrane

Y
vL-glutamyl-L-cysteine
glycine - i glutathione
) conjugate

GST

toxic nucleophile

// dehydrogenase

GSSG=’ “-NADP+ =~

Parasite plasma

GSH 7 NADPH <~
Reduction of /(,/ \\ Pentose phosphate
hydrogen or ( |\ pathway:
lipid peroxides G R

\ / "' GEPD and 6-phosphogluconate

MRP
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Oxidative damage to proteins
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H,N—C—H

Phenylalanine

20 Amino acids: building block of proteins
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Protein structures: folding to function

Primary Secondary Tertiary Quaternary
structure structure structure structure

Amino acid residues a Helix Polypeptide chain Assembled subunits

“Right conformation=Native form=Function”

28



Protein carbonylation

Carbonylation is an irreversible and irreparable modification induced by metal-
catalyzed oxidation {Amici, 1989 } that attacks the side chains of proline

(P), arginine (R), lysine (K) and threonine (T) residues.

i
NH
<|3=NH2+ Nz |
NH C=NH," G=NH" = HO co—
cle NH NH 2
2 «— N _
(:3H2 Oxidation H(';_OH / S —NH—g:iCO— | Oxidation
o T
—NH=CH-CO— CHy Glutamic semialdehyde
Arg (R) —NH—CH-CO— X co—
e / | Pro (P)
NH NH2 I
| 2 I CH2 ° .
CH HC—OH NH; | Oxidation
[’ eH, ¢H.
?Hz Cl)H L C::Hz
. 2 — NH—CH-CO— Z §=o
7' Oxidation ¢h, NH—CH-CO N
CH — . . . .
T —NH—CH-co—  Aminoadipic semialdehyde |
NA—CR-CO— 2-Pyrrolidone
Lys (K)
T
T™  Oxidati e
_ Xidation  —NH—CH-co—
HC—OH >
—NH—CH-CO— 2-amino-3-ketobutyric acid
Thr (T) - . . 29
Modified from: I. Dalle-Donne et al. Clinica Chimica Acta (2003)



Table 1

N. Chondrogianni et al / Molecular Aspects of Medicine 35 (2014) 1-71

Amino acid modifications by reactive oxygen and nitrogen species.

Amino acid Modification by reactive oxygen and nitrogen species

Arginine Glutamate semialdehyde

Proline Glutamate semialdehyde 2-pyrrolidone

Lysine 2-Aminoadipate semialdehyde

Threonine 2-Amino-3-ketobutyric acid

Phenylalanine Tyrosine {ortho, meta), nirophenylalanine

Tyrosine Dityrosine, 3,4-dihydroxyphenylalanine (DOPA), 3-chlorotyrosine, 3-bromotyrosine,
3,5-dibromotyrosine, 3,5-dichlorotyrosine, 3-nitrotyrosine

Tryptophan Kynurenine, N-formylkynurenine, 5-hydroxytryptophan, 7-hydroxytryptophan,
hydroxyperoxides, 6-nitrotryptophan

Histidine 2-Oxohistidine, aspartate, asparagine

Cysteine Disulfid(-5-5-)protein bonds, thiyl radicals

Methionine Methionine sulfoxide, methionine sulfone

Leucine Hydroxyleucine

Glycine Aminomalonic acid

Valine Valine hydroperoxides

Chondrogianni et al, 2014
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Effect of oxidative stress on proteins

Fragmentation of proteins

Formation of new reactive species

Dimerization or aggregation; DNA-Protein crosslinking
Unfolding or conformational changes => activity change
Loss of structural or functional activity

Alterations in cellular handling/turnover

Modulation of cell signalling; effects on gene regulation
& expression

Induction of apoptosis and necrosis

Protein conformational change and dysfunction



Oxidative damage to DNA



DNA structure

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

5'end
o)
N
Bases /P\=0
3' end / \ o O
: WK, G 0
0O o 11111117
Ny C Y/ %
/S0 o P=0
Sp —~ 0
- / 3 — Deoxyribose
0 11111/ 0 7] sugar
L ¢ O—P/= o F Phosphodiester
O \\ bond
| | L \ 0
“0—pP—0 0 ~
(!, Hydrogen
bond
5'end 3' end

https://global.britannica.com/science/DNA =



Hot Spots for Free Radical Attack
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Adapted from: Dizdaroglu M. (1992)
Free Radic Biol Med. 10:225-242.
Dizdaroglu M. (2002)

Free Radic Biol Med. 32:1102-1115.

o) C‘J o]
CHs CHs | CHs
ﬁ OH HN OH HN/IH
H L on Py
o7 N, o7 N, o N,
H H H H
5-hydroxy-6- Thymine glycol 5,6-dihydrothymine

hydrothymine (cis and trans)

NH, NH,» (0}

PNy > | _°
N~ f—OH Nk OH  HN OH HE
A OH A OH o~ CHs
o7 N, o~ N 0~ "N N on

H H ‘ H
Cytosine glycol  5-hydroxycytosine 5 6-dihydroxy 5-hydroxy-5-

uracil methylhydantoin



Effect of oxidative DNA damage

1. Mutation
2. DNA breaks

3. Inductions of DNA damage response proteins
- DNA repair
- Cell cycle arrest

- Senescence
- Apoptosis

4. Activation of DNA repairing system
5. NAD* depletion mm) Inhibition of longevity gene (SIRT)

6. Epigenetic changes
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Oxidative DNA damage induces point mutation

o}
H 8-OxodG : A
HN = H H
HoN N
NJ\ ‘ o ™ —
Ha \N “
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Deoxyguanosme o 7 o . \w/\ ™
DNA -

H >
/N / 0 9 replication R/N\( E
T 1) R :
N Sy 8-0Oxo0dG

H H
H H \*Noz

0 H

! 0$P\ T:A

ONOO™ : 8-Nitroguanine ° ol
/ T . « DNA
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e
2 H > Apurinic site : A
H DNA
H replication
8-Nitrodeoxyguanosine Apurinic site

Murata et al., 2012 38



Oxidative stress induce epigenetic changes



DNA methylation

(SAM)
NH, S-adenosyl-L-methionine  S-adenosyl-L-homocysteine NH,
(AdoMet) (AdoHcy) |l cH
N __:-__gj'-\-.,x\ |., i N s | 3
D"’ﬁ“" hl'«] -~ ‘ G"_".x‘ . N ~
DMNA DNMT DNA
cytosine (DNA methytransferase) 5-methylcytosine
C MeC
@ CpG site High frequency of CpG sites CpG island

O Uunmethylated
. Methylated

* Gene Expression Repressed
CoamE _—— 40




ROS-induced DNA hypermethylation

/ *\ INK
o, S

Laget S. et al, 2014

l Cytosol

» )
QS nail)y

T EE  E-cadherin

I‘.‘ )

YT e E-cadherin |E-box E-cadherin

Lim et al., 2008 D : Unmethylated CpG ¥ : Methylated CpG

DNMT1= DNA methyltransferase 1



ROS-induced DNA hypomethylation

T 99

CpG CpG CpG

l I ? Unmethylated

ONMITs

CpG CpG CpG

Donkena et al., 2010



ROS-induced DNA hypomethylation

Folate Cycle

/ Tetrahydrofolate

5,10-Me-Tetrahydrofolate

5-Me-Tetrahydrofolate

lsHt >> sam| |

Methionine Cycle

S-adenosylmethionine
Methionine Synthetase or MAT

A

Methionine

Synthtase (SAM)

S-adenosylmethionine

Homocysteine

methyltransferase S-adenosylhomocysteine

omocysteine
Cystathionine B8-synthase ¢

Cysteine
r-glutamyicysteine ligase i

Glutathione

Hitchler M. et al. Free Radical Biology and Medicine, 2007 43



Summary: Oxidative damage and epigenetic changes

Hypermethylation Hypomethylation

* Induction of DNMT1 * DNA damage formation

expression & its activity x :
Generation of GSH
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DNA damage response proteins

DNA damage
Sensors
Mediators
Transducers
Effectors /ﬁié\
HAX
? @p
Cellular *
outcome DNA  Cell Cycle Senescence

Repair Arrest Apoplosis
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Oxidative DNA damage induces SSBs, CDD, DSBs and DNA repairing system

Single-strand breaks (SSBs)
Complex DNA damage (CDD)

Double strand breaks (DSBs)
Non-homologous end-joining (NHEJ)

Homologous recombination (HR)
Base excision repair (BER)

L

Oxidative DNA base damage,

CDD DSBs
abasic sites, SSBs / \
BER Classical-NHEJ or alternative-NHEJ (G,/G,) HR (S/G,)

R ivbon w2 2
QPN NP,
S

DNA-Pkcs, XRCC4/LigIV RPA/RADSl BRCA1/2

SOSTD \\)S»é\woou
1 |
@ RADSZ/RA054
QOO A\ QOO \ OO/
T D \)00@&0(//
l Deletion mutation

\OQOVOIKS \)OOQOOOC/
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Cellular senescence

Senescence cells are irreversibly
arrested in the G1 phase of the cell
cycle and are no longer able to divide
despite remaining viable and
metabolically active for long periods
of time.

Two types of cellular senescence
-Replicative senescence; RS
-Stress-induced premature
senescence; SIPS

Population
doubling level

Replicative senescence

Oncogene activation
DNA damage
Oxidative stress

' Flatand large

morphology

Senescence-
associated
heterochromatic
foci

Senescence-
associated -

- galactosidase

activity

49



Cellular senescence phenotypes

G1 cell cycle arrest

Damage of biomolecules

Enlarged cell size

Increased SASP

Senescence-associated—galactosidase activity (SA B-gal)

Increased metalloproteinase activity

Alterations of anti-aging (longevity) and aging gene expressions

Decreased induction of heat shock proteins

Alteration of metabolism

Toussaint O, et.al. [IJBCB. 2002



Oxidative stress-induced cellular senescence

/ DNA damage

y

P53 / Oxidative stré " Biomolecule damages
1 «— TGF-P1 1
p21
Cellular dysfunction
: \/ p27 \/ Cyclin
Cyclin E P p15,16,18,19
p57 D ] v
CDK 2 CDK 4.6 INK4a family Aggregations of damaged
Alteration of metabolism biomolecules
Rb Rb phosphorylation 0000
> Rb
E2F Y 0000
‘ E2F
Cell cycle arrest ‘
G1 phase S phase gene .
0 .
and _ 0‘390 —_— Aging
Enlarged cell&‘-\/ SASP

Cellular senescence



DNA damage decreases NAD*

NUCLEUS
ROS

Decrease longevity activity

!

Aging

DNA Damage

l

PARP Activation |

Poly(ADP) ribosylation

Caspase 3
Activation

MITOCHONDRIA

O NMN 4,
Massudi H. et.al., Redox Rep. 2012 N

Acetylat% SIRT <\Deacetylation protein + acetyl

aging longevity DNA repair metabolism Cell replication o
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V. Nikoletopoulou et al. / Biochimica et Biophysica Acta 1833 (2013) 3448-3459 3449

necrosis »

CELL ‘ . |
DEATH e pep =" caspase-dependent =i Apoptosis

N
caspase-independent

_ cathepsin-dependent

/N

Apoptosis-like PCD Necroptosis Autophagic death

Fig. 1. Types of cell death and their morphological hallmarks. Diagrammatic classification of different types of cell death. PCD: programmed cell death. Morphological features of a) a
healthy cell, b) a necrotic cell, c) an apoptotic cell and d) an autophagic cell. (Electron micrograph pictures adapted from ref. [ 150]. Scale bar: 1 mm.)



Oxidative stress induces apoptosis, necrotic cell
death and autophagy via ER stress-mediated DAPK

Oxidative stress
ER stress

l

DAPK

v NS
l"
PKD

|
I '

Cell death VSP-34 —=>  Autophagy

Apoptosis Beclin-1 =

V. Nikoletopoulou et al. / Biochimica et Biophysica Acta 1833 [2013) 3448-3459



ER stress
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The endoplasmic
reticulum (ER) is a
specialized organelle
for the folding and
trafficking of proteins,
which is highly
sensitive to changes in
intracellular
homeostasis and
extracellular stimuli.

Red-PDI

Ox-Ero1

N7

H, O, (oxidative stress)
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Outline

1. Definitions of oxidants and antioxidants

2. Types of oxidants

3. Types of antioxidants

4. Definition of oxidative stress

5. Consequences of oxidative stress
5.1 Adaptation
5.2 Damage (lipid, protein, DNA)
5.3 Mutation & epigenetic change
5.4 Repair
5.5 Senescence
5.6 Death

6. Oxidative stress-related diseases



Oxidative stress and its relationship to redox signaling
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Oxidative Stress Related Diseases
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Oxidative stress

!

Damage to biomolecules

4

Genetic instability
-Mutation
-Epigenetic change

Adaptive response

4

Dysfunction/Senescence/Cell Death

Oncogene activation & Tumor
suppressor gene inactivation

Degenerative diseases

(Aging-related diseases)
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Post test



Example of research on oxidative stress in cancer
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Oxidative stress resistance:
an importance factor in cholangiocarcinogenesis
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Liver fluke infection-associated CCA
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Our previous studies

Liver fluke infection induces oxidative stresi-\./ia chronic inflammation

e

O.viverrini infection Human model

Chornic inflammation
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ﬁ Animal model l
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HypOthESiS | Stem cell Stem/progenitor cells

o—§0

m%m .. ﬁmoos?n—ﬂ!!!!!!

Normal bile duct ®infa® ation ﬁ Healed tissue
epithelium cells and & tissue injury * (no cancer)
microenvironment * DNA damage> Fixed
ms m Mutation>Epigenetic changes
Increase n&ighbouring Oxidative Stress-resistant
/ cells proliferation (stem-like cells)

initiation
6000000 DNA damage>Fixed

Mutation>Epigenetic changes

Healed tissue Tumor
(no cancer) promotion

*H

Tumor
* ROS & RNS Oxidative Stress- rm J progression
(stem-like cells)

Cholangiocarcinoma (CCA) development

67



Research design |

Induction of oxidative stress-resistant cell lines from MMNKZ1 cells
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Expressions of EBF1 & IRS1 in MMNK1 & ox-MMNK1-L cells
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Early B cell factor 1 (EBF1)

Early B cell factor 1 or EBF1 is a DNA-binding
transcription factors. EBF1 gene locates on
chromosome 5q32.

EBF1 is a stem cell-associated transcription factor

implicated in the control of hematopoietic and
osteo-adipogenesis.

EBF1 is supposed to be the negative regulator of
estrogen receptors (ERs).

Down-regulation of EBF1 was found in leukemia and solid cancers,
suggesting that EBF1 may act as a tumor suppressor gene.
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Insulin receptor substrate 1 (IRS1)

Insulin receptor substrate 1 or IRS1 is an
intracellular signaling adaptor protein.

IRS1 gene locates on chromosome 2936.3. %

IRS1 is a major signaling molecule of insulin %
receptor and insulin like growth factor receptor )
(IGFR). -

IRS1 is widely expressed in normal tissues including muscle,
adipocyte, kidney and mammary gland.

Up-regulation of IRS1 was found in leukemia and solid cancers,
suggesting that IRS1 may act as a oncogene.
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EBF1 acts as a tumor suppressor gene in CCA.
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IRS1 plays oncogenic roles in CCA.

Chronic inflammation
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Summary I
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Buparlisib and ponatinib inhibit aggressiveness of cholangiocarcinoma cells via
suppression of IRS1-related pathway by targeting oxidative stress resistance

S\ e Cell damage
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