Overview of oxidative stress and
antioxidant defence system

Lee, Tae-Hoon, Ph.D

Lab. of Oral Biochemistry,
College of Dentistry, Chonnam Natl’ Univ.



Renal graft

- Dermaiti
Degenerative Glomerulonephritis Pgm .| is
retinal disease Kid rasis

it Skin Angiopathy

K eshan disease
| schemic Bowel

Endotoxin Liver jr

Gl
K Oxidative stress o
essel Rheumatoid
- - @ Athritis
L B B
Atherosclerosis Lung
' i Asthma
M u.Itll organ Brain prail
RaQ| ation Trauma Hyperoxia
Aging Stroke
Cancer Parkinson’ s disease

Diabetes Alzheimer’s disease



- The O,ismajor promoters of radical reaction.

o Oxidative stressisimposed on cellsasa result of
one of three factors:

1) an increase in oxidant generation,
2) adecrease in antioxidant protection,
3) afailuretorepair oxidative damage.
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Redox balance
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ROS generation and detoxification

Mono-oxigenases hv
NADPH oxidase SOD l Fe?* l
O, » O, » H,0, » OH*
Redox cycling / Fenton reaction I\ o
Ferritin
UVA compounds HOXx
Catalase
SOD GP GSS6 Glutathine
v X reductase
10 GSH
2 QR, MT
Vitamin C and E v-Glutamylcysteine
synthase

NAC, cysteine

Biochem. J. (1999) 342, 481.



Various factors elicit intracellular ROS production

Physiological
Metabolism signaling

Antioxidant deficiency (GSH Physical or Inflammatory Other
depletion, enzyme deficiency, etc) chemical sensors cytokines cytokines
. . . Shear flow IL-1 GM-CSF

Mitochondrial dysfunction
IL-2 EGF
. ER overload
Inflammation IL-6 PDGE
Phagocytosis (myeloperoxidase activity) ngh H,O, TNFa TGFpB

Intracellular
Exocytosis oxidants (e.g. peroxides) ROS productlon 4——— Insulin

Redox cycling agents l Angiotensin

UV irradiation _
Homeostasis

Endotoxins modulation

Biochem. J. (1999) 342, 481.



Adaptive response to oxidative stress
Oxidative stress EPO gene
expression
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Repression of ROS-

Activation of antioxidant

Adaptive
responses

defences producing systems

{ \ Immediately early gene ‘ +

TF-activation A/ induction (e.g. c-fos) TF inhibitionSpecific decrease in

(e.g. AP-1, Nf-kB, Nrf2) / (e.g. NFI) RNA stability

Induction of antioxidant genes : v
Glutathione peroxidase Thioredoxin CYPA1 Mitochondrial NADPH
Catalase Thioredoxin reductase repression activity oxidase
SOD Quinone reductase shutdown inhibition
v-Glutamylcysteine Metallothionein +

synthase Heme oxygenase Transferrin
Glutathine reductase Ferritin receptor
+ decrease

Activation of several other genes (e.g. cytokines)

Biochem. J. (1999) 342, 481.



Reactive oxygen species



ROS generation
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Topology of Nox enzymes
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Nox activation signal
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Nox-dependent signalingsin vascular cells
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ROS targets. Requirement

e |t must have alow pKaand so highly reactive cysteine residue.

* A cysteine residue should be able to be oxidized easily by either
ar or H,0,, which in turn causes a conformational change or an

activity loss.

Thiol ROS Sulfenic Sulfinic Sulfonic

Cys-SH;: Cys-SOH ? Cys-SO.H ;’ Cys-SO;H

RS-SR lT Antioxidants

Cys-S-S-Cys
Disulfide



Waysthat ROS work
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ROS

2nd messenger Oxidative stress
Well-controlled Uncontrollable
Receptor-mediated External sources
Intracellular targets Non-specific (carpet bombing)
Rapidly eliminated Usually followed by oxidative burst
Localized action Diffusible



ROS elimination

Table 1. ROS scavenging and detoxifying enzymes

Enzyme

Reaction catalysed

Superoxide dismutase
Catalase

Glutathione peroxidase

Glutathione S-transferase
Glutathione reductase
Thioredoxin

Cytochrome c peroxidase

0,~+0,~+2H* - 2H,0, + O,
2H,0, — 2H,0+ O,

H,0,+2GSH - GSSG +2H,0
LOOH +2GSH — GSSG +H,0 +LOH

RX +GSH - RSG +HX"
NADPH +GSSG 1 NADP++2GSH
Trx-(SH), +Protein-S, (1 Trx-S, +Protein-(SH),

complex+2cyt-c(Fe**) -  enzyme+2cyt-c(Fe?*)
+20H:




Per oxiredoxin

Cdl '- Catalase
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PDGF-induced H,O, production in MEFs

() PDGF  (+) PDGF

(Kang et al., in Ehwa Univ.)
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Specific amplification of PLCy1 activation
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Prx Il determines amplitude of PDGFRB-PLCy1 activation
pathway
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Theidentification of ROStarget molecules
In PrxlI-deficient mice



Generation of Prxll deficient mice

° Homologous recombination
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Endogenous Prx 11:
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Targeted Prx I NTON2 o
e PCR analysis G Western analysis
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Chronic hypertrophy in spleen
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Heinz body formation in red blood cells
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Table 1. Hematology and cation contents of Prxl| knock-out mice

+/+ -/-
(n=14) (n=18)

Hematology

WBC (103/ul) 5.142.5 5.742.9
RBC (106/ul) 10.4+0.6 9.3+0.9
Hemoglobin (g/dl) * 16.5+0.9 14.7+1.5
Hematocrit(%) * 54.443.1 48.845.8
Reticulocyte(%) ™ 1.8+0.7 3.5+1.0
MCV/(fL) 52.0+2.6 52.242.4

Spleen weight(SW/BW)  0.002+0.0002  0.003+0.0003

+, P<0.05; ++, P<0.0001



RBC abnormality in PrxIl”’- mice
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Myeloid Cell Comparison in Bone Marrow

B EPO level in serum
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Protein target validation in Prxll KO mice

Thiol ROS Sulfenic Sulfinic Sulfonic
Cys-SH;: Cys-SOH ? Cys-SO,H ;’ Cys-SO;H

RS-SR Antioxidants

Cys-S-S-Cys

Disulfide



Detecting membrane
proteins that contain
sensitive cysteine
residues to oxidative
stress.

(A) The BIAM indicates a biotin
labeled 1odoactic amide. The
BIAM was decreased in PrxllI
deficient RBC.

(B) The **C-IAM also showed
that oxidized proteins were
increased in RBC of PrxlI-
deficient mice.
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Comparison of oxidized proteins
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Selection of oxidized proteins
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Identification of oxidized proteins

Number Approxi_mate Ap_)proximate The rea_tson that the
quantity* size (KDa) spot is selected

1 5 45 |ab[e)|?;:rruzafvevdTlf EIO)

2 5 45 |ab3??rzzaf\?vquf 50)

3 5 45 IabIeDI?iCI:Za(SVquI'If EO)

4 2 S0 |ab5|?;:rzza(s\?vquf\ EIO)

5 1 25 |ab[e)|?icrr13a€\?vqu>A E|0)

*1 100 ng
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Cytoskeletal networ k

- (Lee et al., Blood, 2003)
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Differentially expressed genesin PrxI I BMCs
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List of
differentially
regulated
genes
in Prxil’- BM
cells (1)

E2F
Foxol
Myc
E2F-4
Fos

Pparbp
TSC-22
Nfx

Transcription factor

TK1
Mnk1
Csnkla
Csnk2a2
JAK3
Akt

Kinase

Ptpr
Ptpnl6
PTP 35 protein

Phosphatase

ANT2
ATPase-like vacul oar-proton channel
Aqgpl

Transport

elF-p44
hnRNP
G3BP
Zfpml
DJ1
Psmc4
Rbm3
Zfpl27

Binding

Rps5
Rpl21
Rpl3

Ribosome(Protein) biosynthesis

Sppl
Prg

Cell adhesion molecule&ECM

Thymic epithelial cell surface antigen
Meal

CD151

Ryrl

Srbl

Rarg

Surface molecule&receptor
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Fold decrease
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5

Fold increase




dematin
Keratin complex 2, basic, gene 1
Synl

Structure molecule

Defense/lImmunity

List of
MHC calss Il region RD gene

B2m

differentially oop 1

Actin-cytoskeleton binding protein

Cell cycle or proliferation regulator

regulated =y

ROS related

genes i

Xanthine dehydrogenase

in PrxIlI”’- BM
mez
cells (2) one

Etc. enzyme

Mocs2 R
Moc —

CIRP

Plunc

dbpA

Hrb

Psmel

SH3P9

p16k gene for 16KDa protein
Spop

Ccts

T T T
-15 -10 -5 5
Fold decrease Fold increase

o ||||H

Decreased . 20 genes
Increased : 47 genes



A. Increased candidate in Prx’-bone marrow cells

|- ++
Transcription factor Idh3b | — |
Foxo1 [ — e |
Myc ——
Kinase TK1 [ — |
Csnk1a1 — |
MAPKS i
Phosphatase Ptpr | — |
Protease Psmc4 | w— -
MMP14 =
Transport Slc25a5 — ]
Agp1 (-]
ROS-related Keap1 ot |
Defense / Immunity Ppl | — v |
Hrb - |
Psme1 N
B2m |
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B-Actin

Binding

elF3s4
hnRNPH1
G3bp
Zfpm1
DJ1
Rbm3

Ribosome biosynthesis

Rps5
RplI3

Cell adhesion

Prg

Cell cycle

Cirbp
Mad2L

Surface molecule

Mea1l

Thymic epithelial cell
surface antigen

RNA helicase

DbpA

Enzyme

Asns

Etc..

Plunc

p16kDa protein
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B. Decreased candidate in Prx’-bone marrow cells
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C. Real-time PCR in bone marrow cells of Prx’- & Prx** mice

MRNA level of Foxol/b-actin mRNA level of Myc/b-actin
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Regulations of FOXO1

(Growth factors)
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OXYGEN ‘97

SUNRISE FREE RADICAL SCHOOL.

November 21-24, 1997 :
Disease

San Francisco, CA
+FR a\




Acknowledgments I

L ab. , ( Histobiochemistry)

e Lab of Cell Signaling/NHLBI, USA

L ab.
(DNA chip analysis)

L ab.
(Proteomics)

Lab.
(Protein analysis)



	Overview of oxidative stress and antioxidant defence system
	Topology of Nox enzymes
	Nox activation signal
	Nox-dependent signalings in vascular cells
	ROS targets: Requirement
	Ways that ROS work
	ROS elimination
	PDGF-induced H2O2 production in MEFs
	Specific amplification of PLCg1 activation
	Prx II determines amplitude of PDGFRb-PLCg1 activation pathway

