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

Chemistry of biomolecules

Metabolism of biomolecules

-Chemistry of lipid
-Chemistry of protein
-Chemistry of carbohydrate
-Chemistry of nucleic acid

-Metabolism of lipid
-Metabolism of protein
-Metabolism of carbohydrate
-Metabolism of nucleic acid
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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
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Oxidants are reactants that oxidize or remove 
electrons from other reactants during a redox 
reaction. 

Antioxidants are substances that can prevent or 
slow damage to cells caused by oxidants.

Definitions of oxidants and antioxidants
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Types of oxidants

https://www.semanticscholar.org/
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Sources of 
ROS & RNS

https://biologydictionary.net/oxidative-stress/
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Types of antioxidants
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Oxidants vs Antioxidants

Oxidants
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MPO = myeloperoxidase
SOD = superoxide dismutase
iNOS = inducible nitric oxide 

synthase
GPX = glutathione peroxidase



Definition of oxidative stress

Oxidants

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
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Low ROS 
stimulate cell 
growth

High ROS stimulate 
cell death
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ROS regulation of mitogen activated protein kinases (MAPK) 
signaling pathway
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Oxidative stress induces Nrf2 dissociation from Keap1.
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Effect of oxidative stress

Oxidative stress

Oxidatively damage to biomolecules
-Lipid
-Protein
-Nucleic acid

Over productions of ROS & RNS

Dysfunctions of biomolecules

Oxidative stress-driven diseases
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Oxidative damage to lipids
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Oxidation
Reactions at double bonds

Lipid peroxide

MDA = malondialdehyde, 4-HAD = 4-hydroxyalkenals



Vit E

Biological membrane
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Lipid peroxidation
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vit E Reactive end products

Chain breaking antioxidants 

DNA damage (dA, dC)
Protein damage
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Effect of lipid peroxidation

1. Covalent crosslinking; lipid-lipid, lipid-protein→ loss of fluidity

2. Membrane fluidity changes; more rigidity

3. Loss of membrane permeability

4. Increase iron permeability

5. Depletion of NADPH

6. Inactivation of membrane enzymes and receptors

7. DNA damage and mutation
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Pansteatitis, or yellow fat disease

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



www.youtube.com

Pentose phosphate pathway (PPP)

Glutathione system

Broad beanHemolysis
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Oxidative damage to proteins
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20 Amino acids: building block of proteins
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Protein structures: folding to function
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“Right conformation=Native form=Function”



Protein carbonylation

NH3

Oxidation

Oxidation

Glutamic semialdehyde

Aminoadipic semialdehyde

Lys (K)

Arg (R)

Pro (P)

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. 

Oxidation

Oxidation

Oxidation

2-Pyrrolidone

2-amino-3-ketobutyric acid

Thr (T) Modified from: I. Dalle-Donne et al.  Clinica Chimica Acta (2003)
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Chondrogianni et al, 2014
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Effect of oxidative stress on proteins 

Protein conformational change and dysfunction
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Oxidative damage to DNA
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https://global.britannica.com/science/DNA

DNA structure
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Schafer 34

Hot Spots for Free Radical Attack
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Schafer 35

Examples of Oxidized 

DNA Bases 

(DNA adducts)

Adapted from: Dizdaroglu M. (1992) 

Free Radic Biol Med. 10:225-242.

Dizdaroglu M. (2002) 

Free Radic Biol Med. 32:1102-1115.
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Effect of oxidative DNA damage 

1. Mutation

2. DNA breaks 

4. Activation of DNA repairing system

5. NAD+ depletion          Inhibition of longevity gene (SIRT)  

6. Epigenetic changes

3. Inductions of DNA damage response proteins
- DNA repair
- Cell cycle arrest
- Senescence
- Apoptosis
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Oxidative DNA damage induces point mutation

Murata et al., 2012 38



Oxidative stress induce epigenetic changes
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DNA methylation

@ CpG site High frequency of CpG sites CpG island

(SAM)

(DNA methytransferase)



ROS-induced DNA hypermethylation
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Lim et al., 2008

JNK

DNMT1

Laget S. et al, 2014

DNMT1= DNA methyltransferase 1



CpG CpG CpG

ROS

CpG CpG CpG

oxo oxo oxo

Hypomethylation

Unmethylated

oxo 8-oxodG

Gene overexpression

DNMTs

Donkena et al., 2010 
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ROS-induced DNA hypomethylation



Folate Cycle

Tetrahydrofolate

5-Me-Tetrahydrofolate

5,10-Me-Tetrahydrofolate

Methionine

Methionine Cycle

Cysteine

Glutathione

Methionine
Synthtase

(SAM)

S-adenosylhomocysteine

S-adenosylmethionine

Homocysteine 
methyltransferase

S-adenosylmethionine
Synthetase or MAT

Cystathionine  β-synthase

Γ-glutamylcysteine ligaseFree radical

GSH       >>   SAM 

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

ROS-induced DNA hypomethylation

Homocysteine



Summary: Oxidative damage and epigenetic changes

Hypermethylation Hypomethylation

Oxidative stress

Induction of DNMT1 
expression & its activity

DNA damage formation

Generation of GSH  
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DNA damage response proteins
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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)

Deletion mutation
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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
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Toussaint O, et.al. IJBCB. 2002

G1 cell cycle arrest

Damage of biomolecules

Enlarged cell size

Increased SASP

Senescence-associated–galactosidase activity (SA -gal)

Increased metalloproteinase activity 

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

Decreased induction of heat shock proteins

Alteration of metabolism

Cellular senescence phenotypes



E2F

Rb
Rb

E2F

S phase gene

Rb phosphorylation

Cellular senescence 
SASP 

Aging

CDK 2

Cyclin E

CDK 4,6

Cyclin 
D

p21
p27
p57

TGF-1

p53

p15 ,16,18,19
INK4a family

DNA damage

Biomolecule damages

Cellular dysfunction

Aggregations of damaged
biomolecules  Alteration of metabolism

Cell cycle arrest
G1 phase

and
Enlarged cells

Oxidative stress

Oxidative stress-induced cellular senescence



Massudi H. et.al., Redox Rep. 2012 

DNA damage decreases NAD+

Decrease longevity activity

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

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.
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Oxidative stress and its relationship to redox signaling



Oxidative Stress Related Diseases

Inflammation-related diseases

-Cancers

-Degenerative diseases
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Genetic instability
-Mutation
-Epigenetic change

Oxidative stress

Adaptive response

Damage to biomolecules

Dysfunction/Senescence/Cell Death

Oncogene activation & Tumor 
suppressor gene inactivation

Cancers

Degenerative diseases
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(Aging-related diseases)



References
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Post test
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Example of research on oxidative stress in cancer



Assoc. Prof. Raynoo Thanan
(Ph.D. Medical Biochemistry)

E-mail: raynoo@kku.ac.th

Oxidative stress resistance: 

an importance factor in cholangiocarcinogenesis



Liver fluke infection-associated CCA

Cypriniod fish

Opisthorchis viverrini  (Ov)

1-3 mm

, Prakobwong S., et.al, 2010

Hamsters

Cyprinid fishes OV metacercaria

Liver
tissues

CCA

+NDMA
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Human model

Animal model

Our previous studies
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O.viverrini

Inflammation
& tissue injury

Stem cell Stem/progenitor cells

Healed tissue
(no cancer)

Normal bile duct
epithelium cells and 
microenvironment 

Increase neighbouring 
cells proliferation

Healed tissue
(no cancer)

DNA damage> Fixed 
Mutation>Epigenetic changes

Oxidative Stress-resistant

Tumor
initiation

(stem-like cells)

Cholangiocarcinoma (CCA) development

Tumor
promotion

Tumor
progression

(stem-like cells)

DNA damage>Fixed 
Mutation>Epigenetic changes

Oxidative Stress-resistant

Hypothesis I

ROS & RNS
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Expose to
25 M H2O2

every 24 hr 80-90% confluent20% confluent

Trypsinization

20% confluent

15 cycles
74 days

Induction of oxidative stress-resistant cell lines from MMNK1 cells

Research design I

Low oxidative stress induced 
resistant cell lines (ox-MMNK1-L) 

Stem cell properties

Stem cell markers: 
Oct3/4

Oxidative stress-resistant 
properties

Treat with H2O2:              
- MTT assay

Anti-oxidant enzymes: 
- Catalase and SOD2

Tumorigenesis

Growth:              
- SRB assay

Migration: 
- Boyden chamber 
transwell

Thanan R. et. al, BBRC, 2015
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IR
S

1

MMNK1              ox-MMNK1-L
IRS1 

EBF1 

Expressions of EBF1 & IRS1 in MMNK1 & ox-MMNK1-L cells

Thanan R. et.al, Unpublish data
69

Armartmuntree N. et.al, Redox Biology, 2018 



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.

70



71

Insulin receptor substrate 1 (IRS1)

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

IRS1 gene locates on chromosome 2q36.3. 

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.



EBF1 acts as a tumor suppressor gene in CCA.

Armartmuntree N. et.al, Redox Biology, 2018 

Armartmuntree N. et.al, J of Cancer, 2021 

Chaiprasert T. et.al, Biomolecules, 2019 

Thanan R. et.al, IJMS, 2020 

Kaewlert W. et.al, Hormone and Cancer, 2018 
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IRS1 plays oncogenic roles in CCA.

Kaewlert W. et.al, IJMS, 2023 



Chronic O. viverrini infection

Tissues injury

Tissue healing

No disease

EBF1↑

Summary II

CCA development with stem cell &
oxidative stress-resistant properties

CCA progression with 
aggressive clinical outcomes 

EBF1↓

Oxidative stress  IRS1

↓

IRS1↓
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MAPK signaling

Jak-STAT signaling
PI3K signaling
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Buparlisib and ponatinib inhibit aggressiveness of cholangiocarcinoma cells via 
suppression of IRS1-related pathway by targeting oxidative stress resistance

Kaewlert W. et.al, 2025 Biomedicine & Pharmacotherapy 
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