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What we will discuss 

• Cancer: definition, different kinds of cancer,  

• From where cancer arise 

• Hallmarks of Apoptosis and Necrosis 

• Transcription process and Transcription Factors  

• NF-B, IB, and IKK Protein Families 

• Molecular mechanisms by which NF-B blocks cell 

death 

• New therapies prospects 

 



Different kinds of cancer 

 Lung 

  

Breast (women) 

 

 
 

 Colon 

  

Bladder 

 Prostate (men) 

Some common  

sarcomas: 

 Fat 

 Bone 

 Muscle 

Lymphomas: 

 Lymph nodes 

Leukemias: 

 Bloodstream 
Some common 

carcinomas: 



Naming cancer 

Prefix  Meaning 

adeno-  gland 

chondro-  cartilage 

erythro-  red blood cell 

hemangio-  blood vessels 

hepato-  liver 

lipo-  fat 

lympho-  lymphocyte 

melano-  pigment cell 

myelo-  bone marrow 

myo-  muscle 

osteo-  bone 



Normal cell growth 

Regulated by: 

» Growth Factors 

» Cell contacts 

» Control check-point molecules 

Cell Suicide or Apoptosis 

Cell damage 

Normal  

cell division 



Loss of normal cell growth 

Cancer  

cell division 

Fourth or 

later mutation 

Third 

mutation 

Second 

mutation 

First 

mutation 

Uncontrolled growth 

Cell Suicide or Apoptosis 

Normal  

cell division 

Cell damage - 

no repair 



Example of normal growth 

Number of dividing cells in the basal layer = Number of dead cells that are lost from the surface 

Cell migration 

Dermis 

Dividing cells in 

basal layer 

Dead cells  

shed from  

outer surface 

Epidermis 



Tumors 

Underlying tissue 



The central dogma of Molecular Biology 

DNA RNA PROTEIN 

Data storage Readout Execution 

Transcription Translation 



Transcription Factors: definition 

• Transcription factors are proteins involved in the regulation 

of gene expression that bind to the regulatory regions 

upstream of genes and either facilitate or inhibit 

transcription.  

 

• Transcription factors are composed of two essential 

functional regions: 
• The DNA-binding domain consists of amino acids that recognize 

specific DNA bases near the start of transcription. 

• The activator domains of transcription factors interact with the 

components of the transcriptional apparatus (RNA Polymerase) 

and with other regulatory proteins, thereby affecting the efficiency 

of DNA binding 

 



Transcription factor: how it works? 

DBD = DNA-Binding Domain 

TAD = Transactivation Domain 

RNA 

Polymerase 

DBD 

ACTTGCCAACTGCCA TAD 

RNA Pol 

Gene 

Regulatory Region 

(Promoter) 



1986: discovery of the Nuclear Transcription Factor, NF-B 



40,871 articles on the subject NF-B… and counting: Why 

then? 



Nuclear Factor-kappa B (NF-B) protein family 

p65 (RelA) 

RelB 

c-Rel 

p100/p52 

p105/p50 

 Hayden MS, Ghosh S. (2004). Genes Dev. 18: 2195-224. 



NF-B: assembling details 

The term NF-B refers to a family of inducible dimeric transcription factors 

that recognize a common sequence motif, the “B site” 

 

The possible dimeric combination are: 

 

p50:p50 

p50:p65 

p50:RelB 

p65:p65 

RelB:RelB 

p52:RelB 

p50 
p65 



NF-B: assembling details 

p50 

P 
P 

p65 
IB 

p50 
p65 

p50 
p65 

B site 

active 

inactive 



Inhibitor-kappa B (IB) proteins family 

IB 

IB 

IB 

IB 

Bcl3 

Ankyrin 

 Hayden MS, Ghosh S. (2004). Genes Dev. 18: 2195-224. 



Inhibitor-kappaB kinase (IKK) proteins family 

IKK 

IKK 

IKK 

(NEMO) 

 Hayden MS, Ghosh S. (2004). Genes Dev. 18: 2195-224. 



The classical NF-B pathway 

INFLAMMATION CELL SURVIVAL IMMUNITY DEVELOPMENT 

NF-B/IB complex 

P 

NF-B-Target Genes 

IKKs 

NF-B 

Phosphorylation of IB 

Ubiquitination and 

proteolysis of IB 

Activation of NF-B 

Gene Activation 

5’-GGGACTTTCC-3’ 

Stress Microbial 

Products 

Cytokines Mitogens 

P 
P 

P 

(Ub)n P 
P 

P 
P 

P 

P 

 

  



The alternative NF-B pathway  

Bonizzi G and Karin M (2004). Trends Immunol 25: 280-288 



The pro-survival activity of NF-B 

NF-B 

Programmed 

Cell Death 



What is Programmed Cell Death (PCD)? 

An important mechanism in both development and homeostasis in 

adult tissue for removal of either superfluous, infected, transformed 

or damaged cells by activation of an intrinsic suicide program 

 



Programmed Cell Death 

Apoptosis 

Energy-dependent Process 

Suppression of Inflammation 

Necrosis 

Plasma membrane integrity  

maintained 

Order DNA fragmentation 

versus 

Cell first shrink, nuclei condense 

formation of ‘apoptotic bodies’ 

Energy-independent Process 

Induction of Inflammation 

Plasma membrane integrity  

lost 

Random DNA fragmentation 

Cell swells, ruptures during demise 

Releasing of cellular contents 



Biological roles of the pro-survival activity of NF-B 

• Cellular Responses to the Triggering of 

• TNF-Rs, TRAIL-Rs and Fas 

• B Lymphopoiesis 

• Bone Morphogenesis 

• B- and T-Cell Costimulation (CD40, CD28, etc.) 

• Liver Development 

 



The pro-survival activity of NF-B in disease 

• Cellular Responses to the Triggering of 

• TNF-Rs, TRAIL-Rs and Fas 

• B Lymphopoiesis 

• Bone Morphogenesis 

• B- and T-Cell Costimulation (CD40, CD28, etc.) 

• Liver Development 

 

• Cancer 

• Cancer chemo- and radio-resistance 

• Chronic inflammatory disease (IBD, RA) 

• Metabolic & vascular disorder (atherosclerosis) 

 



NF-B in cancer 

NF-B 

Oncoproteins 

Programmed 

Cell Death 

Differentiation Metastasis 

Invasion Proliferation 



Role of the NF-B pro-survival activity in cancer 

• Suppression of Transformation 
• Associated Apoptosis: - oncogenic Ras, Bcr-Abl, etc. 

 

• Survival of Late Stage Tumors: - Hodgkin’s Lymphoma 

     - Breast Cancer 

     - Diffuse Large B Cell Lymphoma 

     - Multiple Myeloma 

     - Colon Cancer 

     - Prostate Cancer 

     - Burkitt’s Lymphoma 

 

• Resistance to Anti-Cancer Therapy:  

     - Ionizing Radiation 

     - Topoisomerase Inhibitors 

     - Cisplatinum 



Summary: part 1 

• NF-B are transcription factors that block Programmed Cell Death 

(PCD)  

  

•  Apoptosis and necrosis are two forms of PCD  

 

• Deregulation of the ability of NF-B to control PCD leads to 

oncogenesis 

 



What is the molecular mechanism by which  

NF-B control Programmed Cell Death? 



TNF-R1 signalling 



TNF-R1 signalling 

DNA  

Fragmentation 



Protein kinase: definition 

A kinase is an enzyme that modifies 

other proteins by adding phosphate 

groups (phosphorylation).  

 

Phosphorylation usually results in a 

functional change of the target 

protein (substrate). 

 

The activity of a kinase involves 

removing a phosphate group from 

ATP and covalently attaching it to an 

amino acids that have a free hydroxyl 

group.  

 

Most kinases act on both serine and 

threonine, others act on tyrosine.  

 

By contrast, phosphatase is an 

enzyme that removes a phosphate 

group from its substrate. 

ATP 

ADP 

Protein Phosphorilated  

Protein 

Protein kinase 

H 

P 

P 



Distinct mechanisma of PCD inhibition 

Gadd45 

Twist-1 

FHC 

MnSOD 

NF-B 

A20 

Xiap 

JNK 

TNF-R1 

TNF 

TRAF2 

MAP3Ks 

MKK7 

ROS 

Apoptosis           Necrosis 



Gadd45/Myd118 

• ~21 kDa 

• Predominantly Nuclear  

• Member of the Gadd45 Family of Inducible Factors, 

• Also Including Gadd45 and Gadd45 

• Proposed Functions of Gadd45: 

• Specific inhibitor of JNK cascade 

• Ectopic expression of Gadd45 inhibits the 

• JNK-mediated PCD downstream of TNFR 



Gadd45 interact with MKK7 

Active MKK7 

K149 

MKK7 

Inactive MKK7 

Gadd45 

MKK7 



Gadd45 bind the ATP-binding site of MKK7 

MKK7 

Gadd45 

Loop2 

Loop1 



Peptides (P1) disrupting Gadd45MKK7 interaction 

restores MKK7 activity 

MKK7 K.A. 

Peptide [mM]: - - 5 10 5 10 5 10 

GST-Gadd45 

GST-JNK1 

5 10 

p 1 p 2 p 7 p 8 

Inactive MKK7 

Gadd45 

MKK7 
p 7 

Active MKK7 

p 1 
MKK7 

Gadd45 

K149 

p 1 

p 7 



Cell-permeable Peptide 1 (P1) prevents inhibition of 

TNF-induced apotosis 

NF-B-null cells over-expressing Gadd45 
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NB: Cell treatment with Peptide 1 induce death in cells otherwise resistant to death-signal 



Summary: part 2 



Why study molecular mechanisms by which NF-B  

blocks PCD are important ??? 



NF-B blockers as pharmacological compound 

Inhibition of NF-B by either 

glucocorticoids or 

proteasome inhibitors is 

beneficial in certain 

malignancies, including HL 

and MM.  

 

However, current 

compounds can only achieve 

partial inhibition of NF-B 

and have considerable side 

effects, which limit their use 

in humans.  

 
NF-B blockers 

(salicylates, 

prot. inhibitors, 

glucorticoids) 

anti-TNF Abs 

Cancer, 

Chronic 

Inflammation 

Immunity 

TNF 

NF-B 



Future therapies:  

Gadd45 and FHC may represent new targets 

MKK7- 

Mimicking 

Peptides 
 

FHC blockers 
(iron modulators?) 

Cell Death 

MKK7 

JNK 

ROS 

MAP3Ks 

NF-B blockers 
(salicylates, 

prot. inhibitors, 

glucorticoids) 

anti-TNF Abs 

Cancer, 

Chronic 

Inflammation 

Immunity 

TNF 

NF-B 



Conclusions 

• NF-B are transcription factors that block Programmed Cell Death 

(PCD)  

•  Apoptosis and necrosis are two forms of PCD  

•  Deregulation of the ability of NF-B to control PCD leads to 

oncogenesis 

• Downstream TNFR1, Gadd45 is up-regulated by NF-B and inhibits 

JNK pathway by blocking MKK7 

•  New anticancer therapy can be developed based on inhibitors of 

Gadd45MKK7 interaction (?) 



Learning outcomes 

• Describe the NF-B signalling 

Defined protein families  

The key molecular events and molecules involved in its activation 

• Compare the morphological changes and the different host 

response to the two forms PCD 

• List the genes that are induced by NF-B in response to TNFa 

• Describe one of the molecular mechanism by which NF-B blocks 

PCD 

Draw the JNK pathway 

• Relate the survival activity of NF-B to the therapeutic potential of 

its inhibition in cancer and the possible complications 
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