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Six	Major	DNA	Repair	Pathways	



Non	Homologous	End	Joining	
is	REQUIRED	for	a	funcPonal	

immune	system!	



hRp://highered.mcgraw-hill.com/sites/0072495855/student_view0/chapter24/animaPon__the_immune_response.html	



The	body	contains	millions	of	different	T-cells	and	B-cells,	
each	able	to	respond	to	one	specific	anPgen.		

hRp://www.ausPncc.edu/apreview/EmphasisItems/Inflammatoryresponse.html#ANTIB	



hRp://www.ausPncc.edu/apreview/EmphasisItems/Inflammatoryresponse.html#ANTIB	

The	body	contains	millions	of	different	T-cells	and	B-cells,	
each	able	to	respond	to	one	specific	anPgen.		



Tumor	cells	launch		Immune	
Checkpoint	(PD-L1	ligand	binds	
PD-1	receptor	to	deacPvate	

killer	T	cells).	
Evading	the	Immune	System	

DeacPvated	T-cell	

AcPvated	T-cell	

Treatment	with	
AnPbodies	to	block	PD-

Ligand1	and	PD-1	receptor	
allowing	AcPvaPon	of	

Killer	T	cells	

Immune	Checkpoint	
Cancer	Therapy	



AnPbodies	work	in	different	ways	

hRp://www.ausPncc.edu/apreview/EmphasisItems/Inflammatoryresponse.html#ANTIB	



“ANTIGEN"	comes	from	ANTI-body	GENeraPng	substances	

hRp://www.ausPncc.edu/apreview/EmphasisItems/
Inflammatoryresponse.html#ANTIB	

hRp://pathmicro.med.sc.edu/bowers/mhc.htm	

AnPgen	Binding	Site	

B-cell	Immunoglobulin	 T-cell	Receptor	



How	Do	the	Variable	Regions	become	Variable?		
Through	Programmed	NHEJ!!	

V	-variable,		
D	-	diversity		
J-	joining		
gene	
segments	



How	Do	the	Variable	Regions	become	Variable?		
Through	Programmed	NHEJ!!	



How	Do	the	Variable	Regions	become	Variable?		
Through	Programmed	NHEJ!!	

T-cell	Receptor	



hRp://www.youtube.com/watch?v=QTOBSFJWogE	

	
V(D)J	Gene	RecombinaNon	

	



How	Do	the	
Variable	Regions	
become	Variable?		
Through	NHEJ	
mediated	DNA	
RecombinaPon!	

The	rearrangement	
starts	with	the	binding	of	products	
from	recombinaPon	acPvaPng	
genes	RAG1	and	RAG2,	whose	

expression	is	unique	to	lymphoid	
progenitor	cells	



The	body	contains	millions	of	different	T-cells	and	B-cells,	
each	able	to	respond	to	one	specific	anPgen.		

hRp://www.ausPncc.edu/apreview/EmphasisItems/Inflammatoryresponse.html#ANTIB	



Over	15,000,000	combinaPons	of	variable,	diversity	
and	joining,	V(D)J,	gene	segments	are	possible.	

Imprecise	recombinaPon	and	mutaPon	increase	the	
variability	into	billions	of	possible	combinaPons.		

How	Variable	is	Variable?	



Over	3,000,000	combinaPons	of	variable,	diversity	
and	joining,	V(D)J,	gene	segments	are	possible.	

Imprecise	recombinaPon	and	mutaPon	increase	the	
variability	into	billions	of	possible	combinaPons.		

How	Variable	is	Variable?	



What	happens	if	mice	or	people	lose	NHEJ	capacity?	



What	happens	if	mice	or	people	lose	NHEJ	capacity?		
SCID	–	Severe	Combined	ImmunoDeficiency	



Can	V(D)J	RecombinaPon	Go	Wrong?	



BURKITT’s	LYMPHOMA	
B-cell	Lymphoma	



Other	B-cell	Lymphomas	



Diseases	that	involve	Chromosome	TranslocaPons	



hRp://astrobiology.com/2014/02/oldest-piece-of-earths-crust-suggests-a-cool-early-history.html	

EvoluPon	of	life	on	Earth	



hRp://biologicalphysics.iop.org/cws/arPcle/lectures/47042	

All	known	life	forms	are	based	on	DNA	



Bacteriophage	(bacterial	virus)	infecPng	E.	coli	



Bacteriophage	(bacterial	virus)	infecPng	E.	coli	



CRISPR	-	Clustered	Regularly	Interspaced	Short	Palindromic	Repeats	
CAS	genes		–	CRISPR	ASsociated	genes		



hRp://rna.berkeley.edu/crispr.html	

CRISPR	-	Clustered	Regularly	Interspaced	Short	Palindromic	Repeats	
CAS	genes		–	CRISPR	ASsociated	genes		



hRp://science.sciencemag.org/content/346/6213/1258096.figures-only	



hRp://science.sciencemag.org/content/346/6213/1258096.figures-only	

BREAKTHROUGH	–	fuse	the	crRNA	and	tracrRNA	
to	make	a	single	“Guide	RNA”	



hRp://www.Pmeone.ca/designer-genes-gesng-crispr-and-crispr/#sthash.3wiIRuzX.dpbs	

CRISPR/Cas9	can	help	make	a	mutaPon	or	fix	a	mutaPon	
NHEJ	vs	Homologous	RecombinaPon	



hRp://www.cancer.gov/about-cancer/causes-prevenPon/research/
crispr	

Non	cleaving	Cas9	can	block	gene	expression		



Genome	EdiPng	Kits	Galore	

hRps://www.systembio.com/crispr-cas9-plasmids	



Awards	Galore	

Emmanuelle	CharpenPer	and	Jennifer	Doudna	



Feng	Zhang	-	MIT	

Awards	Galore	
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Six	Major	DNA	Repair	Pathways	



DisposiPon	of	DSBs	between	repair	pathways.		

Chiruvella K K et al. Cold Spring Harb Perspect Biol 
2013;5:a012757 ©2013 by Cold Spring Harbor Laboratory Press 



How	does	
the	cell	
decide	
which	

pathway	to	
use?	



Duplication of chromosomes  
DNA Replication                   

The Cell Cycle                   



Progression	through	the	Cell	Cycle	REQUIRES	a	series	
of	cyclins	and	cyclin-dependent-kinases	(CDKs)	



How	does	
the	cell	
decide	
which	

pathway	to	
use?	



CyclinA-
CDK2	

targets	the	
CtIP/BRCA1	
complex	



DisposiPon	of	DSBs	between	repair	pathways.		

Chiruvella K K et al. Cold Spring Harb Perspect Biol 
2013;5:a012757 ©2013 by Cold Spring Harbor Laboratory Press 



DISEASE Cell Death  
Mutation 

DNA 
repair 

 

DNA damage 



DISEASE Cell Death  
Mutation 
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DNA damage 

Cell 
cycle 
arrest 
 





Signaling	at	DSBs	–	ATM	kinase	acPvated	





DISEASE Cell Death  
Mutation 

DNA 
repair 

 

DNA damage 

Cell 
cycle 
arrest 
 



Ataxia	Telangiectasia	–	Cancer	Prone	

DefecPve	DNA	
Damage	Responses	
can	affect	both	

neurodegeneraPon	
and	cancer	
suscepPbility	



Ataxia	Telangiectasia	

•  Staggering	gait	
•  Muscular	un-coordinaPon	
•  Mental	retardaPon	
•  DilaPon	of	small	blood	vessels	
•  Immune	dysfuncPon	
•  Cancer	prone…lymphomas	
•  Cells	from	AT	paPents	have	lost	cell	cycle	
checkpoints	
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