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Large Deletions or Insertions

SKY chromosome painting: breast cancer

Normal SKY chromosomes
are not multicolored.

Chromosomes in breast
cancer appear multicolored
because they have
exchanged genetic material.




The Cell Cycle
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-.| Chromosome Banding - Karyotyping
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Six Major DNA Repair Pathways
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Non Homologous End Joining
is REQUIRED for a functional

iImmune system!



ETr:ﬂw T-he Immune Response
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Activation of the immune response typically begins when a pathogen enters the
body. Macrophages that encounter the pathogen ingest, process and display the
antigen fragments on their cell surfaces.

Copyright © The McGraw-Hill:=Companies, Inc.

http://highered.mcgraw-hill.com/sites/0072495855/student viewQ/chapter24/animation_ the immune response.html




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

Humoral
Self-nonself |mmun!ty

(secretion of
complex

y antibodies by

plasma cells)

Tcell Interleukin-2 ;
receptor stimulates \/

Microbe Pclopiiags L fL\ cell division
ﬂ&l / ?}%/M\\ (5 O J Interleukin-2

~ QO .» activates
e — | Hel
| \ﬁvﬂ \9> & Ti::r | other B cells
' ™ Self protein / — !!

a and T cells

//\@
S / p Cell-mediated
Antigen from microbe Antigen-presenting Interleukin-1 g ding Binding | Cytotoxic immunity

. Tecell (attack on

(nonself molecule) cell stimulates  gjte for  site for :
infected cells)

helper T cell  antigen self protein

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

http://www.austincc.edu/apreview/Emphasislitems/Inflammatoryresponse.htmI#ANTIB



The body contains millions of different T-cells and B-cells,
each able to respond to one specific antigen.
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Antibodies (secreted by B cells) work in several
different ways

Binding of antibodies to antigens

inactivates antigens by
|
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"antigen" comes from ANTI-body GENerating substances
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How Do the Variable Regions become Variable?
Through Programmed NHEJ!!

Heavy chain genome sequence (V, D, J) Light chain genome sequence (V, J)

Rearranged DNA V -variable,
P D - diversity
g J- joining
gene
segments

An antibody is made up

of pairs of heavy and light chains A ' |

o




How Do the Variable Regions become Variable?
Through Programmed NHEJ!!
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transcription, splicing
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(adapted from Janeway 2001)



How Do the Variable Regions become Variable?
Through Programmed NHEJ!!
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V(D)) Gene Recombination

http://www.youtube.com/watch?v=QTOBSFJWogE
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How Do the
Variable Regions
become Variable?

Through NHEJ
mediated DNA
Recombination!

The rearrangement
starts with the binding of products
from recombination activating
genes RAG1 and RAG2, whose
expression is unique to lymphoid
progenitor cells

Immunologic Research
December 2012, Volume 54, Issue 1-3, pp 233-246



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

Humoral

Self-nonself |mmun3ty
complex v (secretion of
T cell Interleukin-2 antibodies by
| receptor stimulates plasma cells)

Interleukin-2

Microbe / Macrophage Q v ' I cell division
’ L QO .. 3 \\‘ © o activates
[ A 4V <
\#;‘,‘7";’4 e \e> & ‘ Helpel other B cells

Cell-mediated
(nonself molecule) cell stimulates  gjte for site for .
infected cells)

T cell
N Self protein / '
Cytotoxic immunity
helper Tcell  antigen self protein

0O @ Y and Tcells
Antiden from microb Antigen-presenting aflaiikin: o o |
Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

http://www.austincc.edu/apreview/Emphasisitems/Inflammatoryresponse.htmI#ANTIB



How Variable is Variable?

Number of functional gene segments
in human immuniglobulin loci
light chains heavy chain
Segment

K A H

Variable (V) 40 30 65
Diversity (D) 0 0 27
Joining (J) 5 4 6

Over 15,000,000 combinations of variable, diversity
and joining, V(D)J, gene segments are possible.
Imprecise recombination and mutation increase the
variability into billions of possible combinations.



How Variable is Variable?

Number of V
gene segments

Number of diversity (D)

gene segments

Number of joining (J)
gene segments

T cell receptor

o B
54 | 67
0 2
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Millions of
combinations of
variable, diversity and
joining gene segments
are possible.
Imprecise
recombination and
mutation increase the
variability into billions of
possible combinations.



What happens if mice or people lose NHEJ capacity?



What happens if mice or people lose NHEJ capacity?

NHE) gene Mouse knockout phenotype Patient phenotype

XRCC6 Viable, SCID, small size, radiosensitivity and None known

(encoding Ku70)  thymoma®**

XRCC5 Viable, SCID, small size, radiosensitivity, genomic None known

(encoding Ku80) instability and tumours, especially with p53 deletion*”**>*

PRKDC (encoding Viable, SCID, some genomic instability and tumours Human hypomorph has SCID and

DNA-PKcs) with p53 (REFS 55-57) radiosensitivity®®

DCLRE1C Viable, SCID, radiosensitivity and genomic instability®*  Null results in SCID and radiosensitivity;

(encoding hypomorph shows reduction in

Artemis) lymphocytes, genomic instability and
lymphoma®¢*

NHEJ1 (encoding Mild lymphocytopaenia and radiosensitivity®? Cernunnos syndrome; immunodeficiency,

XLF) developmental delay, microcephaly,

reduced growth and genomic instability®

XRCC4 Nullis lethal with neuronal apoptosis; rescue with p53 None known
results in SCID, radiosensitivity, early B lymphoma and
genomic instability***

LIG4 Knockout is lethal with neuronal apoptosis; rescue with  LIG4 syndrome; immunodeficiency,
p53 results in pro-B lymphoma and radiosensitivity; reduced growth, developmental issues,
hypomorph is small, lymphopaenic and has reduced microcephaly and malignancy®/%®

haematopoietic stem cell function®%®

DCLRE1C, DNA cross-link repair 1C; DNA-PKcs, DNA-dependent protein kinase catalytic subunit; LIG4, DNA ligase 4; NHE],
non-homologous end-joining; NHEJ1, NHE] factor 1; PRKDC, protein kinase, DNA-activated, catalytic polypeptide; SCID, severe
combined immunodeficiency; XLF, XRCC4-like factor; XRCC, X-ray repair cross-complementing protein.



Can V(D)J Recombination Go Wrong?
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Diseases that involve Chromosome Translocations
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Six Major DNA Repair Pathways
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The MRN complex (Mrel1/Rad50/Nbs1)
competes with Ku for binding DSBs
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rtemis

Are there
really only
two ways to
repair
DSBs?



Sub-Pathway for NHEJ

DSB Damage

X
1

Recognition of DNA Damage
(ATM, MRN, phosphorylation of H2AX)
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MMEJ = Microhomology Mediated End Joining

http://www.intechopen.com/books/new-research-directions-in-dna-repair/emerging-features-of-dna-double-strand-break-repair-in-humans



Disposition of DSBs between repair pathways.
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Non-Homologous End Joining

http://web.mit.edu/engelward-lab/animations/NHEJ.html

Double-Strand Break Repair via Single
Strand Annealing - Alternate NHEJ - MMEJ

http://web.mit.edu/engelward-lab/animations/SSA.html

Synthesis-Dependent Strand Annealing
(Homologous Recombination)

http://web.mit.edu/engelward-lab/animations/SDSA.html

Engelward lab Animations



Disposition of DSBs between repair pathways.
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Progression through the Cell Cycle REQUIRES a series
of cyclins and cyclin-dependent-kinases (CDKs)
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How does
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pathway to
use?
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The ATM
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Ataxia Telangiectasia — Cancer Prone

Defective cell cycle
arrest in response to
DNA Damage affects
neurodegeneration

and cancer
susceptibility




Ataxia Telangiectasia Mutated (ATM)

Staggering gait

Muscular un-coordination
Mental retardation

Dilation of small blood vessels
Immune dysfunction

Cancer prone...lymphomas

Cells from AT patients have lost cell cycle
checkpoints




Six Major DNA Repair Pathways

Single-strand break
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Key Experimental Methods for
Module 2

« Mammalian tissue cell culture

* Monitoring protein level by Western blot
» Generating plasmids with DNA damage
* Transfecting plasmids into mammalian cells

» Using fluorescent proteins as reporters of
biological processes

* Flow cytometry to measure DNA repair

» Statistical analysis of biological data



Basis for the fluorescent reporter assay:

T

Following digest, the substrate contains a DSB
in the 5" UTR that prevents fluorescent
reporter expression
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Substrate contains a DNA double strand break
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NHEJ HCR in WT and NHEJ defective
cells at 18 hours post-transfection:
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Fluorescence Detection
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Flow Cytometry

Flow Cytometry
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Fluidic System

Optic System
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Flow Cytometry

Flow Cytometry

) Sample
Sheath fluid '—\ (stained cells in suspension)
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Hydrodynamic Focusing
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Flow Cytometry

Flow cytometry analyzes cells one by one

Fluorescence, diffracted and reflected light can be measured for
each cell

Multiple lasers and multiple colors can be analyzed at millions of
cells per minute

Resulting plots show the relative level of fluorescence of each cell
for specific wave lengths.



FACS — Fluorescence Activated Cell
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