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Chromosome 21
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Constitutional gain of chromosome 21 in Down syndrome




Chromosome 21 in good risk ALL
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Chromosome 21 in poor risk ALL
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Near haploidy (23-29 chromosomes)



Poor risk cytogenetic abnormality

Intrachromosomal amplification of chromosome 21
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Intrachromosomal amplification of chromosome 21
IAMP21
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Incidence ~2%
Older children median age 9 years
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Harewood et al 2003 Leukemia 17: 547-53; Soulier et al 2003 Leukemia 17: 1679-82
Robinson et al 2003 Leukemia 17: 2249-50; Robinson et al 2007 Genes Chromos Cancer 46: 318-26



ALL97: Risk of relapse by cytogenetics
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Moorman et al, 2010 Lancet Oncology



Outcome of IAMP21 patients on ALL97
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Event-Free Survival

(probability)

Intensive therapy improves
outcome of IAMP21 patients

5 year EFS 29% v 78%
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NP6.0 profiles of chromosome 21 in
IAMP21 patients
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SNP6.0 profiles of chromosome 21 in
IAMP21 patients
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NP6.0 profiles of chromosome 21 in
IAMP21 patients
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The mechanism

Cytogenetics
Fluorescence in situ hybridization (FISH)
Next generation sequencing

Novel bioinformatics approaches

Computer simulation sahger
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https://www.sanger.ac.uk/
https://www.sanger.ac.uk/

Telomere attrition or telomeric double stranded break
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The Mechanism
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Chromothripsis
First described by Stephens et al 2010, Cell.

Greek: chromosome, shattering to pieces

10s to 100s of genomic rearrangements
occurring in a one-off cellular crisis

Rearrangements show tight localization

Oscillate between 2 copy number states



Chromothripsis

Cell survives because one or more cancer
causing lesion emerges from this genomic
mayhem

Common in cancer (2-3% of all cancers)

Enriched in certain cancers (~25% bone
cancers)

Rare in acute lymphoblastic leukaemia (ALL)



Chromothripsis

Wildtype chromosome (germline)

Factors thatmay | & & «F
Instigate chromothripsis | ~ ~ 7
¢.g. mutant p53

Catastrophic chromosome breakage
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Tumour progression and development

Stephens et al 2010 Cell
Korbel and Campbell, 2013 Cell



A Progressive rearrangements model B Catastrophe model
Germline
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Chromothripsis involving a single

TK10 (renal cell): Chr 5

chromosome
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Chromothripsis involving multiple
chromosomes
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Centromere protects segments

MacKinnon and Campbell 2013 Cancer Genetics
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Evidence of chromothripsis in IAMP21

Rearrangements in equal numbers
in all possible orientations

YR e
................... ?.........._......n.....'...._..!........':...........................
3 P e
- iﬁ?-"l- -f " A s i :H.ﬂ r‘%** = %'
- = ih‘ 3‘ "'_i _‘.I'-Il".
- . i i ;T"%:F &‘%.: :--..H"' 2
2 :
(o) £
)
= = . .
20 21 22 23 24 25

chr21 position (Mb)

Many copy number changes alternating between two or three states
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Robertsonian translocations

Acrocentric
chromosomes
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twi acrocentric a Robertzonian
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Prevalence of 1 in 1000

22

Robertsonian Incidence
translocation

rob(13;14)c 1in 1300
rob(14;21)c 1:12,500
rob(14;15)c 1:20,000
rob(13;13)c 1:50,000
rob(13;15)c

rob(13;22)c

rob(14;22)c

rob(13;21)c 1:100,000
rob(15,22)c

ob(15;21)c 1:100,000-200,000
ro «21]c

rob(21;22)c

2,700 x increased risk of ALL
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enomic characterisation of rob(15:21

G-banding Chromosome 15 Chromosome 21

FISH studies confirmed iAMP21 was derived from rob(15:21)c




(D Chromothripsis

@ (WCD)

Copy number

el i1 Hl N H 1
0 20 40 60 80 0O 10 20 30 40
chr15 position (Mb) chr21 position (Mb)



Criteria for Chromothripsis
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Criteria for Chromothripsis
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Mechanism of der(15;21) IAMP21

chr 15 chr 21

Centromere reactivation and aberrant
* spindle attachment (?) at mitosis

l Shattering of both sister chromatids
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Telomere attrition or telomeric double stranded break

. s — ]
# DNA replication and ensuing fusion
of unprotected chromosomal ends

=|= ,,—_--1‘:
,L Anaphase bridge and mitotic chromosomal DSB
promm—"
J’ Second round of breakage-
fusion-bridge

¢Chromothrip5i5 on

stabilized chromosome

— B =-. | Retained
rz: mmmem == = [ fragments

71 Lost

| fragments

The Mechanism

S - T 1 E =

"f Generation of a stabilized chromo-
some after chromosomal repair

—_— -+ ==

Li, Schwab, Ryan........ Campbell, Harrison et al Lfiﬁ'f‘lf‘"f |
Nature 2014 1**BFB 2" BFB Chromothripsis




Genetic alterations behind Genetic alterations behind
sporadic IAMP21 der(15;21) IAMP21

Breakage-fusion-bridge cycle
- dicentric chromosome
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Highly amplified region is protected from chromothripsis

A < T S WS BN B Chomosome 2]
1 -~ e . M s W )
- . ) g . ¢ R {‘_.._ s B RS Gene strand
exp:ession 1 A - ‘ . cetie o —:orward
* === Reverse
CN distribution Maximum
IQRI
.Mean ]
Chromothripsis
effect Minimum
# Samples
with bkpts
per 100 kb
15 20 25 30 35 40 45
Chr21 position (Mb)
B DYRK ET52
. ) RUNX1 raxi / " / -
Log Pw S22, l - o - Gene strand
expression 0 - - e e — Forward
- — Reverse
12
CNdistribution  § M Misdnnsion
o IQR!
o . : S — == Mean |
Chromothripsis - 5 - 2
effect 5 Minimum
-2
8
# Samples
W L 2 W
per 100 kb 0

—  SE— E——

34 36 38 40 42
Chr21 position (Mb)



Conclusions

Chromothripsis is common in cancer, but rare in ALL

This is the first report of chromothripsis temporally and
spatially controlled and restricted to a specific
chromosome

In IAMP21 ALL the significant genes protected from
chromothripsis lead to leukaemia progression

There is evidence of inherited predisposition

This mechanism could apply to karyotype complexity in
a range of cancer types



|dentification of IAMP21

* While the initiating
mechanism is unravelled

« FISH with probes directed to RUNX1
remain the best detection method

(SNP arrays)

* Intensive therapy is recommended
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