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CML and GLIVEC
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Chronic myelogenous leukemia (CML)
90% CML patients have BCR-ABL translocation;
GLIVEC can turn the five-year survival rate from 30% to 90%.
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T-ALL: T-cell acute lymphoblastic leukaemia

ETP ALL Non-ETP ALL
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TALL —
TLXTor TLX3 LMO1 or LMO2
NRAS, FLT3. ETVG6, WT1, PHFS,
RUNX1,GATA3, NUP214-ABL1
DNMT3A and EZH2 and PTPN2 PTEN
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NOTCH1 and FBXW?7
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del(9p22) CDKNZA loss

ETP-ALL
1. Block at the earliest stages of T cell differentiation;

2. High-risk subtype
Belver et al. Nature Reviews Cancer, 2016



Motivation of studying T-ALL with 3D genome data

Whole-exome and RNA sequencing analyses of large T-ALL cohorts

Liu, Yu, et al. Nature genetics (2017). The US
Seki, Masafumi, et al. Nature genetics (2017).  Japan
Chen, Bing, et al. PNAS (2018). China

NS

* Focusing on coding region of genome.
» Identification of T-ALL associated mutations and dysregulated genes.

» Non-coding region account for 98% genome, regulatory elements locate in non-coding region.

%

How alternations of the non-coding region contribute to T-ALL progression?
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Motivation of studying T-ALL with 3D genome data

Examples
Nucleotide EI KRAS (lung)
substitution = EE EGFA (NSCLC)
Proto-oncogene Oncogene BRAF (melanoma)
EGFR (GBM)
Focal &5 o BB ERBB2 (breast)
amplification Proto-oncogene Amplified oncogene MYCN (SCLC)
BCR-ABL (CML)
Gene A B o e MLL-AF9 (AML)
fusion Gene Proto-oncogene Fusion oncogene TMPRSS2-ERG
/_‘ (prostate)
Enhancer = EI n = —n— IgH-MYC (lymphoma)
hijacking Enhancer Proto-oncogene Enhancer Active TCR-LMO2 (T-ALL)
oncogene
Nucleotide
bstituti rLI /ﬂ GATAS3 (Ph-like ALL)
substiution = 1 > —I—E— ETV1 (colorectal cancer)

form enhancer

Disruption of
insulated
neighborhoods

Proto-oncogene

Cohesin
CTCF

Enhancer Active
oncogene

~A

Enhancer

=

Active Enhancer

LMO2 (T-ALL)
TALT (T-ALL)

Proto-oncogene

Oncogene

Mechanism of oncogene activation (Hnisz et al. Science, 2016)

3D genome technology is a great tool to detect non-coding alterations
and explain the mechanism of oncogene activation.
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The mutation research in T-ALL does not explain pathogenic mechanism of the disease well. Hi-C can relate genomic variation (especially non-coding region) to  function directly through the conformation analysis  relative to WGS and WES.



Experimental design

Prof. Hong Wu

Dr. Lu Yang

BL-Hi-C method

In nucleus
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Crosslinking and Restriction DNA purification

Proximity ligation

nuclei isolation  enzyme cutting and sequencing

Liang et al. Nature communication, 2018
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Paired BL-Hi-C and RNA-seq experiment
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Global reorganization of 3D genome architecture in T-ALL

PC2 (17.72% variance)
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Chromatin structure changes coincide with
oncogenic transcription factor aberrant expression
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29.4% (996 /3392) of DEGs between normal and T-ALL
were associated with consistent 3D genome alterations.



Chromatin structure changes of T-ALL-associated genes
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Key TFs have distinct chromatin structures in T-ALL subtypes

chr5: 87,950,000 - 88,250,000 chr14: 36,900,000 - 37,700,000
60 V \ .- normat 30 Fet (e : normal
normalized 0 : ; 20 P ,
interaction ; : Pl e :
frenguency 20 ' = ™ 10 Vo
0 - - ow i > b » 0 | ] |

RMA expression
ETP

non-ETP
normal

loops | 1: ?

ETP ennanced :
non-ETP enhanced s : . ,g'; A
unchanged

B A

Toell GTGF ___| | .

i

y U TV SOREP R S . | .IL

gurkateter i1l i R -
T cell H3K27ac ! ' !
JurkatH3K27a0 |, |, i |
KE37TH3K27a0 | - b u ;

I
Hi-G loops v %i_/
i I I ¥

i H—i — { l [ . 1]
LINCOO41 MEF2C MEF2C-AS1 NKX2-1 PAXS MIR4503

These could be the downstream of genetic variation.



Hi-C data reveal massive novel translocations

T-ALL patient
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Hi-C data reveal massive novel translocations

()
=
<,
iy
w2,
-, %
‘%9 %
%
5y -
1, %"";% B § o
Q“’}; \®$¢«11
7
: : : §.°
Patient Translocation profile S ° "\
=i \
(nearest genes) S \
TRA % . =
o Toor0 2> 7 .
oo A8l @ A
0 %QI::' . ’"?#; 1o 9 ll 8 \ﬁ\
" I,?'- ‘7; @ .-'?_ "? . \".‘ -,\-_13\ Qﬂ
Q\@\’ pii(f{dlr% 417 [T I\ %‘S%z%@%
i+ \r\h Shko = %’%% o)
C-"O ~ Lu%, o= ?’ i.i I “&
N
. » 7=
34 (total:46 ) novel translocation events NS % > X,
. . 23 S
37 (total:78) non-coding breakpoints 3 @
=



Trans-loops forms between TLX3 and BCL11B enhancers
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TLX3 and BCL11B are both import TFs in T cell development.



Characteristics of trans-loops

More DEGs can be found using trans-loops
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Trans-loop tends to utilize original
REs and CTCF binding sites.



Two HOXA activation mechanism
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HOXA genes are partitioned between 2 TADs
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Translocation-mediated enhancer hijack leads to

HOXA13 overexpression

normalized interaction frenquency
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HOXA13 were regulated by CDK6 enhancers via trans-loops.



Translocation-mediated enhancer hijack leads to
HOXA13 overexpression
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HOXA13 were regulated by BCL11B and ERG enhancers via trans-loops.



Trans-activation of HOXA related sophisticated loops
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Trans-activation of HOXA related sophisticated loops
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HOXA13 correlates with poor prognosis of pediatric T-ALL
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The complete response rates: HOXA13+ (50%) and HOXA13- (92%) groups (p-value = 0.007419)




Take home messages

N

Systematically revealed the 3D genome landscape of T-ALL patients.
Uncovered novel translocations and neo-loops of T-ALL.
Demonstrated gene dysregulation in T-ALL by trans-activation and
enhancer hijacking with HOXA as an example.
HOXA13 correlates with poor outcome.

Trans-activation of HOXA
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Discussion

Driver of subpopulation

Loop based clustering

immune-phenotype
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Genome variation ->key TF dysregulation->conformation->expression



Discussion

differentiation

tumorigenesis
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