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Leukemia may arise at different stages of T cell development



Unmet clinical needs in T-ALL

• Genomic methods have limited prognostic value

• Lack of targeted therapies (*)

• High rate of relapse (especially ETP-ALL subtypes)

Salvaris and Fedele – J. Pers. Med 2021

(*) Unlike for B-ALL, there are no FDA-approved targeted 
therapies or immunotherapies for T-ALL



Almost every T-ALL patient carries mutations in key 
epigenomic regulators:

• CTCF
• MED12
• EZH2
• TET2
• DNMT3A
• EED
• PHF6
• SUZ12
• UTX
• Various TFs…

Epigenomic alterations are recurrent across T-ALL subtypes



Kloetgen et al. Trends in Immunology, 2019
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Hierarchical chromatin organization in mammalian cells 

3D chromatin conformation

3D genomics 
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Chromatin loops regulate gene expression by bringing 
together (or keeping apart) genes and regulatory elements

Impact of chromatin conformation on
- Transformation
- Cell behavior
- Drug resistance 

Methods to study the 3D chromatin conformation



How to read 3D chromatin conformation maps (Hi-C)



TAD fusion in leukemia

MYC locus

TAD

Super-enhancer hijacking
= long-range oncogene activation

Kloetgen, Thandapani, Ntziachristos et al – Nat Genet 2020 Thandapani – Pharmacol Ther 2019

Chromatin conformation regulates MYC expression in T-ALL



Blood sample (BM or PB)
Fresh / frozen

pre-processing to enrich populations of 
interest

Integrate with
- Clinical data (histology, morphology, flow cytometry)
- Patient history (EFS, response to therapy)
- Omics data in public repositories

RNA-seq / scRNA-seq

DNA-seq / ONT

HiChIP

scATAC-seq

(ChIP-seq)

Expand blasts into NSG

CRISPRi screens / drug screens

Research methods

• Low vs high risk

• Diagnosis vs relapse



Genome-wide mapping of enhancer-promoter interactions in T-ALL

Initial profiling (RNA-seq) 3D chromatin conformation 
(H3K27ac HiChIP)

Sele
cted
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s

Selected samples

Correlate with Gene expression levels



Cell types (and risk groups) are stratified by 3D chromatin interactivity

Gambi*, Boccalatte*, Rodriguez* et al – Molecular Cell 2025



FIG.3. a) Hubs ranked by overall interactivity. b, c) Co-regulation is predominant in enhancer/promoter hubs. d) Hubs model.
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FIG.3. a) Hubs ranked by overall interactivity. b, c) Co-regulation is predominant in enhancer/promoter hubs. d) Hubs model.
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CD1 enhancer MYCN enhancer

Highly connected chromatin hubs reveal known and novel targets

Gambi*, Boccalatte*, Rodriguez* et al – Molecular Cell 2025



MYCN FAM49A
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NMRE
• Unannotated ncRNA
• Enhancer features
• Looping on MYCN

H3K27ac HiChIP

An ETP-selective hub is detected at the MYCN locus

Does this long-range chromatin interaction 

correlates with an increased MYCN 
expression in ETP-ALL?

Wang*, Boccalatte* et al – JEM 2025
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MYCN is robustly expressed in ETP-ALL (and correlates with NMRE expression)

Wang*, Boccalatte* et al – JEM 2025



MYCN and its enhancer (NMRE) form a chromatin loop in ETP-ALL

        

 

 

              
              

4-C sequencing

Elucidating the role of N-myc in  

high-risk pediatric T-cell leukemia

Summary 

Although many efficient therapies are available to treat Acute 
Lymphoblastic Leukemia (ALL), some subtypes still do not 

fully respond to chemotherapy or tend to relapse after an initial 

response. Among these subtypes is the Early T cell Progenitor 

Acute Lymphoblastic Leukemia (ETP-ALL), caused by the 

transformation of a T-lymphocyte progenitor retaining 
immature and mixed-lineage characteristics. While analyzing 

gene expression data of T-ALL patients, we observed that the 

ETP-ALL subtype had an abnormally high expression of the 

MYCN gene, encoding for a protein (N-MYC) with a proven 

role in oncogenic transformation. Further analysis of the 
genetic and epigenetic factors involved in ETP-ALL revealed 

the presence of a previously uncharacterized noncoding RNA 

that interacts and correlate with MYCN expression. To further 

characterize this interaction we generated a mouse model of 

ETP-ALL where we tested the impact of N-myc and its 
regulatory elements on the disease development and 

progression. We envision that this study (and the tools it 

generates) will allow for the development of better targeted 

therapies to treat patients affected by high-risk T-cell leukemia. 

N-MYC is highly expressed in ETP-ALL 

A) Unsupervised clustering of RNA-sequencing of 61 T-ALL 
cases and 10 controls; 34 of the T-ALL cases were 

characterized as ETP-ALL by immunophenotype and clinical 

features. B) Comparative expression values of N-MYC and c-

MYC for the above cases (** P= 0.0075) 

Identification of a novel lncRNA 

correlating with N-MYC expression 

Evaluation of the role of N-myc                  

in a new mouse model of ETP-ALL 

A) Frequency of the most recurrent genetic mutations 
observed across ETP-ALL patients (Liu et al – Nature Genetics 

2017) showing the prevalence of LMO2/LYL1 alterations. B) 

Flow cytometry plots of thymocytes from a representative 

mouse transplanted with control HSPCs (left) or transgenic 

Lmo2 + mIl7r HSPCs (right). C) Curve showing the disease-
free survival of mice transplanted with single-transgenic Lmo2 

HSPCs compared with those transplanted with Lmo2 + mIl7r. 

D) H/E micrograph showing ETP-ALL infiltration across the 

organs of the above animals. E) Volcano plot showing genes 

with a significant  differential expression (P<0.05) across 
murine ETP-ALL cells and controls. F) Overall survival of mice 

transplanted with ETP-ALL blasts infected with lentiviruses 

expressing shRNA against Mycn or a control (renilla). 

Conclusions 

A) ChIP-seq and RNA-seq tracks showing the location of a 
novel lncRNA (NMRE) adjacent to the MYCN locus in ETP-

ALL cases. B) Hi-C sequencing plot representing the 

interactions at the Mycn locus in murine HSCs.  The blue box 

shows the predicted boundaries of the topology associated 

domain (TAD). C) Correlation plot of Mycn expression (RNA-
seq) and intra-TAD activity for the different stages of murine T-

cell differentiation. D) Correlation plot (as in C) for human T-

cell differentiation or leukemia (R=0.867, P=0.005) E) 4-C 

sequencing tracks representing the interactions between 

NMRE (viewpoint) and MYCN in the ETP-ALL (Loucy) and T-
ALL (CUTLL1) cell lines. The grey track represents the 

significance of interaction.

Francesco Boccalatte1,2, Andreas Kloetgen1,2, Kleopatra Avrampou1,2, Sonali Narang1,2, Giorgio Inghirami3 and Iannis Aifantis1,2

  1 Department of Pathology, NYU School of Medicine, New York  2 Perlmutter Cancer Center, NYU Langone Heath

 3 Weill-Cornell Medical College, New York
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• The proto-oncogene N-MYC is highly expressed in a high-risk fraction 
(ETP-ALL) of T-cell leukemia patients

• N-MYC expression correlates with a previously unannotated lncRNA, 
which interacts with the MYCN gene within the same TAD

• Based on recurrent genetic alterations found in ETP-ALL patients, we 
generated a new reliable mouse model of the disease where testing 

the pathogenic role of N-myc and its regulatory elements in vivo
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NMRE is a hotspot for binding of many 

transcription factors involved in leukemia

ES cells cKO mouse 

 Gene Name: Mycn Client: Iannis Aifantis/ Francesco Boccalatte 
 Gene ID: 18109 Institution: NYU Lagone  

Project ID: 88720109 

II. STRATEGY B: Two-step floxed insertion 
The following strategy uses sequential targeting to insert loxP sites flanking the desired region. Using small 

ssODNs provides us higher efficiency of CRISPR-mediated HDR. We will first select for homozygous 

insertion of the 5’ loxP site and use this clone for sequential targeting of the 3’ loxP site. 

 

• Design strategy (1 week) 

• Targeting vector design and cloning (2-3 weeks) 

• gRNA design and synthesis (2 weeks) 

• Step 1: ESC targeting (4 weeks) 

• Clone selection and screening (RFLP analysis followed by sequencing) (2weeks) 

• Step 2: ESC targeting (4 weeks) 

• Clone selection and screening (RFLP analysis followed by sequencing) (2weeks) 

• Genotying kit preparation  

• Timeline to validated targeted ESCs: 5-6 months 

• Price to NYU: $21,400 + $350 processing fee 

• Discount price: $18,190 (discount 15% for multiple orders) 

• + $350 processing fee 

o 50% upfront payment required 

o 50% due upon shipment of ESCs 

o 5% discount if paid in full upfront 

 

 

If strategies are performed in parallel: 

• Price to NYU: $29,400 + $350 processing fee 

• Discount price: $24,990 (discount 15% for multiple orders) 

• + $350 processing fee 

o 50% upfront payment required 

o 50% due upon shipment of ESCs 

o 5% discount if paid in full upfront 
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Nmre is a TF binding hotspot and it regulates Mycn expression in vivo
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WBM mix 1:1 
CD45.2 Nmre-KO 

CD45.1 WT

WBM mix 1:1 
CD45.2 Nmre-WT 

CD45.1 WT
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Nmre is dispensable in normal hematopoiesis
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Nmre is selectively required for ETP-ALL survival
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chr2:16,025,521-16,824,876

MYCN
540 kb

ETP-ALL

NMRE

• Chromatin conformation can be efficiently captured genome-wide in acute leukemia (and virtually in every tumor)

• Chromatin interactivity provides an accurate patient stratification based on their epigenome

• Chromatin conformation capture reveals long-range interactions between enhancers and proto-oncogenes 

• 3D chromatin profiling of ETP-ALL reveals a novel enhancer (NMRE) regulating MYCN expression

• Loss of the NMRE impairs ETP-ALL proliferation, while sparing normal hematopoiesis

Conclusions

ZMIZ1
LMO2

Future plans :

• Study of additional targets organized in highly interconnected neighborhoods (multi-hub complexes)

• Study of dynamic 3D chromatin hubs rewiring upon drug resistance

• Identify actionable chromatin loops and use them as therapeutic targets



Normal karyotype Abnormal karyotype

Intra-chromosomal Hi-C signal Inter-chromosomal Hi-C signal 
reveals translocation event

Patient ID: PAVMUJ - Dx

Hi-C has better sensitivity and resolution than 
standard procedures (Karyotyping or FISH)

Unpublished data

Additional insight

Chromatin conformation detects and characterizes Structural Variations

We can detect the formation of new chromatin loops 
connecting oncogenes and regulatory elements on 
different chromosomes
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