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Background, Significance and Premise: The MLL1 gene is characteristically rearranged (MLL1-r) to result in 
a fusion oncogene in >70% infant acute leukemia and 10% adult AML. This particular cytogenetic category in 
either group predicts poor response to chemotherapy 5-year survival rates below 50% despite advances in 
immunotherapy, bone marrow transplantation and targeted therapy. The lack of treatment options and the low 
mutational burden have motivated mechanistic studies on fusion oncoprotein function. Such studies have yielded 
small molecule inhibitors, the first of which have just achieved FDA approval. These new targeted therapeutic 
strategies are promising, and further study of impact on chromatin complexes and mechanisms of resistance to 
their effects are justified, given the widespread discovery of resistance mutations in the first clinical trials.   
 We proposed a series of experiments to address how fusion oncoproteins interact with the wild type 
proto-oncogene, which is typically expressed from the non-rearranged allele in leukemia. Publications suggesting 
a necessary, irrelevant, or inhibitory relationship between the proto-oncogene and fusion oncoproteins all exist1-
3. The inter-relationships between MLL1 and MLL1 fusion oncoproteins remain controversial, yet clarifying their 
distinct roles in normal and leukemic transcriptional pathways is of fundamental significance. 
 Our group has addressed this controversy through multiple animal and cell line model systems.  Here, 
we proposed to use a new unique transgenic murine system in which wild-type MLL1 is expressed from a 
doxycycline-inducible locus to uncover several aspects of the interplay between MLL1 fusion oncoproteins and 
the endogenous MLL1 protein. We generated a mouse strain in which human (h) MLL1 is integrated at the 
Col1a1 locus under control of a doxycycline-inducible promoter and the reverse tet transactivator expressed from 
the Rosa locus. This human sequence was also tagged with a biotinylation site (AviTag) in the C-terminal portion 
of the protein.  
 
Original Aims: We proposed to 1) demonstrate that the extra human MLL1 goes to predicted endogenous 
chromatin sites, 2) determine whether additional chromatin sites are occupied with increased MLL1 levels, 3) 
determine whether additional MLL1 displaces or enhances MLL-fusion oncoprotein chromatin occupancy or 
levels of expression target genes, 5) map the localization of endogenous MLL1 in murine MLL-AF9 transformed 
AML cells taking advantage of the biotin tag, and 6) identify B-ALL and AML specific proteins associated with WT 
MLL1 leukemic cells.   
 
Roles of collaborators: We have collaborated for many years with Dr. Yokoyama as he has is the best expertise 
of anyone in the world on the structure-function of MLL fusion oncoproteins. He has given us critical advice on 
molecular and biochemical approaches and has sent us multiple new plasmids encoding MLL-AF4 and other 
fusions. Dr. Iwama will provide the proteomics facilities, guidance, and experience with murine leukemia lines to 
help us identify MLL-interacting proteins.  
 
Project progress: We have transformed primary hematopoietic cells of the following genoytpes: 
rtTA/rtTA;hMLL1/hMLL1 (homozygous for both transgenes), rtTA/+;hMLL1/+ (heterozygous for both transgenes) 
and negative controls (rtTA or hMLL1 only). Immortalized cell lines were tested in vivo and in vitro, to determine 
whether the in vivo impact on leukemia or the in vitro amount of hMLL1 expression depended on the copy number 
of the transgene. We found that although homozygosity improved slightly the hMLL1 transcript amount in vitro, 
it resulted in the in vivo silencing of the transgene during leukemogenesis. Hence we have now pursued the 
MLL-AF9 transformed heterozygous lines as a model system. We also generated BirA ligase-expressing flip-in 
293HEK cell lines in which the AviTag MLL1 is integrated at single locus and demonstrated the presence of the 
biotinylated protein in this control line. With this line and other controls, we have also established an intra-nuclear 
flow-cytometry assay to quantitatively measure the amount of introduced MLL1 or fusion oncoprotein.  
 
 



                                                                                                                        
Specific meeting with collaborators and plans for travel: 
We currently meet with Dr. Yokoyama every two weeks by zoom to discuss research applications and work on 
the review manuscript. I travelled to IMSUT and presented ongoing research Nov. 13, 2024. This trip also 
included presentations at Tokyo Women’s Medical University (Dr. Nishimura-Ishizu, host) and the Fujita 
International Symposium on Cancer Science (Nagoya, Dr. Kitabayashi, host). During these visits, two 
collaborations or scientific interchanges were achieved including collaboration with Dr. Daichi Inoue and 
members of Dr. Iwama’s lab group, regarding protocols for making acute B-cell lymphocytic leukemia mouse 
models. I am making plans for travel again in late summer/early Fall 2025. I also met with Dr. Yokoyama in person 
at the American Society for Hematology meeting in San Diego, December, 2024. 
 
Future year experimental plans: 
• Develop streptavidin-TN5 CUT&TAG and/or biotin-ChIP to map WT MLL1 localization in transformed 
cells (MLL-Af4 B-ALL and MLL-AF9 AML).  
• Analyze overlap and impact of induction of WT MLL1 versus MLL-fusion oncoprotein occupancy. 
• Analyze proteomics results and develop comparative profile of B-ALL and AML interactors. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Facilities (utilized or to be utilized) 

 

Cell growth, biotinylation, induction of human full length MLL1 will be performed in Denver, USA and cell 
pellets or protein lysates will be sent to the Proteome Information Analysis Core Facility at IMSUT. If 
alternative means of enriching biotinylated proteins are optimized in Dr. Yokoyama’s lab, we will send cell 
pellets to his institute (National Cancer Center, Metabolomics Laboratory, Tsuruoka) and they will send 
protein to the IMSUT facility. 
 
 

Anticipated Research Results from the Project 



                                                                                                                        
 
The focus of the collaboration is to use two model systems to determine the relationship between 
endogenous WT MLL1 and its fusion oncoprotein variants. Genetic data demonstrating the impact of 
overexpressing additional WT MLL1 on leukemogenesis has been completed and the proposed 
experiments will complement these data by illustrating whether fusion oncoproteins compete with WT MLL1 
at chromatin to effect transcription at overlapping or targets or whether they operate independently on 
distinct targets. We anticipate that the combination of biochemical and genetic approaches will enable a 
definitive answer on whether targeting the endogenous WT MLL1 is neutral, beneficial, or to be avoided, 
which is currently controversial and will have implications for current targeted therapies and how to combine 
them with other strategies.   
 
Furthermore, we are working on a review of related literature to this project to be submitted to E
xperimental Hematology in June (solicited by Editor in Chief Dr. Suda and by Dr. Kitabayashi). A
uthors will include one trainee from the Ernst lab, and Drs. Ernst and Yokoyama.  
 
 
 
 
 
 
 
 
 

 

Status of Preparation  

The key animal models data is completed and we are now finalizing the molecular mechanisms of 
competition between MLL1 and MLL-AF9 in the hMLL1 inducible cell line systems. It remains challenging 
to produce the genome-wide data detecting both proteins in murine transformed AML lines, so we are 
exploring ChIP versus CUT&RUN and other methods for their quantitative detection. We hope to finalize 
this work for publication in late 2025/2026.  
 

Grants Awarded and Papers Published Related to the Research Proposal 

 

Ernst lab grants 
“Impact of Obesity in a syngeneic murine CAR T model” 
Agency: THI Program, University of Colorado Cancer Center     
Type: Catalyzing Creative Collisions Grant  6/01/24-5/31/25 
Role: PI with co-I Henry   
 
“Targeting an Oncogenic Driver in Infant Acute Lymphoblastic Leukemia: Bedside to Bench Correlative 
Studies”   
Agency: Morgan Adams Foundation   1/1/24-12/31/26 
Type: Private Foundation Grant 
Role: co-I with Kelly Faulk 
 
“Bench to Bedside Discovery of Menin Inhibitor Mechanisms in Trial AALL2121”  
Agency: Golfer’s Against Cancer Foundation 
Type: Colorado Foundation Grant    10/1/23-9/30/24 
 
 
Ernst lab publications: 
Vann, K. R., R. Sharma, C. C. Hsu, M. Devoucoux, A. H. Tencer, L. Zeng, K. Lin, L. Zhu, Q. Li, C. Lachance, 
R. R. Ospina, Q. Tong, K. L. Cheung, S. Yang, S. Biswas, H. Xuan, J. Gatchalian, L. Alamillo, J. Wang, S. 
M. Jang, B. J. Klein, Y. Lu, P. Ernst, B. D. Strahl, S. B. Rothbart, M. J. Walsh, M. L. Cleary, J. Cote, X. Shi, 
M. M. Zhou, and T. G. Kutateladze. 2025. 'Structure-function relationship of ASH1L and histone H3K36 and 
H3K4 methylation', Nat Commun, 16: 2235. 
 



                                                                                                                        

 

 
Yokoyama lab grants 
“Development of effective therapies for ENL-mutated Wilms tumors” 
Agency:JSPS 
Type:Fund for the Promotion of Joint International Research (Fostering Joint International Research (B)) 
2022/4/1-2027/3/31 
Role: PI 
 
Yokoyama lab publications 
*Yokoyama A, Niida H, *Kutateladze TG, *Côté J. HBO1, a MYSTerious KAT and its links to cancer BBA-
Gene Regulatory Mechanisms (REVIEW) (2024)(1867:3:195045) doi.org/10.1016/j.bbagrm.2024.195045 
 
#Gaurav N, #Kanai A, #Lachance C, Cox KL, Liu J, Grzybowski AT, Saksouk N, Klein BJ, Komata Y, Asada 
S, Ruthenburg AJ, Poirier MG, *Côté J, *Yokoyama A, and *Kutateladze TG.  Guiding the HBO1 complex 
function through the JADE subunit Nature Structural & Molecular Biology 31, 1039-1049 (2024) 
DOI:10.1038/s41594-024-01245-2 
 
Becht DC, Kanai A, Halawa M, Biswas S, Shi X, Yokoyama A, and Kutateladze TG. The winged helix domain 
of MORF binds CpG islands and the TAZ2 domain of p300 iScience 27, 109367 (2024) 
doi.org/10.1016/j.isci.2024.109367 
 
 

 

 

 

 

 

 

 

 

 


